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ABSTRACT

Plant extract mediated metal or metal oxide nanoparticles is a promising alternate to the
chemical and physical methods. Application of nanoparticles in various fields get increased widely due
to their properties. Current study involves the eco-friendly method of synthesis and pharmacological
applications of zinc oxide nanoparticles (ZnO-NPs) using the aqueous beetroot (Beta vulgaris) extract.
Aqueous Beta vulgaris extract has multiple bio-active phytochemicals especially antioxidants like
anthocyanins and betacyanins, also reported a rich source of minerals. Synthesized ZnONPs were
characterized with the aid of UV-Vis spectroscopy, FTIR, SEM, XRD and EDX. Antibacterial results
suggests that, Beta vulgaris mediated ZnONPs possessthe maximum zone of inhibition against
Escherichia colithen Staphylococcus aureus. On anti-fungal activity synthesized ZnONPS revealed
greater inhibitory effect against Candida albicans fungi than the Aspergillus flavus. Synthesized
ZnONPs exhibits the noticeable pharmacological activities against the anti-diabetic and anti-cancer
activities (MCF-7 cell line, IC,,=35.4ug/mL). This study has suggested an effective replacement for
the hazardous chemical methods and lead to a cost-effective, environmentally-friendly method which
can also be used as an antimicrobial, anti-diabetic and anti-cancer agents.

Keywords: Beta vulgaris, Phytochemical analysis, Zinc nanoparticles, Anti-bacterial,
Anti-fungal activity, Anti-diabetic activity, Anti-cancer activity.

INTRODUCTION sensors, communication, cosmetics, drug delivery,
dye degradation, electronics, pharmaceutical,

Nanotechnology is the, multidisciplinary
of all scientific fields which undergoing explosive
development in science. Nanotechnology is one
of the most revolutionary paths for the active
researchers. Nanotechnology/nanoscience involves
the synthesis, characterization and to manipulate
the particle size of 1-100 nm range, providing to
the path of numerous application which includes,

health care, food chemistry, chemical industries,
water remediation and agriculture. The
modification of material size results in achieving
novel physiochemical properties and biomedical
applications."

The metal and metal oxide nanoparticles
have the countless interest owing its distinctive
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feature of applications in the various fields. Zinc oxide
nanoparticles (ZnONPs) synthesis are regarded as
safe material to human beings and animals and
hence attracted exciting research like antioxidant
activity?, UV sensors?®, drug delivery*, biosensors?®
and environmental remediation®.Moreover ZnONPs
have been viable solution to stop infectious diseases
due to the antibacterial property’.

Based on the literature, biological synthesis
of ZnO nanoparticles from plant extracts are more
stable biocompatible in comparing with those
produced by physical and chemical method®. Unique
feature of green synthesized nanomaterial is the
selectivity and formation of different shapes and
morphologies in accordance to various biological
source used with enhanced stability. Biosynthesis of
ZnONPs by using numerous plant extracts including
Calotropis gigantean leaf extract®, Ixora coccinea
leaf extract'®, Hibiscus rosa-sinesis', Cassia
auriculata'?, Argemone maxicana leaf extract' and
Lycopersicon esculentum (tomato) peel'* which
develop the antimicrobial, antifungal and antioxidant
properties in the nanopatrticle.

Present work deals with green synthetic
strategy to prepare ZnONPs from Beta vulgaris
(Beetroot) extract commonly known as Beet greens
and belongs to the family Amaranthaceous. Beet
root is a pop vegetable and can be grown easily with
good yield in a short span of time. Beetroot i.e. Beta
vulgaris consists of numerous pharmacologically
active phyto-chemicals including the betalains
like betaxanthins and betacyanins followed by
polyphenolics, flavonoids, in addition to inorganic
nitrates and rich source of micro and macro minerals
were reported’™ ¢, Betanin so called beetroot red is
most common pigment in beetroots is responsible
for their strong color. As a nutritious rich source,
the beet root hold the pharmacological actions
such as anti-oxidant, anti-inflammatory effects'’,
anti-carcinogenic, antimicrobial, anti-diabetic,
antibacterial and wound healing properties'®°.

