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ng of oral squamous cell
carcinoma using microRNA geno-assay by
electrochemical sensing: a new platform in
biosensor technology

Hamed Bahari,ab Mohammad Hasanzadeh, *a Soodabeh Davaran,*c

Farzin Ahmadpour,d Fereshteh Kohansale and Nasrin Shadjou f

Early-stage diagnosis of oral squamous cell carcinoma (OSCC), a prominent global cause of mortality, is

crucial for minimizing morbidity and mortality rates. MicroRNA-423-5p is chosen for effective

identification of OSCC because of its high specificity in the Receiver Operating Characteristic (ROC)

curve, enabling precise diagnosis of oral cancer (OC) in human biofluids. This work introduces a novel

label-free electrochemical platform for the non-invasive recognition of microRNA-423-5p in human

saliva samples. The monitoring is achieved by a DNA-based bioassay. In order to achieve this objective,

polychitosan (P(CS)) was electropolymerized on the surface of a glassy carbon electrode (GCE) and used

as a high-potential capturing layer on the surface of the GCE. Also, triangular silver nanoparticles (TA-

AgNPs) were used for stable immobilization of probe-DNA. This allowed for the effective immobilization

of thiolated DNA sequences via the interaction with TA-AgNPs. This immobilization was achieved

utilizing a DNA-microRNA-423-5p hybridization approach. Therefore, a label-free genosensor was

prepared for the sensitive recognition of OC. Using the electroanalysis method, microRNA-423-5p was

determined in human saliva samples in the linear range of 1pM to 5 nM with a low limit of quantification

of 1 pM. Because this report is the first application of electroanalysis strategy to the recognition of OC

biomarker (microRNA-423-5p), therefore, a new horizon opens for cancer diagnosis.
1 Introduction

Malignant neoplasm in the lips, oral cavity, and oropharynx
area is the exact classication for oral and oropharyngeal
cancer. The denition of the related risk factors is signicantly
inuenced by geographic and environmental factors.1 Head and
neck cancer (HNC) ranks as the sixth most prevalent form of
cancer globally.2 Oral squamous cell carcinoma (OSCC) is the
prevailing malignant neoplasm affecting the oral and maxillo-
facial areas. A contributing factor to the poor ve-year survival
rates of OSCC is the diagnostic delay.3 In the rst stages, the
ve-year survival rate exceeds 80%, but it drops to less than 30%
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for advanced illness.4 Over 60% of oral OSCCs are detected at
a late stage, resulting in signicant illness and death rates.4 The
occurrence and death rates emphasize the signicance of oral
cancer (OC) screening initiatives in enhancing timely identi-
cation and treatment effectiveness.4 Nevertheless, literature
review indicates that OSCC may also develop from epithelium
that doesn't seem to be dysplastic. These lesions have a delicate
histology that makes underdiagnosis easy. Specically, it was
recently shown by examination of the anomalies in the mucosa
around OSCC that the dysplastic alterations are oen mild
(70%, exhibiting characteristics of differentiated dysplasia), and
as such, the pathologist may easily underappreciate them.5

The conventional method of visually examining oral (VOE)6–8

lesions may effectively monitor patient mortality when they are
exposed to risk factors. Nevertheless, there are some drawbacks
that restrict the use of these methods in a clinical setting.
Therefore, the use of screening tools that effectively distinguish
between a non-cancerous and cancerous abnormality, while
also providing information regarding early OSCC, may improve
the outcomes and reduce the difficulties associated with diag-
nosing of OC.9 Tissue-uorescence imaging10–12 and optical
coherence tomography11,12 have shown signicant efficacy as of
late in the eld of optical imaging technologies.9 Furthermore,
© 2026 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d5ra07098h&domain=pdf&date_stamp=2026-04-02
http://orcid.org/0000-0003-4918-1239
http://orcid.org/0000-0001-5961-3686
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra07098h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA016020


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 6

/1
5/

20
26

 1
1:

10
:0

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
there has been a signicant focus on conducting thorough
investigations into the use of nanoparticles for DNA analysis
and salivary proteomics. Nevertheless, the absence of adequate
clinical studies and the lack of association with biopsy results
impede the use of these screening tools in medical clinics.9

