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ABSTRACT

High-purity Zinc Oxide and Ficus benghalensis — Zinc Oxide Nanorods were developed by hydrothermal method.
The physio-chemical characteristics of the Nanorods were investigated. X-ray Diffraction spectrum confirms the
formation of well crystalline nanorods along (101) orientation. The particle size of as-synthesized Nano rods was
noticed to be lesser than the chemically synthesized Zinc Oxide nanorods. The PL spectrum shows a broad red
emission peak and a sharp blue emission peak. The width of the energy gap of nanorods is lesser than the chemically
synthesized ones. The functional groups of the Nanorods were determined by Fourier Transformation Infrared
analysis. Scanning Electron Microscope-Energy Dispersive X-ray analysis micrograph reveals the morphology of
the nanorods and elements present. The antibacterial and anti-inflammatory efficiency of the Nanorods were
evaluated by the Agar well diffusion method against some multi-drug safe oral microbes and the Bovine serum
albumin (BSA) denaturation method.

Keywords: ZnO Nanorods, Dental Bacteria, Ficus benghalensis Root, Microstructural Parameters,
Photoluminescence, Antibacterial, Anti-inflammatory.
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INTRODUCTION
The branch of Nanoscience is quite possibly the best area to explore in the present day in view of
multidrug obstruction. Since the 1980s, the investigation of nanoparticles (NPs) has been of critical
significance because of their enhanced properties, including optical, electronic, and attractive
applications; and all the more as of late because of their application in medication, similar to their
utilization as differentiation components in attractive reverberation imaging studies, and for the therapy of
malignant growth by hyperthermia. Synthesis of inorganic metal oxide NPs utilizing natural things has
been of incredible interest because of their uncommon optical, synthetic, photo, electrochemical, and
electronic properties. Zinc Oxide (ZnO) NPs enjoy an incredible benefit in their application as catalysts
because of their enormous surface region and high catalytic activity. The metal nanoparticles can be
created utilizing different compounds and actual courses like chemical reduction, electrochemical
methods, and radiation, however, there is a developing need to create an eco-accommodating and size-
control approach for the synthesis of metal nanoparticles. However, in modern days, plant extract has
been utilized as stabilizing agent for the blend of NPs which could be profitable over microbial
amalgamation since there is no need for the explained course of refined and keeping up with the phone.
Ficus benghalensis (Indian Banyan tree) has incredible restorative worth and has plentiful
phytoconstituents including ketones, flavonols, flavonoids, terpenoids, etc.!"'> Dental caries is an issue
because of oral biofilm and also dental microorganisms. Dental caries is nothing but tooth rot brought
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through various microbes. Ficus benghalensis aerial root extract was utilized for the greenway synthesis
of Ag-Nano particles with various particle sizes however no reports for its use in the green synthesis of
ZnO nanorods have been found, likewise, this plant species contains an incredible variety of natural
mixtures that favor the synthesis of nanorods. Keeping in view the synthetic strategies of biogenic ZnO
nanorods and the importance of Ficus benghalensis, this study aimed to synthesize Ficus benghalensis
aerial root-mediated zinc oxide nanorods assisted with hydrothermal. The antibacterial capability of ZnO
nanorods against multi-drug safe Streptococcus mutans, Staphylococcus aureus, Treponema denticola,
Porphyromonas gingivalis, Lacto bacillus and anti-inflammatory activity were examined. The
circumstances were improved utilizing a measurable method.

EXPERIMENTAL

Preparation of ZnO Nano Rods by Hydrothermal Technique

The ZnO Nanorods were tailored using zinc chloride (ZnCly) precursor. In this method 0.1 M solution of
zinc chloride is stirred for 30 minutes at 60° C. 2 M solution of sodium hydroxide is added with constant
stirring. The solution is now transferred to a 100 ml autoclave and maintained at 90°C for 15 minutes. It is
filtered, dried, and kept in that muffle furnace at 250° C for about 3 hours. The powdered form of ZnO
Nanorods was obtained. It is named ZnO.

Preparation of ZnO Nano-Particles Utilizing Ficus Benghalensis Aerial Root Extract and By
Hydrothermal Technique

The aerial roots of Ficus benghalensis were collected, washed, and sun-dried. They were cut into small
pieces and made into fine powder. The dry powder of Ficus benghalensis aerial root was stored in an
airtight container. 20 g of powder is dissolved in 200 ml of deionized water and maintained at ambient
temperature for 2 hours. The solution is then stirred for 2 hours at 40°C with a speed of 50 rpm. The
extract is filtered and refrigerated. 0.1 M solution of zinc chloride is stirred for 30 minutes at 60°C. 2 M
solution of sodium hydroxide is added with constant stirring. To this solution, 10 ml of aerial root extract
is added and stirred well. The solution is now transferred to a 100 ml autoclave and maintained at 90° C.
After 15 minutes, it is filtered and dried. This dried mass is further maintained at 250° C in a muffle
furnace for 3 hours. Thus obtained ZnO Nanorods were designated as FB/ZnO.