Present work aimed to synthesis
the ecofriendly Beta vulgaris mediated ZnO
nanoparticles and its characterizations by UV-Vis,
FT-IR, SEM, XRD and EDAX. In this green synthesis
of ZnONPs, the beetroot extract can act as a capping
and stabilizing agents which has already owe
pharmacological activities and it may improves the
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pharmacological effects of formed ZnONPS. Anti-
bacterial, anti-diabetic and anti-cancer activities of
Beta vulgaris mediated ZnO nanoparticles will be
studied in this research.

MATERIALS AND METHODS

Materials and reagents

Zinc acetate di hydrate, HCI, D.D water and
NaOH were purchased from Eswarre scientific & Co,
Tiruchirappalli. Beta vulgaris were purchased from
local markets, and all the precursor and reducing
reagents are prepared by using the double distilled
(D.D) water.

Methods
Preparation of Beta vulgaris extract

The Beta vulgaris was washed several
times with water to remove dust particles. 250 gm
of cleaned Beta vulgaris were chopped into fine
pieces and transfer into 500 mL beaker. Then,
double distilled water added and boiled at 50°C at
60 min until the color of the aqueous solution turned
into deep red color. Obtained extract was cooled
and then filtered using normal paper followed by
Whatmann No-1 filter paper. Final filtrate was stored
in a refrigerator for further qualitative analysis and
ZnONps synthesis.

Preparation of ZnONPs

For ZnONPs synthesis, 50 mL of 0.01M
Zinc acetate dihydrate solution (Zn [CH,COO],.
2H,0) was taken and boiled at 30-40°C on heating
mandle. 2 mL of Beta vulgar is extract was added
to the solution and the mixture is then stirred using
magnetic stirrer for 2 h (at 60°C) to get deep pale
yellow colored solution. Final deposited particles
were collected and washed with double distilled
water and followed by heated in a hot air furnace
at 150°C for 18 h for the complete conversion of
zinc hydroxide to zinc oxide. Obtained dirty white
powder was grinded into fine powder using a mortar
and pestle then, took for characterization and other
pharmacological applications. In the same way
different ratio of zinc acetate and additive Beta
vulgaris aqueous extract were tried along with that
the effect of pH was studied between 5 to 10 pH in
the synthesis. Using hydrochloric acid and sodium
hydroxide the pH of the medium i.e. 5 to 10 pH was
maintained throughout the work.
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Characterization of ZnONPs

Synthesized Beta vulgaris mediated
ZnONPs nanoparticles were characterized with the
help of UV-Visible spectrometer, FTIR, SEM, XRD
and EDX202', FT-IR helped to identify the probable
functional groups which is involved in the reduction
of Zn?* to Zno. FT-IR analysis observed from the
dried ZnONPs were recorded using the potassium
bromide (KBr is transparent in the IR region). This
sample is compressed into a thin pellet using the
mechanical press and characterized. Common
region of IR spectroscopy is between 4000 ~ 400
cm™ because most organic compounds (natural
products) and inorganic ions absorbs the radiation
within this range®. SEM utilizes an electron
microscope to produce the images of a sample
with different magnifications in which samples
scanned with the focused beam of electrons. It
analyze the three-dimensional appearance that
enables to understand the surface morphology of
a sample. For SEM analysis, small amount of fine
powder of ZnONPs was prepared as thin film and
placed on mold by using carbon coated tape?:.
The surface morphology and quality of ZnONPs
were investigated by the XRD. Conversion of the
diffraction peaks to d-spacing allows to identify the
nature of substance because each material has
unique set of d-spacing. For typical powder XRD
patterns, data is collected at 26 from 5° to 90°%.
Fine powered pale yellow ZnONPs were collected
and analyzed using XRD. EDX helped to probe the
composition of solid materials and to determine the
chemical purity as well as elemental composition,
density of the material, stoichiometry and can be
used to estimate their relative abundance. This
technique was carried out on Beta vulgaris mediated
powdered ZnONPs.

