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Interleukin-8 (IL8) is an important cytokine that plays a significant role in tumor growth and angiogenesis
across various malignant tumors, including oral squamous cell carcinoma (OSCC). It is an important
biomarker for oral cancer; therefore, its early and accurate detection in bodily fluid reduces morbidity
and mortality rates in cancer patients. The work presents the development of a label-free microfluidic
miniaturized electrochemical immunosensor for IL8 biomarker detection at low concentration in saliva
samples. A rapid, sensitive and selective biosensing platform was developed for IL8 detection using
a nano-ceria integrated microfluidic system. The synthesized nano-ceria particles (8.13 nm) were
employed to enhance the electrochemical biosensing signal and sensitivity of the biosensor due to their
high catalytic properties and large surface area. For this, microfluidic chip was prepared by Indium tin
oxide (ITO) (3 x 4 cm) containing three electrode patterns of working, reference and counter electrode.
These electrode patterns were developed using a maskless photolithography technique and
a polydimethylsiloxane (PDMS) mold created a 200 um wide microchannel which was bound to the
susbtrate using plasma treatment. Spectroscopy and microscopy techniques were used to confirm the
synthesis of nano-ceria. Furthermore, electrode surface modifications were achieved by immobilization
of chemically activated antibodies of IL8, as verified by Fourier transform-infrared spectroscopy (FT-IR).
Furthermore, differential pulse voltammetry (DPV) was utilized to investigate electrochemical parameters
and conduct biosensing studies. The developed electrochemical microfluidic biosensing platform works
for an IL8 antigen in the concentrations ranging from 0.004 to 10 ng mL™! with a limit of detection
(LOD) and limit of quantification (LOQ) of 0.0001 ng mL™* and 0.0006 ng mL™, respectively. Moreover,
the developed electrochemical biosensing platform was validated using human saliva samples, achieving
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staff to perform the tests.>* These techniques include enzyme
linked immunosorbent assay (ELISA), polymerase chain reac-

1. Introduction

With the continuous increase in the number of cancer patients
worldwide, early detection of cancer is the most important
factor in cancer diagnosis and it has a direct impact on the
patient survival rate.* Early stage detection of cancer is the most
critical step in the successful treatment of cancer.> This early
and accurate detection of cancer can be carried out with certain
protein biomarkers present in the blood serum of patients."* At
present, there are various conventional detection techniques
available for the detection of these biomarkers, but most of
these techniques are expensive and time consuming and
require sophisticated equipment with well-trained technical
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tion (PCR), fluorescence assay and mass spectrometric assay.*”
But there are certain limitations on their clinical application,
such as expensive, the personnel and laborious methods
required, the low sensitivity and high detection limit attained,
and they are time consuming. These limitations suggest
a pathway for the development of biosensors for cancer
biomarker detection which are capable of showing a selective
and sensitive immunological response.”® This is beneficial as it
reduces the cost of diagnosis and helps in fundamental
understanding of cancer at an early stage.” In this context,
extensive research has been carried out in recent years on point-
of-care (POC) devices for the detection of oral cancer
biomarkers.® Researchers in these fields tend to develop bio-
sensing devices which combine an antibody as a recognition
element with a transducer that converts an electrical signal into
a measurable signal generated due to the interaction between
the antigen and the antibody.*>"*

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Oral cancer has been a major cause of concern over the last
century as cases have seen an increasing trend over each
decade. According to data given by the International Agency of
Research on Cancer, there were more than 0.3 million new cases
of lip and oral cavity cancer reported all over the world. In 2020,
there were more than 0.1 million deaths reported worldwide
due to oral cancer. Even in India, oral cancer is the most
common cancer among men and the third most common
cancer among women. According to earlier reported data, out of
every 0.1 million population twenty people have been reported
to be suffering from oral cancer."

IL8 is a well-known protein manufactured by the immune
system of the human body. It is categorized as an 8 kDa cytokine
that causes inflammation in a cancer patient with serum levels
of 20-1000 pg mL ™" (0.02-1 ng mL ") in comparison with
serum levels of <13 pg mL™" in a healthy person.*® IL8 cytokine
is essential for both diagnosis and treatment since concentra-
tion has been found to increase in various types of cancers,
including squamous cell cancer,* prostate cell carcinoma,"
thyroid cancers,'® and pancreatic cancer.”

