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Abstract

Objective: This article aimed to green synthesize and characterize turmeric mediated gold nanoparticles (TuAuNP) and to
evaluate its antioxidant, anti-inflammatory, antibacterial activity against oral pathogens for its application in oral mucositis.
Materials and Method: Aqueous extract of turmeric powder were used to reduce, stabilize and capgold nanoparticle (AuNP).
Reduction of Au3+ to Au NPs were initially observed by colour change from yellow solution to red violet colour within 15
minutes. TuAuNP were analytically characterised by UV-visible spectrophotometer (UV-Vis), Transmission Electron Micros-
copy (TEM), X-Ray Diffraction Assay (XRD), Fourier Transform Infra Red Analysis (FTIR) and evaluated its antioxidant,
anti-inflammatory, antibacterial activity against oral pathogens.

Results: Surface Plasmon Resonance bandwith an absorption peak at around 540 nm preliminarily confirmed TuAuNP syn-
thesis. TEM Analysis showed spherical shaped, smooth edged, size ranged of 5-15 nm. XRD analysis revealedface centered
cubic crystallinity with intense sharp peaks at 38°, 44°, 64° and 77°. FTIR showed peaks of the functional groups of different
phytochemicals of the rhizome extract involved as reducing and capping agent. TuAuNp exhibited 83% highest scavenging
ability of DPPH radical at concentration of 50 pug/mL. TuAuNP showed 89.5% of maximum anti-inflammatory activity at
50pg/mL than standard drug diclofenac. TuAuNP exhibited good antibacterial activity against Streptococcusmutans, Kleb-
siella Pneumoniae at 100ug/mlL., Pseudomonasaeruginosa, Enterococcifaecalis at 50ug/mlL, modetate antibactetial activity
against Staphylococci aureus at 50ug/mL.

Conclusion: Turmeric mediated green synthesis of gold nanoparticles exhibited good antioxidant, anti-inflammatory, broad
spectrumantibacterial activities against oral pathogens that could be applied in treating oral mucositisas oral insitu or trans-
mucosal preparations.
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Introduction ized by erythema, ulcerations with superadded infections of oral

mucosa which could be painful and debilitating to patients. Till

Oral mucositis is the most common side effect of Chemo-radio- now there are no accepted method for prevention and treatment

therapy in head and neck cancer patients. It is clinically character- for oral mucositis [1]. Synthetic drugs may have beneficial thera-
*Corresponding Author:

Sreedevi Dharman,

Reader, Department of Oral Medicine and Radiology, Saveetha Dental College and Hospitals, Saveetha Institute of Medical and Technical Sciences, No.162, Poonamalle High Road,
Velappanchavadi, Chennai- 600077, Tamil Nadu, India.

Tel: 9841009003

Email Id: sanjamrut@gmail.com

Received: April 15, 2021
Accepted: May 10, 2021
Published: May 20, 2021

Citation: Sreedevi Dharman, Rajeshkumar, KarpagavalliShanmugasundaram. Synthesis and Characterisation Of Novel Turmeric Gold Nanoparticles and Evaluation Of Its Anti-
oxidant, Anti-Inflammatory, Antibacterial Activity For Application In Oral Mucositis-An Invitro Study. Inz | Dentistry Oral Sci. 2021;08(05):2525-2532.
doi: http://dx.doi.org/10.19070/2377-8075-21000495

Copyright: Sreedevi Dharman®2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Sreedevi Dharman, Rajeshkumar, KarpagavalliShanmugasundaram. Synthesis and Characterisation Of Novel Turmeric Gold Nanoparticles and Evaluation Of Its Antioxidant, Anti-Inflamma
tory, Antibacterial Activity For Application In Oral Mucositis-An Invitro Study. Inz | Dentistry Oral Sci. 2021;08(05):2525-2532.



http://scidoc.org/IJDOS.php

OPEN ACCESS

peutic effects but are associated with adverseeffects [2].