Anti-bacterial & anti-fungal activities of Beta
vulgaris mediated ZnONPs

Beta vulgaris mediated ZnONPs was
tested against the anti-bacterial and anti-fungal
activity as per the Clinical Laboratory Standards
Institute guidelines (CLSI)®. The bacterial activity of
Beta vulgaris mediated ZnONPs was screened by
disc diffusion method against two bacteria species
such as Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive). Likewise,
two fungal strains, such as Candida albicans and
Aspergillus flavus were used for anti-fungal activity
of Beta vulgaris mediated ZnONPs.
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Anti-Diabetic activity of Beta vulgaris mediated
ZnO-Nps
Alpha-Amylase Inhibitory Assay

The alpha-amylase inhibitory assay was
done by using the synthesized zinc nanoparticles
(Anshuman Bhattacharya et al., 2016). Around 250
pL of ZnONPs (20 pg/mL-100 pg/mL) was taken
in a normal test tube to that, 250 pL of 0.02 M of
sodium phosphate buffer containing the a-amylase
was added. Whole solution was pre-incubated at
25°C for 10 mintues. After that, 250 uL of 1% starch
in 0.02 M sodium phosphate buffer was added at
the regular time intervals, later incubated at 25°C
for 10 mintues. Addition of 500 pL of dinitro salicylic
acid (DNS) terminated the reactions then, the test
tubes were incubated for 5 mintue. Then the cooled
reaction mixture was again diluted by adding 5 mL
of D.D water then the absorbance was measured
at 540 nm using the spectrophotometer. In a same
manner control was performed with the distilled
water. The a-amylase inhibitory potential was
calculated in terms percentage of inhibition.

%Inhibition = [(Abs control-Abs ZnONPs)/Abs
control] x 100

Alpha-Glucosidase Inhibitory Assay

The anti-diabetic activity of ZnONPs
on a-glucosidase was measured by using
a-glucosidase assay by following Saccharomyces
cerevisiae (Charushila et al., 2015). P-nitro phenyl
glucopyranoside (p-NPG) was initially prepared in
the 20mM phosphate buffer solution which act as a
substrate solution. 100 L of a-glucosidase was pre-
incubated with 50 pL of different concentrations (20
pg/mL-100 pg/mL) of ZnONPs for 10 minutes. To start
the reaction 50 L of 3.0mM (pNPG) substrate was
dissolved in 20mM phosphate buffer solution were
added. Final reaction mixture was incubated at 37°C
for 20 minutes then stopped by adding 2 mL of 0.1M
Na,CO,.The inhibitory potential on a-glucosidase was
determined by measuring the yellow-colored p-nitro
phenol released from p-NPG at 540 nm.

In-vitro anticancer activity of ZnONps against
breast cancer cell line (MCF?7).
In-vitro anticancer Activity and cytotoxicity of
ZnO nanoparticles

MCEF-7 cells were trypsimized in 96 well
plates, which contains the density of 4000 cells/well
in100 pL and incubated for 24 hours .Then 0.1% of
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2X concentration of stock solution prepared in the
DMEM medium influenced with 10%FCS added
(2000 pg/mL, 600 pg/mL, 200 pg/mL, 60 pg/mL,
20 pg/mL, 6 pg/mL) kept in incubation for 2 days
to achieve the final concentration 1000, 300, 100,
30, 10 and 3 pg/mL. After incubation, the medium is
washed with phosphate solution. After washing it is
placed in a new medium MTT solution composed of
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT) at 5 mg/mL in 1X PBS, Which is
incubated for 4 hours. After the incubation time, 1 mL
of DMSO was added and the total viable cells were
determined by measuring the absorbance at 540
nm by microplate reader. From the optical density/
absorbance values the percentage of growths or cell
viability were calculated by the following formula:

Percentage growth = 100 x [(T-T )/(C-T,)]