In recent research, IL8 has been reported as an important
biomarker for the diagnosis of oral malignancy, OSCC.'*"” IL8
cytokines are a kind of intercellular signaling protein catego-
rized as non-structural proteins.'® Recent studies on cytokines
revealed that the pro-inflammatory activity of IL8 shows diag-
nostic potential for detection of early stage oral cancer.' It has
been reported that in OSCC patients, there is a significant
elevation in the values of IL8 cytokine, which can easily be
identified by a diagnostic technique.*

A biosensor is an advanced analytical device for the early,
sensitive, selective and specific detection of an analyte in a short
period of time.”* The electrochemical biosensing performance
of a device, such as sensitivity, specificity, and stability of the
sensor, are certainly enhanced by the use of nanomaterials,
including graphene oxide, carbon nanotubes, and metal oxide
nanoparticles.” Among these various materials, cerium oxide
(Ceria, CeO,) is a well-known rare earth metal oxide due to its
intriguing physical, chemical and mechanical properties. Nano-
ceria shows tremendous properties owing to its unique char-
acteristics, such as high mechanical strength, oxygen ion
conductivity, wide band gap (3.4 eV), biocompatibility, low cost,
good stability, strong biological activities and many other
advantages.”® Nano-ceria possesses good electrochemical cata-
lytic properties and acts as a biological antioxidant due to the
Ce**/Ce*" charged moieties on the nano-ceria particles which
making them an excellent candidate for biosensing applica-
tions.” Thus, integration of nano-ceria onto an electrode
surface not only functionalizes the electrode surface and
provides biocompatibility but also amplifies the electro-
chemical signals. This enhancement in signal response
improves stability and sensitivity of the biosensor owing to the
higher surface area and the abundance of active sites that
facilitate better adsorption of biomolecules. The chemically
activated biomolecules via N-ethyl-N-(3-dimethylaminopropyl)-
carbodiimide (EDC)and N-hydroxysuccinimide (NHS) chem-
istry, bind to the available oxygen group moieties of nano-ceria
resulting in significant enhanced binding with IL8 and
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improved overall electrochemical biosensing signals. A few
reports have been published related to the use of nano-ceria to
achieve better electrochemical biosensing performance for the
construction of biosensors for the detecting various analytes
such as toxins or dopamine.> For example, Dhiman et al.
demonstrated the detection of mycotoxin ochratoxin-A using
cerium oxide nanoparticles. They found good electrochemical
biosensing performance with improved sensitivity, selectivity,
and low LOD over a wide detection range.> Similarly, Gomes-
Junior et al. developed an electrochemical sensor for dopa-
mine detection in biological fluid using ultrasmall cerium oxide
nanoparticles.> The sensor showed excellent electrochemical
performance in terms of stability and repeatability, with an
adequate detection limit for dopamine in urine samples. These
studies indicate that nano-ceria is a highly effective material for
constructing sensitive and selective biosensors for various
analyte detection.

For the onsite and portable detection of an analyte using
a biosensing platform, the effect of an open environment on
sensing results reduced biosensor performance. Recently,
researchers have focused on miniaturization of a POC device that
can be easy to use, portable, with a low sample volume require-
ment, ultraprecise and clinically applicable.”® Therefore,
a microfluidic-based bioanalytical detecting device is a highly
advanced platform that provides a compact and portable single
chip unit system with 10-200 um of microchannels that allow
a small amount of fluid to flow in a laminar motion.?” Therefore,
a microfluidic system used for the construction of a biosensor
provides a miniaturized closed and stable environment with
a reduced sensing area, resulting in enhanced sensitivity and
reliability for the device. Microfluidic-based devices offer several
advantages compared to conventional techniques, such as
throughput processing, low sample volume requirement,
enhanced transport for controlling the flow conditions, real-time
monitoring, a simplified testing process, a portable device, cost-
effectiveness and a faster response time.?®* The small dimen-
sions of a microfluidic chip provide a high surface-to-volume
ratio, surface tension, laminar flow and capillary effect, which
expand their use for portability and on-site testing.** Many
scientific researchers have focused on the development of early
and accurate detection of the IL8 biomarker for oral cancer. For
example, Verma et al. developed a gold nanoparticles-reduced
graphene oxide (AuNPs-rGO) based immunosensor for non-
invasive electrochemical detection of IL8 in saliva samples.*
This biosensor showed a linear current response with increasing
concentrations of IL8 from 0.0005 to 4 ng mL ™" with LOD of
0.072 ng mL~'. Moreover, the developed immunosensor was
tested in human saliva samples and showed an average
percentage recovery of 94.15%. Other work published by
Pachauri et al. related to the construction of a silver molybdate
nanomaterial based electrochemical immunosensor for IL8
biomarker detection. The developed immunoelectrode exhibited
improved biosensing characteristics with a linear detection
response ranging from 1 fg mL ™" to 40 ng mL ™" with LOD of 0.09
ng mL '.* Although numerous research articles have been
explored for the development of a biosensor for IL8 detection, to
the best of our knowledge, no studies have been reported using
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a microfluidic-based electrochemical biosensor for detecting IL8
in human saliva samples. Although a few studies have been re-
ported for the detection of single or multiple biomarkers,
including IL8, using a microfluidic processing unit by an optical/
fluorescence spectroscopy technique.*** Therefore, to the best of
our knowledge this is the first time a microfluidic electro-
chemical biosensing device has been reported for non-invasive
IL8 biomarker detection in human saliva samples.