Herbal drugs with beneficial properties, reduced side effects and
faster healing capacityare warranted in present scenario. Turmeric
is the rhizome of curcuma longa Linn belongs to ginger family
widely utilized as an ingredient spice. It has anti-inflammatory,
antiseptic, analgesic, wound healing property [3]. Curcumin is the
important colouring compound of turmeric that is responsible
for many features of it [4]. Adequate turmeric concentration are
needed in target tissues for its pharmacological effects. Rapid ab-
sorption, poot bioavailability, rapid metabolism, excretion limits
the beneficial action ofturmeric [5]. To solve these problems, na-
noparticle-based drug delivery approaches are the right choice to
enhance the wider medicinal applications of turmeric [6]. Nano-
particles are 1-100nm in diameter that has the ability to penetrate
cells, translocate to other cells, tissues, organs distant from portal
of entry to the body [7].

Nanobiotechnology is a multidisciplinary research field that in-
volves nanomaterials synthesis through physical, chemical and
biological methods [8]. Toxic chemicals are used as reducing, cap-
ping and stabilization agents in physicochemical methods leading
to non ecofriendly products [9]. Plant extract synthesized metal
nanoparticles are simple and environmentally friendly materials
[10]. Inorganic nanomaterials have versatile features like target-
ed drug delivery, controlled release of drug, good compatibility
and bioavailability [11]. Nanometals like silver, gold, titanium,
zinc, copper and zirconia are currently used in vatious biomedi-
cal applications. Among which gold nanoparticles (AuNPs) show
distinctive properties like high surface area, tunable preparation,
small size to volume ratio, thermalstability, low cytotoxicity. Due
to these properties, AuNPs are applied in diagnostic and thera-
peutic functions [12].

In dentistry, they are used in prosthodontics, restorative den-
tistry, periodontology, dental implants, diagnosis and therapy of
oral cancer. AuNPs with specific size could promote osteogenic
differentiation that aid in periodontal regeneration [13]. AuNPs
synthesized by green chemistry upregulate bone formation, down
regulate bone resorption which is used as an active bone induc-
tive material during dental implant treatment [14]. New denture
base material modified with AuNp showed increased hardness,
thermal conductivity, density with less flexural strength and elastic
modulus [15]. AuNPs improved the mechanical properties of ad-
hesive resins with no toxicity to cells [16]. AuNPs had better opti-
cal properties are used in early cancer diagnosis, passively accumu-
late at tumor sites are more promising than small drug molecules.
Glutathione peroxidase modified ultrasmall AuNPs had enhanced
permeability and retention effect and were further cleared from
normal tissues soon after imaging [17]. AuNPs enhance the cy-
totoxic effect against cancer cells inducing cellular apoptosis in
addition to its action as drug carriers [18].

In dentistry, application of AuNPs in treating oral mucosal lesions
are sparse. Due to its drug carrier potential, they can enhance
turmeric bioavailability which can help in treating oral mucositis.
To the best of our knowledge, the antioxidant, anti-inflammatory,
antibacterial activity against oral pathogens of turmeric medi-
ated AuNps were not studied before, hence our present research
aimed to develop original method of Turmeric mediated AuNps
and evaluation of its antioxidant, anti-inflammatory, antibacterial
activity against oral pathogens that can be used in translational
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research for treating oral mucositis.

Methods

Materials: “Turmeric, Gold chloride, DPPH (2,2-diphenyl-1- pic-
rylhydrazyl), Ascorbic Acid, Bacterial media” were purchased
from (Hi media, Mumbai,India).

Turmeric Extract Preparation

1gm of turmeric was weighed and added with 100ml of distilled
water. The mixture was boiled for 10 minutes and placed at room
temperature. Turmeric extract was filtered using Whatman filter

paper.
Biosynthesis Of Gold Nanoparticle

0.393gram of gold (III) chloride trihydrate (HAuCl4.3H,0) was
added with 100ml of distilled water to produce stock solution.
10ml of turmeric extract and 10 ml of 1mM aqueous chloroauric
acid(HAuCl4.3H,0) was mixed in 80 ml of distilled water and
kept in orbital shaker overnight. Colour change was visually ob-
served for every 1 hour when Au3+ were reduced and converted
to Au’ indicating the TuAuNP formation.

Purification and Characterisation Of Gold Nanoparticles

Green synthesised TuAuNP were characterised by Ultraviolet
(UV)-visible spectrophotometer (ELICO SL.201 UV-V is spec-
trophotometer). Control solution was distilled water that served
as a blank and nanoparticle solution were scanned simultaneously
from 400-650 nm. UV-V is spectrophotometry confirm the re-
duction in metalions in to metal nanoparticles, which were moni-
tored at different time intervals 1, 2, 6, 24 hr. After the complete
reduction in metal salt to nanoparticles, they were further purified
by centrifugation at 6,500rpm for 15min, supernatant discard-
edandthe nanoparticles were collected in the form of a pellet by
air-drying at 70° for 30min, which was used for analytical charac-
terization.

