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Abstract: A majority of the population is affected by diabetes worldwide. The delay in detection leads
to serious conditions such as cardiovascular disease, neuropathy, and others. To avoid severe
consequences, it needs to be detected at the early stages. Various methods and techniques have already
been introduced commercially to detect diabetes. But still, there are various limitations to these
traditional methods (ion-exchange chromatography, high-performance liquid chromatography (HPLC),
thiobarbituric acid (TBA) assay, boronate affinity chromatography) such as they require more time for
operation; also, they are expensive and need expertise for operation. These limitations can be overcome
with the application of biosensors integrated with nanomaterials and imprinting techniques. This
presented study describes the development of an electrochemical biosensing platform for determining
the concentration of glycated albumin. The biosensor was developed using the molecularly imprinting
technique to enhance the specificity, stability, and selectivity. Further, to enhance the electrode’s
conductivity, surface area, and biocompatibility, the sensing platform was modified with Molybdenum
disulfide (M0S;) nanosheets and Platinum nanoparticles (Pt NPs). Furthermore, the presented electrode
was evaluated with electrochemical measurements. The biosensor exhibits a detection limit as low as
0.34 nM. Also, it operates in a dynamic concentration range from 0.34 nM to 700 uM. The actual
working range was divided into lower (0.34 nM to 35 uM) and higher (200 to 700 pM).
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1. Introduction

Diabetes mellitus is a major health issue worldwide, and it has severely affected
developed countries [1-3]. A report issued in 2014 by the International Federation of Diabetes
shows 382 million diabetes cases around the globe. About 300 million were recorded at higher
risk of diabetes and 175 million as undiagnosed diabetics [4]. The diabetic condition in people
can lead to serious complications such as cardiovascular disease, neuropathy, and retinopathy
due to long-term hyperglycemia [2,5]. Therefore, the diagnosis is necessary during the early
stages and taking measures to control the blood sugar within a normal range [2]. Various
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published reports show that higher fluctuation in glucose levels results in macrovascular and
cardiovascular diseases at the early stages. Therefore, these disorders can be prevented when
detected at an early stage [2].

The available test for glucose monitoring is Glycated hemoglobin (HbAlc). It also
provides information on other complications associated with a diabetic condition [6,7].
Although, in various conditions such as pregnancy, kidney-related issues, and
hemoglobinopathies, the test for glycated hemoglobin is not suggested [8]. In these conditions,
it is advised to measure the level of fructosamines or glycated albumin (GA) [9, 10]. GA is
considered an appropriate biomarker for detecting diabetic conditions as it contains all the
glycated proteins in the plasma [11]. It was first reported by Dolhofere and Weiland in 1979
that in diabetic patients level of GA is higher than measured in healthy individuals [12,13]
(Healthy adults: 9-16%; Older adults: 10.23-14.79%; Children: 10.38-13.89%;
Hemoglobinopathy: 14%-17%; Pregnancy: First trimesters:11.26-15.10%, Second trimesters:
10.04-13.50%, Third trimesters: 9.76-13.09%; Kidney related issues: 15.6-18.2%) [14-18]. It
has been reported that the half-life of GA in the blood is 12-21 days; hence, it plays an
important role in keeping track of the changes that have occurred during the glycemic condition
when undergoing treatment [19-22]. Presently, GA is determined in a blood sample using
traditional fructosamine tests. These tests provide most of GA signals, whereas other signals
consist of glycated globulins. Several methods have already been developed for determining
protein levels, such as high-performance liquid chromatography (HPLC), immunoassay, and
enzyme-linked boronate-immunoassay [23]. But these methods have some constraints. They
are expensive, don't provide rapid results, and require expertise for operation. These drawbacks
or limitations of the traditional methods can be eliminated with the development of biosensors.
The development of sensors for biomedical applications has facilitated overcoming several
limitations of the conventional methods as they provide rapid results, are low cost, and are
user-friendlier.