Antibacterial Test

The antibacterial effect of ZnO and FB/ZnO Nanorods was assessed using Agar well diffusion method.
Roughly 107 CFU ml! bacterial strains were cultivated with 1 ml of agar medium in a petri dish for 24
hours. Furthermore, wells ranging between 6—7 mm in diameter were injected with an aseptic stopper, and
the nanoparticles were added. Then the dishes were nurtured at 37°C for about 24 hours. The antibacterial
efficacy was evaluated by determining the size of the zone of inhibition (ZOI) developed (mm) in the
well. The negative control used during the evaluation of antibacterial activity was 0.85% of NaCl.

Anti-Inflammatory Assay

The as-synthesized nanoparticles were evaluated for their anti-inflammatory efficacy through the BSA
denaturation method. The test samples and the commercial standard drug Diclofenac Sodium were
dissolved in 1 ml of 2.5% Dimethyl formamide and watered down using 0.2 Molarity phosphate buffer to
maintain pH around 7.0. Test solution (1 ml) containing different concentrations such as 15, 30, 60, 120,
and 240 pg/ml of nanoparticles were kept in incubation at 27°C in a water bath for 10 minutes. The
opaqueness was identified at 660 nm spectrophotometrically. Percentage inhibition of denaturation was
calculated.

o Abs Control — Abs Sample
Percentage Inhibition = x100
Abs Control

Characterization Techniques

The phase and structure of the ZnO and FB/ZnO Nanorods were analyzed using SHIMADZU-XRD 6000
analyzer. The morphological study was carried out using JSM-IT700 SEM. The UV-Vis absorption
spectrum was done by using SHIMADZU-UV 1800 UV-Vis spectrophotometer. The functional groups
were identified using Fourier Transformation Infra-Red spectra taken from Perkin-Elmer Spectrum RXI.
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A fluorescence spectrophotometer (VARIAN) is used to record the PL spectrum of the sample at
ambiance temperature at the excitation wavelength having 300 nm.

RESULTS AND DISCUSSION
Structural Analysis
X-Ray diffraction spectra of ZnO and FB/ZnO Nanorods were shown in Fig.-1. The strong peaks were
observed at 20 values of 31.21°, 34.65°, 36.22°, 47.28°, 56.41°, 64.17°, 68.14°, 68.96°, 69.24°, and
36.28° attributed to the (100), (002) (101), (103), (200), (112) and (201) planes. It was concluded that the
samples have a wurtzite structure in relation to JCPDS Card No: 36-1451. The crystal size was calculated
from the angle between the transmitted beam and the reflected beam and full width at half maximum of

the (h k 1) peaks by using Debye-Scherrer’s equation. 213
0.91

- p cosB
The results were correlated in Table-1. The crystal size of FB/ZnO and Nanorods were found to be lower
than that of the ZnO Nanorods. The parameters like microstrain (&) and dislocation density (§ ) were

determined from the following relations were also given in Table-1.
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Fig.-1: XRD Spectrum of ZnO and FB/ZnO Nanorods
Table-1: Structural Parameters of ZnO and FB/ZnO Nanorods

Sample Crystallite size Dislocation density Micro strain
p D (nm) & (x10') lines/m? e
ZnO 16.53 36.5884 0.00219
FB/ZnO 10.52 90.3371 0.00344
Optical Studies

UV-Vis spectroscopy technique has been utilized to know the optical properties of the prepared
Nanorods. Figure-2 reveals the absorption peaks of ZnO and FB/ZnO Nanorods. A strong absorption
peak was found at 380nm in both samples which inferred ZnO particles. The optical band gap width was
determined by the equation given below:
(ahv) = A(hv — Ey)"

Where, A is a constant, n = 2, v - the incident radiation frequency, E, - material band gap, and h -
Planck’s constant. Figure-3 gives the (ahv)? vs. hv plot. The widths of energy gap values were determined
from the Tangent lines which meet the hv axis. The obtained energy bandgap values are 3.29¢V and
3.34eV for ZnO and FB/ZnO nanorods respectively. The increased bandgap of FB/ZnO nanorods is due
to the reduced crystal size.'®!”

