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ARTICLE INFO ABSTRACT

Keywords: We report the synthesis of bimetallic plasmonic nanostructure of silver shelled gold nanorods (Ag—Au NRs),
Silver shelled gold nanorods subsequently employed for the selective detection of cholesterol (Cho) and triglycerides (TGl) utilizing Surface
LSPR Enhanced Raman Spectroscopy (SERS). In this direction, the gold nanorods (Au NRs) were synthesized via seed
'E;}'Ii:ll;sct:rri?iles biosensor mediated growth method followed by forming a silver shell with reduction of AgNO3 onto Au NRs. Ag-Au NRs
SERS showed significantly augmented SERS property owing to hybridization of Localized Surface Plasmon Resonances

(LSPR) of silver and gold. The enhanced plasmonic property was thus employed for biosensing. For this, two
different Raman reporter molecules, 5,5-dithiobis—(2-nitrobenzoic acid) (DTNB) and 4-aminothiophenol
(4ATP) were immobilized separately on Ag-Au NRs to synthesize SERS active nanoprobes, before the attachment
of the bioreceptors — cholesterol oxidase (ChOx) and lipase (Lp) to form ChOx-DTNB-Ag-Au NRs and
Lp-4ATP-Ag—Au NRs. These nanoprobes were then utilized for the quantification of Cho and TGl via liquid mode
Raman spectroscopic study. The change in SERS spectral intensity of DTNB and 4ATP were systematically
recorded in reference to the baseline sample to mark the calibration for both Cho and TGl. Additionally,
interference studies considering effects of ascorbic acid, glucose, sodium and potassium ion were performed to

unveil excellent selectivity of the proposed method.

1. Introduction

The fat components of healthy human diets play a pivotal role in the
synthesis of a range of essential biomaterials inside the body that include
vitamins, hormones, steroids, among others (Anderson and Williams,
1937). They are also the building blocks of cell membrane and various
cell organelles, responsible for transporting fat-soluble vitamins A, D, E,
K through the bloodstream (Morris and Mohiuddin, 2020), participate in
the storage of energy before ‘burning’ to revive a human body and
produce fatty acid, a pivotal element for human survival (Johnson and
Mohn, 2015; Mellanby, 1933). A healthy fat metabolism maintains
adequate levels of cholesterol and triglycerides in the blood, ensuring
optimal physiological function of the body (Kritchevsky, 1995; Law-
rence, 2010). However, excess or inadequate amount of these in the
blood serum are indicators of the onset of various metabolic and car-
diovascular disorders (Wakil and Abu-Elheiga, 2009). On the other
hand, the modern medicine depend heavily on the blood cholesterol and

triglycerides in assessing and managing cardiovascular health (Soppert
et al., 2020) because the plaque tends to clog the arteries to engender
various cardiovascular complications in the human body. It is now well
understood that the routine measurement of cholesterols and tri-
glycerides at the patient’s site employing a point-of-care-testing
(POCT) device can help in the early detection of diverse cardiovascular
complications at the early stage.

Predominantly, Cho is synthesized in the liver via de novo synthesis.
Being insoluble in water, the bipolar biomolecules such as high density
lipoproteins (HDL) and low density lipoproteins (LDL) transport
cholesterol throughout the body (Trajkovska and Topuzovska, 2017).
The LDL carries cholesterol from liver to the cells for utilization in
various metabolic functions. The cells release the surplus cholesterol
into the bloodstream which is reclaimed by HDL and transport to liver
for elimination. Therefore, any imbalance between the LDL and HDL
elevate the cholesterol accumulation in the blood causing plaque for-
mation in the arterial walls (Norum et al., 1983). If left untreated, it can
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cause adverse cardiovascular diseases like hypertension, reduced blood
flow, formation of blood clots, ischemia, peripheral artery disease and
among others (Lawes et al., 2004). On the other hand, TGl are primarily
consumed via dietary intake. Once ingested, these are converted into
fatty acids and glycerol during digestion, which in turn is absorbed in
the bloodstream and packaged inside lipoproteins, especially very
low-density lipoprotein (VLDL) for transportation to the cells. The
excess and unutilized TGl are stored in the adipose tissues for future use.
An elevated level of TGl level leads to hypertriglyceridemia causing
various fatalities like atherosclerosis and coronary artery disease,
pancreatitis, metabolic syndrome, type 2 diabetes, fatty liver and among
others (Nordestgaard and Varbo, 2014). Therefore, the timely detection
of any abnormality and monitoring of cholesterol and triglyceride levels
in the blood is highly sought for.