Only around 2 percent of the human genome's sequence is
thought to be made up of the roughly 20 000 protein-coding
genes. Conversely, non-coding RNA (ncRNAs) refers to the
remaining approximately 3000 genes, which are only translated
into RNA and do not encode proteins.13 Noncoding RNAs,
including microRNA (miRNA),14 long noncoding RNA
(lncRNA),15 small nucleolar RNA (snoRNA),16 Circular RNA
(circRNA),17 and Piwi-interacting RNA (pi-RNA),18 have a role in
controlling cell proliferation, promoting migration and inva-
sion, preventing cell death, and activating resistance to
chemotherapy. Identifying these abnormal non-coding RNAs in
biological specimens (such as tumor tissue, blood, and saliva)
might aid in the detection, prediction, and management of
OC.2,19,20

The words “salivaomics”21 were rst used in 2008 to high-
light the several “omics” that are present in saliva, including the
microbiome,22,23 transcriptome,24,25 proteome,26,27 and genome.
The development of more sophisticated analytical methods has
allowed salivaomics to be extensively researched in recent years.
Saliva contains around 70% human DNA, with the remaining
30% being made up of oral microbiota. Saliva has around 24 mg
of DNA (range 0.2 to 52 mg), which is about ten times less than
blood, however genotyping methods may function with as little
as 5 ng mL−1 of DNA.28 It has long been a goal but has not yet
been achieved to utilize saliva for the diagnosis of OC.29

According to recent research, salivary proteins and cell-free
mRNAs may be used to diagnose systemic disorders like
mouth cancer. Saliva is thus a signicant diagnostic uid and
provides the possibility of the diagnosis of illness in a non-
invasive30 and specic way thanks to the development of highly
sensitive and precise test for salivary mRNA and protein
biomarkers. Saliva provides a number of benets, including
simpler collection, less expensive storage, and simpler trans-
portation. Furthermore, the non-invasive saliva-based ways of
collecting samples may signicantly reduce patient pain and
anxiety while assessing their overall health and illness.29

Based on the previous reports, the high level beneath the
chart in the Receiver Operating Characteristic (ROC) curve led
to the selection of microRNA-423-5p as a diagnostic biomarker
of OC.31 ROC plot combines specicity and sensitivity into
a single image that allows researchers to assess the accuracy of
several indicators graphically.32 Saliva samples were taken from
patients with OSCC and newly identied untreated primary
healthy controls. Salivary miRNAs were proled worldwide
using a microarray technique, and the signatures were
conrmed using quantitative real-time PCR (RT-qPCR).31

Twenty-ve miRNAs showed differential expression in OSCC
patients and healthy controls; seven of them were shown to be
signicantly correlated with disease-free survival (DFS).31

Signicant expression levels of miR-423-5p, miR-193b-3p, and
miR-106b-5p were found in the saliva of OSCC patients, and
their combination shows the best diagnostic effectiveness (ROC
© 2026 The Author(s). Published by the Royal Society of Chemistry
− AUC = 0.98). Furthermore, when included in a multivariate
survival analysis with the number of positive lymph nodes-the
only relevant clinical prognosticator-strong expression of
microR-423-5p was an independent predictor of poor DFS.
Therefore, microR-423-5p is found to be a suitable biomarker
for identifying OC by patient saliva sample analysis.31

Till now different biosensors were used to early-stage diag-
nosis of OC using detecting certain biomarkers present in
saliva. But there is no report on the application of biosensor
technology towards identication of OC by monitoring of
MicroRNA-423-5p in human saliva samples. In this study we
wanted to introduce the rst biosensor for the non-invasive
screening of OC in human real samples. This research work
introduces a pioneering electrochemical label-free biosensor,
the rst of its kind in the eld, offering a transformative
perspective on early-stage diagnosis of OC. To the best of our
knowledge, no biosensor has yet been created expressly to
identify microRNA-423-5p. To that end, for the opening of a new
horizon to the identication of micro-RNA-423-5p in human
saliva samples a DNA-based biosensor was developed for the
sensitive and specic monitoring of this biomarker by oligo-
nucleotide hybridization strategy. For this purpose, the surface
of a glassy carbon electrode (GCE) was automatically altered by
poly (CS) utilizing the electropolymerization process to create
a high-potential capturing layer. KCC-1-nPr-NH-Arg was utilized
to increment of surface-to-volume toward increase of DNA
loading on surface of electrode.

