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overexpressed in various malignant tumors such as lung, prostate, 
breast, colon, glioblastoma, ovarian, cervical, and pancreatic can-
cer (1). An immunosensor (a!nity biosensor) is based on inter-
actions between an antigen and a speci"c antibody immobilized 
on a transducer surface. Immunosensors possess high selectivity 
and sensitivity due to the speci"c interaction between antibodies 
and corresponding antigens. For this reason, it makes a suitable 
bioplatform for several applications, especially in the medical and 
bioanalysis "elds (2).

#is work describes a simple, rapid, and sensitive electro-
chemical immunosensor for determining anti-SOX2 antibodies. 
Multiwalled carbon nanotubes modi"ed electrodes(DRPM-
WCNT) were used in this study. First, the DRPMWCNT surface 
was activated in a freshly prepared 1-ethyl-3-(3-dimethylami-
nopropyl) carbodiimide/N-hydroxy succinimide (EDC/sulfo-
NHS) solution in humid room conditions. #en, SOX2 protein at 
di$erent concentrations was dropped onto the surface and incu-
bated. Next, the surface was blocked with 1% BSA for 30 minutes 
to prevent the interaction of the antibodies with the proteins of 
di$erent surface con"gurations. In the last step, anti-SOX2 anti-
body was dropped onto the surface and incubated. #e required 
optimization parameters were performed to select the best value. 
#e performances of the immunosensor were evaluated by draw-
ing a calibration curve.
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Entecavir and Tenofovir, nucleos(t)ide analogs (NUCs), the 
combination is recommended "rst-line therapy in multidrug-re-
sistant hepatitis B patients due to good tolerance, lower side-e$ect 
pro"le, and high genetic barrier. #is study reports the fabrication 
of a novel polymer resin and graphene-modi"ed carbon paste elec-
trodes for the simultaneous determination of the anti-HBV drugs 

entecavir (ETV) and tenofovir (TEV) in bulk and dosage form by 
di$erential pulse voltammetry (DPV). #e electrodes were spec-
i"ed through cyclic voltammetry, and scanning electron micros-
copy (SEM), and the analytical parameters were optimized. Both 
drugs displayed clear oxidation peaks on the polymer resin and 
graphene-modi"ed carbon paste electrodes in the Bri%on-Robin-
son bu$er. #e proposed method was successfully applied to the 
simultaneous determination of ETV and TEV in commercial tab-
let dosage forms, exhibiting good accuracy and precision. More-
over, the addition of many excipients in the simultaneous analyzes 
of TEN and ENT con"rmed the anti-interference properties of 
the fabricated sensors, as they did not a$ect the electrochemical 
behavior of the substances.
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Cryogels are a subclass of hydrogels made up of networks of 
polymer chains that have a high capacity to absorb water while 
maintaining structural integrity. Hence, cryogels o$er a hydrophil-
ic surface which enhances the biological response of the cells. On 
the other hand, electrospun nano"bers are materials exhibiting 
higher mechanical strength compared to hydrogels and cryogels. 
Antineoplastic drug 5-&uorouracil (5-FU) is utilized to treat solid 
tumors that cause carcinomas in the gastrointestinal tract, breast, 
liver, brain, and other organs through chemotherapy. Poly(hy-
droxyethyl methacrylate) is one of the most widely used polymers 
in various biomedical applications such as drug delivery systems 
(DDSs), contact lenses tissue engineering, and so on because of 
its advantageous traits like high water content, high tissue- and 
blood-compatibility, and low toxicity. #e objective of this study 
is to develop DDSs based on the electrospinning of polycaprolac-
tone (PCL) and copolymerization of 2-hydroxyethyl methacry-
late (HEMA) and vinyl imidazole (VIM). #e advantages of elec-
trospun nano"bers and cryogels were combined in this DDS as 
a hybrid structure to increase the mechanical properties of cryo-
gels and enhance the biocompatibility and hydrophilicity of PCL 
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nano!bers. VIM is used as a copper ion chelating ligand to sup-
ply metal-ion mediated drug loading. "e physical and chemical 
properties of hybrid DDSs were investigated using various charac-
terization methods including gelation yield and swelling studies, 
!eld emission scanning electron microscopy, Fourier-transform 
infrared spectroscopy, water contact angle measurements, and so 
on. In vitro release studies were carried out to analyze the e#ects 
of medium pH and temperature, and drug content on release rate. 
"e cryogel layer of the hybrid DDS has a macroporous structure 
while the nano!ber layer has relatively small pores. In the release 
pro!les of the electrospun nano!ber/cryogel hybrid DDS, a bi-
phasic release was observed, !rst a burst release followed by a 
slower and sustained release. "e cumulative release rate of 5-FU 
from hybrid DDS was higher at more acidic conditions. Since the 
release rate of 5-FU changed by changing the medium pH because 
the Cu(II) ion acts as a Lewis acid, and the drug molecule, i.e. 
5-FU acts as a Lewis base resulting in pH-responsive release for 
the hybrid DDS.