Conventionally, Blood Lipid Profile testing is the gold standard for
the identification of Cho and TG levels in the blood (Nordestgaard,
2017). According to National Lipid Association and the National
Cholesterol Education Program (NCEP), the prescribed cholesterol level
in blood is < 200 mg/dL for adults and <170 mg/dL for children
(Children and Pediatrics, 1992). For TGl, the recommended level is <
150 mg/dL for adults and <90 mg/dL for children (Stein and Myers,
1995). Although the blood profile test is widely accepted, various
technological advancements have emerged to improve the efficiency
and efficacy of the examination and contribute to a more patient-
—friendly diagnostic approach. Considering this, numerous researches
have been made for enzymatic detection of Cho and TGl viz, electro-
chemical sensors (Amiri and Arshi, 2020) employing voltamme-
tric/amperometry detection techniques utilizing carbonaceous
materials (Mondal et al., 2017) or nanostructures (Mitra and Basak,
2022), colorimetric and plasmonic sensing using plasmonic nano-
structures (Basak et al. 2021a, 2022; Basak et al., 2022), chemiresistive
sensors (Yang et al., 2023), semiconductor devices biosensors (Hooda
et al., 2018), and among others. Therefore, the new innovations for
advancing the blood lipid test and making it less invasive by incorpo-
rating cutting—edge approaches that can surpass current standards and is
fervently pursued.

SERS is a pioneering, non-destructive and state-of-art analytical
technique that has been widely accepted for transformative approach to
molecular characterization (Tahir et al., 2021). The localization of
electric field in the vicinity of the plasmonic metal nanostructures owing
to the LSPR characteristic, creates “hotspots” of electron density sur-
rounding the metal nanostructures (Haes et al., 2004). These hotspots
serve as the source for intense spectral recognition in SERS, thus sur-
passing the limitations of Raman Spectroscopy (Zhang et al., 2017). It
has revolutionized the nanoscale light-matter interaction based bio-
sensing approaches surpassing diffraction limits and enhancing the near
field intensity (Giannini et al., 2010). Several studies have been reported
for designing the highly SERS active metal nanostructures targeting
label free, single cell/molecule detection for precise and novel bio-
sensing purposes (Sun et al., 2019).

In view of the above background, the present work focuses on the
development of a SERS based multiplexing principle for the concurrent
detection of Cho and TGl. For this purpose, the SERS active bimetallic
nanostructures, Ag-Au NRs, were synthesized chemically. The plas-
monic resonance hybridization of silver and gold produces significantly
augmented spectral resolutions as compared to pristine silver or gold
nanorods. Subsequently, the Ag-Au NRs were linked to two different
Raman active receptors and immobilized with ChOx and Lp for con-
current detection of different concentrations of Cho and TGI. SERS ex-
aminations and the selectivity test with different interfering agents
proved the efficiency of the proposed methodology for steadfast bio-
sensing applications.

Biosensors and Bioelectronics 268 (2025) 116885

2. Materials and methods
2.1. Materials

All reagents and related instruments are listed in section S1 of the
Electronic Supporting Information (ESI).

2.2. Methods

All experimental methods are mentioned in section S1 of the ESI.
3. Results and discussion
3.1. Characterization of Au NRs

Here, the Au NRs was synthesized via seed mediated growth method,
as described in the ESL. Fig. 1 shows the morphological characterizations
of the synthesized Au NRs. The UV-Vis spectroscopic spectrum in Fig. 1
(a) shows two characteristic LSPR peaks — transverse peak at ~ 518 nm
and longitudinal peak at ~ 645 nm which confirms the formation of the
anisotropic nanostructure. Besides, Fig. 1(b) shows the Field Emission
Transmission Electron Microscopy (FETEM) and the High-Resolution
Transmission Emission Microscopy (HRTEM) (Fig. 1(b)inset) imaging of
the Au NRs confirming the formation of rod-like structure with (i)
diameter of ~14 nm and (ii) length of ~32 nm. The ring appearance of
the diffraction pattern (DP) recorded in Selected Area Electron Diffrac-
tion (SAED) pattern in Fig. 1(c) shows the merger of the field of many
single crystals of the single crystalline Au NRs. The Au NRs was further
utilized for the synthesis of Ag-Au NRs by chemical reduction of AgNO3
on the surface of Au NRs to form the silver shell over the Au NRs.