In this context, a nano-ceria based microfluidic integrated
electrochemical biosensor was fabricated for the early stage
detection of IL8 biomarker in saliva samples. A simple and
effective co-precipitation method was used for the synthesis of
nano-ceria. For the design and preparation of a microfluidic chip,
a maskless photolithography system was used to develop three
electrodes on an ITO-covered glass electrode comprised of
working, reference and counter electrodes bound by a PDMS soft
elastomer with a 200 pm micro-channel. The developed micro-
fluidic nano-biochip of BSA/anti-IL8/nano-ceria/ITO was utilized
for IL8 biomarker detection. The electrochemical response
signals of the fabricated immunoelectrode BSA/anti-IL8/nano-
ceria/ITO towards various concentrations of IL8 biomarker were
achieved using DPV technique. The developed nano-ceria based
microfluidic system was tested in human saliva samples and an
interference study was performed to obtain the specificity and
selectivity of the developed biosensor towards the IL8 biomarker.

2. Experimental section
2.1 Chemicals and reagents

Monoclonal antibodies of IL8 (anti-IL8), the antigen of IL8, were
procured from Abcam Company, UK. Cerium(u) nitrate hexa-
hydrate, sodium hydroxide, sodium phosphate monobasic
anhydrous (NaH,PO,) and sodium phosphate dibasic dehydrate
(Na,HPO,), N-ethyl-N-(3-dimethylamino propyl)carbodiimide
(EDC), N-hydroxysuccinimide (NHS), sodium chloride, potas-
sium chloride, and Bovine Serum Albumin (BSA) were
purchased from SRL, India. Cancer antigen (CA)-125 was
purchased from MedChemExpress, India. Nitric acid (HNOj3),
hydrochloric acid (HCl), Cyfra-21, tumor necrosis factor (TNF-
a), and carcinoembryonic antigen (CEA) were purchased from
MedChemExpress, India. Potassium ferricyanide [K3(Fe(CN)g)]
and potassium ferrocyanide [K,(Fe(CN)e)] were purchased from
Fisher Scientific. SYLGARD 184 PDMS silicon elastomer and
curing agent were purchased from Merck, India. ITO-covered
glass substrate was purchased from Blazers, UK. Millipore-
purified deionized water of 18.2 MQ cm resistivity was used
for the buffer and the preparation of all other solutions. 0.2 M of
phosphate buffered solution (PBS) was prepared with 0.9%
NaCl and 5 mM of electrolyte [Fe(CN)s]**~ with pH 7.4. SU8
and AZ1512 photoresist were bought from Kayaku Advanced
Materials and AZ Electronic Materials. An aqueous solution of
IL8 was prepared in 0.2 M PBS (pH 7.4).

