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| A simple biogenic synthetic route for the development of gold nanoparticles (Au NPs) from the fresh pods of Lablab purpureus was carried |
out. Further, Au NPs modified electrode employed for the selective sensing of dopamine. The stability, surface morphologies, microstructure |
and elemental compositions of the nanoparticles were probed by dynamic light scattering (DLS) with zeta potential, transmission electron
microscopy (TEM), energy dispersive X-ray diffraction (EDX) and X-ray diffraction (XRD). The electrochemical features of dopamine |
at Au NPs modified glassy carbon electrodes (GCEs) was investigated in 0.1 M phosphate buffer solution (pH 7.4) by cyclic voltammetry |
(CV) and differential pulse voltammetry (DPV). Gold nanoparticles modified GCEs in comparison with bare electrodes shows the significant |
catalytic activity towards dopamine from CV and DPV with limit of detection 5.9 nM and 7.7 nM, respectively. Additionally, the peak |
current response of dopamine does not interfered with the coexistence of ascorbic acid, uric acid and glucose. |
|

Keywords: Dopamine, Gold nanoparticles, Lablab purpureus, Cyclic voltammetry, Electrochemical sensor.

|
|
|
|
|
|
|
L

INTRODUCTION Among all above mentioned methods, electrochemical
techniques cyclic voltammetry (CV) and differential pulse volta-

mmetry (DPV) are commonly utilized due to its simplicity and

Dopamine is considered as significant catecholamine neuro-

transmitter, which plays crucial role in the nervous system
[1,2]. For healthy human being an acceptable concentrations
of dopamine in urine and blood serum are 0.1 M and 0.5-25 nM,
respectively. However, the abnormal concentration and dopa-
mine deficiency can results mental disorder with severe condi-
tions such as Parkinson’s disease and Schizophrenia [3,4]. Hence,
monitoring of biological fluids for early disease detection has
become an important factor [5,6]. Thus, it is necessary to develop
technologies with high selectivity, more sensitive, for the effec-
tive detection of dopamine in biological fluids. So far tradition-
ally approaches have been employed for sensing of dopamine
such as HPLC [7], fluorescence [8], surface plasmon resonance
[9], colorimetric [10] and electrochemical techniques [11].

high sensitivity [12]. The unmodified electrode fails to illustrate
complete and neat separation of electrochemical signals from the
mixture of biological fluids’ (dopamine, uric acid and ascorbic
acid), this is due to the cohabitation of biomolecules [13]. There-
fore, recognition of such mixed biomolecules is quite difficult
due to their identical electrochemical features [14]. Gold nano-
particles (Au NPs) have recently drawn an increasing attention
of many researchers in the field of sensors especially biosensor
attributed to its novel chemical, optical and physical properties
[15,16]. Some of its unique properties are high effective surface-
to-volume ratio, excellent electrical and heat conductivity and
strong absorption in the visible and near infrared wavelength
region (380-750 nm). Gold nanoparticles (Au NPs) also exhibit
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high chemical stability and inertness under physiological condi-
tions as well as possesses excellent electro-catalytic properties.
All these properties make Au NPs an attractive material in multi-
functional applications especially in electrochemical and bio-
logical devices. More interestingly, the properties of Au NPs can
be controlled by tuning the shape and size of gold nanoparticles
[17]. Herein, the biogenic synthesis of Au NPs from fresh pods
of Lablab purpureus was carried out. Furthermore, Au NPs was
utilized for modification of GCE and the design Au NPs/GCE
was used as a working electrode for the detection of dopamine.

EXPERIMENTAL

Chloroauric acid tetrahydrate (HAuCls-4H,0, = 99.9%;
HiMedia, India), potassium dihydrogen orthophosphate (KH,PO,),
dipotassium hydrogen phosphate (K, HPO,) were obtained from
(SD Fine-Chem Ltd.) All the chemicals were used as received
without further purification and their solutions were prepared
in Milli-Q water. Glassy carbon electrodes (GCEs), C110 of 3
mm diameter were used as working electrodes, counter electrode
platinum (Pt) and a reference electrode was Ag/AgCl. All the
electrochemical experiments were performed with the three-
electrode system (Autolab Metrohm PGSTAT 302N).