Therefore, in this presented research, an electrochemical-based biosensing platform
was developed for identifying the concentration of GA in patients. Several studies have been
reported for GA detection, some of which are discussed here. A study describes an
electrochemical biosensor fabricated using reduced graphene oxide/gold nanoparticles
(rGO/Au NPs). The biosensor is based on aptamer and anti-GA aptamer. The sensing platform
was examined using various techniques. The working range of the biosensor was observed
between 2-10 ug mL™ [22]. Another study describes the fabrication of a biosensor based on
electrochemical and colorimetric detection of GA. A sandwich-type biosensor was fabricated
using Boronic acid (BA)-agarose beads for capturing GA, and the surface was modified with
urchin-like platinum nanozymes (SuPtNZs) for better sensor performance. The biosensor
reported a low detection limit and higher sensitivity [24]. An aptamer-based biosensor was
developed and modified with DNA for detecting glycated human serum albumin (GHSA). The
sensing platform was based on graphene oxide (GO) and aptamer (Cy5- labeled G8) fluorescent
quenching. The biosensor promised to monitor the level of GHSA for diabetes mellitus, and
the sensor showed a detection limit of 50 ug mL™ [25]. The reported biosensors are based on
enzymatic reactions that limit certain parameters such as the sensor's stability, selectivity, and
storage time. The present work can facilitate overcoming these limitations.

The presented electrochemical biosensor is developed based on molecularly imprinting
techniques. The molecularly imprinted polymer (MIP) for GA was synthesized and used for
electrode modification. The MIP is highly specific to the predefined biomolecules and is based
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on developing 3-dimensional (3-D) structures for the specific biomolecule. This technique can
facilitate the improvement of the sensing platform by providing high selectivity and sensitivity
[26-29]. Further, the electrode was modified with nanosheets and nanoparticles due to their
exclusive properties. The advancement in 2-dimensional (2-D) materials has attracted several
applications due to their unique properties, such as high stability, excellent electroactivity, low
cost, and providing a large surface area. Hence, in this work, Molybdenum disulfide (MoSy)
nanosheets were incorporated; they improve the performance of a biosensor in terms of better
electrical properties, increased surface area, higher electron transport, and great flexibility [30-
33]. Additionally, the electrode was modified with platinum nanoparticles (Pt NPs). They are
noble metal nanoparticles with various unique properties such as biocompatibility, higher
conductivity, and catalytic properties [34]. The combination of MoS, nanosheets and Pt NPs
provide a synergistic effect on the developed biosensor and improve its performance.

The fabricated biosensor exhibits a lower detection limit and rapid detection. The
biosensor promises to show higher sensitivity and can be developed as a point-of-care device.
Also, the sensor operates in a wide detection range.

2. Materials and Methods

The screen-printed electrode (SPE) was purchased from PalmSens Compact
Electrochemical Interfaces (a company in Netherland). Azobisisobutyronitrile (AIBN, 98%),
ammonium heptamolybdate tetrahydrate ((NHs)sMO7024), Methyl methacrylate (MMA),
Ethylene glycol dimethacrylate (EGDMA), thiourea (CH4N.S), glycated human albumin,
Acetonitrile (ACN), Chloroplatinic acid (H2PtCle-6H20), Trisodium citrate (NasCsHs07) were
acquired from the U.S.A. based company Sigma Aldrich. The solutions were prepared in
distilled water (DW).

Further, the structures on the surface of a developed platform were studied with the
surface characterization technique scanning electron microscopy (SEM). Also, the reactions
occurring on the modified electrode surface were recorded with electrochemical measurements
on an instrument, "potentiostat SP-200 from Biologics".

2.1. Synthesis of MoS, nanosheets.

The MoS; nanosheets were synthesized by a one-step hydrothermal reaction. A mixture
was prepared in 36 mL DW containing (NH4)sMO7024 (1.24 gm) and CH4N2S (2.28 gm) with
vigorous stirring carried out for 30 minutes for the formation of a homogenous solution.
Afterward, the solution was transferred to an autoclave and heated at 220 C for 24 hours, further
cooling it to room temperature. The obtained solution was centrifuged to collect the formed
black precipitate. Further, the solution was first washed 3-4 times using DW, followed by 2-3
times with ethanol. In the final stage, the product was dried in a vacuum oven for 24 hours at
60 °C [33].