In summary, an efficient substrate for the appropriate and
stable immobilization of probe-DNA was prepared and utilized
to recognition of microRNA-423-5p using hybridization
approach. Numerous important parameters, such as the
hybridization duration and the concentration of micro-RNA-
423-5p, were examined throughout the construction stages of
the built genosensor analysis. Later, microRNA-423-5p in
human actual samples was determined using electrochemical
methods such as differential pulse voltammetry (DPV) and
cyclic voltammetry (CV). The stability, reproducibility, and
applicability of the biosensor for collecting saliva and using in
plasma samples were evaluated as performance criteria.
2 Experimental
2.1 Chemicals and reagents

Bovine serum albumin (BSA), silver nitrate (AgNO3), hydrogen
peroxide (H2O2, 30 wt%), tri-sodium citrate (TSC) (Na3C6H5O7),
polyvinyl pyrrolidone (PVP K-30), potassium ferricyanide K3Fe
(CN)6, potassium ferrocyanide K4Fe (CN)6, and sulfuric acid
(98%), were purchased from Sigma-Aldrich. The Chitosan (CS)
solution was made by dissolving 0.005 gr of CS in a 0.1 M acetic
acid solution (pH = 5). Phosphate-buffered saline (PBS) solu-
tions with a concentration of 0.05 M and pH 7.4 was standard
prepared by dissolving Na2HPO4 (0.1 M) and NaH2PO4 (0.1 M)
in deionized water.

Table 1 summarized oligonucleotide sequences of DNA
probe, microRNA-423-5p (target), 1-base mismatch, non-
complement that purchased from Bioneer Co., Korea.
RSC Adv., 2026, 16, 17860–17868 | 17861
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Table 1 Oligonucleotide sequences of DNA probe, microRNA-423-
5p (target), 1-Base mismatch, non-complement

Type of DNA/RNA
sequence Sequences (50 / 30)

MicroRNA-423-5p UGAGGGGCAGAGAGCGAGACUUU
DNA probe 50-SH-TGTCTCCCCGGTGTCTGGCTCGA-30

1-Base mismatch TGGCTCCCCGGTGTCTGGTTCGA
Non-complement
(MicroRNA-21)

TGTCGGGTTGCTGTCCTCTTC
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The Faculty of Dentistry at Tabriz University of Medical
Science, Iran, provided human saliva samples (Ethic code:
IR.TBZMED.REC.1403.085). Also, human plasma samples were
obtained from Tabriz University of Medical science, Tabriz,
Iran, (ethic code: IR.TBZMED.REC.1403.085). All experiments
were performed in accordance with the guide lines of institute
(Tabriz University of Medical science), and approved by the
ethics committee at Tabriz University of Medical science,
Tabriz, Iran. Informed consents were obtained from human
participants of this study.

Saliva sample of patients were taken when the subjects were
fasting (at least 8 hours had elapsed since the previousmeal and
drink). Phosphate buffer (0.1 M) at pH = 7.4 was used for 30
seconds to cleanse the mouth cavity to guarantee cleanliness
before sampling. 20 seconds of deionized water rinsing fol-
lowed by the removal of the phosphate buffer from the mouth
cavity. Following verication of the samples' clarity and lack of
suspended particles, saliva was nally collected and utilized.

2.2 Electropolymerization of CS on the surface of the GCE

CS is commonly employed in the fabrication of biosensors
because of its unique characteristics, including strong
Scheme 1 The designed label-free electrochemical DNA based biosens

17862 | RSC Adv., 2026, 16, 17860–17868
adhesion, lack of toxicity, high permeability, affordability,
resistance to chemical alteration, ability to form thin lms
effectively, and capacity for electron transfer in reaction
compounds due to its hydrophilic nature when swollen. In
addition, CS may be used as a dispersant to create a durable
polymeric lm on the surfaces of different substrates.33 CS was
electropolymerized on pre-cleaned GCE electrode by using CV
technique. In this regards, 20 cycles by CV technique within
a potential range of −0.6 to +1.3 V was used for the electro-
polymerization CS. Fig. S1 (SI) displays the CV acquired from
the electropolymerization of CS on the CGE.