Where,

T-Optical density of test,

C-The optical density of control,
T,-The optical density at zero time

RESULTS AND DISCUSSION

UV-Visible spectroscopy

The color change was observed after on
addition of Beta vulgaris extract to the precursor
zinc acetate solution. The color changes from
dark reddish brown to dirty white precipitate
(yellow coloration) which conformed the formation
of ZnONPs. The optical property of formed
zinc nanoparticles were observed by UV-Visible
spectrophotometer?$?”.0One of the main factors
involve in the nanoparticle synthesis is concertation
of additives and precursor, which is studied in this
research. The different concentrations of additive of
2,4, 6,8 and10 mL (i.e. 1:4, 2:3, 3:2, 4:1 and 1:1)
was adopted in this study and UV-spectral results
observed that, at 3:2 ratio maximum absorbance was
recorded at 291nm (Fig. 1). Other major governing
factor in green synthesis of nanoparticles is the pH
and which was examined in this work (between 5
t010). 28 UV results revealed that, at the pH of 8
spectrum showed sharp intense peak at 269nm
(Fig. 2)°. This is because, weak bases absorbed at
a high faster rate, that means the basic substances
can’t be ionized in basic medium. All the reaction
mixtures (effect of concentration of precursor and
pH) of Beta vulgaris extract and zinc acetate was
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monitored using UV-Visible spectroscopy and
their resulted absorptions range was close to the
chemically prepared ZnONPs at 358nm.The slight
variation in the values of absorbance are due to the
changes in particle size.

Fig. 1. Effect of concentration of reducing agent Beta
vulgaris extract in the green synthesis of ZnONPs

Fig. 2. Effect of pH in green synthesis of Beta vulgaris
mediated ZnONPs

FTIR Analysis

The FT-IR spectra of Beta vulgar
is aqueous extract was shown in the Fig. 3
which exhibits the frequencies at 3336 cm,
2113 cm™, 1637 cm™', 655 cm™” and 607 cm
and are responsible for OH, C=C, C-O and
alkyl halides of secondary metabolites such as
flavonoids, phenolics, tannins, alkaloids, etc.
Likewise, FT-IR results of ZnONPs reveals
(Fig. 4) major absorption band at 3422 cm™'
indicate the presence of O-H and C-H stretching.
2129 cm corresponds to stretching vibration of
C=C stretch of alkynes.1351 cm™ for aromatic
amine and the peak at 1043 cm' resulted from
C-N stretch of aliphatic amine.1541 cm™ and
1429.25 cm™ corresponds to C=C stretch in
aromatic ring and C=0 stretch in polyphenols
respectively. In the comparison of beet root
extract IR with the synthesized ZnONPs, there
is shift and elongations in the absorption band of
formed ZnONPs that shows the bond formations
of phytocompounds in the Beta vulgaris aqueous
extract with the precursor, which leads to reduction
of Zn?* to Zno state of zinc ions.
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Fig. 3. FT-IR of Beta vulgaris aqueous extract

Fig. 4. FT-IR report of Beta vulgaris mediated ZnONPs

X-Ray Diffraction (XRD) Analysis

X-Ray Diffraction (XRD) spectroscopy
was established to determine the crystalline nature
of zinc nanoparticles. Washed and dried sample
of ZnONPs was used for XRD analysis at the
wavelength of 1.64056 A (Fig. 5). Obtained results
confirming the presence of ZnO and the shape,
structure were found from the resulted XRD reports.
The peaks appeared at 26 value ranging from 31.9°,
33.29°, 34.62° 36.43°, 47.78° and 56.81° which
are corresponds to the pure ZnO 30, 31.26 peaks
values of Beta vulgaris mediated ZnONPs are in
good agreement with the literature report (JCPDS
036-1451).The location peaks was compared to
the literature values and the presence of zinc oxide
particles was confirmed. The average particle size
of nanoparticle is 16.2 nm, and are calculated by
using Debye-Scherrer’s formula.

