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The green synthesis of zinc oxide nanoparticles (ZnO NPs) was rendered by
using B. tinctoria leaves and fruit extract. These extracts acted as a capping and
reducing agent in stabilizing the development of ZnO NPs. The obtained NPs were
characterized by using absorption spectroscopy analysis (UV-vis) and Fourier-
transform infrared spectroscopy (FT-IR) which showed a distinct peak at 274 nm,
467cm-1, and 456 cm-1 Further, the formation has been confirmed by powder
X-ray diffraction (XRD) and the obtained XRD pattern fitted well with the JCPDS
card, showing the pure crystalline nature of synthesized NPs Patten. The Scanning
Electron Microscopy (SEM) analysis revealed hexagonal particle shape and Energy
Dispersive X-ray (EDX) by confirming the strong signals of Zinc and oxygen. The
results of Dynamic Light Scattering (DLS) showed that NPs obtained from both
NPs of 244nm and 256nm size with the surface zeta potentials of-15.0mV and
-18.9mV. Antibacterial and anti-biofilm efficacy of synthesized nanoparticles were
evaluated against six human pathogenic bacteria, resulted that antibacterial/
anti-biofilm activity was increased upon increasing the concentration dose range.
The obtained NPs exhibited significant antioxidants potential, which was made
to study the anticancer activity against Raw 264.7 and Caco-2 cancer cell lines,
which showed absolvable activity.
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INTRODUCTION

Nowadays, the demand for the modern lifestyle
is rising day by day therefore, numerous technol-
ogies were needed to rectify health care issues to
provide a sustainable environment for all living
things [1]. Nanoscience is an advanced applied
science for expanding research area by synthesized
new novel materials in small sizes with different
shapes with high surface area [2]. The magnetic
nanoparticles are synthesized conventionally due
to their broad range of distribution in an array of
applications by various methods as microwave-as-
sisted synthesis, chemical methods, and hard tem-
plate directing techniques, sol-gel, and thermal
methods. The chemical synthesis method leads to
the production of toxic chemical byproducts or
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high temperature and pressure [3, 4]. However,
regular experimental techniques have the potential
risk to cause hazardous effects to the environment
involving the utilization of organic solvents, high
reactive reducing, and capping agents [5]. There-
fore, the green synthesis of nanoparticles has been
proposed as an eco-friendly alternative to chemical
and physical methods using microorganisms, alga,
enzymes, and plants [6], especially the plant-based
biosynthesis has fewer cross contaminations. The
ZnO NPs are focused by the researchers to utilize
in industries and clinical areas. Which possesses
high electron mobility, high transmittance, and
versatile semi-conductance at room temperature
with increased excitation binding energy [7]. In
many fields such as biomedical, bio-sensing, drug
delivery, food packing, cancer therapy, agriculture,
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cosmetics, and various other fields [8]. The phar-
maceutical sciences are using nanoparticles to re-
duce the toxicity levels and after-effects of the drug.
Therefore, new strategies are needed to identify and
develop the next generation of drugs.

Infectious diseases account for a high pro-
portion of health problems and a huge amount
of antibiotics are consuming to fight infections,
moreover, bacteria have the potential to develop
resistance against antibiotics [9]. Antimicrobial
resistance has turned into a global health issue,
which MDR (Multiple Drug Resistance) bacteria
are posing a problem in the treatment and control
of infectious diseases. During this millennium,
overcoming resistance to antibiotics is one of the
major issues faced by a human. Quorum sensing is
a cell to cell communication for the different viru-
lent gene expressions such as proteases, pyocyanin,
toxic, and biofilm formations. It has no interference
with growth but there is a probability of developing
resistance against them [10]. However, pathogen-
ic microorganisms can protect themselves against
inhibitory compounds by the development of bio-
films [11]. Biofilms are assemblages of microbial
cells embedded in a matrix of self-produced poly-
meric substances such as polysaccharides, proteins,
and DNA. They are found adhering to both biolog-
ical along with non-biological surfaces [12]. It has
been stated that microbial biofilms are involved in
chronic infectious diseases in humans, estimated at
around 65 % of all infections in line with the Centre
for Disease Control (CDC) [13]. Biofilms can also
be seen in Planktonic cells, medical implants, living
tissues and urinary catheters form biofilms, they
can become more resistant to antibiotics [14]. It has
been confronting that ZnO NPs exhibits antimicro-
bial activity by rupturing the integrity of bacterial
cell membranes, decreasing cell-surface hydro-
phobicity, and downregulating the transcription
of oxidative stress, which also act as a resistance to
genes in bacteria [15]. It inhibits the actuation and
proliferation step of the reaction and delays the ox-
idation process leads to end of the reaction.

Indian traditional healthcare system used di-
verse medicinal plants for thousands of years cause
of its phytocompounds with interesting antioxidant
activities. The previous reports of biosynthesized
NPs using plant-based showed more antioxidant
activity compared to chemical synthesis methods
[16]. The antioxidants are known to have protec-
tive activity against the free radicals damage and
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reactive oxygen species. In the 21* century, nano-
technology is anticipated to be the basis of many
biotechnological innovations also the nanoma-
terial is developing the base in modern medicine
techniques [17, 18]. Proves to be highly efficient,
stable, low-cost, soluble, and non-toxic, and simul-
taneously it is easy to outreach the targeted area.
Nanomedicine was found to treat cancer at its early
stage [19].