2.2 Instruments

Structural, optical and electrochemical properties of the
synthesized nano-ceria and fabricated microfluidic chip were
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investigated using spectroscopic, microscopic and electro-
chemical techniques. UV-visible absorbance studies were
carried out using a UV-2450 UV-visible spectrophotometer. XRD
patterns and planes were examined with a Rigaku MiniFlex 600
X-ray diffractometer with Cu Ko radiation (A = 1.54 A) within the
26 range of 10-80°. FT-IR studies were carried out to determine
the presence of functional groups, bonding and stretching
vibrations using a PerkinElmer UATR Spectrum - Two FT-IR
spectrophotometer at a resolution of 4 cm™'. Raman spectros-
copy measurements were performed using an EnSpectra R532
laser from WITEC, USA. The surface morphology of nano-ceria
was explored with a field emission scanning electron micro-
scope (FESEM, Zeiss Gemini SEM 500 thermal field emission
type) equipped with an energy dispersive X-ray detector (EDX).
Structural investigation was done using high resolution HR-
TEM with a JEOL JEM-2200 FS, Japan. All cyclic voltammetry
(CV), DPV, and electrochemical impedance spectroscopy (EIS)
electrochemical measurements were conducted using a Met-
rohm Autolab (AUT86014) instrument.

2.3 Synthesis of nano-ceria

Nano-ceria was prepared using a previously reported co-
precipitation method with slight modifications.** In detail,
0.25 M of cerium nitrate was taken in a 250 mL beaker and
dissolved in distilled water. After that, 0.1 M of sodium
hydroxide solution was added drop by drop until the pH
reached 12 and a yellow-coloured precipitate formed. The
precipitate was filtered out using Whatman filter paper and
dried overnight in an oven at 80 °C. Then the dried powder was
calcined at 350 °C for 2 hours and yellow-coloured nano-ceria
powder was obtained.

2.4 Preparation of microfluidic chip by maskless lithography

A PDMS channel of 200 um was fabricated using a soft photo-
lithography technique. The negative photoresist SU-8 chemical
was used for spin coating onto a silicon wafer. Then wafer was
heated at 100 °C to evaporate solvent present over silicon
surface and kept for exposure under UV radiation through
a desired mask. It was heated again and unexposed SU-8 was
removed with SU-8 developer.®® The silicon elastomer and
curing agent were mixed in 10:1 ratio (v/v) to make a PDMS
mixture. This mixture was poured onto a silicon wafer, and kept
in the oven at 80 °C for 120 minutes to obtain the PDMS matrix.
The PDMS replica with a channel height of 2 cm and width of
200 um was carefully peeled off.>*® Scheme 1 presents the step-
wise preparation of microfluidic chip using the maskless
lithography technique.

For the fabrication of microelectrodes onto an ITO-coated
glass substrate (3 x 4 cm), a positive (AZ1512) photoresist was
coated using a spin coater at 1500 rpm at room temperature to
obtain a uniform photoresist film. Then a pre-baking process
was performed by keeping the coated ITO on a hot plate at 80 °C
to remove moisture from the surface and placed into the
photolithography instrument. Clewin software was used to
design a three-electrode pattern. This designed pattern was
transferred onto photoresist ITO-coated film using

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Steps for the preparation of a microfluidic chip using the maskless lithography technique.

a photolithography technique through UV exposure. After that,
the exposed film substrate was kept at 80 °C for 10 minutes for
the post-baking process and transferred into an AZ photoresist
developer solution to remove the unexposed area. The prepared
glass substrate containing the developed patterns of the three
electrodes was dipped into an etching solution mixture of
HNO;, HCI, and H,O for 5 minutes to remove the ITO con-
ducting part except for the ITO patterned area. Isopropanol
solvent was used to clean the surface of microelectrode chip.
After that, a hydrolysis process was carried out using a solution
mixture containing 1:1: 5 v/v/v of NH; : H,O, : H,O and kept in
the oven at 80 °C for 30 minutes, afterthat washed with distilled
water.*”

2.5 Fabrication of BSA/anti-IL8/nano-ceria/ITO microfluidic
nano-biochip

A 1 mg per mL concentration of synthesized nano-ceria was
prepared in distilled water and sonicated for 30 minutes then
drop-casted onto working area of electrode. The prepared
electrodes were left to dry overnight at room temperature. Silver
paste (Ag/AgCl) was used as reference electrode. After that,
prepared microelectrode chip and PDMS matrix were bonded
with Novascan plasma binder. For immobilization of the anti-
bodies onto nano-ceria/ITO substrate, anti-IL8 (5 pg mL ™~ ") was
mixed with EDC : NHS solution, and kept at 4 °C for 30 minutes
for activation of -COOH groups of anti-IL8. Activated anti-IL8
antibodies were uniformly spread over nano-ceria/ITO surface
and kept in a humid chamber for 4 hours. 10 pL of BSA was
drop-casted anti-IL8/nano-ceria/ITO to block non-specific active
binding sites, further washed with PBS.*® The fabricated BSA/
anti-IL8/nano-ceria/ITO nano-biochip was kept at 4 °C until
further use.