Acknowledgements: "is study was supported by HORI-
ZON EUROPE (Project acronym: REGENEU, Grant Agree-
ment ID 101079123).
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Abstract

A label-free electrochemical magneto immunosensor was 
designed for ultrasensitive detection of anti-transglutaminase an-
tibody in human real samples. "e immobilization process was 
performed on the iron oxide magnetic particles. In this way, by 
the advantage of large surface of iron oxide particles, the antigens 
were immobilized on this polymer modi!ed magnetic particles. 
To obtain a good performance of the biosensor, the conditions 
a#ected the biosensor response was optimized. Under optimal 
conditions, the immunosensor was responsive to anti-transgluta-
minase antibody concentrations in a wide detection range and a 

low detection limit. "e reliability of the biosensor in clinical anal-
ysis was proved by successful quanti!cation of anti-transglutami-
nase antibody levels in serum samples. Moreover, the precision, 
selectivity and storage-stability of the sensor were evaluated, and 
the results of this studies veri!ed the acceptability of the proposed 
assay. 

Keywords: Celiac disease, anti-transglutaminase antibody, 
impedimetric detection.

I. Introduction

Celiac disease is a gluten-dependent autoimmune disorder, 
which damages the small intestine. "is disease is triggered and 
sustained by the ingestion of gluten in genetically susceptible in-
dividuals. "e ingestion of some peptides originated from wheat, 
barley, rye, oats, and hybrids of these grains causes intestinal and 
extraintestinal symptoms. Chronic diarrhea, exhaustion, and 
weight loss are usually observed symptoms and they are variable 
in individuals (Habtamu et al., 2015). Furthermore, some indi-
viduals may also exhibit extraintestinal signs, but silent cases are 
also quite prevalent (Gianne%o et al., 2014; Scherf et al., 2016).

 To diagnose the celiac disease, gastrointestinal endoscopy 
is usually utilized, and, in this method, tissue samples are col-
lected for mucosal biopsies. "e collection of mucosal biopsies 
illustrates the potential abnormalities. A relationship is found 
between celiac disease and human leucocyte antigen HLA-DQ2 
and HLA-DQ8 (Scherf et al., 2016). "e utilization of gluten-free 
diet provides the elimination of these antibodies from human 
blood and therefore, they are utilized as biomarkers of celiac dis-
ease (da Silva Neves et al., 2010). Other celiac disease detection 
techniques contain serum testing for gliadin-induced antibodies 
using an enzyme-linked immunosorbent assay. "is technique is 
high-cost, and it requires specialized laboratory, experienced per-
sonnel, and long analysis duration. "erefore, easy, low-cost, and 
rapid systems are required toward celiac disease diagnosis (Habt-
amu et al., 2015).

In this study, an impedimetric immunosensing tool based on 
modi!ed magnetic particles was developed for the determination 
of anti- transglutaminase antibody. "e analytical determination 
of anti-tissue transglutaminase implemented on the carboxyl 
groups modi!ed iron oxide magnetic particles.

II. Material and method 

Ferric chloride hexahydrate, ferrous chloride tetrahydrate, 
N-Hydroxysuccinimide (NHS), N-(3-Dimethylaminopro-
pyl)-N-ethylcarbodiimide hydrochloride (EDC), potassium 
chloride, sodium di-hydrogen phosphate, di-sodium hydrogen 
phosphate, 2-(N-morpholino)ethanesulfonic acid (MES), bovine 
serum albumin, anti-transglutaminase antibody and transgluta-
minase antigen were purchased from Sigma-Aldrich. "e bu#er 
solutions (50 mM phosphate bu#er, pH 7.4; 50 mM MES bu#er, 
pH 6.0) were prepared with an ultrapure water from a Milli-pore 
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