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Abstract In the present investigation, green synthesis of
zinc oxide nanoparticles were successfully synthesized by
biological method using aqueous stem extract of Ruta
graveolens act as reducing agent. Formation of ZnO
nanoparticles were characterized by powder X-ray
diffraction (PXRD), UV-visible spectroscopy, scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) techniques. Zinc oxide nanoparticles
were subjected to biological properties such as antibacterial
and antioxidant studies. The PXRD pattern reveals that
ZnO sample belongs to hexagonal phase with Wurtzite
structure. The UV-vis absorption spectrum shows an
absorption band at 355 nm due to ZnO nanoparticles. SEM
images show that the particles have spherical like structure
with large surface area and the average crystallite sizes
were found to be in the range ~28 nm. These observations
were confirmed by TEM analysis. The ZnO nanoparticles
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are found to inhibit the antioxidant activity of 1,1-diphe-
nyl-2-picrylhydrazyl free radicals effectively. ZnO Nps
exhibit significant bactericidal activity against Gram —ve
bacterial strains such as Klebsiella aerogenes, Pseu-
domonas aeruginosa, Escherichia coli and Gram +ve
Staphylococcus aureus by agar well diffusion method.
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Introduction

In recent years, a rapid development of nanotechnology has
opened up a world of new possibilities for fabricating
nanomaterials of desired particle size, shapes suitable for
uses in biomedicine, industry and agriculture field (Bhat-
tacharya and Mukherjee 2008). Zinc oxide nanoparticles is
a unique material that exhibits semiconducting, piezoelec-
tric, and pyroelectric properties and has versatile applica-
tions in its electric and optical properties, piezoelectric
devices, chemical sensors, spin electronics, personal care
products, and coating and paints (Wang 2004; Wahab et al.
2010; Akhtar et al. 2011). A number of physical and
chemical methods have been employed for the synthesis of
ZnO nanoparticles including use of toxic chemicals (Hu
et al. 2004; Zhai et al. 2008). It is believed, that broad usage
of these metal oxide nanoparticles may lead to their
potentially hazardous the environment which could
adversely affect human health. Their possible toxicity could
induce cell membrane leakage, warranting the need to
develop alternative methods of environmentally benign
synthesis route (Limbach et al. 2007) An eco-friendly,
concerned materials like plant extract (Parashar et al. 2009),
bacteria (Saifuddin and Wong 2009), fungi (Bhainsa and
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Sauza 2006) and enzymes (Willner et al. 2007) for the
synthesis of silver nanoparticles offers numerous benefits of
eco-friendly and compatibility for biomedical applications
as they do not use toxic chemicals for the synthesis. Plant
materials provide a biological synthesis route of several
metallic nanoparticles which are more eco-friendly and
allows a controlled synthesis with well-defined size and
shape (Bar et al. 2009). Recently, synthesis of various
nanoparticles using plants such as Gloriosa superba (Raja
Naika et al. 2015), Epigallocatechin gallate (Suresh et al.
2015), Manihot esculenta (Ramasami et al. 2015), Cin-
namomum camphora (Huang et al. 2007), Emblica offici-
nalis (Ankamwar et al. 2005), lemon grass (Shankar et al.
2004) have been reported. A great deal of work has been
done to investigate antimicrobial properties of ZnO NPs.
Most of these studies examined the ability of ZnO to
inactivate foodborne bacteria (Emamifar and Hashim 2011;
Bajpai et al. 2010; Tankhiwale and Bajpai 2012).

To our knowledge little, if any, work has been done for
the synthesis of ZnO NPs using aqueous stem extract of
Ruta graveolens. Ruta graveolens is an odoriferous herb
belonging to the family Rutaceae. Ruta graveolens is a
well-known medicinal herb in ancient civilizations. It is
used for clinical trials in many diseases such as seizure,
cough, hypertension, and for wounding activities. The
ingredient of Ruta graveolens is used in herbal veterinary
medicine. In this study, we describe the use of R. grave-
olens (RG) as the reducing and stabilizing agent in the
synthesis of zinc oxide nanoparticles at room temperature.
The obtained ZnO nanoparticles were characterized by
using PXRD, UV-visible spectroscopy, SEM, TEM, etc.
Furthermore, synthesized ZnO nanoparticles were studied
to evaluate their antibacterial and antioxidant properties.