2.2. Synthesis of Pt NPs.

For the synthesis of citrate-capped Pt NPs, a method developed by Henglein and co-
workers was adopted. A mixture was prepared of 0.0003 M in 97 mL DW containing
H2PtCls.6H20 (3 mL of 0.01 M). The mixture was then heated with continuous stirring at
100C. After that 1%, NasCsHsO7 was prepared, and 5 mL of it was mixed into the solution. In
addition, the yellow color of the solution turned transparent and further to light brown. The
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obtained product was allowed to boil for 30 more minutes, and then it was cooled at room
temperature to form Pt nanoparticles [35].

2.3. Preparing MIP.

To synthesize MIP for GA, the bulk polymerization method was adopted. All the
reagents (EGDMA, MMA, GA) were added in a specific ratio of 1:4:4 M in a porogen (ACN-
50 mL). Further, the prepared mixture was allowed to sonicate for about 30 minutes and kept
under purging for 10 minutes. Maintaining the inert conditions, the mixture was thermally
polymerized with an AIBN initiator at 40 °C for 2 days in a water bath. After 48 hours, a white
crystalline powder was obtained. Now, this obtained product was washed using a methanol-
acetic acid mixture. In the next step, the MIP was kept for drying in an oven and ground into
fine powder for further experimentation [26].

2.4. Fabrication of working screen-printed electrode.

2.4.1. Modifying surface of SPE with MoS; nanosheets.

A solution of MoSz (0.1 gm) in DW (10 mL) was prepared with 30 minutes of
sonication. For the thin and uniform deposition of MoS; nanosheets, the cyclic voltammetry
(CV) technique was incorporated. A 100 pL of the prepared solution was drop cast on the
electrode surface, and CV cycles (10 cycles for polymerization) were applied from 0.0 to -1.0
V at 50 mV/s. Then afterward, DW was used for washing the surface of the electrode to remove
unbounded particles and then drying the electrode at room temperature [36].

2.4.2. Electrodepositing Pt NPs on MoS2/SPE modified electrode.

A 100 pL of synthesized Pt NPs solution (light brown) dropped cast on a modified
MoS,/SPE surface. The Pt NPs were electrodeposited with the CV technique using a voltage
from -0.5 to 1.5 V and a scan rate of 50 mV/s for 25 cycles [34,37].
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Scheme 1. Stepwise graphical representation for the development of the biosensor: Step 1: Electrodeposition of
MoS; nanosheet on a screen-printed electrode (SPE); Step 2: Deposition of Pt NPs on modified MoS,/SPE; Step
3: Electrode modification with molecular imprinted polymer (MIP); Step 4: Extraction of template from the bulk
MIP; Step 5: Electrochemical measurement for the modified electrode (SPE-Screen printed electrode; MMA-
Methyl methacrylate; EGDMA-Ethylene glycol dimethylacrylate; AIBN-Azobisisobutyronitrile; ACN-
Acetonitrile; GA-Glycated Albumin; MIP-Molecular imprinted polymer).
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2.4.3. Electrodeposition of MIP on Pt NPs/MoS,/SPE.

Afterward, the surface of the designed electrode (Pt NPs/MoS2/SPE) was modified
using MIP prepared for GA. The CV technique was used, and voltage was applied from -0.2 to
0.6 V for 15 cycles at a scan rate of 20 mV/s. After the deposition of MIP on the electrode
surface, it was washed with DW. Further, the electrode was stored at normal temperature for
drying to perform other experiments [26]. The fabrication steps for the electrode are clearly
illustrated in Scheme 1. The cavities formed on the electrode surface for the GA molecules
allow for rapid and fast transfer of electrons on the surface, resulting in an enhancement of
electron conductivity.

