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ABSTRACT

A nanoparticle is an ultra-fine particle with at least one dimension between 1-100 nanometers (nm).
Metallic nanoparticles are considered as most promising as they contain remarkable antibacterial
properties. Gold nanoparticles are of high importance in research. Aspartic acid is an alpha amino
acid and contains one amino group and one carboxylic group. The aim of the current study was to
bio synthesize gold nanoparticles using aspartic acid. Gold Chloride (AuCI3) and Aspartic acid
(C4H;NO,) were used for the study. AuCL3 solution (0.266 M) was slowly added to 250 aspartic
acid with stirring at 45°C. The mixture of the solutions was kept in a long-necked borosilicate flask
and continuously stirred on a magnetic stirrer. The formation of gold nanoparticles was confirmed
by the change of the colorless solution to a reddish hue. Characterization of the newly formed
nanoparticles was then done. After approximately 9 hour incubation and intermittent stirring with a
magnetic stirrer the solution color changed from colorless to a reddish hue, which indicated the
formation of AuNPs. The spectrometric reading was recorded at a scanning range of 400—700 nm.
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plasmon resonance and optical properties.

AuNPs nanoparticles at 24 hours showed an increased intensity and a Surface Plasmon
Resonance (SPR) band at 575 nm. The gold nanoparticles by Transmission electron microscopy
were confirmed to be spherical in shape and of 20 nm. A simple and efficient method for the
synthesis of AuNPs from the aspartic acid was demonstrated. Nano particles were formed in
approx. 9 hours with peak absorbance at 24 hours at 575nm. The synthesized nanoparticles were
spherical in shape, with an average size of 20 nm. The synthesized nanoparticles showed excellent

Keywords: Aspartic acid; bio synthesis; gold nanoparticles; transmission electron microscopy

spectrometric analysis.
1. INTRODUCTION

Nanotechnology is an emerging area of research
in the modern era [1]. It has been continuously
expanding and has gained immense popularity in
a wide range of applications. It has been popular
in various fronts like biomedical, pharmaceutical,
localized drug delivery and targeted drug delivery
and several other antimicrobial applications [2].
The change in the physio-chemical properties of
these nanoparticles contribute to their range of
superior properties. Apart from the medical field
nanoparticles are also being widely studied for
their prospective uses in various areas such as
the food industry, environmental, space industry
and optical devices [3].

Among the various nanoparticles being
researched, metallic nanoparticles are
considered as most promising as they contain
remarkable antibacterial properties [4]. This is
due to their large surface area to volume ratio.
Due to the increasing evidence on microbial
resistance being reported in recent times [5] and
also the development of antibiotic resistant
strains, there is remarkable interest for
researchers towards newer antimicrobial agents.
Nanoparticles have been successful in keeping
hope for such a potent alternative. Several
metallic nanoparticles which have gained
widespread popularity in recent times. These
include noble metal nanoparticles such as silver,
gold, platinum, titanium, palladium etc. Gold
nanoparticles are of high importance in research
due to its long history of medicinal use due to
their biocompatibility. These nanoparticles have
been used for various biomedical applications
including biosensor, bioimaging, photothermal
therapy and targeted drug delivery. The
biosynthesis of gold nanoparticles has been
reported using plant tissues, bacteria, fungi etc

(6]

Generally, there are two approaches which are
involved in the synthesis of nanoparticles. These
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may be classified as either from “top to bottom”
approach or a “bottom to top” approach. In
bottom to top approach nanoparticles are
synthesized using chemical reduction and by
various other biological methods by self-
assembling atoms to new nuclei which grow into
a particle of nanoscale [7]. However, in top to
bottom approach suitable bulk material breaks
down into fine particles by size reduction by
various techniques such as grinding, milling,
sputtering, thermal/laser ablation, etc. are
preferred. These methods used for synthesis of
nanoparticles are very hazardous due to use of
toxic chemicals that are responsible for various
biological risks [8]. It also is very expensive. The
development of ecofriendly syntheses of
nanoparticles is evolving rapidly.

In the process of lab synthesis of a nanoparticle
an additional or second agent is often used as a
reducing agent. The reducing agent or capping
agent plays an important role in breaking down
the bulk material into finer nano sized particles
that are desired for the intended application.
Aspartic acid is an alpha amino acid and is used
by the body for the biosynthesis of proteins.
Aspartic acid like most other amino acids
contains one amino group and one carboxylic
group. The carboxylic group is the free end of the
amino acid and can form bonds with other atoms
or elements. We have numerous highly cited
publications on well-designed clinical trials and
lab  studies using similar  biomaterials,
applications and innovative techniques [9-24].
This provided the right platforms for us to pursue
the current study. The aim of the current study
was to bio synthesize gold nanoparticles using
aspartic acid.