2.6 Preparation of spiked IL8 samples

Fresh saliva samples were used for the real sample application
of a BSA/anti-IL8/nano-ceria/ITO nano-biochip. Saliva spiked
samples were prepared by adding 5 pL of saliva and 5 pL of

© 2025 The Author(s). Published by the Royal Society of Chemistry

standard antigen of IL8 concentrations of 0.1, 0.4 and 2 ng
mL~'. DPV studies were performed to measure the current
response with each spiked concentration of IL8. To carry out
this study, the flow rate of the fluid was maintained at 20
puL min~*. The ethical committee of the All India Institute of
Medical Sciences (AIIMS) and Jawaharlal Nehru University
(JNU) New Delhi, India provided ethical clearance.

3. Results and discussion
3.1 Optical and morphological characterization

Fig. 1 shows a schematic description of the synthesis of nano-
ceria using a co-precipitation method followed by the calcina-
tion process and fabrication of microfluidic nano-biochip for
IL8 biomarker detection using an electrochemical DPV
technique.

Preliminary confirmation of the absorption peak and energy
band gap of nano-ceria was investigated by UV-visible spec-
troscopy. Fig. 2 shows the UV-visible spectrum of nano-ceria.
The absorption peak appearing at 268 nm is mainly caused by
the charge transfer transition taking place from O*(2p) to the
Ce**(4f) orbital in CeO, states.*® The indirect band gap of nano-
ceria was calculated using eqn (1):*

1/2

o A (hv - Eg) (1)

hy
where « is the optical absorption coefficient, 4v is the energy of
a photon, E, is the energy of the band gap, 4 is a constant that
depends on the transition probability. The inset image in Fig. 2
presents the Tauc plot of nano-ceria and the measured energy

band gap was found to be 4.07 eV.

The diffraction pattern of nano-ceria was examined by XRD.
Fig. S1a(ii)t presents the XRD spectrum of nano-ceria, where
a sharp intense peak appeared at 28.2° corresponding to (111)
planes. Other peaks appeared at 33°, 47.44°, 56.12°, 69.3° and
76° corresponding to (200), (220), (311), (400), and (331) planes,
respectively.® These peaks are indexed as a face centered lattice
cubic fluorite structure with the Fm3m (225) space group of
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Fig.2 UV-visible spectrum of synthesized nano-ceria (inset: Tauc plot
of nano-ceria).

nano-ceria, matching the reference standard peak of CeO,
shown in Fig. S1a(i)t [JCPDS file no. 81-0792]. Also, the average
crystallite size of synthesized nano-ceria was evaluated using
the Scherrer eqn (2):*

09
" Bcosh

(2)

where D is the average crystallite size, A is the X-ray source
wavelength (0.154 nm) for Cu Ka radiation, g is the full width
half maximum (FWHM), and @ is the diffraction angle. The
average calculated crystallite size of nano-ceria was 7 nm.

Fig. S1bt displays the Raman spectrum of synthesized nano-
ceria, where the intense peak appearing at 464 cm™ ' corre-
sponds to the triply degenerate Raman active mode due to the

200 | Nanoscale Adv., 2025, 7, 196-208

cubic structure of nano-ceria. The other peaks appearing at
117 cm™ ' was ascribed to transverse optical doubly degeneracy
and at 607 cm™ " is due to the longitudinal mode of the oxygen
vacancy and intrinsic defects.* A small peak was also observed
at 1050 em™ " attributed to isolated surface defect sites.

The existence of functional groups and the attachment of the
nano-ceria with antibodies confirmed by FT-IR
spectroscopy. Fig. S2t illustrates the FT-IR spectrum of (i)
synthesized nano-ceria and (ii) antibodies immobilized on
nano-ceria. In Fig. S2(i),} the peaks appearing at 3386 and
1034 cm™ ' are due to -OH stretching and bending vibrations.
The other peaks appearing at 2986 and 2886 cm™ ' correspond
to asymmetric and symmetric -CH stretching vibrations. The
peaks appearing at 1620 and 1348 cm™ ' result from O-C-O
bonds. The sharp peak appearing at 486 cm™ " is attributed to
Ce-O bonding. Additionally, apart from the appearance of the
FT-IR peaks shown in Fig. S2(i),f some other peaks also
appearing in the spectrum of Fig. S2(ii)1 at 3400 and 1735 cm ™"
are attributed to primary and secondary amide bonding,
respectively.” These results confirm the bonding of immobi-
lized antibodies of IL8 with nano-ceria.