3.2. Characterization of Ag-Au NRs

Fig. 2 depicts the morphological characterizations of the as-
synthesized Ag-Au NRs. The UV-Vis characterization in Fig. 2(a)
shows a significant shift of the spectrum of Au NRs to ~ 415 nm after the
chemical synthesis of Ag-Au NRs. This spectral shift confirms the for-
mation of Ag shell over the Au NRs as the characteristic LSPR spectrum
of Ag lies within this specific domain (Zhu et al., 2018). The broadening
of UV-Vis spectrum of the Ag-Au NRs could be attributed to (i) the LSPR
spectral coupling of both Au and Ag, and (ii) the polydispersity of the
synthesized Ag-Au NRs as shown in the FETEM images. Also, the
stronger plasmonic response of Ag than Au resulted in remarkably
intense absorbance in Ag-Au NRs as compared to Au NRs.

Moreover, the FETEM and HRTEM images (inset) in Fig. 2(b)(i), 2(b)
(iii), and 2(b)(iv) depict the morphology of Ag—Au NRs indicating the
formation of a complete envelope over the Au NRs. To verify the
composition of the envelope over the Au NRs, elemental mapping was
performed in FETEM. Fig. 2(b)(ii) shows the elemental mapping of Fig. 2
(b)(1) illustrating the presence of Ag and Au over the entire mapped area.
These images confirm the formation of fully-grown Ag shell enveloping
the Au NRs. The diffused grains with circular DP appeared in SAED
pattern in Fig. 2(c) depicts the recording of the DP in the field of many
single crystals of the Ag—Au NRs.

3.3. Preparation of DTNB-Ag-Au NRs and 4ATP-Ag-Au NRs SERS
nanoprobes

Subsequently, the Ag-Au NRs was modified to prepare SERS
nanoprobes for the biosensing application. For this purpose, two Raman
reporter molecules — DTNB and 4ATP were immobilized distinctly on
Ag-Au NRs via gold thiol coordination bonding. The preparation steps
for DTNB-Ag—Au NRs and 4ATP-Ag—Au NRs SERS nanoprobes are given
in ESI. The immobilization of DTNB or 4ATP on Ag-Au NRs were
confirmed using Raman Spectroscopic characterization in liquid mode
which shows the appearance of characteristic molecular vibrational



M. Basak et al.

Biosensors and Bioelectronics 268 (2025) 116885

() o0.10] —AuNRs
i
= 0.09 f
s I
s 0.08 t
= 518 nm .
=
"E 0.07 !
i
2 006 ;
< 0.05 647 nm
490 525 560 595 630 665 700 735
A (nm)
14 Mean width: i 164 (ii Mean length:
14 nm \ ( ) 14 ( ) 32 nm
12
- 10 - 12
S s E 10
S 2 g
C , S
6
4 4
2 ¢ N 7 7 vy
00— : 0
9 12 15 18 21 20 25 30 35 40 45

Au NR width (nm)

Au NR length (nm)

Fig. 1. Shows (a) UV-Vis spectrum of the synthesized Au NRs, (b) FETEM imaging of the Au NRs showing average diameter of ~14 nm (i) and length ~32 nm (ii),

and (c) SAED pattern of the synthesized Au NRs.
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Fig. 2. Shows (a) UV-Vis spectrum of the Ag-Au NRs as compared to Au NRs, (b) (i), (iii) and (iv) FETEM images of the synthesized Ag—Au NRs, inset shows the
HRTEM images depicting formation of the shell over Au NRs, (b)(ii) the elemental mapping of Ag and Au of (b)(i), and (c) SAED pattern of the synthesized

Ag-Au NRs.

peaks of DTNB(Rhee et al., 2023) and 4ATP (Gabudean et al., 2011) on
Ag-Au NRs, as shown in Fig. 3(a). The characteristic Raman bands of
DTNB-Ag-Au NRs and 4ATP-Ag-Au NRs are listed in Table 1.

The Raman active molecules like DTNB or 4ATP are highly employed
in SERS based biosensing applications owing to its significantly
improved SERS spectral properties on immobilization to metallic
nanostructures. The spectral enhancement ensures a high signal-to-noise
ratio, even at low analyte concentrations, thereby providing competent
sensing resolution.