Photoluminescence Studies
Figure-4 shows the Photoluminescence spectra of the samples at the wavelength of 325 nm. This is in
between the range of 350nm and 950 nm. ZnO Nanorods show two emission peaks: A sharp blue peak at
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360 nm for UV emission and a broad peak at 520 nm for red emission. The red emission peak is generally
attributed to trapping state emission.
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Fig.-2: Absorption Spectra of ZnO and FB/ZnO Nanorods
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Fig.-3: Band Gap Energy Calculation Graph of ZnO and FB/ZnO Nanorods

This is because of the transition between the recombination of ionized oxygen vacancy and a photo-
generated hole. The position of the spectrum relies on the interspace between the acceptor and the donor
in a pair: the energy of the photon generated is inversely proportional to the interspace between the
acceptor and donor pair.'$!
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Fig.-4: PL Spectra of ZnO and FB/ZnO Nanorods

Morphological Study

Figure-5 (a) is the SEM image of ZnO Nanorods. The image confirmed the dispersed rod-shaped ZnO.
Figure-5 (c) is the SEM image of FB/ZnO nanorods. This reveals that the Nanorods exhibit a more
agglomerated structure with irregular morphology as compared to that of the ZnO nanorods. This is
because the addition of Ficus benghalensis with ZnO diminishes the nucleation. Figure-5 (b) and (d) are
the EDAX spectrum of ZnO nanorods and FB/ZnO nanorods respectively. It is clear from Fig.-5 (b) that
the Nanorods have the elements Zinc and Oxygen only. No other peaks were obtained which confirms the
purity of the material. However, in Fig.-5 (d), there are some traces of Carbon in addition to Zn and O
which is mainly attributed to the addition of Ficus benghalensis.

Fourier Transformation Infrared Spectroscopy

Figure-6 is the Fourier Transform Infra-Red spectra of ZnO and FB/ZnO Nanorods. The most intense
peak at 500-550 cm™ is due to Zn-O stretching vibration. The hump nearer to 780-880 cm™ belongs to the
C-H loop bending vibration. The peak nearer to 1025 cm™ confirms the C-O bond. The peaks present in
the range 1350-1650 cm! are related to C-C and C-H bonds. The small peak near 2340 cm™! reveals the
C=C in the skeleton. The absorption peaks ranging from 2850-2950 cm™ are related to H-C=0 bonding. It
was proposed that, there were peak shift in green synthesized ZnO nanorods compared with chemically
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synthesized ZnO nanorods which showed the impact of Ficus benghalensis aerial root extract in nanorod
synthesis process.?%?!

Spectr E\)W

Fig.-5: (a) SEM Image of ZnO Nanorods (b) EDAX Spectrum of ZnO Nanorods, (¢) SEM Image of FB/ZnO
Nanorods and (d) EDAX Spectrum of FB/ZnO Nanorods
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Fig.-6: FTIR Spectra of ZnO and FB/ZnO Nanorods

Antibacterial Assay

The antibacterial effect of ZnO Nanorods and FBZnO Nano rods was assessed using Agar well diffusion
method against some significant oral microbes like Streptococcus mutans, Staphylococcus aureus,
Treponema denticola, Porphyromonas gingivalis and Lacto bacillus for various nanorods concentration
(15, 30, 60, 120 and 240 pl). Figure-7 and Fig.-8 show the zone of inhibition produced by ZnO and
FB/ZnO nanorods in various oral microbes. It has been inferred from the image that with an increase in
nanorods concentration there is a significant increase in the zone of inhibition. Also, it has been found
that FB/ZnO nanorods show a better zone of inhibition as compared to that of the chemically synthesized
nanorods. The decreased particle size and the presence of flavonoids and phenolic compounds in Ficus
benghalensis were majorly attributed to the increased antibacterial efficiency of FB/ZnO nanorods.?*?
The results are tabulated in Table-2.