Fig. 5. XRD image of Beta vulgaris mediated ZnONPs
Energy Dispersive X-Ray Analysis (EDAX) of
ZnONPs

Energy Dispersive X-Ray analysis of

synthesized ZnONPs was examined to quantify the
composition of metal and oxides present in it. The
results (Fig. 6) showed that 55.63% of Zn, 32.53%
of O 11.19% of carbon and 0.65% of Silicon were
present in the resulted ZnONPs. The zinc metal
and oxygen shows the maximum percentage of
abundance in the synthesized nanoparticles®23.
EDAX showed the high intense peak of ZnO and low
intense peak of Carbon and Silicon due to capping
actions of biomolecules of plant extract in the ZnO
nanoparticle formation.

Fig. 6. EDAX spectrum of Beta vulgaris mediated ZnONPs

Table 1: Percentage of elements in
Beta vulgaris mediated

S.No Elements Weight (%)
1 Zn 55.63
2 o 32.53
3 C 11.19
4 Si 0.65

Scanning Electron microscopy of Beta vulgaris
mediated ZnONPS

Fig. 7. EDAX spectrum of Beta vulgaris mediated ZnONPs
SEM analysis is used to visualize the shape
and size of the Beta vulgaris extract mediated zinc
oxide nanoparticles. The different magnification
ranges of ZnONPs from 1um-200nm were shown in
Fig. 7 which shows the poly dispersed structure.?*3

Antimicrobial activity of Beta vulgaris mediated
ZnONPs

The antibacterial effect of ZnO nanoparticles
shows the maximum zone inhibition against a
Gram-negative bacteria-Escherichia coli (MTCC
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25922) while compared to Gram-positive bacteria
Staphylococcus aureus (MTCC 25923).The data
obtained from the Table 2 and Fig. 8, it shows well
bactericidal efficiency at higher concentration.%
Bacteria generally made up of cell wall, cell
membrane which is consists of amino acids and
sugars. Gram-positive bacteria have one membrane
with multilayer of peptidoglycan polymer and a very
thick cell wall whereas Gram-negative bacteria
consists of two membrane with very thin polymer.
The small sized particles are well penetrated in to
the bacterial cell and shows the better inhibition
effect compared to gram positive bacteria®®. The
different in activities is due to variation in particle
size and phytochemicals present in the plant
extract.®? Generally the synthesized nanoparticles
carry a negative charge which strongly binds with
the negatively charged microorganism due to this
excitation the concentration of oxygen increases.
Singlet oxygen are more reactive and enhance the
antibacterial activity.*®

Fig. 8. Antibacterial activity of Beta vulgaris mediated
ZnONPs
Table 2: Antibacterial activity of Beta vulgaris
mediated ZnONPs

Samples  Concentrations Organisms/Zone of inhibition (mm)
(ug/mL) SS
Escherichia coli Staphylococcus aureus

SS 20 5 4
40 6 5

60 7 6

80 8 7

100 9 8

Ethanol 10 pl/disc 0 0

Antifungal activity of Beta vulgaris mediated
ZnONPs

The cell wall of fungal strains, such as
Candida albicans and Aspergillus flavus is less
structured but allows the fungus breakage of the
immune system converting Candida albicans as a
pathogen .The results were compared with the report
work. The prepared ZnO nanoparticles shows better
results, very active only at higher concentration.%®
From the Table 3 the results showed that, the
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inhibitory potential of ZnONPs is increased (the
zone of inhibition) with increase of concentration.
The Candida albicans (MTCC 282) shows the
better inhibition on comparing with Aspergillus
flavus (MTCC 227).5728 The good inhibitory effect of
ZnONPs against Candida albicans is become most
important opportunistic medical pathogenic fungus.