2. MATERIALS AND METHODS

2.1 Source of Chemicals

Gold Chloride (AuCl;) and Aspartic acid
(C4H;NO,) were procured from Sisco Research



Laboratories (Mumbai, India). All chemicals
utilized in this study were of analytical grade.

2.2 Synthesis of AuNPs

AuCL; solution (0.266 M) was slowly added to
250 ml of aspartic acid with stirring at 45°C. The
mixture of the solutions was kept in a long-
necked borosilicate flask and continuously stirred
on a magnetic stirrer. The formation of gold
nanoparticles was confirmed by the change of
the colorless solution to a reddish hue. The
solution was stirred for approx 9 hours
intermittently. The synthesized gold
nanoparticles were then purified by centrifugation
(10,000 rpm; 30 min) at 4°C. The nanoparticles
collected were thoroughly washed with deionized
water and re-dispersed in Millipore water.

2.3 Characterization

The formation of the AuNPs were confirmed
by UV-vis  spectrophotometry  (UV-1800
spectrophotometer, Shimadzu, Japan). The
sample was diluted with deionized water and the
UV-vis spectrum was recorded using a quartz
cuvette with deionized water as the reference.
The spectrometric reading was recorded at a
scanning range of 400-700 nm. The size and
morphological characteristics of the AUNPs were
examined by Transmission electron microscopy
(TEM: Hitachi S3000 H).

3. RESULTS AND DISCUSSION
3.1 UV Characterization of AUNPs

UV-visible spectroscopy is an important
technique for characterization. Initially, the
synthesis of AuNPs was confirmed by color
changes in the solution. The reaction started
within a few minutes of AuCI3 addition into the
solution of aspartic acid. After approx. 9-hour
incubation and intermittent stirring with a
magnetic stirrer the solution color changed from
colorless to a reddish hue, which indicated the
formation of AuNPs. The process of incubation
and continuous stirring was continued for up to
24 hours, to achieve complete saturation of the
newly formed gold nanoparticles. The Color
changes occurred due to the formation of
nanoparticles and the subsequent coherent
oscillation of electrons at the surface of
nanoparticles resulted in surface plasmon
resonance (SPR). The excitation of the surface
plasmon resonance of AuNPs could be
responsible for the color change in the reaction
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mixture. The AuNPs showed prominent peaks of
absorbance at 550 nm and 575 nm at 12 and 24
hours, respectively. However, the AuNPs
nanoparticles at 24 hours showed an increased
intensity and an SPR band at 575 nm. The
results indicate that nanoparticle formation was

directly proportional to the intensity of
absorbance and the incubation time [Fig. 1].

3.2 Microscopic Analysis of AuNPs
Transmission  electron  microscopy (TEM)

demonstrated the formation of nanocrystalline
gold particles. Majority of the synthesized AuNPs
were spherical in configuration and well
separated with mild agglomeration. The average
size of AUNPs was approximately 20 nm [Fig. 2].

The mechanism of synthesis of gold
nanoparticles using different biological agents is
still unclear [25]. Different chemical entities
present in biological compounds may act as
reducing agents reacting with metal ions leading
to their reduction and thereby synthesis of metal
nanoparticles. Recent studies showed that
biomolecules such as protein, phenol, flavonoids,
etc. play an important role in the reduction of
metals ions and capping of the nano particles
[26]. In comparison to chemically synthesized
gold nanoparticles, gold nanoparticles obtained
from biological sources are free from toxic
contamination of by products that become
attached to the nanoparticles during chemical
synthesis which limits the use of resulting gold
nanoparticles in various applications. This
is because conventionally synthesized
nanoparticles present possible dangers, both
medically and environmentally. Most of these are
due to the high surface to volume ratio. This can
make the particles very reactive or catalytic.
They are also able to pass through cell
membranes in organisms, and their interactions
with biological systems are relatively unknown
[27-28].

Biocompatibility is required for gold nanoparticles
for their biomedical applications [29]. The
biological synthesis of gold nanoparticles have
several advantages like simple, single step,
environmental friendly, cost effective and
biocompatible nature of synthesized gold
nanoparticles. Additionally, there is no need to
add any external stabilizing agents because the
biologic agents themselves act as stabilizing as
well as capping agents [30]. A shorter time is
required for biosynthesis of gold nanoparticles in
comparison to chemical synthesis of gold



nanoparticles. Another advantage of biologically
synthesized nanoparticles is that it can reduce
the number of steps including the attachment of
some functional groups to gold nanoparticles
surface to make them biologically active, a step
which is required in chemical synthesis [31].
There are nearly numerous applications of gold
nanoparticles, such that they have been used in
targeted drugs delivery, gene delivery, antitumor,
cancer therapy, antimicrobial, bio-imaging,
catalytic, bioassay, antioxidant, sensing,
antagonistic activity against bacteria and fungi,
etc. Aspartic acid like most other amino acids
contains one amino group and one carboxylic
group. The carboxylic group is the free end of the
amino acid and can form bonds with other atoms
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or elements [32]. Hence, aspartic acid was
chosen as the biological entity of choice in this
study.