3. Results and Discussion

3.1. Morphology characterization of the designed MIP/Pt NPs/MoS,/SPE.

The surface of the designed (MIP/Pt NPs/MoS./SPE) electrode was characterized with
SEM at each modification stage. Figure 1(i)(A) illustrates the SEM micrograph of MoS;
nanosheets at 0.5 um. The image clearly shows the formation of sheet-like structures on the
electrode surface for MoS; to provide a large surface area. Figure 1(i)(B) represents the Pt NPs
on MoS2/SPE electrode surface. The spherical-like structures confirm the existence of
nanoparticles on the surface of Pt NPs/MoS,/SPE. The Pt NPs provide higher catalytic activity
to the biosensor. Figure 1(i)(C) depicts the SEM image for the MIP coated on Pt
NPs/MoS,/SPE electrode surface. It can be seen that similar structures are present on the
electrode surface, confirming the deposition of MIP on an electrode. Figure 1(i)(D) describes
the SEM for MIP-washed,; that is, the template is removed from the bulk polymer. The cavities
observed on the surface of the electrode show that the template is extracted from the polymer.
To determine the denaturation of GA, the samples (GA and GA-+acetonitrile) were
characterized with ultra-violet spectroscopy as described in Figure 1(ii). The absorbance peak
was obtained within the 200-300 nm range due to the existence of aromatic amino acids in both
cases. Therefore, it can be concluded that no denaturation problem occurred. The functional
groups of the samples (MMA+EGDMA and MMA+EGDMA+GA) were determined with
Fourier Transform Infrared (FTIR) Spectroscopy illustrated in Figure 1(iii). The peaks at 2890
cm™ and 159 cm™ confirm the presence of C—H and —C=C stretching vibrations, respectively.
The various peaks obtained in the range from 1250-11000 cm™* show C—-O stretching in C-O—
CHs. The peaks obtained from 886-800 cm™ represent 1,4-substituted aromatic rings. In the
case of GA, peaks ranging from 1800-1700 cm* show C=0 stretching vibration of lipid. The
range from 1685-1630 cm™* shows amide carbonyl. The band from 1640-1600 cm™ represents
NH; angle-variable vibration in R-CONH.. The peak at 3513 cm™ indicates the O-H group in
GA, stating the hydrophilic nature [38,39]. The binding of the template and MIP was due to
the noncovalent interaction (hydrophobic effects, ionic interaction, hydrogen bonding, van der
Waals forces, n—n interactions) [40].
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Figure 1. (i) Scanning electron microscopy: Surface study of modified electrode with scanning electron
microscopy: (A) MoS,/SPE, (B) Pt NPs/MoS,/SPE, (C) MIP/Pt NPs/MoS,/SPE, and (D) MIP-washed/Pt
NPs/MoS,/SPE; (ii) Ultraviolet-visible spectroscopy for GA and acetonitrile+GA,; (iii) Fourier Transform

Infrared (FTIR) Spectroscopy for GA and MMA+EGDMA+GA.
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3.2. Electrochemical measurement for stepwise modification of fabricated MIP-washed/Pt
NPs/MoS./SPE.

3.2.1. Cyclic voltammetry studies.

The designed MIP-washed/Pt NPs/MoS2/SPE electrode was evaluated with CV
measurements, as shown in Figure 2(A). The difference in oxidation and reduction peaks shows
the modification that occurred on the surface of the electrode. The bare electrode shows the
lowest oxidation and reduction peaks at +2 mA and -1.7 mA, respectively when observed in
ferrocyanide/ferricyanide electrolyte solution of 5 mM. When the SPE was modified with
MoS: the oxidation (Ipa) and reduction (Ipc) peaks increased to +2.5 mA and -2.4 mA,
respectively.

——Bare SPE
64 ——MoSy/SPE

] ——PtNPs/MoS,/SPE
——MIP/Pt NPs/MoSy/SPE
—— MIP-washed/Pt NPs/MoS/SPE

Current (mA)
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Figure 2. Electrode modification: Response of developed biosensor with CV and electrochemical impedance
spectroscopy (EIS) measurements (A) CV curve for stepwise modification stages of the electrode Bare SPE,
MOoS,/SPE, Pt NPs/MoS2/SPE, MIP/Pt NPs/MoS,/SPE, and MIP-washed/PtNPs/MoS,/SPE within a potential
range from -0.6 to 0.6 V in a ferrocyanide/ferricyanide electrolyte solution of 5 mM; (B) EIS for different stages
of modified electrode Bare SPE, M0S,/SPE, PtNPs/Mo0S,/SPE, MIP/PtNPs/MoS,/SPE, MIP-washed/Pt
NPs/MoS,/SPE the EIS studies were carried at frequency Finitia-100 KHZ t0 Ffina-100 mHz.
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The presence of MoS; nanosheets on the electrode surface leads to an enhancement in
the surface area. This results in higher electron transfer in the presence of an electron mediator
on the electrode surface. Hence, the peak currents for oxidation and reduction curves were
enhanced. With further modification using Pt NPs, oxidation and reduction peaks were
enhanced. The Pt NPs act as an electrochemical catalyst that facilitates accelerating the rate of
reaction occurring on the electrode surface. Also, Pt NPs enhance the electron transfer on the
modified electrode surface, leading to higher electrode conductivity. When the MIP was
integrated on the surface of the designed SPE, the Ipa and Ipc peaks decreased. The MIP is a
polymer whose presence on the surface results in a decrement of the current flow. But the
current increased when the template was removed from the bulk MIP. This enhancement in
current was observed due to the cavities that are formed on the electrode surface. After template
removal, more electroactive sites were generated, and enhancement in electron flow was
observed.