Transmission Electron Microscopy

Transmission Electron Microscopy (TEM) (Make; PHILIPS
Model; CM 200) provides a further insight into the morphology
and size details of theTuAuNP. TEM images were obtained with
high resolution megapixel camera at various magnification ranges.
TuAuNP aqueous solution drop were deposited on carbon coated
copper gtid, excess solution were removed and was allowed to dry
in oven at 60°.

X-Ray Diffraction Assay

Crystallinity of synthesized AuNPs were assessed by XRD (D8
Diffractometer, Bruker, Germany) with a step size of 0.02°, scan-
ning speed of 4°min"' working in 20 range of 10-80° at 40 KV
and 40Ma, « radiation of 1.54 A°. AuNps average sizewere ob-
tained by using Debye-Scherrerequation.

D=0.9% /B Cos 0

Dis crystalline sizein nm,\ is wavelength of X-ray (1.5406 A°),
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is the full width at half maximum (FWHM) in radians, and 0 is
Braggs angle in radians [19].

Fourier Transform Infra Red Analysis

FTIR analysis were done using Nicolet spectrometer (Thermo
scientific, Waltham, MA, USA) to identify functional groups at-
tached to AuNPs which were reducing agents in nanoparticle
synthesis. Aqueous solution were air dried and evaluated by 64
interferogram scan in the spectrum range of 400-4000 cm-' at
lem-! resolution.

Antioxidant Activity

Antioxidant activity of the TuAuNP were measured using DPPH
(2,2-diphenyl-1- picrylhydrazyl) assay. 1ml DPPH (80pg/mL)
0.2mm solution in methanol (0.1g/L) and 1ml of TuAuNP with
different concentration (10pL, 20uL, 30uL, 40pL, 50uL) of so-
lutions were 30 minutes incubated at room temperature. Metha-
noliccoloured DPPH is reduced to non colouredsolution. De-
crease in absorbance was measured in 517nm. Ascorbic acid was
the standard solution.

-Absorbance of sample solution was used to calculate Inhibition
Percentage:

(Absotbance of control-Absorbance of sample/ Absorbance of
control) x100

Absorbance of control is absorbance of DPPH and methanol
and Absorbance of sample is the absorbance of DPPH and sam-
ple extract.

Antinflammatory Activity

Anti-inflammatory activity was done by Albumin denaturation as-
say. 2ml of 1% aqueous Bovine Serum Albumin (BSA) was mixed
with 400pL of methanolicextractindifferent concentrations of
TuAuNp of 10uL, 20pL, 30uL, 40uL, 50uL respectively, pH of
reaction mixture was adjusted to 6.8 using 1N Hcl and were in-
cubated at room temperature for 20 min and heated at 57° for 20
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min in a water bath. Mixture was cooled and absorbance was ob-
served at 660nm. Control is BSA mixture with 30% methanol so-
lution. Standard is different concentration of diclofenac sodium.
Experiment was repeated thrice.

Percentage inhibition was calculated using the following formula:

% Inhibition =(Absorbance of control-Absorbance of sample)/
Absorbance of controlx100

Antibacterial Activity

The antibacterial activity of Turmeric Au-NPs was evaluated
against gram-positive and a gram-negative pathogenic bacterium
by Agar-Well diffusion method. The oral pathogenic bacteria un-
der test were three gram positive bacteria such as Streptococci
mutans, Staphylococci aureus, Enterococcifaecalis and two gram
negative such as Pseudomonasaeruginosa, Klebseilla Pneumo-
niae. Varying concentrations of Green synthesized AuNPs at 50,
100, 150pg/ml were added to 5mm wells and amoxicillin wete
used as positive control in Muller-hinton agar plates. Plates were
incubated at 37°C at 24 hours ,inference were noted by measuring
the diameter of zone of Inhibition in millimeters.

Statistical Analysis

Data were expressed as Mean value = Standard Deviation. Sta-
tistical significance between groups was determined by one-way
ANOVA analysis using statistical software, SPSS17.0, Pvalue of
>0.05 were considered as statistically significant.