Preparation of Lablab Purpureus pods extract: Fresh
pods of Lablab Purpureus were collected from a local village
Sajani, Dist. Kolhapur, (Latitude: 16.7163° N and Longitude:
74.3954° E). Pods were washed thoroughly under running tap
water to remove dirt and other foreign particles attached to it,
followed by double distilled water twice. These pods were
weighed 10 g accurately, chopped into small pieces and then
transferred to 250 mL glass beaker containing 100 mL of
double distilled water. It was then stirred well using a clean glass
rod and then this mixture was boiled for 15 min at 80 °C. The
extract formed thus was then filtered using Whatmann filter paper
No. 1 and then filtrate was stored at 4 °C for further use.

Synthesis of gold nanoparticles: To synthesize gold
nanoparticles (Au NPs), 10 mL freshly obtained pod extract
was added to a 100 mL of 0.001 M HAuCl4-4H,0 solution drop-
wise with constant stirring. A transparent light yellow colour
of reaction mixture was changed to purple colour, which pri-
marily indicates the formation of Au NPs. This reaction was
monitored by UV-Vis spectroscopy.

Characterization: The biogenic synthesized Au NPs were
characterized by using various spectroscopic and imaging
techniques. Fourier transform infrared (FTIR) spectroscopy
(Shimadzu, Japan) analysis has confirmed the functional group
(s) responsible for the biosynthesis of Au NPs. Elemental
compositions was detected by using energy dispersive X-ray
(EDS) spectrometer with x-act with INCA® and Aztec® EDS
analysis software (Oxford Instruments, UK). The crystalline
nature of Au NPs was studied by recording X-ray powder diffra-
ction (XRD) pattern on X-ray powder diffractometer (Bruker
AXS Analytical Instruments Pvt. Ltd. Germany).

RESULTS AND DISCUSSION

A simpler one-step and greener method for the synthesis
of gold nanoparticles (Au NPs) using the fresh pods of Lablab

purpureus was carried out. Furthermore, the morphological
studies of synthesized gold nanoparticles using TEM images
revealed that approximately 90% of the nanoparticles were
spherical and monodisperse. Upon mixing Lablab purpureus
pod extract with aqueous chloroauric acid, the solution colour
transmuted from pale yellow to purple, indicating the successful
formation of Au NPs. This visible purple colour was due to the
localized surface plasmon resonance (SPR) of Au NPs with a
diameter less than 50 nm [18,19]. The widely accepted proposed
mechanism for the synthesis of Au NPs involves a phytochemical
reaction in which complex reducing compounds present in
plant extract, such as antioxidants, enzymes and phenolic moie-
ties, reduce gold cations (Au*) into Au NPs (Au’) [20-23].
The hypothetical reduction of HAuCl,-4H,O is driven by the
presence of the phytochemicals to form zero-valent gold, which
will subsequently lead to the agglomeration of gold atoms to
nanoparticles, which are finally stabilized by the phytochemicals
itself. Plants including Lablab purpureus contain a complex
biological network of antioxidant metabolites and enzymes
that work collectively to prevent oxidative damage to cellular
components [24]. Earlier publications showed that plant extracts
contain biomolecules including polyphenols, flavonoids, sterols,
ascorbic acid, triterpenes, alkaloids, alcoholic compounds,
saponins, B-phenylethylamines, polysaccharides, glucose,
fructose and proteins/enzymes, which could act as reducing
agents for metal cations, leading to the formation of Au NPs
[25]. It also seems probable that glucose and ascorbate can
reduce gold ions to form nanoparticles at elevated temperatures
[26]. Proteins, enzymes, phenolics and other chemical comp-
ounds within the pod extracts can reduce gold salts and provide
exquisite tenacity toward the agglomeration of the formed
nanoparticles. The biogenic synthesized Au NPs exhibited an
excellent colloidal stability and surface capping that might be
because of phytochemicals present in the extract.

Characterization of biogenic Au NPs

UV-VIS studies: A typical absorbance peak at 525 nm
for AuNPs has been confirmed the formation of Au NPs. Further-
more, a change in colour of the extract from pale yellow to
purple indicates successful formation of Au NPs. A intensity
of the colour goes on increasing as the reaction proceeds. The
typical surface plasmon peak in the range of 520-540 nm with
peak maximum in the range 527-535 nm in the UV-visible
spectrum (Fig. 1) confirms formation of Au NPs in the solution.
The completion of this reaction is also confirmed by this techni-
que as the surface plasmon peak remains stable after 5 min of
time.