3.2.2. Impedance studies.

Impedance studies were done to observe the electrode surface's resistance with each
modification stage. The electrochemical impedance spectroscopy (EIS) curve can be obtained
using the Nyquist plot and the Bode plot. Figure 2(B) illustrates each stage's Nyquist plot for
the modified electrodes. It is represented in two parts, a semi-circle, and a linear graph. The
semi-circle part of the Nyquist provides information about the resistance charge transfer (Rct)
value, and the linear part of the graph gives the diffusion process. Figure 2(B) clearly shows
that in the modification stages, the Rct value changes. A higher Rct curve was obtained with
the bare electrode (11.19Q); when the electrode was modified with MoS;, the Rct value
decreased to 3.334Q due to the higher electron generation on the surface of the electrode. In
the next step, the electrode was modified with Pt NPs to provide the catalytic activity of the
biosensor. The Rct observed was 2.34 Q. The electrode was modified with MIP for GA, and
the Rct value obtained was 3.77 Q. Further, when the electrode was washed to remove the
molecules of GA from the electrode surface and obtain its imprints, a decrement in the Rct
value to 3.09 Q was observed.

3.3. Different concentration study on modified electrode (MIP-washed/Pt NPs/MoS2/SPE).

The designed biosensor executes a dynamic concentration range from 0.34 nM to 700
uM. For clear understanding, the concentration range was divided into two: lower (0.34 nM to
35 uM) and higher (200 to 700 uM) ranges in a ferrocyanide/ferricyanide electrolyte solution
(5 mM). Figure 3(A) and 3(B) show the EIS graphs for the developed biosensor with lower and
higher concentration ranges from 0.34 nM to 35 uM and 200 to 700 uM, respectively. Figure
3(C) and 3(D) demonstrate the calibration curve for varying concentration versus Rct value
for both cases (lower and higher concentration range). It was observed that the resistance on
the electrode decreased with the decrease in concentration. This condition was observed
because the increasing concentrations of GA on the electrode surface block the molecules from
binding to the MIP. Therefore, large resistance is created on the surface, whereas at lower
concentrations, low resistance is generated [41]. Figure 3(E) and (F) illustrate the square wave
voltammetry (SWV) response of the biosensor with a varying concentration in a lower and
higher range. The study provides information about the change in current flow with the
changing concentration; high concentration resulted in a lower current generation. The
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biosensor shows a 0.34 nM concentration as a lower detection limit. The sensitivity of the
biosensor was calculated as 0.40 Q/nM.
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Figure 3. Varying concentrations on electrode surface: Electrochemical impedance spectroscopy (EIS) curve
for the concentrations of GA (A) 0.34 nM to 35 uM (lower concentration range); (B) 200 to 700 uM (higher
concentration range) on the modified electrode at frequency Finitiai-100 KHz to Fina-100 mHz. Calibration graph
of EIS response obtained with varying concentrations of GA; (C) 0.34 nM to 35 uM (lower concentration
range); (D) 200 to 700 uM (higher concentration range). Square wave voltammetry measurements for different
concentrations of GA,; (E) 0.34 nM to 35 puM (lower concentration range); (F) 200 to 700 uM (higher
concentration range).