TEM images of the synthesized nano-ceria are presented in
Fig. 3(a)-(d). Fig. 3(a)-(c) display TEM micrographs of synthe-
sized nano-ceria via co-precipitation method. The obtained
nano-ceria is spherical and homogeneous as well as being
monodispersed with an approximate diameter of 8.13 nm (inset
image of Fig. 3(a)). These spherical nanoparticles were also

was

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 TEM images of synthesized nano-ceria (a—c) [inset: (a) histogram of particle size distribution] and (d) SAED pattern of nano-ceria.

confirmed by HR-TEM (Fig. 3(c)) and show distinct fringes with
a d-spacing of 0.31 nm attributed to the (111) plane. Also, the
selected area electron diffraction (SAED) pattern of nano-ceria is
depicted in Fig. 3(d). The fine rings indexed to (111), (200),
(220), and (311) are in agreement with the fluorite cubic struc-
ture and high crystallinity of nano-ceria.

FE-SEM and EDX studies of nano-ceria were carried out for
surface morphology and elemental composition analysis and
the obtained images are shown in Fig. S3a—f. The appearance
of small nano-ceria with uniform spherical morphology, as
shown in Fig. S3a and b, is consistent with the TEM results.
Additionally, the elemental composition in nano-ceria was also
investigated by EDX and the obtained spectrum is shown in
Fig. S3c.t The presence of cerium and oxygen elements in the
composite of nano-ceria confirms the formation of nano-ceria
with highest purity. Moreover, elemental mapping studies
were carried out and the images are shown in Fig. S3d-f.{
Fig. S3df presents the SEM elemental mapping of the materials
and the obtained results confirm the presence of cerium and
oxygen elements in the composition of the materials. Also,
separate images were taken, as shown in Fig. S3e and f, T defined
by the presence of individual distinguishing colors, prove the
existence of both cerium and oxygen elements alone.

3.2 Electrochemical studies of modified multilayered
surfaces

CV measurements were accomplished to explore the electro-
chemical behavior and interfacing activity of nano-ceria/ITO,
anti-IL8/nano-ceria/ITO and BSA/anti-IL8/nano-ceria/ITO in
0.2 M PBS with a 5 mM ferri-ferro redox mediator ata 50 mv s *
scan rate. Also, electrochemical parameters such as diffusion
coefficient, surface concentration, and anodic and cathodic

© 2025 The Author(s). Published by the Royal Society of Chemistry

peak current values were determined using CV studies. The CV
measurements results of various modified electrode surfaces
are depicted in Fig. 4(a). The anodic and cathodic peak current
values for the nano-ceria/ITO electrode surface were measured
at 463 pA and —416 pA, respectively, showing a higher current
response compared to other modified electrode surfaces (such
as with antibodies or BSA). The high electrochemical current
value observed at the nano-ceria electrode surface can be
attributed to its large surface area and better superficial
heterogeneous electron transfer (HET) properties, which
provide remarkable electron conductivity. Then, anti-IL8 anti-
bodies were immobilized onto the nano-ceria surface and the
corresponding CV was taken. The anodic and cathodic peak
current values decreased to 357 pA and —324 pA, respectively.
This reduction is attributed to the presence of antibodies, which
creates an obstacle in processing of electron transfer between
the electrode and redox couple electrolyte. Subsequently, after
treatment with BSA protein on the anti-IL8/nano-ceria/ITO
electrode surface, which helps to block the present non-
specific sites on the surface, the current responses decreased
significantly to 306 pA and —265 pA for the anodic and cathodic
peak currents, respectively. This decrease in the peak current
values reveals that transportation of electrons between the
electrode and electrolytic redox medium is hindered by the
presence of the bulky biomolecular structure protein on the
anti-IL8/nano-ceria/ITO surface.