Materials and methods
Materials

Ruta graveolens herbs were collected Devarayanadurga
forest, near Tumkur, Karnataka, India. The herbal stem of
R. graveolens was identified and authenticated by an
herbalist from the Department of Botany, Tumkur
University. All the chemicals were purchased from Sigma-
Aldrich Chemicals India. The clinical isolates of bacterial
strains were purchased from National Chemical Laboratory
(NCL), Pune. These strains were maintained on nutrient
agar slant at 4 °C.

Preparation of extract

Fresh stems of R. graveolens (50 g) were weighed and
washed with tap water followed by distilled water to
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remove the dust particles. Stems of R. graveolens were cut
into small pieces and then ground by mortar and pestle
using 50 ml of de-ionized water for 10-15 min. The
homogenous mixture was boiled at 60-70 °C for 30 min.
After cooling, coarse filtering is employed prior to cen-
trifuging the aqueous solution of stem extract at 4000 rpm
for 30 min to remove the heavy biomass, and only the
supernatant is taken. The supernatant aqueous solution was
filtered by Whatman filter paper, and stored in refrigerator
for further analysis.

Synthesis of nanoparticles by using the stem extract

In a 250-ml conical flask, 10 ml of R. graveolens (RG) stem
extract is added to 90 ml of 0.1 M of zinc nitrate solution
drop-wise under continuous vigorous stirring at room
temperature for 4-5 h. After adding 2.0 M NaOH solution
drop-wise and then continuous stirring, finally pale yellow
colored solution is formed, and then incubated overnight at
room temperature; white precipitate settles down at the
bottom of the conical flask. This white precipitate is washed
with distilled water for 2-3 times and then again washed
with methanol for 3—4 times and air dried. The dried Zn-
Nps were scrapped out for further analysis.

Characterization of ZnO nanoparticles

The phase identity and crystalline size of ZnO nanoparti-
cles were characterized by Shimadzu X-ray diffractometer
(PXRD-7000) with Cu-Ko radiation as source of X-rays
with a wavelength 1 = 1.541 A. The UV-Vis absorption
spectrum of the sample was measured on a Shimadzu UV-
1800 UV-visible spectrophotometer. Morphological fea-
tures were studied by scanning electron microscopy (Hi-
tachi-7000 model) and transmission electron microscopy
(Tecnaif—30 model).

Evaluation of antibacterial activity

Antibacterial activity is screened by agar well diffusion
(Manjunath et al. 2014) against four bacterial strains
namely Gram —ve bacteria Klebsiella aerogenes [NCIM-
2098], Escherichia coli [NCIM-5051], and Pseudomonas
desmolyticum [NCIM-2028] Gram -+ve bacteria Staphylo-
coccus aureus [NCIM-5022]. Nutrient agar plates are
prepared and swabbed using sterile L-shaped glass rod with
100 pl of 24 h mature broth culture of individual bacterial
strains. The well is made by using sterile cork borer; 6-mm
wells are created into the each Petri-plate. Various con-
centrations of ZnO nanoparticles (200 pg and 400 pg/well)
are used to assess the activity of the compound. The
compound is prepared in sterile water added into the wells
by using sterile micropipettes. Simultaneously the standard
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antibiotics (as positive control) are tested against the
pathogens. Ciprofloxacin (Hi Media, Mumbai, India) as
positive control. Then the plates are incubated at 37 °C for
36 h. After the incubation period, the zone of inhibition of
each well was measured and the values were noted. Trip-
licates were maintained in each compound and the average
values are calculated for the ultimate antibacterial activity.

Evaluation of antioxidant activity

Antioxidant activity was carried out by DPPH assay using
modified method of Brand-Williams (Udayabhanu et al.
2015). 1,1-Diphenyl-2-picrylhydrazyl (oxidized form) is a
stable free radical with purple color. In the presence of an
antioxidant which can donate an electron to DPPH radical
decays, and the change in absorbance at 520 nm is fol-
lowed which can be measured spectrophotometrically.
39.4 mg of DPPH is dissolved in 100 ml of methanol to get
concentration of DPPH in the assay was 0.14 mM.
Methanol (50 %) was prepared by diluting methanol 1:1
with de-ionized water. Ascorbic acid standard stock I
(conc. 200 pg/ml) was prepared by dissolving 2 mg of
ascorbic acid and make up to a volume of 10 ml with de-
ionized water. For making standard graph of ascorbic acid
2,4, 6, 8, 10 pg/ml concentration range was used. In brief,
to 860 pl of 50 % methanol/ascorbic acid/test sample of
various concentrations, 140 pl of I mM DPPH, was added,
mixed and incubated at 37 °C for 30 min. The absorbance
was read at 520 nm against 50 % methanol blank by
spectrophotometer, a control sample was maintained
without addition of the test sample. The antioxidant
activity was measured with reference to the standard
ascorbic acid absorbance values. The actual absorbance is
taken as the absorbance difference of the control and the
test sample and ICsq value was determined.