3.4 Optimizing parameters for MIP-washed/Pt NPs/MoS,/SPE.
3.4.1. Scan rate studies for MIP-washed/Pt NPs/MoS,/SPE.

The scan rate studies can give a clear view of the steady electron-transfer kinetics for
the designed MIP-washed/Pt NPs/MoS,/SPE. Therefore, for examining this scan rate, studies
were performed from 20 to 140 mV/s in a ferrocyanide/ferricyanide electrolyte solution, and a
voltage range of -0.5 to 0.5 V. Figure 4(A) describes the scan rate graph with different values
from 20 to 140 mV/s with a difference of 20 mV/s. It was observed that with the increasing
scan rate, the Ipa and Ipc increased gradually. Figure 4(B) illustrates the linear calibration curve
that is plotted between the square root value function of scan rate (V) versus Ipa and Ipc (Table
S1) for each scan rate. The plotted graph describes that a linear increase is obtained with the
Ipa and Ipc with the enhanced scan rate values.
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Figure 4. Scan rate studies: (A) Scan rate study for the developed biosensor from 20 mV/s to 140 mV/s; (B)
Graph for the square root of scan rate vs. oxidation and reduction peaks.

3.4.2. Effect of pH and temperature on the developed biosensor.

The optimum pH of the biosensor was evaluated with pH solutions for distinct pH
values from 4 to 8.5, as shown in Figure 5(A). The plotted bar graph describes the peak current
obtained from the square wave voltammetry (SWV) studies that were accomplished in a
ferrocyanide/ferricyanide electrolyte solution (5 mM) at potential -0.5 V. It was observed that
the peak current increased from 4 to 6 pH. Whereas a gradual decrease was obtained in the
peak current beyond 6 pH because of the formation of hydrogen bonds on the surface of the

electrode [42]. Therefore, 6 pH was determined to be the optimum pH for further experiments.
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Figure 5. Optimized pH and temperature: (A) pH studies for the assembled electrode ranging from 4 to 8.5 with
an interval of 0.5 units. The study was obtained in an electrolyte (ferrocyanide/ferricyanide) of 5 mM at -0.5 V;
(B) Temperature graph for modified electrode ranging from 10 °C to 60 °C with each interval of 10°C.

3.4.3. Temperature effect on fabricated MIP-washed/Pt NPs/MoS,/SPE electrode

The effect of temperature was observed on the MIP-washed/Pt NPs/MoS,/SPE
electrode from 10 to 60 °C with a difference of 10 °C in a ferrocyanide/ferricyanide electrolyte
solution (5 mM) using SWV measurements at -0.5 V. Figure 5(B) illustrate results from SWV
studies that were carried out with distinct temperature value. The graphs show that a higher
current value was obtained at a temperature of 30 °C. After 30 °C the current value was
decreased; the decline in peak current value can be occurred due to the molecule interaction
between functional monomers and template. The highest current generation at 30 °C made it
to be considered the optimum temperature for the designed sensing platform.

3.5. Interference, clinical validation, repeatability, and stability of the developed MIP-
washed/Pt NPs/MoS,/SPE biosensor.

3.5.1. Effect of interference on the developed MIP-washed/Pt NPs/MoS,/SPE electrode

To study interference on the electrode surface, the biosensor was evaluated with
different compounds such as GA, -glycated hemoglobin, hemoglobin, cholesterol (C27H460),
acetylcholine  (Ach), wuric acid (CsHsN4O3), ascorbic acid (CeHgOe) in a
ferrocyanide/ferricyanide electrolyte (5 mM) with GA concentration of 0.34 nM. Figure 6(A)
describes the graph for biosensor activity loss (%) with different interference compounds. The
loss in biosensor activity was calculated as 2% (albumin), 7% (glycated hemoglobin), 11%
(hemoglobin), 5% (Ach), 14% (ascorbic acid), 10% (cholesterol), 4% (uric acid).
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and Uric acid) with a concentration of 0.34 nM in a ferrocyanide/ferricyanide electrolyte solution (5 mM); (B)
3.5.2. Clinical spiked sample validation on the MIP-washed/Pt NPs/MoS,/SPE electrode.