Currently research on biosynthesis of gold
nanoparticles is still in the discovery phase.
Several studies still are performed to understand
the effect of time, temperature, light, and several
other factors on the formation of gold
nanoparticles still require optimization and also
on the control of size and shape of the
nanoparticles. Lack of knowledge of chemical
components responsible and mechanism for the
reduction and stabilization of biosynthesized gold
nanoparticles are still challenges for researchers.
The gold nanoparticles prepared in the current
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Fig. 1. Figure showing the absorbance of the solution in test at various time intervals under
U.V visible spectrometric analysis. X axis represents the scanning range of wavelengths in
nanometers and the Y axis represents absorbance levels. The peak absorbance was achieved
at 24 hours at 575nm wavelength and is represented by the purple line graph. This indicated
the complete formation of the Gold nanoparticles (AuNPs)
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Fig. 2. Transmission electron microscopy showing configuration of the newly formed AuNPs.
The gold nanoparticles formed are spherical in nature with minimal agglomerations. They were
approximately 20nm in diameter

study will be further analyzed and used in future
research to explore its potential applications in
the field of dentistry.

4. CONCLUSION

A simple and efficient method for the
synthesis of AuNPs from the aspartic acid was
demonstrated. Nano particles were formed in
approx. 9 hours with peak absorbance at 24
hours at 575nm. The synthesized nanoparticles
were spherical in shape, with an average size of
20 nm. The synthesized nanoparticles showed
excellent plasmon resonance and optical
properties.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENT

The authors acknowledge the Department of
Pharmacology and Nanotechnology Laboratory
of the institution for providing all the necessary
facilities and guidance.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

25

REFERENCES

1.

Mohanpuria P, Rana NK, Yadav SK.

Biosynthesis of nanoparticles:
technological concepts and  future
applications. J Nanopart Res.

2008;10:507-517.

Zhang L, Gu FX, Chan JM, Wang AZ,
Langer RS, Farokhzad OC. Nanoparticles
in medicine: therapeutic applications and
developments. Clin Pharmacol Ther.
2008;83:761-769.

Leon L, Chung EJ, Rinaldi C. A brief
history of nanotechnology and introduction
to nanoparticles for biomedical
applications. Nanoparticles for Biomedical
Applications. 2020;1-4.

Shahzadi S, Zafar N, Sharif R.
Antibacterial activity of metallic
nanoparticles. Bacterial Pathogenesis and
Antibacterial Control; 2018.

DOI: 10.5772/intechopen.72526

Cohen FL, Tartasky D. Microbial
resistance to drug therapy: A review. Am J
Infect Control. 1997;25:51-64.

Wiwanitkit V. Biodegradable nanoparticles
for drug delivery and targeting. Surface
Modification of Nanoparticles for Targeted
Drug Delivery. 2019;167-181.

Vinosha M, Palanisamy S, Muthukrishnan
R, Selvam S, Kannapiran E, You S, et al.
Biogenic synthesis of gold nanoparticles
from Halymenia dilatata for pharmaceutical
applications: Antioxidant, anti-cancer and
antibacterial activities. Process Biochem.
2019;85:219-229.



10.

1.

12.

13.

14.

15.

16.

17.

18.

Narayanan KB, Sakthivel N. Biological
synthesis of metal nanoparticles by
microbes. Adv Colloid Interface Sci.
2010;156:1-13.

Ramarao S, Sathyanarayanan U. CRA
Grid - A preliminary development and
calibration of a paper-based objectivization
of caries risk assessment in under-
graduate dental education. J Conserv
Dent. 2019;22:185-190.

Poorni S, Srinivasan MR, Nivedhitha MS.
Probiotic strains in caries prevention: A
systematic review. J Conserv Dent.
2019;22:123-128.

Manohar MP, Sharma S. A survey of the
knowledge, attitude, and awareness about
the principal choice of intracanal
medicaments among the general dental
practitioners and non-endodontic
specialists. Indian J Dent Res. 2018;29:7
16-720.

Azeem RA, Sureshbabu NM. Clinical
performance of direct versus indirect
composite restorations in posterior teeth: A
systematic review. J Conserv Dent.
2018;21:2-9.