2.3 Synthesis and characterization of KCC-1-nPr-NH-Arg and
triangular silver nanoprism (TA-AgNPr)

The synthesis procedure of KCC-1-nPr-NH-Arg was done based
on our pervious report.34 Then, 1 mg of KCC-1-nPr-NH-Arg was
dissolved in 100 mM of buffer solution and incubated in darl
place at 37 °C for 24 hours. Aer that, the mixture was centri-
fuged for ve minutes at 6000 rpm. Aer that, the supernatant
was discarded. Subsequently, 5 mL of the suggested DFNS was
drop-cast over the GCE-P(CS) surface and incubated for 6 hours
at 4 °C. Lastly, GCE modied by P(CS)-KCC-1-nPr-NH-Arg dried
at room temperature and utilized for the appropriate of probe
DNA on the biosensor fabrication process. AgNPrs was synthe-
sized and characterized according to our pervious report.35

2.4 Fabrication of genosensor

The preparation procedure for the developed biosensor
substrate (GCE/P(CS)/KCC-1-nPr-NH-Arg/AgNPs) involves the
electropolymerization of CS, modication of GCE/P(CS) with Ag
nanoparticles in combination with KCC-1-nPr-NH-Arg, and
immobilization of a particular DNA sequence. To that end,
specic pDNAs were immobilized on the surface of P(CS)-KCC-
or for detection microRNA-423-5p.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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1-nPr-NH-Arg-AgNPs modied GCE. The immobilization
process took place for 12 hours at 4 °C, which had been deter-
mined as the optimal incubation period. The P(CS)-KCC-1-nPr-
NH-Arg-AgNPs-probeDNA was treated with 10 mL of BSA,
a potent blocking agent, for 30 minutes at 25 °C to prevent
binding to non-specic sites on the electrode. Finally, the
modied GCE was subjected to 10 mL of microRNA-423-5p for 30
minutes at 37 °C. Scheme 1 illustrates the various stages of the
genosensor fabrication process.
3 Results and discussion
3.1 Characterization of different steps of sensor fabrication
using FE-SEM and EDX

The electrode surface was characterized at different stages of
biosensor fabrication using FE-SEM and EDX techniques. FE-
SEM images of electrodes in different modication states were
recorded simultaneously. Fig. S2A (SI) depicts the FE-SEM image
of GCE-P(CS), revealing the creation of P(CS) with a structured
and organized architecture. Due to the presence of amine groups,
CS is susceptible to oxidation and may readily form a polymer
lm by establishing covalent bonds (C–N) between the amine
groups of CS and carbon electrodes. Also, Fig. S2B (SI) depicts the
FE-SEM image of KCC-1-nPr-NH-Arg even out on the GCE-P(CS)
surface. The electrode surface changes morphology, resembling
the emergence of mushrooms from the surface. This veries the
effective formation of KCC-1-nPr-NH-Arg on the electrode
surface. In addition, Fig. S2C (SI) indicated an FE-SEM image of
the formation of Ag nanoparticles with prismmorphology on the
surface of the electrode. Fig. S2D (SI) shows an FE-SEM image
obtained aer immobilizing a particular DNA sequence con-
taining a thiol group onto the surface of a GCE that has been
Fig. 1 (A) CVs of electrodes in the presence of Ferro/Ferri solution. (B) H

© 2026 The Author(s). Published by the Royal Society of Chemistry
coated with Ag nanoparticles. The surface of the electrode has
become spongy aer immobilizing the particular sequence con-
taining the thiol group and establishing a connection between
the thiol group and the Ag nanoparticles. Fig. 2E (SI) illustrate the
FE-SEM image of the GCE that has been modied with P(CS)-
KCC-1-nPr-NH-Arg-AgNPs. These images were taken aer the
DNA sequence had hybridized with the complementary sequence
of the target (microRNA-423-5p). The effective interaction
between DNA and the target analyte indicates the accomplish-
ment of the genosensor manufacturing process. Furthermore,
the analysis of the electrode using EDX conrms the effective
creation of the genosensor aer several manufacturing proce-
dures (Fig. S3 (SI)).
3.2 Electrochemical behavior of the designed genosensor