Berberis tinctoria is an evergreen shrub; en-
demic to Southern Western Ghats, predominantly
found at the higher altitude of the Nilgiris, Tamil
Nadu, India. It belongs to the family Berberidace-
ae, grows 2 to 3 feet in height and it reaches15 feet
in the forest, with a hard stem having long limited
branches with numerous slender leafy twigs [20].
The leaves and fruits are chiefly consumed raw by
the tribal and rural people of the Nilgiris for many
diseases, which are not scientifically reported. Ber-
beris genus has numerous well-known medicinal
plants used on the account of ancient times as a
remedy for gall balder stones, eye disease, jaundice,
rheumatism, diabetes, fever, kidney stone, vom-
iting during pregnancy, and varied ailments [21].
The present work reports the synthesis of ZnO NPs
from a principal medicinal plant, B. tinctoria. Char-
acterization of ZnO NPs was done by using UV-
visible spectroscopy, XRD, SEM, EDX, DLS, and
ZETA potential measurement. The ZnO NPs had
antioxidant activity, antibacterial, and anti-biofilm
activity against the human pathogenic bacterium.
Furthermore, we investigated the cytotoxicity ac-
tivities of the ZnO NPs against RAW 264.7 (Mouse
leukemic monocyte-macrophage cells) and Caco2
(human colonic adenocarcinoma cells) cell lines.
To the preeminent, the B. tinctoria has been used
earliest to synthesis ZnO NPs, an attempt was made
to green synthesis characterization and assessment
of their effects on biological activities

MATERIALS METHODS
Collection and identification of plant material

The plant B. tinctoria was collected from Dod-
dabetta, 11°24°08.7”N 76°44’12.2"E (2623 meters
i.e., 8652 feet above mean sea level the Nilgiris,
Tamil Nadu, India. The fresh leaves and fruits were
collected from December 2018 to May 2019. The
taxonomic identity of the plant was confirmed and
certified by the Botanical Survey of India, Southern
Regional Centre, Coimbatore, Tamil Nadu, India
(BSIS/RC/5/23/2016/Tech./164).
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Preparation of leaf and fruit extracts

The leaves and fruits were collected and washed
thoroughly under running tap water. It was then
washed using deionized water and air dry at room
temperature. Afterwards, 20 g of both leaves and
fruits were finely cut into small pieces and soaked
in 100 mL of double-distilled water. The samples
were heated at 60°C for 10 min until the brown col-
or was obtained and cooled at room temperature.
Further, it was filtered using Whatman number-1
(40) filter paper and then stored at 4°C for further
use.

Synthesis of zinc oxide nanoparticles

The ZnO NPs were synthesized stated to the
modified protocol developed by [22]. Initially, 30
mL of leaf and fruit extracts were heated to 70°C
under constant stirring by adding 0.1 M Zinc ace-
tate dihydrate and 1 M Sodium hydroxide (NaOH)
solution to appear a deep yellow-colored precipi-
tate. Afterwards, the precipitate was pelleted down
by centrifuging at 6000 rpm for 20- 25 min. The
pellet was washed several times thoroughly using
Milli- Q Water and ethanol. Finally, the pellet was
dried at 40°C for 8 hours in a hot air oven to get
maximum yield. The powder material was smashed
using mortar and pestle to obtain a uniform size.
Further, NPs were used for characterization and bi-
ological activities.

Characterization

The UV-vis absorption spectra of synthesized
ZnO NPs samples were recorded by using an 1800
Shimadzu UV- vis Double beam spectrophotome-
ter with a wavelength range was 200 to 700nm. The
XRD patterns of the biosynthesized ZnO NPs pow-
der have been analyzed with the help of the PAN
analytical Xpert Pro Model (Netherlands) which
was operating at 45 kV, 40 mA, with Cu Ka radia-
tion at 0 -20 angles (0-80° range). Scherrer’s equa-
tion was used to calculate the average crystallite
size of ZnO NPs.

Formula: d 0. 9A/B, , cos 0=

Where, d = crystallite size, A = X-ray wavelength
(CuK a),

B1/2 = Full width half maximum (FWHM) and 6
= diffraction angle.

The chemical bonds of biosynthesized ZnO
NPs were recorded by (FTIR, Bruker Tensor 27
spectrometer, Bremen, Germany) Fourier trans-
form infrared techniques in the range of 400 cm-1
-4000 cm-1. The morphology of biosynthesized

Nanomed Res J 6(2): 128-147, Spring 2021
) R

ZnO NPs was captured using FEI QUANTA 200 at
400 um and 5 pm. The thin films of the sample were
prepared on a copper grid coated with carbon by
dropping 20-50 ul of sample on the grid and ob-
served under the analyzer. The excess material was
cleaned with tissue and then dry under a mercury
lamp for 4- 5 min. Electron Diffraction Spectros-
copy (EDX) patterns were recorded by the JEOL/
EO JSM-5600 SEM microscope along with an en-
ergy dispersive X-ray spectrometer. Dynamic light
scattering (DLS) and zeta potential of biosynthe-
sized ZnO NPs were analyzed to know the average
size and stability of particles, Zetasizer Nano ZS90
(Malvern Instruments Ltd., Malvern, UK) DLS
assumes on the interaction of nanoparticles with
lights and a DLS measurement mostly relies on
Rayleigh scattering from the particle size and zeta
potential in liquid suspension were both measured
at 25°C. The sample size for surface zeta potential
measurement was limited to no larger than 4 mm x
7mm X 1.5 mm (L x W x H).

Anti-bacterial studies
Microbial culture, growth medium, and culture con-
ditions

Staphylococcus aureus (MCC 2408), Escherichia
coli (MCC 3105), Salmonella typhi (MTCC 3224),
Pseudomonas aeruginosa (MCC 3462), Enterococ-
cus faecium (MCC 3545), and Enterococcus faecalis
(MCC 3049) strains were grown in Mueller- Hin-
ton medium (MHA) at 35+2°C and 180 rpm. MHA
medium composition (Beef extract- 2.00 gm, Acid
hydrolysate of casein- 17.50 gm, Starch- 1.50 gm,
and Agar- 17.00 gm) were dissolved in 1L sterilized
distilled water and then adjusted to pH 7.3 + 0.1
before sterilization.