Results
Visual Examination and UV-vis Spectroscopy Scanning

Reduction of Au3+ into Au” during exposure to aqueous extract
of turmeric was able to be followed by colour change, initial yel-
low solution to red violet colour within 15 minutes of teaction
time,40°C. Red violet colourof TuAuNP is due to excitation ef-
fect of surface plasmon resonance(SPR) confirming the stability
of Au NPs. Fig 1 a. Colloidal and powdered TuAuNp are shown

Figure 1. Colour change in reaction mixture indicating TuAulNP formation (1a), Colloidal and powdered TuAuNp(1b).

1(2)

1(b)

Figure 2. UV-Vis spectra of TuAulNP obtained by reducing HAucl4 acid with aqueous Turmeric extract.
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in Fig 1b. Plasmonic property of TuAuNP senable them to be
detected by UV-V is spectroscopy measurements. Fig 2 showedul-
traviolet-visible spectrum of the aqueous medium containing
gold nanoparticles with SPR band atan absorption peak at around
540nm which preliminarily ascertainedthe synthesis of TuAuNP.

Transmission Electron Microscopy
TEM analysis revealed biosynthesized gold nanoparticle with size

range from 5-15 nm, with average size of 10 nmFig3. Morphol-
ogy were mainly spherical shaped with smooth edges along with

https://scidoc.org/IJDOS.php

oval were found which was well dispersed. Turmeric extract sur-
rounded the well dispersed AuNps served as capping agent.

X-Ray Diffraction Assay

XRD analysis revealed 4 important intense sharp peaks at 38e,
440, 640, 77° Fig 4. These diffraction peaks relates tobraggs reflec-
tion (111), (200), (210), (310) confirmed the face centered cubic
crystal lattice indicating thecrystallinity. These peak match with
metallic gold. AuNps average crystalline size were 17.6nm calcu-
lated by using Debye-Scherrer equation.

Figure 3. Transmission electron microscope(TEM) images of AuNP synthesised from Turmeric extract.

Figure 4. X-ray diffraction pattern of TuAuNPs.

Figure 5. Fourier Transform Infra-red spectroscopy spectrum of TuAuNPs.

Figure 6. Antioxidant activity of TuAuNps compared with standard: DPPH free radical scavenging activity.

Figure 7. Anti-inflammatory activity of TuAulNPs compared with standard: Bovine serum albumin assay.
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Figure 8a,b,c,d,e. Antibacterial activity of TuAuNp against Enterococcus faecalis(a),Pseudomonas aeruginosa(b),Klebsiella
pneumonia(c)e, Streptococcus mutans(d), Staphylococcus aureus(e).

Figure 9. Zone of Inhibition of different concentration of TuAuNps and Standard antibiotics(Amoxycillin) against Oral
Pathogens.E.faecalis(a),P.aeruginosa(b),K. pneumonia(c)e, S.mutans(d), S.aureus(e).

Fourier Transform Infrared Spectroscopy

FTIR determine the nature of organic constituents of turmeric
that reduce Au3+ and capping biosynthesized nanoparticles. Two
bands were observed at 1042.23 cm™ and 3280.15cm™ which were
prior and after reduction of Au 3+. Broad bands at 3280.15cm
! represent O-H groups (Catboxylic acid) stretching vibrations
forming negative charge around AuNPs providing them stability.
Intense peak corresponds to -C=C groups stretching vibrations
(xBunsaturated ketone), absorption peak at 1235.6 cm™ represent
C-N stretching (Amine), 1042.23 cm™ were C-O stretching vibra-
tion (Ether). Band intensity shifted from 1610.1 cm™ to 3280 cm™
after reduction of Au 3+ by carboxyl groups to form AuNPs.
Fig5.

Antioxidant

DPPH free radical scavenging activity of different concentration
of green synthesized AuNP is shown in Fig 6. The antioxidant
activity of TuAuNp was done using free radical DPPH. Metha-
nolicviolet coloured DPPH is reduced by hydrogen or electron
to yellow or non coloured solution. Antioxidants are biomolecule
in plant extract with functional groups on AuNp that reacts with
free oxygen radical and reduce DPPH. Biosynthesized AuNP
showed 83% highest inhibitory activity of DPPH radical at high-
est concentration of 50pg/ml. Dose dependent antioxidant activ-
ity were reported which were comparable with DPPH scavenging
activity ofascorbic acid (Standard).