The electrochemical performance of the developed genosensor
was evaluated using CV and DPV techniques. To verify the
accuracy of the biosensor production procedure, CVs was
recorded in the potential range of −1 to +1 V. Voltammograms
were obtained and compared aer each step of electrode
construction (Fig. 1A).

Also, Fig. 1B illustrates the peak histogram of peak currents
versus type of electrode. As can be seen, applying a coating of
poly-CS to the surface of the GCE results in a modest decrease in
the anodic peak current, reducing it from 25 to 15.49 mA.
Subsequently, by introducing KCC-1-nPr-NH-Arg onto the elec-
trode surface, the anodic peak current's magnitude escalates as
a result of arginine's presence on the DFNS structure and its
contact with the surface, ultimately reaching a numerical value
of 38.11 mA. Despite the polymer's inhibitory effect on electron
transfer, the numerous functional groups on the surface of this
bioactive polymer, such as amine, methyl, and hydroxyl groups,
istogram of peak current versus type of electrodes.

RSC Adv., 2026, 16, 17860–17868 | 17863
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enable the introduction of suitable substrates for binding with
KCC-1-nPr-NH-Arg. Despite the high conductivity of applied
metal nanoparticles (AgNPs), due to the encapsulation of Ag
nanoprism into the porous structure of KCC-1-nPr-NH-Arg, the
anodic peak current has been decreased and reached 31.93 mA.

Subsequently, the electrode's peak current, which was modi-
ed with the probe DNA, experienced a notable decrease and
reached 22.61 mA. This was caused by the uneven buildup of the
thiolated probe on the electrode's surface. According to obtained
results, the presence of the electroactive compound Fe(CN)6

−3/−4

on the surface of sensor led to increment of the peak current
sensor. Subsequently, aer hybridization of DNA withmicroRNA-
423-5p a signicant decrease was accrued in the anodic peak
currents associated with the redox state of Fe(CN)6

−3/−4. The
reduction in the peak current of anodic condition served as
a reliable indicator of the successful execution of the DNA
hybridization. The hybridization procedure may be carried out
using a modied electrode that incorporates a self-arranged
single-strand probe. The decrease in anodic and cathodic peak
current intensity in the voltammograms can be attributed to the
immobilization of ssDNA probes and the accumulation of
dsDNA. This decrease is caused by the presence of the electro-
active anionic compound Fe(CN)6

−3/−4, which also carries
a negative charge. Consequently, the current's strength dimin-
ishes, leading to a signicant decrease in the oxidation peak of
Fe(CN)6

−3/−4. Reduction in the anodic peak current of CVs is
evident that dens-loading of DNA was increased and led to steric
hindrance and the negative charge of the DNA. Therefore, the
redox potentials were shied to positive values.

The DPV procedure precisely aligns with the result derived
from CV, yielding the following outcomes. Fig. S4A(SI) shows
Fig. 2 (A) DPVs of genosensor incubated in the presence of different co
Fe(CN)6

−3/−4 and 0.01 M KCl as the supporting electrolyte (B) calibration

17864 | RSC Adv., 2026, 16, 17860–17868
DPVs of biosensor in different fabrication steps. By electro-
polymerization of the P(CS), the peak current reached to 16.43
mA. Adding mesoporous nano-silica further increased the peak
current to 48.33 mA. However, the encapsulation of Ag nano-
prism into the porous structure of KCC-1-nPr NH-Arg decreased
the peak current to 20.58 mA. Finally, aer introducing
microRNA-423-5p, the Ip was dropped to 8.48 mA and conrmed
hybridization process.
3.3 Analytical studies

The DPV technique was used to determine the target microRNA-
423-5p aer hybridization with probe DNA. Following the
modication of the electrode surface, a volume of 5 mL con-
taining a single-strand DNA probe at a concentration of 5 nM
was applied to the electrode surface to achieve hybridization
with microRNA-423-5p. The aforementioned procedures were
executed for the concentration (1, 0.05, 0.01, and 0.001 nM) of
a single-stranded analyte (microRNA-423-5p). Fig. 2 shows DPV
and obtained calibration curve of genosensor.