Anti-bacterial activity of biosynthesized ZnO NPs of
an agar well diffusion method:

Antimicrobial activity of the biosynthesized
ZnO NPs was performed against six human patho-
genic bacteria (three gram-positive and three
gram-negative). Anti-bacterial agar well diffusion
method followed by [23] with some modifications.
The pure cultures of organisms were subcultured in
Mueller- Hinton broth at 35 + 2°C for 24h. 100pL of
a fresh culture of each test organism was dispersed
over the nutrient agar plates with a sterile glass rod.
The plates were dry for 10 min and make5 mm wells
into the agar plates. The wells were secured with a
drop of molten agar (0.8 %) to prevent nanomateri-
als discharge from the bottom of the well. Then, the
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different concentrations ZnO NPs were prepared
(50,100, and 150 pg/mL) of the sample prepara-
tion, 10 uL of tetracycline (positive control), and
50 pL of sterile distilled water (negative control)
was poured into each well on the plats. After (35
+ 2°C) overnight incubation, the different levels of
the zone of inhibition were measured.

Anti-biofilm activity

The biosynthesized ZnO NPs were used as an-
ti-biofilm agents against six human pathogenic
bacteria (100 L of bacterial culture was added into
sterile test tubes containing 5 mL of sterile Mueller-
Hinton broth). Subsequently, sub-MIC doses (0,
10, 20, 30 pg/mL) of ZnO NPs were added to each
test tube excluding the control set where only the
bacteria was grown in absence of ZnO NPs. All the
test tubes were then incubated at 35+2°C for 48 h.
After the incubation time, the planktonic cells were
discarded from each test tube and residual cells
were washed twice with distilled water. Thereafter,
each tube was stained for 15 min with 0.4 % of crys-
tal violet solution at room temperature for biofilm
identification. After that, the tubes were washed
with distilled water. Then, 5 mL of 33 % glacial ace-
tic acid was added to dissolve the adsorbed crys-
tal violet (CV) and the intensity was quantified by
measuring the absorbance at 420 nm. To confirm
the CV assay biofilm morphology was examined
by microscopy. Sterile coverslips were added in
each tube and the above incubation methodology
was followed. After the desired incubation period
coverslips were aseptically taken out from each test
tube and stained with (0.1 %) crystal violet and 0.4
% acridine orange separately to examine the extent
of biofilm association of light microscopy [24].

Antioxidant activities
DPPH scavenging activity

The hydrogen donating or radical scavenging
ability (antioxidant activity) of the sample was es-
timated in terms of using the stable radical 2, 2-di-
phenyl-1-picrylhydrazyl (DPPH). The leaves and
fruits-based biosynthesized ZnO NPs were taken
in aliquot concentrations and the final volume was
made to 100 puL with methanol. About 3 mL of a 0.1
mM DPPH methanolic solution was added to the
tubes and vortexed well. Then 3 mL DPPH metha-
nolic solution with 100 pL methanol was prepared
as a negative control and standard butylated hy-
droxytoluene (BHT) and Ascorbic acid (Concen-
tration 0- 15 uM). After dark incubation of 30 min
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at room temperature, the absorbance of the sam-
ple was measured at 517 nm against the blank. The
DPPH radical quenching results were expressed as
IC,, values [25].

ABTS scavenging activity

ABTS (2, 2’ azino-bis 3- ethylbenzothiazo-
line-6-sulphonic acid) radical assay by cation de-
colorization [26] was used to measure the total
antioxidant activity of biosynthesized ZnO NPs. 7
mM ABTS with 2.4 mM potassium persulfate re-
acting in the dark for 12- 16 hours at room tem-
perature and diluted in ethanol (about 1: 89 v/v)
to give an absorbance of 0.700 + 0.02 at 734 nm
at 25°C. 1 mL of diluted ABTS solution was added
to standards (BHT and Rutin (Concentration 0- 15
uM) and samples, then incubated at 30°C exactly
for 30 min and the absorbance was measured at
734 nm. The results were expressed in uM Trolox
equivalent antioxidant capacity (TEAC) per sample
extracts (uM/g).

Phosphomolybdenum assay

The total antioxidant activity of biosynthesized
ZnO NPs was evaluated by the phosphomolybde-
num method [27]. The biosynthesized NPs solu-
tions and ascorbic acid (10- 50 pg) were incorpo-
rate with 1 mL of reagent (0.6 M sulphuric acid,
28 mM sodium phosphate, and 4 mM ammonium
molybdate). The tubes were incubated at 95°C for
90 min in a water bath and rest to room tempera-
ture. The standards BHT and Ascorbic acid were
used (Concentration 0- 15 pM). The absorbance
was measured at 765 nm against a reagent blank
and expressed in mg ascorbic acid equivalents per
gram sample extract (mg/g).

Ferric reducing antioxidant power (FRAP) assay
The ability to reduce TPTZ- Fe (III) complex to
TPTZ- Fe (II) complex by the antioxidant capac-
ity of green synthesized ZnO NPs are estimated
according to the procedure [28]. Freshly prepared
FRAP reagent (900 uL) (2.5 mL of 20 mM/L TPTZ
(2, 4, 6-tripyridyl-s-triazine) in 40 mM/L HCl and
2.5 mL of 20 mM/L FeCl,-6H,0 and 25 mL of 0.3
M/L acetate buffer (pH 3.6)) incubated at 37°C.
Then the FRAP reagent was added to biosynthe-
sized ZnO NPs, the aliquots of butylatedhydroxy-
toluene (BHT) and Ascorbic acid (10- 50 pg); then
to the methanol served as the reagent blank. All
these tubes were incubated at 37°C for 30 min in
a water bath. The absorbance of the blue color was
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read against the reagent blank at 593 nm and the
results were reported mM Fe (II)/ mg extracts.

Metal chelating activity

Biosynthesized ZnO NPs has ferrous ions, the
chelating activity of these ions was determined
by [29]. About 2 mM 100 pL ferrous chloride was
added to 500 pg of sample extracts and 400 pL of
5mM ferrozine later to initiate the reaction, then
incubated at room temperature for 10 minutes. The
absorbance was measured spectrophotometrically
at 562 nm against deionized water as a blank and
EDTA (10- 50 ug) was used as the standard metal
chelating agent. The results were expressed as mg
EDTA equivalents per gram sample extracts.