XRD studies: XRD pattern of the biogenic synthesis of
Au NPs has revealed the three important peaks present in the
20 range (Fig. 2). The diffraction peaks of 39.2° relates to (111),
45.2° relates to (200) and 65.5° relates to (220) facets of the
face centered cubic (FCC) crystal lattice. These values agreed
with reported values for similar gold nanostructures [27] and
also matched its planes and FCC structure with Au NPs prepared
by other reported works [28-30]. The peaks obtained are consi-
stent with and matched Joint Committee on Powder Diffraction
Standards (JCPDS) card No. 04-0784.
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Fig. 1. UV-visible absorption spectrum of reaction mixture
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Fig. 2. X-ray diffraction spectrum of biosynthesized gold nanoparticles

FT-IR studies: The FTIR spectra of neat L. purpureus
pod extract and synthesized Au NPs (Fig. 3a-b) were recorded
to analyze the functional groups of biomolecules that could
have acted as reducing and capping agents in the bioreduction.
A prominent peak at 3268 cm™ in the IR spectra of pod extract
and Au NPs was attributed to O-H stretching of alcohol or
phenol, whereas peaks observed at 2358 cm™ in extract and
2105 cm™ in IR spectra of Au NPs are due to the C=C stretching
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vibrations of carboxylic acid. The bands at 1634 cm™ that could
be attributed to the stretching vibrations of aromatic C=C
observed in both spectra. The other peaks observed at 1373
and 748 cm™ in extract and Au NPs correspond to the aromatic
stretching of C=C of alkenes and C-N stretching vibration of
amine, respectively. The comparison of IR spectra of neat
extract and Au NPs shows that the peak observed at 2358 cm™
corresponding to the carboxylic acid, which could be respon-
sible for the bioreduction and capping mechanisms during the
biogenic Au NPs synthesis.

Morphological studies: The shape, size and dispersity
of Au NPs were studied using TEM images (Fig. 4) and particle
size analysis. This showed that biogenic Au NPs were mono-
dispersed with no aggregates, spherical in shape with size
ranging between 10 and 15 nm. The crystalline structure of
Au NPs indicated by XRD pattern was further confirmed by
SAED, which showed circular white spots that were indexed
to face centered cubic structure of Au NPs.

The SAED pattern (Fig. 5a) showed the different phase
arrangement, which displayed five circular bright rings corre-
lated to the (111), (200) and (220) planes. This SAED pattern
along with XRD analysis clearly indicated that biogenic Au
NPs were crystalline in nature. The synthesis of Au NPs has
been validated by the EDAX spectra (Fig. 5b) of synthesised
Au NPs, which displayed a strong Au signal in the form of a
sharp peak at 2.0 keV. Along with this, many peaks of C, O,
Mg, Cl and K, were also observed these were originated from
surface bound biomolecules.

Cyclic voltammetry studies: In order to evaluate the
efficiency of sensor, CV was performed for the determination
of dopamine using Au NPs modified electrode 0.1 M PBS.
Fig. 6a depicts the CV response of dopamine oxidation at Au
NPs modified electrode for the successive additions of dopa-
mine (0 M to 39.5 nM) in 0.1 M PBS (pH 7.4). It can be seen
that the oxidation peak current was significantly increased with
increasing the concentrations of dopamine. The oxidation of
dopamine the anodic peak current was liner dependent over
the concentrations of 0 M to 39.5 nM as shown in Fig. 6b-c.
The linear regression equation is expressed as I, (nM) = 182.2
[DOPA] (mol L) + 4 x 10°(R? = 0.99). The calculated limit
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Fig. 3. FTIR spectrum of (a) pod extract and (b) biogenic Au NPs
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Fig. 5. (a) SAED pattern of biogenic Au_NPs and (b) energy dispersive X-ray (EDAX) spectra of Au NPs
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Fig. 6. (a) CV response for Au NPs modified GCEs towards the detection dopamine in various concentration 0 M to 39.5 nM, 0.1 M PBS (pH
7.4) and scan rate of 50 mV/s; (b) calibration plot of Au NPs/GCE with successive addition of dopamine in a solution; (c) DPV
response for Au NPs modified GCEs towards the detection dopamine in various concentration 0 M to 39.5 nM, 0.1 M PBS and scan
rate of 50 mV/s; (d) calibration plot of Au NPs/GCE with successive addition of dopamine in a solution
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of detection (LOD) was achieved to be 5.94 nM based on signa
to noise ratio (S/N = 3) with a sensitivity of 2024 AM™ cm™.