Table 3: Antifungal activity of Beta vulgaris
mediated ZnONPs

Samples Concentrations Organisms/Zone of inhibition (mm)
(pg/mL) SS
Candida albicans Aspergillus flavus

SS 20 3 1
40 4 1

60 5 1

80 6 1

100 7 2

Ethanol 10 pl/disc 0 0

Fig. 9. Antifungal activity of Beta vulgaris mediated
ZnONPs

Antidiabetic activity of Beta vulgaris mediated
ZnONPs by alpha amylase inhibitory method

The results of antidiabetic activity of Beta
vulgaris mediated ZnONPs and standard acarbose
by alpha amylase inhibitory method was shown in
Fig. 10 and 11. From the Table 4 it is understood
that, when increase the concentration of ZnONPs
the percentage of inhibition of alpha amylase
was increased. At 100 pyg/mL concentration the
Beta vulgaris mediated ZnONPs and standard
acarbose shows the 79.87% and 86.21% of
antidiabetic activity on alpha amylase method.
ZnO nanoparticles reduced by Beta vulgar is
extract shows better effect of about 79% of
inhibition which can act as an alternative anti
diabetic agent. Similar reports was obtained in
the other research findings, Dilaveez Rehana et
al.,*® and Viswanathan Vinotha et al.,*® studied
the anti-diabetic activities of ZnO nanoparticles
and Ci-ZnO Nps by alpha amylase inhibitory
method which possess 89% and 74% of inhibition
potentials respectively.
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Fig. 10. Antidiabetic activity of standard acarbose by
alpha amylase inhibitory method

Fig.11. Antidiabetic activity of Beta vulgaris mediated
ZnONPs by alpha amylase inhibitory method

Table 4: In vitro antidiabetic activity of Beta
vulgaris mediated ZnONPs using alpha
amylase method in comparison with
standard drug acarbose

S.No Concentrations Alpha amylase (%)
Zinc-NP Acarbose

1 20 (ug/mL) 58.84 67.90

2 40 (ug/mL) 62.36 73.53

3 60 (ug/mL) 68.60 78.46

4 80 (ug/mL) 74.33 82.69

5 100 (ug/mL) 79.87 86.21

Antidiabetic activity of Beta vulgaris mediated
ZnONPs by alpha glucosidase inhibitory method
The In-vitro antidiabetic activity results
of Beta vulgar is mediated ZnONPs and standard
drug acarbose using alpha glycosidase method is
displayed in Fig. 12 & 13. Summarized results was
shown in Table 5 which explains that, at 100 ug/
ml concentration ZnONPs and standard acarbose
shows the inhibition percentages of 76.45 and
86.45 respectively. Dilaveez Rehana et al.,*® and
Viswanathan vinotha et al.,* studied the anti-diabetic
activities of ZnO nanoparticles and Ci-ZnO Nps by
alpha glycosidase inhibitory method which possess
96% and 82% of inhibition effects respectively.

From the Table 4 & 5, the green
synthesized zinc nanoparticles shows a good
inhibitory effect against the both the methods. The
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values of Zn nanoparticles are close to the value
of control acarbose which means Beta vulgaris
mediated ZnONPs have the significant antidiabetic
activity. From the literature survey*'“? suggested
less degradation of insulin by the synthesized
nanoparticles. The a-glucose and a-amylase
involved in the inhibition of metabolic activity along
with the insulin secretion from the pancreatic islets
and send message to the brain. In the absence
of insulin secretion that leads to diabetics and
these enzymes remains in the metabolic activity
only, which is not recognized by the brain. To
overcome this problem the green synthesized ZnO
nanoparticles play important role in the inhibition of
the enzymes activity and further metabolic activity
can be controlled as a result the breakdown of
glucose and carbohydrates will be reduced. From
the above data shows the improved activity of the
synthesized nanoparticles which is clearly shown
in the closer values to the control. Increase in the
concentration increases the anti-diabetic activity.