Moreover, the electrochemical behavior of the modified
electrode surfaces, such as nano-ceria/ITO, anti-IL8/nano-ceria/
ITO and BSA/anti-IL8/nano-ceria/ITO, were also studied by EIS.
EIS is a label-free technique used to determine the charge
transfer process and adsorption behavior of biomolecules in
a redox electrolyte species. EIS measures the AC impedance

Nanoscale Adv., 2025, 7, 196-208 | 201
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(a) Cyclic voltammetry studies of (i) nano-ceria/ITO, (i) anti-IL8/nano-ceria/ITO, (iii) BSA/anti-1L8/nano-ceria/ITO electrodes (b) elec-

trochemical impedance response signal of (i) nano-ceria/ITO, (ii) anti-IL8/nano-ceria/ITO, (iii) BSA/anti-1L8/nano-ceria/ITO electrodes con-

ducted in PBS (pH 7.4) containing [Fe(CN)g]* /4.

signal in the frequency range of 0.1 to 10* Hz. The resulting
Nyquist plot displays a semicircle diameter, indicating that
charge transfer resistance (R¢r) occurs in the higher frequency
region while mass transfer process are observed at low
frequencies. For analysis of EIS Nyquist plot data, the Randles
equivalent circuit is used, which is composed of solution
resistance (R;) in series with a parallel combination of double-
layer capacitance (Cgq)), Rcr and Warburg impedance (Zw).
Electrochemical measurements of modified electrodes were
conducted using an EIS analyzer in 0.2 M PBS containing 5 mM
ferri-ferro redox mediator. Fig. 4(b) shows the electrochemical
impedance behavior of nano-ceria/ITO, anti-IL8/nano-ceria/ITO
and BSA/anti-IL8/nano-ceria/ITO electrodes. The Rqr value for
the nano-ceria/ITO electrode was found to be 1.44 kQ, for anti-
IL8/nano-ceria/ITO it was 1.52 kQ and for BSA/anti-IL8/nano-
ceria/ITO it was 1.53 kQ. It is important to note that the lower
Rcr value found for the nano-ceria electrode surface is primarily
due to its conductivity and shortening of the electron diffusion
path, which enhance the charge transfer electron process. After
the immobilization of the anti-IL8 onto the nano-ceria electrode
surface, the Ry value increases to 1.52 kQ, mainly due to the
immobilization of macromolecules (anti-IL8) conjugated over
the nano-ceria that hinders charge transfer between the elec-
trode and electrolyte. Further, for anti-IL8/nano-ceria/ITO
treated with BSA, the Rqy value increased to 1.53 kQ due to
the presence of BSA, which blocks non-specific active sites on
the anti-IL8/nano-ceria/ITO surface.

The value of the important parameter heterogeneous elec-
tron transfer (HET) was calculated for the modified electrodes
to determine the electrochemical characteristics, specifically
the electron transfer rate.

The HET values of fabricated electrodes with nano-ceria/ITO,
anti-IL8/nano-ceria/ITO and BSA/anti-IL8/nano-ceria/ITO were
calculated using eqn (3):*”

RT

K= iFg RerS (3)

where R represents the gas constant (8.314 ] K" mol™ "), T is
temperature (298 K), n is the number of electrons transferred i.e.

202 | Nanoscale Adv., 2025, 7, 196-208

1, F is the Faraday constant (96 500 C mol ), A is the effective
area of the electrode, Rcr is the charger transfer resistance value
(Q), and C is the concentration of the redox probe. The HET
value for the nano-ceria/ITO surface was found to be 7.390 x
107° cm s~ " and for anti-IL8/nano-ceria/ITO and BSA/anti-IL8/
nano-ceria/ITO the HET values were found to be 7.001 x
10 °cm s~ " and 6.95 x 10° cm s~ . The higher HET value for
nano-ceria/ITO is due to the electrochemical conductivity that
provides the easiest path for the transfer of electrons. However,
after the immobilization of anti-IL8, the HET value increased
due to the large antibody group present on the surface, which
restricts the transfer of electrons between the electrode and the
electrolyte medium.

3.3 Optimization studies

Optimization of antibody concentration is a very important step
for the construction of an electrochemical biosensor in order to
get the best sensor performance. Therefore, in this present
work, concentration optimization of antibodies was carried out
using cyclic voltammetry. In order to determine the optimum
amount of anti-IL8 required on the nano-ceria/ITO substrate,
different concentrations of antibodies were immobilized to
measure the loading capacity of the fabricated electrode.
Fig. S4at shows the current signal response with var