The ndings indicate a direct correlation between the peak
current of the calibration curve and the varying Napierian
Logarithm of microRNA-423-5p concentration. Therefore, it is
feasible to identify a reduced amount of microRNA-423-5p in
standard samples. The constructed biosensor has shown the
capability to detect the presence of microRNA-423-5p in stan-
dard solution.

3.3.1 Analytical studies in real samples (human blood
plasma). For this purpose, a blood sample was obtained from
a 30 year-old person who is in good health and does not have
cancer. The blood was collected in a tube without any additives
and le to coagulate for 60 minutes at room temperature. This
ncentrations of microRNA-423-5p: 5, 1, 0.05, 0.01, 0.001 nM in 0.01 M
curve.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 (A) DPVs of the genosensor in the presence of microRNA-423-5p, ncDNA, and 1-base mismatch sequences. (B) Histogram of peak
current vs. to different types of DNA sequences.

Table 2 RSD of (5, 1, 0.1, 0.05 nM) concentrations of the target analyte
(microRNA-423-5p) to check the repeatability of the sensor

5 nM 1 nM 0.1 nM 0.05 nM

28.93188 31.74284 31.84005 35.951511
23.14671 26.10715 27.06153 31.827472
18.21012 21.26441 23.32687 27.924419

Average 23.42957 26.37147 27.40948 31.901134
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process was done to separate the serum from the rest of the
blood. Subsequently, it was kept overnight at a temperature of
4 °C. The samples underwent two rounds of centrifugation, rst
with a force of 150 g for 5 minutes, followed by a subsequent
round for 15 min. Subsequently, the tubes were oen subjected
to rotation, the samples were divided into equivalent pieces,
and they were stored at a temperature of −20 °C.

To assess the impact of various concentrations of
microRNA-423-5p in actual human plasma samples,
microRNA-423-5p was added to human plasma at a ratio of 1 :
1 (V/V). The mixture was then placed on the surface of the
designed electrode (GCE/P(CS)/KCC-1-nPr-NH-Arg/AgNPs/
probeDNA) and incubated. DPVs of genosensor were recor-
ded in the existence of different concentrations of microRNA-
423-5p (0.001, 0.005, 0.01, 0.05, and 0.1 nM) spiked in human
plasma samples (Fig. S5A (SI)).

According to the obtained results (Fig. S5B (SI)) the regres-
sion equation in the range of 0.001 to 0.1 nM is as follows:

I(mA) = 171.52 CmicroRNA-423-5p + 29.74, R2 = 0.9381

Its sensitivity is 171.52 mA nM−1 with LLOQ = 1pM.
According to obtained results, sensing of microRNA-423-5p

in real samples by designed substrate is possible.
3.3.2 Analytical study. To illustrate utilization of biosensor

toward non-invasive monitoring of microRNA-423-5p, DPVs
were recorded. So, the DPV technique was chosen as a sensitive
diagnostic method for detecting microRNA-423-5p in healthy
human saliva samples. Real unprocessed human saliva samples
were used to for the early-stage identication of oral cancer.
© 2026 The Author(s). Published by the Royal Society of Chemistry
Saliva samples were obtained during the fasting period, which
required a minimum of 8 hours from the last use of food and
beverages. To guarantee oral cavity cleanliness prior to sampling,
a phosphate buffer solution (0.1 M) with a pH of 7.4 was used to
rinse the oral cavity for a duration of 30 seconds. Following the
removal of the phosphate buffer, the oral cavity was ushed with
deionized water for a duration of 20 seconds. Ultimately, saliva
samples were gathered and used only aer conrming their
transparency and lack of suspended matter (Fig. S6).