Anti-inflammatory

Different concentration of methanolic TuAuNP extract showed
inhibition of protein denaturation Fig 7. TuAuNP showed pro-
tein denaturation inhibitory activity of 75.5%, 83.4%, 83.5%,
88.2%, 89.5% respectively is comparable with synthetic, commer-
cially available anti-inflammatory drug Diclofenac. Highest inhi-
bition and maximum protective activity of TuAuNP was 89.5%
at concentration of 50pg/mL. When concentration of extract
increased, there was rise in anti-inflammatory activity which was
comparable with standard.

Antibacterial

Antibacterial activity of TuAuNps from turmeric extracts were
tested against five oral pathogens three gram positive, two gram
negative bacteria using agar well diffusion method. Wells of 5mm
were loaded with different concentrations 50pg/mlL, 100ug/
mL, 150ug/mL of AuNPs. Synthetic antibiotic such as Amoxi-
cillin served as control. TuAuNP had good antibacterial activity
against Enterococcifaecalis, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Streptococcus mutans, moderate antibacterial activ-
ity against Staphylococci aureus. (Fig 8a,b,c,d,e). Maximum anti-
bacterial activity of Streptococcus mutanshad zone of inhibition
of 27mm, Klebsiellapneumoniae of 18mm at 100 ng/ mL which
were higher compared to control. Maximum zone of Inhibition in
Enterococcusfaecalis is 26mm, followed by Pseudomonsaaerug-
inosas is 23mm, Staphylococci aureusis 21 mm at 50ug/ml of
TuAuNps which were similar to control. Overall, antibacterial
activity of TuAuNP against 3 bacteriawere similar to Antibiotic
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at lesser concentration. In the other 2 bacteria the activity was
more than antibiotics at higher concentration. Fig9 Bar graph
showed Zone of Inhibition of TuAuNps and control as standard
antibiotics amoxicillin against E. faecalis(a), Pacuruginosa(b), K.
pneumoniae(c), S. mutans(d), S. aurcus(e).

Discussion

Oral mucositisis inflammation, ulceration of oropharyngealmuco-
sa that increases morbidity of patient. Natural products with free
radical scavenging, antioxidant, antimicrobial, anti-inflammatory,
wound healing properties can prevent Chemoradiotherapy in-
duced oral mucositis.

Herbal plants have various phytochemicals that efficiently can bi-
osynthesize nanoparticles that are stable, nontoxic, provides natu-
ral capping agent [20]. Rhizome of Curcuma longa L is turmeric,
has beneficial medicinal properties that contains phytochemicals
like phenolic compounds such as curcumin, proteins, flavonoids,
terpinoids [21]. Among inorganic nanometals, gold have attractive
material properties with superior functional characteristics [22].

Nanoparticles prepared from plant extract go through 3 phases.
Activationphase, Growth phase and termination Phase. In 1st-
phase, phytochemicals (-OH group) reduce metalion from salt
precursor followed by nucleation of metal atoms, 2nd phase leads
to addition of synthesized nanoparticle making them structurally
strong, in 3rd phase leads to formation of consistent size and
shape of AuNp with maximum activity [23]. Optical properties
of nanoparticle are unique and exhibit different colours during
synthesis. Turmeric extracts with several phytochemicals reacted
with HAuCl, and are converted into TuAUNPs when Au3+ was
reduced to Au0 primarily indicated by colour change to Red violet
in reaction mixture within 15 minutes with 24 hours of incuba-
tion time. Phytochemicals that forms AuNps act as reducing, Sta-
bilising, Capping agent. Fucoidanassisted AuNP showed colour
change from light yellow to pinkish brown with in 15 min which
was similar to our study [24]. Colour change from light yellow to
wine red was confirmed after 30 min upto 24 hour of incuba-
tion at room temperature is observed in Chaetomiumglobosum
extract mediated gold nanoparticle [25]. Colour change from col-
outless to purple red colour within 5 min, as the incubation time
increased, colour intensity also increased due to higher synthesis
of AuNPs that finally turned to dark purple red colour within
24h [20]. UV -vis spectroscopy is a technique that ascertain the
formation of metal nanoparticles in aqueous solutions. Maximum
absorption bands were observed at 534nm for Clerodendru-
minume AuNPs [27], SPR peak in the range of 525-555 nm are
seen in spherical shaped AuNPs which are mainly due to purity
and small-size of AuNPs [28], was in consistent with our study,
TuAuNP showed absorption peak at 540nm, which was due to
surface plasmon resonance.