Jenarthanan S, Subbarao C. Comparative
evaluation of the efficacy of diclofenac
sodium administered using different
delivery routes in the management of
endodontic pain: A randomized controlled
clinical trial. J Conserv Dent. 2018;21:297—
301.

Nandakumar M, Nasim |. Comparative
evaluation of grape seed and cranberry
extracts in preventing enamel erosion: An
optical emission spectrometric analysis. J
Conserv Dent. 2018;21:516-520.

Malli Sureshbabu N, Selvarasu K, V JK,
Nandakumar M, Selvam D. Concentrated
growth factors as an ingenious biomaterial
in regeneration of bony defects after
periapical surgery: A report of two cases.
Case Rep Dent. 2019;2019:7046203.
Siddique R, Nivedhitha MS, Jacob B.
Quantitative analysis for detection of toxic

elements in various irrigants, their
combination (precipitate), and para-
chloroaniline: An inductively coupled

plasma mass spectrometry study. J
Conserv Dent. 2019;22:344-350.

Teja KV, Ramesh S, Priya V. Regulation of
matrix metalloproteinase-3 gene
expression in inflammation: A molecular
study. J Conserv Dent. 2018;21:592-596.
Rajakeerthi R, Ms N. Natural product as
the storage medium for an avulsed tooth —

Kamath et al.; JPRI, 32(18): 21-27, 2020; Article no.JPRI.59770

26

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A systematic review. Cumhuriyet Dental
Journal. 2019;22:249-256.

Siddique R, Nivedhitha MS. Effectiveness
of rotary and reciprocating systems on
microbial reduction: A systematic review. J
Conserv Dent. 2019;22:114-122.

Janani K, Sandhya R. A survey on skills
for cone beam computed tomography
interpretation among endodontists for
endodontic treatment procedure. Indian J
Dent Res. 2019;30:834—-838.

Siddique R, Sureshbabu NM,
Somasundaram J, Jacob B, Selvam D.
Qualitative and quantitative analysis of
precipitate formation following interaction
of chlorhexidine with sodium hypochlorite,
neem, and tulsi J Conserv Dent.
2019;22:40-47.

Rajendran R, Kunjusankaran RN,
Sandhya R, Anilkumar A, Santhosh R,
Patii SR. Comparative evaluation of
remineralizing potential of a paste
containing bioactive glass and a topical
cream containing casein phosphopeptide-
amorphous calcium phosphate: An in vitro
study. Pesqui Bras Odontopediatria Clin
Integr. 2019;19:1-10.

Govindaraju L, Neelakantan P, Gutmann
JL. Effect of root canal irrigating solutions
on the compressive strength of tricalcium
silicate cements. Clin Oral Investig.
2017;21:567-571.

Khandelwal A, Palanivelu A. Correlation
between dental caries and salivary
albumin in adult population in Chennai: An
in vivo study. BDS. 2019;22:228-233.
Zhan G, Huang J, Lin L, Lin W, Emmanuel
K, Li Q. Synthesis of gold nanoparticles by
cacumen platycladi leaf extract and its
simulated solution: toward the plant-
mediated biosynthetic mechanism. J
Nanopart Res. 2011;13:4957.

Kumar V, Yadav SK. Plant-mediated
synthesis of silver and gold nanoparticles
and their applications. Journal of Chemical
Technology & Biotechnology: International
Research in Process, Environmental &
Clean Technology. 2009;84:151-157.
Thake THF, Webb JR, Nash A, Rappoport
JZ, Notman R. Permeation of polystyrene
nanoparticles across model lipid bilayer
membranes. Soft Matter. 2013;10265.
DOI:10.1039/c3sm51225h

Schiepp KG. The potential harmful and
beneficial effects of nanoparticles in
children. Nanoparticles in medicine and
environment. 2010;211-226.



29.

30.

Njoki PN, Lim I-IS, Mott D, Park H-Y,
Khan B, Mishra S, et al. Size
correlation of optical and spectroscopic
properties  for  gold nanoparticles.
J Phys Chem C. 2007;111:14664—
14669.

Ahmed S, Annu, lkram S, S. 8SY.
Biosynthesis of gold nanoparticles: A
green approach. Journal of photochemistry

Kamath et al.; JPRI, 32(18): 21-27, 2020; Article no.JPRI.59770

31.

32.

and photobiology B: Biology. 2016;141—
153.

Gulati S, Sachdeva M, Bhasin KK.
Capping agents in nanoparticle synthesis:
Surfactant and solvent system; 2018.
DOI:10.1063/1.5032549

Institute NC, National Cancer Institute.
Aspartic Acid. Definitions; 2020.
DOI:10.32388/txfrqd

© 2020 Kamath et al.; This is an Open Access article distributed under the terms of the Creative Commons Aftribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/59770

27