The regression equation in the range of 0.01 to 1 nM is as
follows:

I(mA) = 6.0081 CmicroRNA-423-5p + 8.2013, R2 = 0.9641

Its sensitivity is 6.0081 mA nM−1 with LLOQ = 0.01 nM.
The ndings indicate a direct correlation between the peak

current of the calibration curve and the varying concentration of
microRNA-423-5p. It is feasible to identify a reduced amount of
microRNA-423-5p in real samples. The constructed biosensor
has shown the capability to detect the presence of microRNA-
423-5p in real samples (human saliva sample).
SD 5.366473 5.244216 4.267245 4.0140531
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Fig. 4 (A) CVs of P(CS)/KCC-1-nPr-NH-Argmodified GCE in the potential range of−1 to 1 and sweep rate of 0.1 V s−1 in different cycle numbers
(1,5 and 10). (B) Histogram of peak current vs. number of cycles.
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3.4 Analytical validation

3.4.1 Selectivity of the genosensor. DPVs techniques were
used to analyses the selectivity of the biosensor by using
a ncDNA and 1-base mismatch to compare the selectivity of
bioreceptor to target analyte (microRNA-423-5p) sequences in
standard solution (Fig. 3).

At this stage, due to the overlapping of sequence ncDNA and
1-base mismatch, we used variation of peak current to interpret
the data of microRNA-423-5p. In this direction, sequence
microRNA-423-5p had a current intensity of 8.48 mA and
sequences ncDNA and 1-base mismatch had a current intensity
of 9.71 and 10.39 mA, respectively. In this way, the designed
biosensor has selectivity for microRNA-423-5p.

3.4.2 Repeatability of the biosensor. The repeatability of
a biosensor is a crucial metric for assessing its performance.
Repeatability pertains to the ability of a biosensor to provide
consistent responses when subjected to similar experimental
conditions. For the assessment of biosensor repeatability, DPVs
of the developed genosensor was recorded using 0.01 M
Fe(CN)6

−3/−4 and 0.01 M KCl as the supporting. (Fig. S7(SI)).
Accuracy refers to the degree of closeness between the results
received from a procedure aer several repeats. It is quantied
by the percentage of relative standard deviation (%RSD). A RSD
of up to 15% is deemed acceptable for biological samples by the
FDA (Food and Drug Administration) standard.

%RSD = Standard deviation (SD)/average of detection values
(Mean).

All measurements were conducted in triplicate, and the error
bars show the RSD% range of 4–5 for the measurements. This
indicates the high accuracy of the genosensor (Table 2).
17866 | RSC Adv., 2026, 16, 17860–17868
The low value of the RSD found indicates the ideal repeat-
ability of the current biosensor, hence conrming its efficacy in
providing consistent results across various samples. Further-
more, the simplicity and reproducibility of the biosensor
fabrication process are signicant and benecial benets.

3.4.3 Evaluation of the stability. Continuous monitoring is
necessary to ensure the stability, which is a crucial aspect of
biosensors' function. Stability refers to the extent to which
biosensors are prone to internal and external environmental
risks.

3.4.3.1 Intra-day surface stability. To assess the intra-day
stability of the internalization of the GCE surface, the dura-
bility of the matrix, P(CS)/KCC-1-nPr-NH-Arg modied GCE, was
evaluated at 30 minute intervals over four hours (Fig. S8(SI).

For this purpose, CVs of electrode (without existence of
biological element (probe DNA)) exhibited a steady oscillation
and maintained a value of around 50 mA for a duration of up to
three hours. Starting with the third hour, the electrode lost its
stability and achieved a value of 45 mA, indicating the three-hour
stability of the electrode surface. Hence, once the production of
this genosensor is completed, it should be promptly deployed.

3.4.3.2 Inter-Day surface stability. To assess the Inter-Day
stability of the electrode surface internalization over a period
of two days, we evaluated the P(CS)/KCC-1-nPr-NH-Arg modied
GCE matrix's durability (Fig. S9(IS)). The matrix initially
exhibited stability on the rst day, with a current intensity of
around 50 mA. However, it subsequently experienced a signi-
cant reduction and reached to 7 mA on second day.