Results and discussion

The PXRD pattern in Fig. 1 reveals the synthesis of ZnO
nanoparticles via greener route at room temperature. All the
diffraction patterns were indexed to be hexagonal Wurtzite
structure of ZnO Nps with lattice constants a = 3.2417 A,
c = 5.1876 A, which are consistent with the values in
standard card JCPDS 89-1397 and no indication of a sec-
ondary phase or impurity peaks were obtained. The sharp
intense diffraction peaks appearing at 20 of 31.75°, 34.40°,
36.26°, 47.53°, 56.61°, 62.90°, 67.95° and 69.06° corre-
spond with those from (100), (002), (101), (102), (110),
(103), (200), (112), and (201) orientations, respectively.
The crystallite size (D) was found to be ~28 nm and was
estimated from the line broadening in PXRD using Debye—
Scherrer’s formula (Prashantha et al. 2011)
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Fig. 1 PXRD patterns of ZnO Nps
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where D is the average crystallite size in A, K is the shape
factor (0.9), 4 is the wavelength of X-ray (1.5406 A) Cu Ka
radiation, 0 is the Bragg angle, and f is the full width at
half maximum (FWHM).

The lattice parameters for hexagonal ZnO Nps were
estimated from the relation (Chandrasekhar et al. 2012)

2 2 2
%:i[h —l—hf-ﬁ-l}_’_l_z7 2)
d 3 a c
where a and c are the lattice parameters, (hkl) the Miller
indices and dj,, inter-planar spacing for the plane (kkl). The
volume (V) of the unit cell for hexagonal system and the
number of unit cells (n) in the particle (considering it to be
spherical in shape) were estimated from the relations:

V3
VZTazc (3)

4
n—=—-—. 4
(@) @

Significant degrees of strains were associated with
nanoparticles, because they are known to have a number
of surface atoms which have unsaturated co-ordinations,
various structural parameters namely X-ray density (D¥),
dislocation density (0) microstrain (¢), stress and stacking
fault (SF) were estimated by the following relations
(Borhan et al. 2013; Sathyamoorthy et al. 2006)

16M
X _
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Table 1 Estimated structural parameters of ZnO NPs

Parameters (100) plane  (002) plane  (101) plane  (102) plane  (110) plane  (103) plane  (112) plane  (201) plane
20° 31.74 34.40 36.22 47.51 56.56 62.82 67.92 69.06
0° 15.87 17.20 18.11 23.75 28.28 31.41 33.96 34.53
B x 1073 9.25 6.97 9.22 9.44 9.83 10.02 11.59 12.06
D (nm) 15.70 21.32 15.93 16.11 16.11 16.30 14.58 14.14
d (nm) 28.1 26.0 24.7 19.1 16.2 14.7 13.7 13.5
nx 1072 25.90 21.10 25.36 25.08 25.08 24.79 27.71 28.57
dx 1077 kgm™)  4.056 2.200 3.940 3.853 3.853 3.763 4704 5.020
ex 107 (kgm ™)™ 220 1.62 2.17 2.15 2.15 2.12 2.37 2.45
o x 10° (Pa) 2.816 2.048 2.777 2.683 2.752 2.721 2.944 3.072
SF 0.4751 0.2276 0.2214 0.1909 0.1726 0.0731 0.1543 0.1840
DX x 10* (kg m™) = 6.3022 x 10*
V(A% = 47.613
Ostress = ¢E (8) —
2 Yea
F= [L] ) (9) —_ — Yope~ Yea
45,/(3tan 0) % Bragg Position
where M molecular mass, N Avogadro’s number -;
(6.0223 x 10* particles mol '), a lattice constant, (hkl) >
Miller indices, 0 the Bragg’s angle and E the elastic con- a
stant or generally known as Young’s modulus of the E L A ‘\ \ ’\”
material. Young’s modulus of the zinc oxide is 128 GPa.
The estimated structural parameters are given in Table 1. A
It was noticed that the observed d-spacing of the L — . .
20 30 40 50 60 70