Cell culture maintenance

The cytotoxicity activity of green synthesized
ZnO NPs by using the MTT assay method to inves-
tigate the toxicity level. A commercially purchased
Raw 264.7 (mouse leukemic monocyte-macro-
phage cells) and Caco-2 (human colonic adeno-
carcinoma cells) from National Centre for Cell Sci-
ences (NCCS), Pune, Maharashtra, India. The cell
culture 1 X 105 cells were seeded in 96 well plates
and allowed to settle down for 12 hours. The cul-
tured in Dulbecco’s Eagle’s medium (DMEM), sup-
plemented with 10% v/v Fetal Bovine Serum (FBS),
2mM l-glutamine, 40 ug/mL gentamycin, 100 U/
mL penicillin and 1040 ug/mL Streptomycin. The
culture was maintained at 37°C with 5 % CO,, 85 %
humidity. The medium was changed the alternative
day, and confluent cells were used for further ex-
perimental analysis.

In vitro cytotoxicity by MTT assay

The (3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphe-
nyl-2H-Tetrazolium Bromide (MTT) assay devel-
oped by [30]. The cells were seeded in a 96 well
plate and allowed to settle down for 12 hours. The
test solution (leaves and fruits) ZnO NPs were pre-
pared in different concentrations ie,.0, 25, 50, 75,
100, 125, 150, 175, 200 pg/mL with 100 ul DMEM,
0.01% DMSO devoid of FBS. The cells were ex-
posed for 24 hours and control was devoid of NPs.
The supernatant was then replaced with 100 uL of
MTT solution (5 mg/ mL in PBS) and incubated
for 3 h at 37 °C. Subsequently, the formazan crys-
tals (reduction product of MTT) were dissolved in
100 pL of DMSO, and absorbance was measured by
the multi-plat reader at 570 nm. The images were
viewed using an Olympus CKX41 microscope and
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were photographed under 400x magnification.

Statistical analyses

All the in vitro assays were conducted in trip-
licates and the results were expressed as Mean +
Standard deviation (SD). The statistical analysis
was done using one-way ANOVA and significant
differences were determined by the DMRT post
hoc multiple comparison test and a value of p <
0.05 was considered significant. All calculations
were performed using: SPSS, version 20.0 (IBM
SPSS, IBM Corp., Armonk, New York).

RESULTS AND DISCUSSION

For the first time, ZnO NPs synthesis was car-
ried out using B. tinctoria leaf and fruit extracts via
an environmentally benign synthesis method. The
formation of ZnO NPs was visually evident from
the color change of the reaction mixture from light
yellow to dark brown color after 3 hours of reaction
and a white powder of ZnO NPs was collected after
drying at 60°C in a hot air oven. The synthesized
ZnO NPs were used to study its potential against
various biological activities.

UV- visible spectral analysis

The UV-vis absorption spectra of synthesized
ZnO NPs using leaf and fruit extracts of B. tinctoria
are shown in (Fig- 1 a- b). ZnO NPs have free elec-
trons, which brings to a surface Plasmon resonance
(SPR) absorption band, owing to the combined ab-
sorbance of photons of metal nanoparticles in res-
onance with the light wave. The green synthesis of
ZnO NPs was observed at 274 nm in both extracts.
The peak of surface plasmon resonance clarified
the formation of NPs. The high intensity of UV-vis
spectra clearly showed a high intensity of ZnO NPs
present in the samples. The obtained results were
reconciled with the results already reported for Sc-
adoxus multiflorus leaf powder aqueous extracts
[31].

FT-1R

In order, to know the functional groups present
in the leaves and fruits extracts of B. tinctoria ZnO
NPs were recorded in Table- 1 and Fig-1 ¢, d. The
IR spectrum showed a broad peak corresponded
to O-H stretching frequency of 3455 cm™and 3410
cm™ confirmed the presence of OH group with ei-
ther intramolecular or intermolecular hydrogen
bonding. A frequency at 1604 cm™” and 1610 cm!
responding C=C stretching in conjugated alkene
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Fig. 1. a and b UV- Vis spectra of green synthesized ZnO NPs leaf and fruit based synthesis. c and d FTIR spectrum of green synthe-
sized ZnO NPs leaf and fruit based synthesis. e- h SEM image of green synthesized ZnO NPs leaf and fruit based synthesis in different
magnification ranges e and g- 100pm and f and h- 10um.

and o, a B-unsaturated ketone of leaf and fruit ex-
tract respectively. Further, this has been established
with the O-H bending vibrations obtained at 1397
cm™’and 1407 cm™! of leaves and fruits extract by
its medium intensity band. The spectrum was also
observed in the presence of C-N stretching by week
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band at 1266 cm. The stretching vibrations at 1101
cm™’ and 1108 cm were carefully assigned the
presence of C-O stretching. A peak obtained at 782
cm may be aggregated to C-H bending vibrations
of fruit extract respectively. there is a noticeable
study band was observed at 617 cm™” and 611 cm™
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Table 1. FTIR spectra with possible assignments using Leaf and fruit based biosynthesis ZnO NPs .

Berberis tinctoria Extracts ~ Frequency (cm™)

Intensity ~ Possible assignments

1 3455 strong O-H stretching alcohol
2 1604 medium C=C stretching in conjugated alkene
3 1397 medium O-H bending carboxylic acid

Leaf 4 1266 strong C-N stretching in aromatic amine
5 1108 strong C-O stretching tertiary alcohol
6 605 strong C-Br stretching in halo compounds
7 467 strong Zn-O bond
1 3410 strong O-H stretching alcohol
2 1610 strong C=C stretching o,-unsaturated ketone
3 1407 medium O-H bending carboxylic acid

Fruit 4 1101 strong C-O stretching tertiary alcohol
5 782 strong C-H bending of 1,2,3, trisubstituted
6 607 strong C-Br stretching in halo compounds
7 456 strong Zn-O bond

of leaves and fruits extract respectively assigned to
the presence of either C-Br or C- Cl band, A Zn-O
stretching frequency was found at 467 cm™ and 456
cm established the formation of ZnO NPs. This is
consistent with the reported ZnO NPs which were
prepared from Berberis aristata [32].