3.4. Characterization of plasmonic property

The plasmonic spectral coupling of Ag and Au in Ag-Au NRs provides
an enhanced LSPR characteristics as observed in Fig. 2(a). To validate
the enhanced LSPR property of the Ag-Au NRs compared to Au NRs,
plasmonic enhancement factor was examined using SERS characteriza-
tion, as shown in Fig. 3(b). Fig. 3(b)(i) and 3(b)(ii) show the spectral

enhancement observed in the Raman bands of DTNB and 4ATP,
respectively, after immobilizing on both Ag-Au NRs and Au NRs. It
could be inferred from the figure that the apex spectral peak of DTNB at
1333 cm™! and 4ATP at 1077 cm™! show ~20 fold and ~50 fold
augmentation, respectively, when immobilized on Ag—Au NRs compared
to Au NRs. Earlier studies report that the combination of plasmonic
metal nanostructures like Ag and Au in Ag-Au NRs show strong
enrichment of electric field around the nanostructures owing to syner-
gistic hybridization of the plasmonic bands of the two metals (Jia et al.,
2014), compared to Ag or Au independently. Therefore, one can infer
that the remarkable plasmonic characteristics of Ag-Au NRs could be
employed for sensitive detection of various biomolecules. A comparative
examination of SERS spectral enhancement of DTNB and 4ATP on Au
NRs and Ag-Au NRs, individually, is given in section S2 of the ESI for
better comprehension.

The plasmonic enhancement of the synthesized Au NRs and Ag-Au
NRs were also numerically simulated using COMSOL Multiphysics™
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Fig. 3. Shows (a) characteristic Raman spectroscopic bands of DTNB-Ag-Au NRs and 4ATP-Ag—Au NRs as compared to pristine Ag—Au NRs, (b) the enhancement in
SERS spectral peaks of (i) DTNB-Ag-Au NRs and (ii) 4ATP-Ag-Au NRs, and (c) simulation result for near field enhancement of (i) Au NR and (ii) Ag-Au NR.

Table 1
Characteristic Raman bands of DTNB and 4ATP.

DTNB-Ag-Au NRs 4ATP-Ag—Au NRs

Raman Assignment Raman Assignment

band band

(ecm™) (ecm™)

847 Scissoring vibration of NO, 1009 C-Cring
group deformation

1063 Succinimidyl N-C-O 1077 C-C, C-S
stretching overlapped with stretching
aromatic ring modes 1178 C-H bending

1152 C-H deformation modes 1350 C-N stretching

1333 Symmetric NO, group 1492, 1545  C-H bending and

C-C vibration
1558 C-C stretching on aromatic 1598 NH,, bending

ring

based numerical simulation. The details of the simulation framework are
discussed in section S3 of the ESI. Fig. 3(c)(i) and (ii) show the near field
enhancement in an isolated Au NR showing theoretical enhancement
factor, EF; in the order of ~10* whereas for Ag-Au NR it is ~10°. The
simulation results demonstrate the EF, of the Ag—Au NR is much higher

as compared to Au NR as also obtained in the SERS characterization.
Therefore, further experiments were carried out utilizing Ag—Au NRs for
the biosensing application owing to its significantly enhanced plasmonic
properties.

3.5. Biosensing of Cho and TG

For the concurrent detection of Cho and TGl, DTNB-Ag-Au NRs was
immobilized with ChOx and 4ATP-Ag-Au NRs was immobilized with Lp
utilizing EDC-NHS bioconjugation chemistry. The detailed enzyme
immobilization procedure is discussed in ESI and shown schematically
in Fig. 4(a). Fig. 4(b) (i) shows the UV-Vis characterization for the
immobilization of DTNB and ChOx on Ag-Au NRs. The attachment of
DTNB to Ag-Au NRs did not result in a notable shift in the UV-Vis
spectral wavelength, and there was a decrease in absorbance. However,
SERS characterization, as shown in Fig. 3(a), confirmed the successful
attachment of DTNB. Further, the immobilization of ChOx resulted in
~11 nm wavelength shift in the UV-Vis spectrum of DTNB-Ag-Au NRs.
Similarly, Fig. 4(b) (ii) shows the attachment of 4ATP and Lp on Ag-Au
NRs. The UV-Vis spectrum of Ag-Au NRs showed a concurrent wave-
length shift of ~7 nm and ~2 nm with subsequent attachment of 4ATP
and Lp, respectively. The reason for such observations could be
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attributed to the change in the local refractive index surrounding the
Ag-Au NRs after the immobilization of the enzymes which shifted the
LSPR spectrum of the Ag-Au NRs to the longer wavelength (Basak et al.,
2021b; Nirala et al., 2018), and thus confirming their attachment to the
surface. Further, the immobilization of ChOx and Lp was also confirmed
using FTIR analysis as shown in Section S4 of the ESIL.