3.4.4 Cyclic stability of sensor substrate. CVs of P(CS)/KCC-
1-nPr-NH-Arg modied GCE was recorded in 10 consecutive
cycles (Fig. 4). This was done to assess the stability of the matrix
© 2026 The Author(s). Published by the Royal Society of Chemistry
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on the electrode surface during repeated measurements, which
might serve as an indicator of the genosensor's stability. During
the rst ve cycles, the peak current showed a consistent uc-
tuation and remained around 50 mA. However, by the 10th cycle,
there was a sudden drop to 32.31 mA. Therefore, it can be
concluded that the modied electrode biosensor substrate
delivers the best results for up to 5 uses.

4 Conclusion

In summary, an innovative label-free electrochemical geno-
sensor was developed for the sensitive and specic recognition
of microRNA-423-5p. For the rst time, DNA hybridization
approach was utilized for the monitoring of target biomarker of
OC in human biouids. Also, by developed biosensor a non-
invasive analysis of microRNA-423-5p was performed in
human saliva samples in the linear range of 1 pM to 5 nM. Novel
type of materials like KCC-1-npr-NH-Arg, TA-AgNPs, and P(CS)
were utilized for the construction of this biodevice. Finally,
using engineered bioanalytical sensor, specic detecting of
microRNA-423-5p was performed in the presence of interfering
specious including ncDNA and mismatch-DNA. Constructed
biosensor provide signicant advantages, making them a viable
electrochemical device for detecting microRNA-423-5p in
human biouids. This opens up new possibilities for the early-
stage detection of OC.
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Fe(CN)6

−3/−4 and 0.01 M KCl as the supporting electrolyte with
a sweep rate of 100mV s−1. (B) Bar-graph of changes in peak current
at different stages of genosensor fabrication. Fig. S5: (A) DPVs of the
genosensor in different concentrations of microRNA-423-5p: 0.1,
,0.05, 0.01, 0.005, 0.001 nM with treated human plasma sample in
the present of 0.01 M Fe(CN)6

−3/−4 and 0.01 M KCl as the
supporting electrolyte. (B) Calibration curve against the concentra-
tion value microRNA-423-5p. Fig. S6: (A) DPVs of the constructed
genosensor in the present of different concentrations of micro-
RNA-423-5p: 0.01,0.05, 1 nM with healthy human saliva samples in
0.01 M Fe(CN)6

−3/−4 and 0.01 M KCl as the supporting
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electrolyte. (B) Calibration curve of biosensor versus the amount of
microRNA-423-5p. Fig. S7: (A–D) DPVs of genosensor recorded for
repeatability of 5, 1, 0.1 and 0.05 nM concentrations in 0.01 M
Fe(CN)6

−3/−4 and 0.01 M KCL as the supporting electrolyte. (B)
Histogram of peak current vs. different concentrations of micro-
RNA-423-5P sequences in 3 repetitions. Fig. S8: (A) CVs of P(b-CD)/
KCC-1-nPr-NH-Arg-modied GCE in the potential range of −1 to 1
and sweep rate of 0.1 V s−1 in the presence of 0.01 M Fe(CN)6

−3/−4

and 0.01 M KCL as the supporting electrolyte in different time of
incubation. (B) Histogram of peak current vs. time of incubation.
Fig. S9: (A) CVs of P(b-CD)/KCC-1-nPr-NH-Arg-modied GCE in the
potential range of −1 to 1 and sweep rate of 0.1 V s−1 in the pres-
ence of 0.01 M Fe(CN)6

−3/−4 and 0.01 M KCL as the supporting
electrolyte in different time of incubation. (B) Histogram of peak
current vs. period time of detection. Fig. S10: (A) CVs of GCE/P(CS)/
KCC-1-nPr-NH-Arg/AgNPs in the process of [Fe(CN)6]

3−/4− solution
in diverse sweep rates (0.15, 0.1, 0.09, 0.07, 0.06, 0.05, 0.04, 0.03,
0.02, 0.01, 0.005, 0.002mV/s); (B) variation of Ip vs. v; (C) variation of
Ip vs. v0.5; (D) variation of Ip vs. lnv; (E) the plot of Napierian loga-
rithm of oxidation peak current vs. Napierian logarithm of sweep
rates. See DOI: https://doi.org/10.1039/d5ra07098h.
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