Figure 6. Evaluation of developed biosensor: (A) Interference studies on the fabricated biosensor with different
Current value obtained with real samples on the developed biosensor; (C) Reproducibility of the electrode when

interferents (GA, albumin, Glycated hemoglobin
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The fabricated SPE was evaluated with various clinical samples, as represented in
Figure 6(B). The graph presents the peak current values obtained during SWV studies with
different spiked samples A (3.5 uM), B (0.34 nM), C (3.49 nM), D (350 nM), and E (35 uM).
Random unknown samples were taken for electrode evaluation. The higher current was
observed, with sample B showing a lower concentration of GA in the sample. On the other
hand, sample E shows the lowest current and describes a higher concentration of the GA in the
sample.

3.5.3. Repeatability and stability of the developed biosensor

To evaluate the repeatability of data for the biosensor, five identical types of electrodes
were prepared. All the electrodes were prepared and evaluated under similar conditions. Figure
6(C) describes the bar graph for the five electrodes used to study the electrode data's
repeatability. It was observed that the current difference between these electrodes was
minimum. Hence it can be concluded that the system shows good repeatability.

The electrode stability was examined for 3 months. The designed electrode was stored
at 4°C and maintained dry conditions. The electrode was evaluated every 7" day. It was
observed that after 3 months, the activity of the electrode decreased from 100% to 80%.
Further, after 5 months, it was examined that the activity of the biosensor was reduced to 50%.
Table 1 gives a comparison between the fabricated biosensor and reported sensors. It was
observed that the biosensor could function in a broad concentration range and exhibit a lower
detection limit. The response time of the developed biosensor was obtained as 5 minutes.

Table 1. Comparison of the fabricated and reported biosensor.

S.No. | Detector | Sensing Biosensor Detection Detection Response | Regression | Ref.
molecule | platform type range limit time coefficient

1. Aptamer GC/rGO- Electrochemical | 2-10 uyg/mL | 0.07 pg/mL NR* NR [22]
AuNPs/Apt-GA

2. Enzyme Ab- Electrochemical | 5000- 20 min. 0.98 [24]
UPtNZ/GA/BA- 100000 3.8 ug/mL
agarose bead pg/mL
complex

3. Enzyme Ab- Colorimetric 10 ug/mL- 9.2 ug/mL 20 min. 0.97 [24]
UPtNZ/GA/BA- 5000 pg/mL
agarose bead
complex

4, Aptamer GHSA-specific | Fluorescence 3400-31300 | 50 pg/mL 30 min. 0.98 [25]
aptamers pg/mL

5. Enzyme Interdigitated Electrochemical | 0-33350 80.04 pg/mL | 1 min 0.99 [10]
electrodes pg/mL

6. Enzyme APBA-modified | Colorimetric 10000-2000 | 7320 mg/mL | 10 min. 0.99 [43]
PBNPs pg/mL

7. Enzyme APBA-modified | Electrochemical | 5000-1000 3470 pg/mL | 10 min. 0.99 [43]
PBNPs pg/mL

8. MIP MIP-washed/Pt | Electrochemical | 0.02267 0.02267 < 3 min. 0.98 Present
NPs/MoS,/SPE pg/mL- pg/mL work

46690
pg/mL

4. Conclusions

In this present study, a biosensing platform based on electrochemical detection was

developed for detecting the concentration of GA. GA provides highly accurate results for the
concentration change in plasma and postprandial plasma glucose within the short term rather
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than other protein markers. Also, it provides glycemic control for patients suffering from
hematologic disorders. Therefore, this designed biosensor can facilitate the advance and fast
determination of GA levels in a sample. Furthermore, the developed device can be
miniaturized, portable, and easily handled. The developed platform is based on the molecular
imprinting technique that provides higher specificity to the biosensor and requires low-cost
development. Further, integrating nanomaterials on the electrode surface provides higher
conductivity and a large surface area. Hence, this fabricated platform can help develop a future
medical application for the early diagnosis of diabetes.
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Supplementary file

Table S1. Oxidation and reduction peaks for different scan rates.

S.No. | Scan rate (mV/s) Oxidation peak (mA) Reduction peak (mA)
1. 20 1.64 -1.54
2. 40 2.18 -2.06
3. 60 2.55 -2.42
4. 80 2.83 -2.68
5. 100 3.07 -2.93
6. 120 3.25 -3.15
7. 140 3.4 -3.35
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