Morphology, particle size was characterized by TEM. Particles are
different shapedatlmM of HAucl4 which were triangular, spheri-
cal and polyhedronandat 0.5mM were monodispersed, spherical.
They were 15 = 10 nmin size with UV-visible spectrum from 540-
550nm [29]. Similarly, our study showed mostly spherical shaped
along with oval, particle size of 5-15nm. In contrast, 12-29nm
was the size of synthesized AuNPs and were predominantly
round, triangle and irregular in shape [20].
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Crystalline structures of AuNpare examined by X-ray diffraction.
20 values of three diffraction peaks are 38.3°, 64.2°, and 77.3°
were indexed with the planes (111), (220), and (311) that reveals
face centre cubic structure of Acanthophoraspicifera bioengi-
neered AuNPs [30]. Additional peaks confirm various other crys-
talline structures of bioorganic molecules of plant extract which
were similar to our study which had diffraction peaks of 38°, 44e,
64e, 77¢. The characteristic peak showed that the synthesized
AuNps had crystallinity. Average crystalline size for TuAuNp
were 17.6 nm ,where as the average crystallite size were 13.3nm
for Au NPs synthesised using Amorphophallus paconiifolius [31].

FTIR determine the nature of organic constituents of turmeric
that reduce Au3+ and capping biosynthesized nanoparticles. Two
bands were observed at 1042.23cm™" and 3280.15¢cm ™ which were
ptior and after reduction of Au 3+. Broad bands at 3280.15 cm
represent O-H groups (Carboxylic acid) stretching vibrations
forming negative charge around AuNPs providing them stability.
Intense peak corresponds to -C=C groups stretching vibrations
(«Bunsaturated ketone), absorption peak at 1235.6 cm™ represent
C-N stretching(Amine), 1042.23 cm™ were C-O stretching vibra-
tion (Ether). Band intensity shifted from 1610.1 cm™ to 3280 cm!
after reduction of Au 3+ by carboxyl groups to form AuNPs.

FTIR spectroscopy analysis shows various bond between plant
extract and AulNDPs, revealed active constituents and functional
groups that has the role of reduction, capping and stabilising
agents. In our study, 3280.15cm™ represent O-H groups (Cat-
boxylic acid), 1610.1 em™ corresponds to -C=C groups stretch-
ing vibrations («f unsaturated ketone), 1235.6cm™ represent C-N
stretching (Amine), 1042.23cm™ were C-O stretching vibration
(Ether). Phenols, flavonoids are involved in reduction of metal
ions,amines, carboxylic acid play a role in reduction process by
donating free electrons to metal ions. Amine, carboxylate are re-
sponsible for stabilization of synthesized NPs, binds to NP and
prevent agglomeration [32]. In a study by Singh et al., 2018, ab-
sorption bands wete, 3360 to 3406 cm™ (OH-stretching), 2915 to
2934 cm (C-H stretching), 1382 to 1384 cm™ C-O-H bending of
carboxylic acids vibrations, 1025 to 1072 cm™ C-O bending vibra-
tions which were almost similar to our studies [33].

Antioxidant capacity were analysed by measuring their abilities to
scavenge DPPH free radicals. Ascorbic acid (Standard) had the
maximum antioxidant potential. TuAuNPs had good antioxidant
potential which were comparable to standard reference. Spheri-
cal shaped nanoparticles showed better antioxidant activity up to
45% where as AuNPs polyhedral in shapebio-synthesized using
Acinetobacter SW30 isolate did not show antioxidant properties
[32] which were similar to our study, where in the biosynthesized
TuAuNP were mostly spherical and showed 83% highest inhibi-
tory activity of DPPH radical at highest concentration of 50ug/
mL. Dose dependent antioxidant activity were reported. Plant ex-
tract containing hydroxyl group of phenolic compounds can pre-
vent lipid peroxidation by free radical scavenging and enhance the
antioxidant activities [34]. In a study, synthesized Acanthopho-
raspicifera AuNPs showed the highest antioxidant activity of
62.8% at 500p.g/mL, which was in contrast to our study achieved
greater potential at lower dose.Inhibition of 35-96% at 256mg/
mL for DPPH activity was similar to our study [26].