Anti-Inflammatory Activity

The efficiency of ZnO and FB/ZnO nanorods on anti-inflammatory was evaluated by the Bovine serum
albumin denaturation method. The results are presented in Table-3. It has been found from the results that
both ZnO and FBZnO nanorods show better anti-inflammatory efficiency than the standard anti-
inflammatory agent Diclofenac sodium. Denaturation of proteins is a very much acknowledged instance
of inflammation, so any phytoconstituent which has the capacity to safeguard the denaturation of protein
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could contribute fundamentally to inflammation. The structure and morphology of nanoparticles are
significant determinants of the protein-restricting cycle. ZnO NPs surface properties influence the nature
of proteins; some of the times suppress the denaturation of proteins. Adding a phytoconstituent with ZnO
increases its anti-inflammatory activity. This is because the higher level of phenolic compounds present in
Ficus benghalensis prevents the protein denaturation process.?*°

Table-2: Antibacterial Activities of ZnO and FB/ZnO Nanorods Against Multi-Drug Safe Bacterial Strains
The Values are Expressed in Terms of (Mean + Standard deviation)

Zone of inhibition (mm)
Name of the 15ul 30l 60ul 120l 240ul

Bacteria w0 | FBiZnQ | zno | FRiZno | z0 | FBizmO. | zno | FRZno | zo | FBizmo.
Streptococcus | 11.520.15 | 11.0£0.23 | 12.050.04 | 12.060.47 | 13.520.78 | 12.520.07 | 14.020.16 | 13.5:0.64 | 14.5:0.19 | 15.020.79
Mutans
Staphylococeus | 08.020.16 | 12.020.17 | 08.520.13 | 13.020.23 | 09.020.17 | 13.520.61 | 09.520.11 | 14.020.11 | 10.020.01 | 15.020.07
Aureus
[ — 09.020.17 | 17.020.12 | 10.020.54 | 19.020.06 | 12.020.12 | 20.02045 | 13.020.09 | 21.020.16 | 15.020.17 | 22.0£0.48

_denticola

Porphyromanas | 10.020.16 | 11.020.16 | 10.520.33 | 11.520.08 | 11,0045 | 12.020.15 | 12.020.04 | 12.520.03 | 12.520.66 | 13.020.64
s

Lactobacillus | 08.520.12 | 09.020.52 | 09.020.11 | 10.0£0.11 | 09.520.41 | 10.520.10 | 10.020.55 | 11.020.56 | 10.50.06 | 11.50.08

Fig.-8: Zone of Inhibition Produced by FB/ZnO Nanorods
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Table-3: Anti-inflammatory Activities of standard Diclofenac Sodium, ZnO, and FB/ZnO Nanorods

Different Percentage Inhibition (%)
concentrations Standard (Diclofenac Bovine serum albumin denaturation method
(pg/ml) sodium ) ZnO NPs FB/ZnO NPs
15 15.04+0.45 22.80+0.04 31.08+0.22
30 26.91+0.14 27.12+0.67 41.83+0.62
60 29.47+0.16 31.45+0.31 53.57£0.91
120 47.19+0.22 51.84+0.86 75.95+0.24
240 75.17+£0.16 87.44+0.81 93.87+0.58
The values are expressed in terms of (Mean + Standard deviation)
CONCLUSION

In the present study, ZnO and FB/ZnO nanorods were prepared by a cost-effective hydrothermal
technique. The structural, morphological, optical, and functional group analysis of the prepared Nanorods
has been inspected with XRD, SEM-EDAX, UV, PL, and FTIR analysis. XRD spectrum authenticates the
emergence of high-clarity hexagonal wurtzite-structured ZnO nanorods. FB/ZnO possess reduced particle
size as bio-functional groups present in Ficus benghalensis acts as reducing agent in the synthesis
process. The SEM image confirms the formation of well-indexed nanorods and the EDAX spectrum
reveals the stoichiometric presence of Zinc and Oxygen. The bandgap of FB/ZnO nanorods is found to be
lesser than that of the chemically synthesized ZnO nanorods. This is because of the reduced particle size
of the FB/ZnO nanorods. The PL spectra show two peaks; a sharp blue peak at 360 nm for UV emission
and a broad peak at 520 nm for red emission. The vibrational groups present in nanorods were studied
using Fourier Transformation Infra-Red spectroscopy. Finally, the antibacterial and anti-inflammatory
efficiency of ZnO and FB/ZnO nanorods were examined by the Agar well diffusion method against some
multi-drug safe oral microbes and the Bovine serum albumin denaturation method. The FB/ZnO nanorods
exhibit better antibacterial and anti-inflammatory properties than chemically synthesized ZnO nanorods
because of the presence of higher-level phenolic compounds. It has been concluded from the results that
the incorporation of phytoconstituent (Ficus benghalensis) into ZnO significantly enhances its
antibacterial and anti-inflammatory efficiency. In the future, FB/ZnO nanorods can be an effective
alternative for Zinc Oxide — Eugenol dental cement, which has been conventionally used for temporary
dental carries filling.
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