SEM and EDX

The surface morphology and size of the ZnO
NPs. were confirmed by SEM which revealed the
hexagonal particle backing. The SEM images at
high magnifications at10 pm and 5 um showed the
aggregates of nanocrystallites (Fig-1 e- h). The av-
erage diameter of the nanoparticle was in the range
of 30-50 nm, The EDX spectrum revealed a strong
signal for the Zinc Fig-2 a- b. The EDX was exe-
cuted to confirm the elemental composition from
leaves and fruits ZnO NPs, which showed Zinc
(16.59 %), Oxygen (83.41 %), and Zinc (42.64 %),
Oxygen (57.36 %) respectively, the results con-
firmed the formation of ZnO NPs.

XRD analysis

X-ray diffraction is a versatile, non-destruc-
tive analytical method for the identification and
quantitative determination of various crystalline
forms, known as phases of compound present in
the biosynthesized of ZnO NPs using leaves and
fruits extract of B. tinctoria (Fig- 2. ¢, d). The de-
tected peaks corresponding to the hexagonal phase
in leaves based ZnO NPs are found in the lattice
planes (h,k1) 100, 002, 101, 102, 110, 103, and 112
in the 20 value (27.60°, 29.37°, 32.24°, 44.71°, 53.18°,
59.76° and 64.39° respectively. Even though fruit-
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based are found in the lattice planes (h,k,1) 100, 002,
101, 102, 110, 103, and 112 in the 26 value (26.38°,
29.27°, 32.99°, 44.32°, 52.36°, 59.21° and 64.02°. All
these peaks are well corresponding to the standard
JCPDS file n0.36-1451. The peaks confirmed the
formation of ZnO NPs with different sizes and sim-
ilar XRD patterns were also reported in the littera-
teurs. The more mentioned peak at 32.24° indexed
(101) of the wurtzite crystal structure of ZnO. The
broadening of peaks in the XRD patterns of ZnO
NPs is attributed to variations in the particle size
shown in Table-2. Scherrer’s equation was used for
the average size of leaves (5.20 nm) and fruits (3.89
nm) ZnO NPs crystallite size.

DLS and Zeta potential determination

The biosynthesized ZnO NPs using the extracts
of B. tinctoria (leaves and fruits) NPs size and sta-
bility were determined by DLS (Fig-2 e, f) and
ZETA potential measurement (Fig-2 g, h). Since it
specifically measures the fluctuations of intensity of
the scattered light due to diffusing particles, the de-
termination of the diffusion coefficient of the parti-
cles was used for the stability of the particles. It re-
sulted whether the particles aggregate over time by
measuring the hydrodynamic radius of the particle
increases, particle aggregation shows a larger pop-
ulation with a larger radius. The measurement was
done in the liquid condition of ZnO NPs with a pH
of 6.4. Zeta potential is the interfacial double layer
(DL) electric potential at the slipping plane versus a
point in the bulk fluid away from the interface [33].
The magnitude of the zeta potential (-30 mV to +30
mV) gives information about the potential stabili-
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Fig. 2. a and b Energy dispersive X-ray spectroscopy (EDX) of green synthesized ZnO NPs leaf and fruit based synthesis. ¢ and d X ray
diffraction (XRD) analysis of green synthesized ZnO NPs leaf and fruit based synthesis. e and f size distribution and g and h zeta poten-
tial of ZnO NPs determined by dynamic light scattering of leaf and fruit based synthesis.

ty of the colloidal solution [34]. The high negative
and larger hydrodynamic value of zeta potential
confirmed that the repulsion among the NPs and
thereby increase the stability of the formulation,
wherever the agglomerates of ZnO NPs rather than
aggregates in the aqueous condition. The observed
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negative potential indicates maybe due to the pres-
ence of various natural product constituents which
were acting as reducing agents in the extracts [35].
Also, it confirmed the presence of gross electrostat-
ic forces within the synthesized material. The zeta
potential value of leaves and fruits was found to

Nanomed Res J 6(2): 128-147, Spring 2021
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Table 2. Crystalline size of ZnO nanoparticles synthesized using Berberis tinctoria leaf and fruit extract.

Berberis tinctoria 20 value  d-Spacing  Plane FWHM Cos 6 Crystalline size
Extracts (degree) (A (hkl) (degree) only (nm)
1 27.60° 2.9921 (100) 1.6875 13.63 4.86
2 29.37° 2.5800 (002) 1.8785 14.68 4.37
3 32.24° 2.4434 (101) 0.9537 16.12 8.72
Leaf 4 44.71° 1.8934 (102) 2.4575 22.35 35
5 53.18° 1.6204 (110) 1.3697 26.59 6.48
6 59.76° 1.4762 (103) 1.9896 29.88 4.60
7 64.39° 1.3725 (112) 2.3911 32.19 3.92
1 26.38° 3.0180 (100) 3.8908 13.19 2.09
2 29.27° 2.5990 (002) 1.7332 14.63 4.74
3 32.99° 2.4730 (101) 1.9235 16.42 431
Fruit 4 44.32° 1.9253 (102) 2.5506 22.16 3.36
5 52.36° 1.6194 (110) 1.8683 26.18 4.74
6 59.21° 1.4746 (103) 1.9214 29.60 4.76
7 64.02° 1.4441 (112) 2.8621 32.01 3.27

be -15.0 mV and -18.9 mV indicated the moder-
ate stability of ZnO NPs. The DLS stabiles of the
biosynthesized ZnO NPs were found 244.6 d. nm
leaves and 256.5 d. nm fruits extracts respectively.