diffraction planes were very close to the standard values
and therefore the Ady,; values were very small in the order
of 10-3 nm. The deviation in the d-spacing was the mea-
sure of line shifting which gives the value of microstrain in
the sample. If d, was the observed d-spacing of the pre-
pared sample and d, the spacing in the standard sample,
the microstrain in the particles in the direction normal to
the diffraction plane is Ady/d,. If do > d;, then the
microstrain is positive which indicates that the residual
stress was tensile and if dy < d;, microstrain was negative
indicating generation of residual compressive stress in the
surface. In the present study, estimated microstrain in most
of the 101 plane was positive, indicating the presence of
tensile stress on the surface of the particles. Observed
negative values of microstrain may be due to induced error
in the measurement of the 260 value, since the respective
peaks are nonsymmetrical (Suresh et al. 2013; Lima et al.
2001; Vidya et al. 2015).

FULLPROF program was used to estimate the lattice
parameters for ZnO nanoparticles. Thomson—Cox—Hasting
pseudo-voigt function (Premkumar et al. 2013; Young
et al. 1995) was used to fit the several parameters to the
data point: one scale factor, one zero shifting, four back
ground, three cell parameters, five shape and width of the

igllase clloll dvao .
KACST 3.0:50lq rog sl @ Springer

20 (degree)

Fig. 2 Rietveld refinement of ZnO Nps

peaks, one global thermal factor and two asymmetric fac-
tors. The experimental and calculated PXRD pattern
obtained by the Rietveld refinement is shown in Fig. 2. The
line marks below the patterns represent the positions of all
possible Bragg reflections. The lower solid line represents
the difference between the observed and calculated inten-
sities. In general, the Rietveld method utilizes the least-
squares refinement for obtaining the best fit between the
experimental data and the calculated pattern based on the
simultaneously refined models. Diamond software was
utilized for extracting the possible packing diagram which
is shown in Fig. 3. The refined parameters such as occu-
pancy, atomic functional positions are displayed in
Table 2. The fitting parameters (R, R, and %) indicate a
good agreement between the refined and observed PXRD
patterns for the hexagonal ZnO phase. The refined lattice
parameters are a = 3.2521 A c = 5.2105 A unit cell
volume 47.7246 A* for ZnO prepared via R. gravelones
extract, respectively. The quality of the refined data was
checked by measuring goodness of fit (GOF) defined by
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Fig. 3 Packing diagram of ZnO Nps

Table 2 Rietveld refined structural parameters of ZNPs

Crystal system Hexagonal
Space group P63mc
Hall symbol P 6¢c-2c
Lattice parameters (A) a = 3.2521
¢ =5.2105
Unit cell volume (A3) 47.7246
GOF 1.143
R, 2.75
Ryp 4.14
Rexp 3.62
a 131
RBragg 5.50
Rr 4.06
X-ray density (g/cm®) 5.627
Unit cell volume (A3) 47.7246
355 nm
el
&
8
£
]
2
St
2
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Fig. 4 UV-visible absorption spectrum of ZnO Nps

GOF = Ry,p/Rexp (Jahagirdar et al. 2013; Wyckoff 1964;
Klug 1954; Williamson and Hall 1953). The GOF was
found to be 1.14 for the samples prepared through R.
gravelones extract, respectively, which confirms the good
fitting with experimental and theoretical plots.

Figure 4 shows the UV-visible spectrum of ZnO
nanoparticles synthesized by using R. graveolens. The
given sample exhibits a strongly broad absorption peak at
355 nm. This is due to the transfer of electrons from the
valence band to the conduction band. The band gap energy
corresponds to the absorption limit and can be estimated

by the given relation Tauc relation (Nagabhushana et al.
2010)

Fig. 5 SEM images of ZnO Nps

Fig. 6 TEM image of ZnO Nps
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s et €) Springer
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E,="Cev, (10)
A
where E, is the band gap energy (eV), h is the Planck’s
constant (6.626 x 1073*Js), C is the light velocity
(3 x 107% m/s) and 4 is the wavelength (nm). This is due
to the transfer of electrons from the valence band to the
conduction band. The estimated E, values were found to be
in the range 3.33-3.26 eV. Further, bulk ZnO has absorp-
tion band at 353 nm in the UV-visible spectrum and is

Fig. 7 a Antibacterial activity
of ZnO Nps. b Graphical
representation of ZnO Nps
against antibacterial activity
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superior to the as prepared ZnO nanoparticles indicating
the clear blue shift (Wang et al. 2005).