For the detection of Cho and TGl, SERS analysis was employed to
observe the interaction of different concentrations of Cho and Glycerol
Trioleate (TG) with ChOx-DTNB-Ag-Au NRs and Lp-4ATP-Ag-Au NRs,
respectively. As per clinical reports (Children and Pediatrics, 1992), the
desirable level of total Cho in blood should be less than 2 mg/mL for
adults and 1.7 mg/mL for children. An elevated level exceeding 2.4
mg/mL is considered alarming. For TGl (Caudill et al., 1998), the
desirable level is 1.5 mg/mL for adults and 0.9 mg/mL for children. TGl
level higher than 2 mg/mlL, is a case of hypertriglyceridemia. Therefore,
considering the clinical range of Cho and TGl, different concentrations of
Cho and TG were prepared — 0.5 mg/mL, 1 mg/mL, 1.5 mg/mL, 2
mg/mL, 2.5 mg/mL, and 3 mg/mL, following the protocol stated in ESI.

For the reaction of Cho (or TG) with ChOx-DTNB-Ag-Au NRs (or
Lp—4ATP-Ag-Au NRs), 25 pL of different concentrations of ChO (or TG)
were added to six different glass vials containing 1 mL of
ChOx-DTNB-Ag-Au NRs (or Lp-4ATP-Ag-Au NRs) and was incubated
in a water bath maintained at ~ 40 °C for ~ 30 min. After the reaction,
the solutions were allowed to cool to room temperature before the SERS
examinations were performed. For the SERS study of total Cho (or TG),
at first, 800 pL of ChOx-DTNB-Ag—Au NRs (or Lp—4ATP-Ag—Au NRs)
was taken in a cuvette and SERS was performed in liquid mode which
marked the baseline for further analysis. After that, 800 pL of different
concentrations of Cho-ChOx-DTNB-Ag-Au NRs (or
TG-Lp-4ATP-Ag-Au NRs) were analyzed sequentially.

Fig. 5 depicts the SERS analysis performed to characterize the
respective enzymatic reactions. Fig. 5(a) shows the change in the SERS
spectral intensity for different concentrations of Cho reacting with
ChOx-DTNB-Ag-Au NRs. The figure illustrates that the SERS intensity
of ChOx-DTNB-Ag-Au NRs increases gradually after reaction with
increasing concentrations of Cho with a shift in the Raman band towards
higher wavenumber by ~1.5 cm™! as shown in Fig. 5(c). Here, Raman
band at 1333 cm™! has been considered for the study owing to pro-
nounced SERS intensity and substantial responsiveness.

Similarly, Fig. 5(b) and (d) show the gradual decrease in SERS
spectral intensity of Lp-4ATP-Ag—Au NRs on reacting with increasing
concentrations of TG with a shift of Raman band at 1077 cm™! by ~ 1
cm™! towards the higher wavenumber. The reason for such concentra-
tion induced frequency shift could be attributed to the bonding of Cho to
ChOx-DTNB-Ag-Au NRs or TG to Lp-4AT-Ag-Au NRs, respectively.
The formation of enzyme substrate complex induces a stress due to
conjunction and creates a tension load on the adsorbed DTNB or 4ATP
causing tensile deformation of the corresponding bands. Also, the
bonding of Cho to ChOx and TG to Lp promotes an alteration of the
electron cloud distribution causing a change in the polarizability of the
DTNB-Ag-Au NR and Lp-Ag-Au NR system. This persuades a simulta-
neous effect on the charge transfer from Ag-Au NR to DTNB/4ATP,
which may be a probable reason for the variation in SERS intensities and
shift in Raman bands for the two cases (Ma et al., 2019). Additionally,
when Cho is allowed to interact with ChOx-DTNB-Ag-Au NRs, the re-
action of Cho with ChOx produces hydrogen peroxide and
cholest-4-en-3-one. The generated hydrogen peroxide induces the
controlled aggregation of the colloidal nanostructures, as observed in
the samples after reaction, causing increase in the LSPR hotspots, which
is reported to be the reason for the enhanced SERS signals of the DTNB
spectral peaks (Gorbachevskii et al., 2018). In contrast, in case of re-
action of TG with Lp-4ATP-Ag-Au NRs, it produces glycerol and fatty
acids. The adsorption of glycerol and fatty acids thus generated creates a
coating over the nanostructure surface causing a shielding of the light
interaction with 4ATP molecules, which can be hypothesized as one of
the reasons for the decrease in the SERS spectral intensity of 4ATP
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(Diaz-Amaya et al., 2019).