Antibacterial activity of synthesized ZnO NPs in
Well diffusion method

The antimicrobial activity of biosynthesized
ZnO NPs using B. tinctoria leaves and fruits extract
was studied at different concentrations (50,100 and
150 pg/mL) towards various human pathogenic
bacteria gram-positive (S. aureus, E. faeciumand
and E. faecalis) and gram-negative (E. coli, S. typhi
and P. aeruginosa) on agar well diffusion method
and are represented in Fig-3 and 4, the zone of in-
hibition showed in Table- 3. The maximum zone of
inhibition was observed in the E. faecalis (19 + 0.5
mm) 150 pg/mL concentration of leaf-based NPs.
Fruit-based synthesized NPs also have good anti-
bacterial activity against S. aureus, E. faecium and E.
faecalis of (19 £ 0.1 mm) the 150 pg/mL concentra-
tion. The more resistant bacteria of E. coli have (12
+ 0.1 mm) inhibition with a higher concentration
of ZnO NPs and the positive control tetracycline 10
pg/mL (20 + 0.1 mm to 25 + 0.1 mm) also observed
respectively. The negative control of distilled water
does not observe any zone of inhibition. The zone
of inhibition exhibited the disruption of the mem-
brane with a high generation rate of surface oxygen
species by the mechanism of the biocidal actions
of ZnO NPs, finally lead to cell damage. Interest-
ingly the size of the zone of inhibition was differed
according to the method of biosynthesis, type of
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pathogens, and especially the concentration of ZnO
NPs [36]. There was an increased inhibition growth
while increasing ZnO NPs concentration because
of its proper diffusion of drugs in the agar medium.
While comparing with their stains, gram-positive
bacteria were more effective than gram-negative
bacteria. Besides the broad spectrum of antibac-
terial properties, nanoparticles have been used as
a vector for the delivery of antimicrobial moieties
that greatly influx the biocidal properties [37]. The
plant extracts have active compounds like pheno-
lics, flavonoids, saponins, and alkaloids with more
antioxidants that can neutralize ROS, free radi-
cals, and chelate metals. Hence, the antioxidants in
plants are responsible for the metal or metal oxides
green synthesis of NPs, by its reducing and stabi-
lizing capacity. Accordingly, ZnO NPs have found
that highly toxic to bacteria and only exhibit min-
imal effects on human cells, which recommended
prospectus uses of agricultural and food industries.

Anti-biofilm activity

The Biofilm formation ability of S. aureus, E.
coli, S. typhi, P. aeruginosa, E. faecium, and E. faeca-
lis was described in previous reports [39-43]. An-
ti-biofilm inhibition activity of B. tinctoria leaves
and fruits biosynthesized ZnO NPs, under in vitro
conditions were observed with a MIC value of 40
pg/mL which has strong antibacterial activity. The
present study tested with various concentration
of sub- MIC doses (0, 10, 20, 30 pg/mL) of ZnO
NPs incubated at 35 °C + 2 °C for 48 hours. After
incubation, planktonic cells were discarded from

136



A. Vignesh et al. / Green synthesis and characterization of zinc oxide nanoparticles

Fig. 3. Antibacterial activity of leaf based synthesis of ZnO NPs against a- S. aureus, b- E. coli, c- S. typhi, d- P. aeruginosa, e- E. faecium
and f- E. faecalis in different concentration (50, 100, 150 pg/ml), NC- negative control and PC- positive control (tetracycline).

each growth, including the control (without treat-
ed ZnO NPs). The biofilm microbial formation on
the glass surface was then stained with CV and
biofilm formation significantly reduced in all the
test tubes with increased ZnO NPs concentration
(Fig- 5). Biofilms are complicated microorganism
communities that show resistance to antibiotic
action and are natural human immune resistance
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[44]. These infections are difficult to eradicate due
to multidrug-resistant pathogens [45]. The control
measures have some efficient strategies for their
reduced growth rate and secretion of virulence
factors that are required for preventing the devel-
opment of harmful biofilms. The antibacterial ac-
tivity depends on several factors mainly their vast
surface area in contact with bacteria through Van

Nanomed Res J 6(2): 128-147, Spring 2021
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Fig. 4. Antibacterial activity of fruit based synthesis of ZnO NPs against a- S. aureus, b- E. coli, c- S. typhi, d- P. aeruginosa, e- E. faecium
and f- E. faecalis in different concentration (50, 100, 150 pg/ml), NC- negative control and PC- positive control (tetracycline).

Der Waals forces or hydrophobic interactions and
electrostatic attraction; also NPs size, stability, and
together with the drug concentration against MDR
bacteria [46]. The extent of microbial biofilm for-
mation in the presence and absence of ZnO NPs
was also measured by determining the amount of

Nanomed Res J 6(2): 128-147, Spring 2021
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total extractable protein [47]. These results pointed
out that ZnO NPs exhibited adequate to significant
anti-biofilm activity against the six pathogenic bac-
teria at different concentrations (0, 10, 20, 30 pg/
mL). The biofilm growth spectrum has been re-
corded in Fig- 6 and bacterial biofilm always de-
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Table 3. Antibacterial activities on ZnO NPs on leaf and fruit extracts

Berberis Zone of Inhibition (mm)
tinctoria Microorganism ~ Gram Reaction 50 ug/mL 100 pg/mL 150 ug/mL Positive Negative
Extracts control Control

1 S. aureus GPB 12+0.2 15+0.2 18+0.1 21£0.1 NA

2 E. coli GNB 8+0.5 10£0.2 12+0.1 20+0 NA
Leaf 3 S. typhi GNB 15+0.5 16+0.1 18+0.2 20+0 NA

4 P. aeruginosa GNB 11+0.2 13+0.1 14+0.2 20+0.2 NA

5 E. faecium GPB 14+0.1 15+0.5 18+0.1 20+0.1 NA

6 E. faecalis GPB 15+0.3 16+0.4 19+0.5 20+0.1 NA

1 S. aureus GPB 14+0.1 17+0.2 19+0.1 21+0.1 NA

2 E. coli GNB 12+0.5 15+0.2 18+0 25+0.1 NA
Fruit 3 S. typhi GNB 13+0.3 16+0.1 18+0.1 23+0.1 NA

4 P. aeruginosa GNB 12+0.1 14+0.1 16+0.1 20+0 NA

5 E. faecium GPB 13£0.1 17+0.1 19+0.1 200 NA

6 E. faecalis GPB 15+0.2 17+0.1 19+0.1 20+0 NA

The in vitro antibacterial assays were done in triplicates and the results were expressed as Mean + Standard deviation (SD). Gram-Positive Bacteria (GPB)
and Green Negative Bacteria (GNB).