The DPV was performed with successive addition of
dopamine to 0.1 M phosphate buffer solution at 0.1 M PBS
(pH 7.4). On plotting the calibration curve, the linear variation
of anodic current with concentration was observed (Fig. 6d).
The overall performance of the sensor was better in the range
of 0 M to 39.5 nM with a sensitivity of 173 AM™' cm™ with a
regression coefficient value (R? value) of 0.99. Limit of detection
(LOD) was determined to be 7.46 nM based on the formula
3SD/sensitivity (where SD = standard deviation and sensitivity
= slope of calibration plot).

The effect of scan rate was investigated towards the oxid-
ation dopamine using the Au NPs/GCE modified electrode in
0.1 M PBS (pH 7.4) at different scan rates ranging from 10-
100 mV/s as shown in Fig. 7a. With increasing the scan rates
(10 to 100 mV/s), the oxidation peak current of dopamine
was increased with a systematic redox pairs. Fig. 7b showed
the linear relationship between the scan rate and the peak current
of dopamine with a correlation coefficient of 0.99 and 0.99 for
anodic (I;,) and cathodic (1) peak currents, respectively, which
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suggest that the electro-oxidation of dopamine was controlled
by adsorption-controlled electrochemical process on the elec-
trode surface [31,32]. In addition, the protonation of dopamine
oxidation at different pH solutions using Au NPs modified
electrode was studied by CV and the results are shown in Fig.
7c. It can be seen that the higher oxidation peak current was
observed in pH 7.4, while increasing or decreasing the solution
pH (6 and 8) peak current was gradually decreased and the peak
potential was shift towards positive and negative directions.
Hence, the pH 7.4 is an optimum for the electro-oxidation of
dopamine at Au NPs modified GCE.

It is well known that uric acid, ascorbic acid and other
amino acid, caffeine, L alanine, L-phenylalanine are the potential
biological molecules, which are commonly interfering with
dopamine detection. Hence, we have investigated the selec-
tivity of dopamine sensor in the presence of above mentioned
molecules by using CV. It was observed that the other biomole-
cule did not show any obvious signal even in the presence of
dopamine concentrations (Fig. 7d). There is no change in the
peak potential and peak current of dopamine. Hence, the proposed
Au NPs modified electrode was more suitable for selective and
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Fig. 7. (a) CV response for different scan rates from 10-100 mV/s using Au NPs modified electrode containing 39 nM dopamine in 0.1 M
PBS; (b) Linear plot for scan rate vs. I, of dopamine (c) effect of different pH solutions (6, 7.4 and 8) using Au NPs modified electrode
containing 39 nM dopamine in 0.1 M PBS and scan rate of 50mV/s; (d) interference study of Au NPs modified electrode in 0.1 M PBS
at 50 mV/s with 39 nM dopamine in the presence of caffeine, L-alanine, L-phenylalanine, ascorbic acid, uric acid, respectively
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Fig. 8. (a) Typical Nyquist plot of electrode in 0.1 mM ferrocene
electrode in 0.1 M PBS (pH 7.4) at 50 mV/s

high performance of dopamine sensor in presence of ascorbic
acid, uric acid and amino acid.

Fig. 8a shows the Nyquist plot at potential of 0.6 V vs.
Ag/AgCl, saturated KCl and the circuit model is represented
in inset for Au NPs/GCE. The R, values obtained from modified
electrode were 54 kQ, respectively. The GCE exhibits larger
semicircle having higher R; value 196 Q, revealing that faster
electron transfer in modified electrode. The rapid electron
transfer ascribed to excellent conductivity of Au NPs/GCE.
The stability of Au NPs/GCE was studied by CV as shown in
Fig. 8b. The storage stability of modified electrode was inves-
tigated and the oxidation peak current of dopamine was moni-
tored by CV. Prior to analysis, the Au NPs modified electrode
retains 97.8% of its initial response after 50 cycles.

Conclusion

Gold nanoparticles (Au NPs) were synthesized from the
fresh pods of Lablab purpureus with particle size ranging between
10-15 nm with FCC crystal lattice. We have also successfully
validated high sensitive detection of dopamine based on Au NPs
modified electrode. The designed Au NPs modified electrode
exhibits good reproducibility, high stability and favourable
sensing performance for the detection of dopamine which is
about 97.8%. Additionally, proposed novel sensor may be
employed in the selective and simultaneous determination of
dopamine and uric acid in their binary mixture. Thus, Au NPs
modified electrode is possibly a promising candidate for the
development of effective electrochemical sensors for the poten-
tial applications in medicine and biotechnology.
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