Bovine serum albumin was analysed to inhibit protein denatura-
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tion. Highest inhibition of TuAuNP showed 89.5% compared
to control, diclofenac at concentration of 50ug/mlL. Increase in
phytochemical content leads to more anti-inflammatory activity.
Effect was observed at much smaller doses (40 and 80 mg/kg) of
gold nanoparticles and was similar to diclofenac sodium used as
a standard analgesic. Gold nanoparticles conjugated with biomol-
ecules showed unique anti-inflammatory properties by lowering
endothelial leukocyte interaction and leukocyte influx to adjacent
tissues and marked reduction of chemotaxis [35].

TuAuNP had good antibacterial activity against Enterococci
and Streptococcus mutans, Pseudomonas aeruginosa, Klebsiella
pneumoniae, moderate antibacterial activity against Staphylococci
aureus in compatison to standard drug Amoxycillinl5Sug/mL.
There is dose dependent antimicrobial activity. Acanthophora
spicifera AuNPs exhibited strong antibacterial activity against V.
harveyiand S. aureus [30]. In our study, highest zone of inhibition
was seen in Streptococcus Mutans of 27mm at 100pg/mL,where
as the highest zone of inhibition in V. harveyi is 22 £ 0.3 mm fol-
lowed by S. aureusis 18.7 + 0.5 mm at 100p.g/mL [20].

Streptococcus Mutans had lowest zone of inhibition of 24mm at
25pg/mL, 25 mm were recorded for Enterococcus at 25ug/mlL,
zone of inhibition of Staphylococci aureus was 12mm at 25 g/
mL, Klebsiella Pneumoniae of 17mm at 50pg/mL, Pseudomonas
acruginosa showed 21mm at 100ug/mL. Zone of Inhibition for
Control was 16mm for Enterococcifaecalis, 22mm for S mutans,
23mm for Pseudomonas, 14mm for Klebsiella Pneumoniae,
Staphylococciaureus at 21mm. Bacterial strains were inhibited
by P. domestica gum-loaded gold nanoparticles but with smaller
zones of inhibition against Gram-positive strain of S. aureus(10.5
* 0.6 mm), Gram negative strains of E. coli (10 * 0.4 mm) andP.
acruginosa (8.2 £ 0.3 mm) [36]. Treatment with AuNP changed
the shape and size of bacteria due to coating of nanoparticles
on surface. They easiliy penetrate the peptidoglycan membrane
of S. aureus and P. acuruginosa causing membrane destruction,
expelling the cellular content, leading to cell death [37]. In our
study, antibacterial activity was more towards gram positive com-
pared to gram negative bacteria. Streptococcus mutans were more
susceptible and staphylococci aureus were most resistant gram
positive bacteria. Pseudomonas aeruginosa were more suscepti-
ble and Klebsiella Pneumoniae were most resistant gram negative
bacteria. Exact mechanism of inhibitory action of TuAuNps on
bacteria were not well understood. But several mechanisms of
their antibacterial activity were previously reported. Difference in
antibacterial activity depends on cell wall structure, as gram posi-
tive have thick peptidoglycan layer and gram negative had thin
with lipopolysaccharide impermeable to lipophilic substances.
TuAuNps form irregular pits on cell wall interact with protein
structures S,N,P,O2 cause irreversible damage [26]. Antibacterial
activity can cause denaturation of bacterial cell wall, blocking the
respiratory function, destroying outer membrane, reduces ATP
synthesis of disease causing bacteria [38].

Conclusion

Present research showed biosynthesis of TuAuNP with bioactive
compounds of aqueous turmeric extract through green ecofriend-
ly method. Green synthesized TuAuNPs were characterized by
XRD, UV -V is, FTIR, TEM, XRD, FTIR. Results showed green
synthesized TuAuNps had good antioxidant, anti-inflammatory
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and antibacterial activity against oral pathogens when compared
to their standards. Phytochemicals increase the biological activi-
ties of TuAuNps. Hence this newer turmeric nanoformulation
has beneficial propertiesin treating oral mucositis with lesser side-
effects when compared to conventional synthetic drugs.
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