Fig. 5. Anti-biofilm detection in tube method in different concentration of ZnO NPs against six pathogenic bacteria A- S. aureus, B- E.
coli, C- S. typhi, D- P. aeruginosa, E- E. faecium and F- E. faecalis (a- control, b- leaf 10 ug/ml, c- fruit 10 pg/ml, d- leaf 20 pg/ml, e- fruit
20 pg/ml, f- leaf 30 ug/ml and g- fruit 30 ug/ml).

Nanomed Res J 6(2): 128-147, Spring 2021
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Fig. 6. Crystal violet staining of biofilm formation against the six pathogenic bacterial a- S. aureus, b- E. coli, c- S. typhi, d- P. aeruginosa,
e- E. faecium and f- E. faecalis using leaf and fruit based synthesis of ZnO NPs. Biofilms were formed in the different concentration (0,
10, 20, 30 pg/ml) of ZnO NPs and quantified by CV staining. Error bar indicate standard deviation (+SD) of replicates.

pending on the ZnO NPs concentration. Presently
the biofilms are untreated, antibiotics are ineffec-
tive, and many agents are failing to reach the tar-
get cells embedded deep inside the biofilm matrix.
Therefore, an alternative path is needed to control
the diseases involving biofilms [48]. Hence, B. tinc-
toria leaves and fruits-based biosynthesized ZnO
NPs have proven to be against the biofilm forma-
tion hence it can recommend for the medical and

Nanomed Res J 6(2): 128-147, Spring 2021
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food industries.

ZnO NPs inhibit microbial attachment

In this study, 100 pl of bacterial culture was
inoculated in the sterile medium containing ster-
ile coverslips. The different concentrations of ZnO
NPs (0, 10, 20, 30 pg/mL) were added to the medi-
um and incubated at 35 + 2°C at 48 hours. After in-
cubation coverslips were removed from the culture
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Fig. 7. Micrographs of Anti-biofilm detection to cover slips recovered from culture medium supplemented with different concentration

of ZnO NPs against six pathogenic bacteria was examined by light microscopy. A- S. aureus, B- E. coli, C- S. typhi, D- P. aeruginosa,

E- E. faecium and F- E. faecalis (a- control, b- leaf 30 pg/ml, c- fruit 30 pg/ml). Figures are representative of images obtained from thre
e independent experiments and the microscopy image 40X magnification.

medium, stained with CV and acridine orange to
observe the biofilms under the light microscope. In
the control set of all pathogens bacterial showed a
concentrated microbial biofilm growth on the glass
surface (showed only on control set (0 ug/mL) and
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ZnO NPs 30 ug/mL of Fig- 7). The bacterial biofilm
formation is endowed in several stages including
the attachment of microcolony formation, matura-
tion, and dispersion. The biofilm attenuation is the
initial step of biofilm development by prevention of

Nanomed Res J 6(2): 128-147, Spring 2021
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Fig. 8. a.The DPPH* radical assay was to test the ability of free radical scavengers to evaluate the IC, values on B. tinctoria leaf and
fruit based synthesis of ZnO NPs was compared with BHT and Ascorbic acid. b- The ABTS + scavenging activities on B. tinctoria leaf
and fruit based synthesis of ZnO NPs was compared with BHT and rutin standard. c- The total antioxidants activity on phosphomo-
lybdenum method on B. tinctoria leaf and fruit based synthesis of ZnO NPs was compared with BHT and Ascorbic acid. d- The FRAP
activity on B. tinctoria leaf and fruit based synthesis of ZnO NPs in terms of Trolex equivalence to compared with BHT and rutin stan-
dard. e- The metal chelating activity of B. tinctoria leaf and fruit based synthesis of ZnO NPs was compared with EDTA equivalence.
BHT- Butylated hydroxyl toluene: A. acid- Ascorbic acid; EDTA- Ethylene diamine tetra acetic acid. Data are presented as Mean + SE
followed by same letter (s) are not significantly (p >0.05) different according to DMRT. *** Significant at 0.1% level, *Significant at 5%
level, ns- not significant.

bacterial attachment to the surfaces by ZnO NPs
[49].

Antioxidant activities

DPPH radical scavenging activities of leaves
and fruits synthesized ZnO NPs are shown in Fig-
8 a. The leaves (15.47 pg/mL) and fruits (15.96 pg/
mL) based ZnO NPs showed better IC_ values for
DPPH radical scavenging activities. The IC, of
standard synthetic antioxidant BHT was found to
be (9.12 pg/mL) minimal. Whereas, natural antiox-

Nanomed Res J 6(2): 128-147, Spring 2021
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idant as ascorbic acid (10.25 pg/mL) was found to
be much better than that of ZnO NPs. The result in-
dicated the potential free radical scavenging activ-
ity in a dose-dependent manner. In B. aristata also
similar results have been reported [32]. The radical
scavenging activities of the synthesized ZnO NPs
were showed an IC, value of (127.74 ug/mL) [50].
The results of ABTS*cation radical scaveng-
ing activities of leaves and fruits synthesized ZnO
NPs are shown in Fig- 8 b. The ABTS cation rad-
ical scavenging activities of leaves based ZnO NPs

142



A. Vignesh et al. / Green synthesis and characterization of zinc oxide nanoparticles

(75.47 uM Trolox equivalents/g extract respective- extract respectively). The ABTS radicals exhibiting
ly) and fruits -based ZnO NPs 76.03 uM Trolox their highest activity (93.25%) at a concentration
equivalents/g extract respectively) compared with (100 uM) were reported as the ZnO NPs of Caf-
standards BHT (85.87 uM Trolox equivalents/ g feic acid-functionalized ZnO NPs [51]. The results
extract) and rutin (78.03 uM Trolox equivalents/g  indicated that ZnO NPs have a strong ability to do-
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Fig. 9. Morphology of the Raw 264.7 and Caco-2 cancer cells- treated samples, a and e- control, b and f- leaf synthesized ZnO NPs, and
cand g- fruit synthesized ZnO NPs. d and h - IC, | values of cell viability on leafand fruit synthesized ZnO NPs of various concentra-
tions. Error bar indicate standard deviation (£ SD) of replicates. IC_ - half-maximal inhibitory concentration.
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nate hydrogen and could serve as primary antioxi-
dants to scavenge free radicals.