The scanning electron microscopy images of the as
prepared ZnO Nps are shown in Fig. 5. The images depict
the formation of spherical shaped nanoparticles which are
agglomerated to form cluster-like structure in the sample.
The space between the particles clearly explain that the
obtained sample is mesoporous.TEM micrographs show
that the morphology of the ZnO nanoparticles has spherical

=800 ug/ul of compounds

|5 W 400

S.aureus
P.desmolyticum

Bacterial strains
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Table 3 Antibacterial activity of ZnO nanoparticles against pathogenic bacterial strains

Treatment K. aerogenes (B1) E. coli (B2) S. aureus (B4) P. desmolyticum (BS)
Mean £ SE Mean + SE Mean £ SE Mean £+ SE

Standard (5 pg/50 pL) 13.67 &+ 0.03%* 11.67 £ 0.09* 12.67 + 0.06%* 17.67 £ 0.12*

ZnO (200 pg/40 pL) 1.00 + 0.00 1.67 + 0.00 2.00 £ 0.00 2.33 + 0.06*

ZnO (400 pg/80 pL) 2.33 + 0.09* 2.67 + 0.03%** 3.67 £+ 0.03** 6.33 + 0.12*

Values are the mean & SE of inhibition zone in mm

* Symbols represent statistical significance, * P < 0.05, ** P < 0.01 as compared with the control group

IC5q0f ZnO = 9.34 mg/mL
550
b
2
=
1S3
0 \ 4

L) L) L) L)
0.0 25 5.0 75 100 125
Concentration (mg)

Fig. 8 Antioxidant activity of ZnO Nps

like structure with large and tiny particles with various
sizes is agglomeration. The average particle size was cal-
culated from the clearly visible particles of the TEM
images with perfect boundaries and was found to be mostly
in the range of 20-30 nm as shown in the Fig. 6.

Figure 7a shows the antibacterial activity of ZnO NPs
was studied against Gram +ve S. aureus and Gram —ve
E. coli, K. aerogenes, P. desmolyticum bacterial strains
using agar well diffusion method. Significant antibacterial
activity was observed against P. desmolyticum
(6.33 £+ 0.33) and moderate activity was shown against S.
aureus (3.67 & 0.33) E. coli, (2.67 £ 0.33) K. aerogenes
(2.33 4+ 0.33) with the concentration of 200 and 400 pg/
pL; Table 3 shows the zone of inhibition in mm. Figure 7b
shows the graphical representation of antibacterial activity
of ZnO Nps against pathogenic bacterial strains. Antioxi-
dants are micro-constituents that can be act as a scavenger
of reactive oxygen species (ROS) by terminating the oxi-
dizing chain reaction. ROS play a fundamental role in the
pathogenesis of a variety of degenerative conditions
including cardiovascular diseases and carcinogenesis.
DPPH assay are widely used to evaluate the radical-scav-
enging ability of green synthesized nanoparticles. In the
present study, DPPH, a stable free radical with a charac-
teristic absorption at 517-520 nm, was used to study the
radical-scavenging effects. The decrease in absorption is

taken as a measure of the extent of radical scavenging. The
radical-scavenging activity (RSA) values were expressed
as the ratio percentage of sample absorbance decrease and
the absorbance of DPPH solution in the absence of extract
at 520 nm. The ZnO nanoparticles were proved to be
inhibiting the DPPH free radical scavenging activity with
ICsp value of 9.34 mg/ml as shown in Fig. 8. This means
that it shows considerable antioxidant activity in quenching
the free radical scavenging of DPPH.

Conclusion

Zinc oxide nanoparticles with well-faceted hexagonal,
spherical, agglomerated particles were successfully synthe-
sized by biological method using aqueous stem extract of R.
graveolens as a reducing agent. The PXRD patterns con-
firmed single phase, hexagonal Wurtzite structure and the
crystallite size was in nano-range and the same was con-
firmed by TEM analysis. UV—-visible absorption spectrum of
the as-formed ZnO Nps is blue-shifted in comparison to ZnO
bulk. Significant antibacterial activity was observed on S.
aureus and P. demolyticum and moderate activity on K.
aerogenes, E. coli, with the concentration of 200 and 400 pg
per well by agar well diffusion method. Furthermore, ZnO
nanoparticles inhibit the scavenging of DPPH free radicals
effectively with ICsq value of 9.34 mg/ml, respectively.
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