Fig. 5(e) shows the calibration graph for the measurement of
different concentrations of Cho and TG. The graph was prepared by
plotting the normalized SERS intensity (Isggsn) of Cho—
ChOx-DTNB-Ag-Au NRs to ChOx-DTNB-Ag-Au NRs at 1333 cm™! and
TG-Lp-4ATP-Ag-Au NRs to Lp—4ATP-Ag-Au NRs at 1077 em™! for
different concentrations of Cho and TG, respectively. The plot shows a
good linear trend in the variation of SERS intensities with different
concentrations of Cho and TG. Tables S2 and S3 in ESI lists the com-
parison of LOD and sensitivity of Cho and TG detection in the present
work with previous reports.

Further, an interference study was performed to validate the speci-
ficity of the proposed sensing technique. For the validation study, the
four major interfering agents present in blood were employed: viz
ascorbic acid (AA), D-Glucose (D-Glu), sodium ion (NaCl), and potas-
sium ion (KCl). The experimental procedure for testing the effect of the
listed interfering agents was similar to as used for testing different
concentrations of Cho and TG as discussed in the ESI.

At first, SERS spectra of the enzyme immobilized nanostructures
were obtained and marked as baseline. Thereafter, the SERS spectra for
Cho, AA, D-Glu, NaCl, and KCI reacted with ChOx-DTNB-Ag-Au NRs
were obtained, individually. For validation study of Lp—4ATP-Ag-Au
NRs, similar experiments were repeated with 2 mg/mL of TG instead of
2 mg/mL of Cho, else remains same. The change in the SERS intensity of
ChOx-DTNB-Ag-Au NRs and Lp—4ATP-Ag-Au NRs before and after the
reaction was normalized to prepare the validation plots, as shown in
Fig. 5(f) and (g). Fig. 5(f) illustrates that only in the presence of Cho, the
normalized SERS intensity (Isgrs n) increases, similar to as obtained in
Fig. 5(a). For all other cases, either no change or an opposite trend was
observed. Similarly, the plots in Fig. 5(g) show a decrease in normalized
SERS intensity only for TG, similar to Fig. 5(b) unlike other interfering
agents showing minimal or opposite trend in change in SERS intensity.
Therefore, the plots in Fig. 5 demonstrates that the SERS based detection
of Cho and TG has the potential to serve as a pivotal technique for
multiplexed identification of lipid profile.

4. Conclusions

In summary, the study focuses on the development of a sensing
technique utilizing SERS of plasmonic bimetallic nanostructures. Here-
in, the synthesized bimetallic nanostructures, Ag-Au NRs exhibit
enhanced LSPR characteristic as compared to pristine silver and gold
nanostructures owing to plasmonic spectral hybridization. These nano-
structures demonstrate ~20-fold and more than ~50-fold enhancement
in the SERS spectral peaks of DTNB and 4ATP, respectively, as compared
to its gold nanorods counterparts. Further, the enriched SERS charac-
teristics of Ag—Au NRs were employed for the detection of ChO and TGl
by immobilizing ChOx and Lp linked to the SERS active molecules to
form ChOx-DTNB-Ag-Au NRs and Lp-4ATP-Ag-Au NRs. These enzy-
me-modified nanostructures were then utilized to observe the variation
in SERS spectral peaks of DTNB and 4ATP on interaction with different
concentrations of ChO and TG, respectively. Interference study with
ascorbic acid, glucose, sodium, and potassium ion showed the selectivity
and specificity of the sensor.
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