The total antioxidant activity was analyzed by
the phophomolybdenum method using both ex-
tracts of leaves (24.03 mg AAE/ g extract) and fruits
(24.36 mg AAE/ g extract) ZnO NPs and shown in
Fig- 8 c. Total antioxidant capacity observed for
the ZnO NPs can be correlated with its free radical
scavenging activity equivalent to that of ascorbic
acid (34.72 mg AAE/ g extract) and BHT (27.10 mg
AAE/ g extract). The phosphomolybdenum assays
of the total antioxidant capacity of ZnO NPs were
found to be 70% by using an algal-based synthesis
of nanoparticles [52].

The antioxidant potential of leaves and fruits
synthesized ZnO NPs were estimated from their
ability to reduce TPTZ- Fe (III) complex to TPTZ-
Fe (II) and are shown in Fig- 8 d. It measures the
antioxidant effect of any substance in the reaction
medium as reducing ability. The leaves biosynthe-
sized nanoparticles (37.03 mM Fe (II)/ mg extract)
and fruits (39.02 mM Fe (II)/ mg extract) showed
the highest ferric reducing power. The standard an-
tioxidants BHT and A. Acid were found to that ef-
ficient antioxidant potential rather than ZnO NPs.
Algal-based synthesized nanoparticles have 73%
total antioxidant capacity [52].

Iron is a fundamental metal for normal phys-
iology to undergo Fenton reaction, these reduced
metals may form highly harmful hydroxyl radi-
cals and thereby contributing to oxidative stress
[53]. Metal chelating activity was significant as it
reduced the concentration of the metal catalyzing
transition in oxidative degradation of lipids. Ac-
cording to Fig- 8 e, metal chelating activity was
showed in leaves (115.17 mg EDTA equivalents/ g
extract) and fruits (118.21 mg EDTA equivalents/
g extract), due to the capping of biomolecules.
Hence, antioxidants may be related to its seques-
tering of Fe? ions catalyze Fenton-type reactions
or participate in metal-catalyzed hydrogen perox-
ide decomposition reactions. Already reported that
ZnO NPs concentrations were proportional to the
antioxidants that overcome the action by free radi-
cals. Therefore, it allows the system to deal expres-
sively with viruses thereby improving the body’s
immune systems [54]. Nowadays, it will be useful
for increase the immune power of the human body
to preventing infectious diseases.

In vitro cytotoxicity by MTT assay

MTT assay was analyzed to determine the bio-

Nanomed Res J 6(2): 128-147, Spring 2021
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compatibility and potential effect of the green syn-
thesized ZnO NPs for biomedical uses. The various
NPs also have the potential effects of cytotoxic to-
wards the various cancer cell lines. As well as the
cytotoxicity effects of NPs mainly depend on the
concentration, shape, size, and surface modifica-
tions. The cytotoxic activity of ZnO NPs has eval-
uated by MTT assay on the two different cell lines
Raw 264.7 and Caco-2. The assay was performed to
determine the ZnO NP’s toxic effect on the treat-
ed cancer cells with various concentrations in Raw
264.7 and Caco-2 Cells showed in Fig-9. The best
activity was observed in fruits synthesized ZnO
NPs with IC_ (Raw 264.7- 136.55 ug/mL and Caco-
2-154.21 pg/mL). The leaves synthesized ZnO NPs
IC,, value is (Raw 264.7- 142.18 pg/mL and Caco-
2- 158.17 pg/mL). The MTT assay was achieved to
determine the biocompatibility and potential effect
of the green synthesized ZnO NPs for biomedical
uses. The ZnO NPs of cytotoxicity effect on Rajan
etal., already reported the Caco-2 human colon cell
lines always depend on the size and surface mod-
ifications [55]. It confirms that green synthesized
ZnO NPs exhibited a good anti-proliferation effect
and excellent biocompatibility in both cell lines,
signifying their impotent role in biomedical appli-
cations.

CONCLUSION

This present study deals with the green syn-
thesis of ZnO NPs using leaf and fruit extracts of
Berberis tinctoria. The synthesized nanomateri-
al was characterized by UV-visible spectroscopy,
FTIR, XRD, SEM, EDX, DLS, and ZETA potential
determination analysis revealed the optical prop-
erties and structural properties of ZnO NPs. The
promising antibacterial agent due to ZnO NPs ac-
tivity against both gram-positive and gram-nega-
tive bacteria. The introduction of biofilm atten-
uating agents may allow therapeutic approaches
against biofilm-associated human infections. As
well as the anti-cancer effects also defending the
concentration, size, shape, and surface morpholo-
gy. Morphologically distinct of the biological activ-
ity of fruit ZnO NPs showed significant results with
concentration-dependent. The ZnO NPs may work
as part of combination therapy against the human
pathogenic bacteria and multi-drug resistance bac-
teria. Moreover, the antioxidant property of ZnO
NPs could allow them to use in textiles, health care
products, and more importantly preparation of
nanomedicine. ZnO NPs are safe up to a certain
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level but may become toxic at higher concentra-
tions. Compared with other metal oxide nanopar-
ticles, ZnO NPs are inexpensive and relatively less
toxic with excellent biomedical applications, such
as drug delivery, diabetes treatment; anti-inflam-
mation; wound healing, anticancer and antimicro-
bial agents in food preservation industries.
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