Fig. 12. Antidiabetic activity of standard acabose by
alpha glucosidase inhibitory method

Fig. 13. Antidiabetic activity of Beta vulgaris mediated
ZnONPs by alpha glucosidase inhibitory method

Table 5: In vitro antidiabetic activity of Beta
vulgaris mediated ZnONPs using alpha
glycosidase method in comparison with
standard drug acarbose

S.No Concentrations Alpha glycosidase (%)
Zinc-NP Acarbose
1 20 (ug/mL) 49.18 74.63
2 40 (ug/mL) 60.09 78.27
3 60 (ug/mL) 66.45 81
4 80 (ug/mL) 73.72 83.72
5 100 (ug/mL) 76.45 86.45
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Anti-breast cancer of Beta vulgaris mediated
ZnONPs by MTT assay (MCF7 cell line)
Anticancer activity of ZnO nanoparticles
result shows the exposure of MCF-7 cells to
ZnO nanoparticles at the various concentration
for 72 h, significantlythat reduce the cell viability
in a concentration dependent manner. As the
concentraion increases the cell viability decreases.
For the synthesised compound Zno nanoparticles
3-304 pg/mL concentration cell viability percentage
value decreased from 102.9-23.6 for MCF-7. For
ZnO nanoparticles the concentration cell viability
decreased to 27.9% whereas with other report
appears up to 55.6% for commercial ZnO%344,
MCF-& cells were exposed to ZnO nanoparticles
and 50% of its toxicity was reduced at very low
concentration from, the studies ZnO nanoparticles
selectively target and kills the cancer cells so this
green synthesized nanoparticles show a promising
anticancer agent IC_, value for ZnO are 40 and

Fig. 15a. Control cell

Fig. 15d. 30 pg/mL

Fig. 15b. 3 ug/mL

Fig. 15e. 100 pg/mL
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50 pg/mL*, IC; value of human colon anorectal
carcinoma cells shows 17.12 pg/mL*¢, Breast MCF7
of ZnO Q-dots as a potent therapeutic for In vitro
cytotoxicity shows 41 pg/mL*’. The present study
revealed that the Zinc-NP showing comparatively
strong cytotoxic effect with the calculated IC, value
of 35.4 yg/mL on MCF-7 cell line.

Fig. 14. Anticancer activity results of Beta vulgaris
mediated ZnONPs on MCF7 cell line

Beta vulgaris Mediated ZnONPs Cytotoxic Effect
On MCF-7 Cell Line

Fig. 15c. 10ug/mL

Fig. 15f. 300 pg/mL

Fig. 15g. 1000 pg/mL

Fig. 15a-15g. Control cells and treated cells images of anticancer activity of Beta vulgaris mediated ZnONPs on MCF7 cell line

CONCLUSION

The present study shows the biological
synthesis route of ZnO-Nps using Beta vulgaris
extract. The green synthesis provides an

environmental friendly, simple and efficient method
for the synthesis of nanoparticles. XRD analyse the
particle size of prepared ZnO Nps is about 16.2 nm
which are calculated by using scherrer’s formula.
EDAXresults shows the percentage of zinc as 55.63%
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and oxygen 32.53% which shows the presence of Zn
and oxygen in the synthesised ZnO Nps. The poly
dispersed shape of the synthesised Nanoparticle
is confirmed by SEM, The green synthesized
nanoparticle was further studied to understand its
antimicrobial and antifungal activity. The antifungal
agents helps to overcome the obstacles in the fungal
disease posed by development of resistance to
conventional fungicides.The ZnO Nps are naturally
stabilised by their biological compounds flavanoids
and polyphenols, which can inhibit a-amylase and
a-glucosidase.The bio active compounds with ZnO
Nps have greater potential against antidiabetic
activity. The present study also intends to screen
the a-amylase and a-glucosidase activity of green
synthesised nanoparticles,which minimize the
toxicity and side effects of the inhibitors used to

control diabetes. The ZnONps are showing cytotoxic
effect on the tested cell line. The IC,; value for the
Zinc-NP, 35.4 ug/mL shows the better anti-cancer
activity. Beta vulgaris mediated green synthesized
ZnONPs shows a promising antibacterial, antifungal,
antidiabetic and anticancer agents and it can further
confirmed by In-vivo animal models in future.
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