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ABSTRACT: The urge for sensitive, facile, minimally invasive,
and fast detection method of CA-125, a significant and crucial
biomarker in ovarian malignancy, is currently substantial. This
paper describes the detailed construction and characterization of a
newly designed optical nano-biosensor to detect CA-125 accurately
and sensitively. The fabricated sensor consists of a nano-gold thin
film doped into a matrix of sol−gel, exhibiting a centered
fluorescence band at 423 nm when excited at 340 nm. The
quantification of CA-125 relies on its quenching ability of this fluorescence signal. The sensor was challenged to evaluate its
sensitivity and specificity in detecting CA-125 present in samples collected from ovarian cancer diagnosed patients and compared to
samples from healthy women as a control. Our findings revealed that the developed biosensor had a sensitivity of 97.35% and a
specificity of 94.29%. Additionally, a wide linearity range over 2.0−127.0 U mL−1 for CA-125 was achieved with a detection limit of
1.45 U mL−1. Furthermore, the sensor could successfully discriminate samples between healthy and diseased people, which
demonstrates its suitability in CA-125 assessment.

1. INTRODUCTION

Among all women’s gynecological cancers, ovarian cancer
(OC) and particularly the epithelial subtype is ranked as the
second most frequently diagnosed one. It is featured with an
average 5-year survival rate of around 50%, whereas around
75% of the cases are usually diagnosed at advanced stages, i.e.,
third and fourth.1 Because of the nonspecific symptoms and
omnipresent clinical manifestations, including abdominal
discomfort, pelvic pain, and indefinite vaginal bleeding, the
OC is usually underdiagnosed especially in early stages after
the occurrence of metastasis, leading to bad prognosis and high
mortality rate.2

Extensive efforts were exerted by scientists and gynecologists
worldwide for the sake of the early diagnosis of OC and
implementing different effective screening strategies to
improve the survival rates.3,4 Up to date, cancer antigen
(CA-125), also termed mucin 16 or carbohydrate antigen, has
been considered to be the most popular tumor marker and the
gold standard in OC in all aspects, since its discovery in
1981.5−7

The CA-125 normal cutoff range is 0−35 U mL−1, and
nearly 90% of women suffering from epithelial OC (EOC)
exhibit raised serum levels. Unfortunately, CA-125 level could
also be elevated in various physiological conditions such as
pregnancy and menstruation, in addition to pathological
conditions including benign cases and non-OCs.4

Despite the low specificity, the utility of CA-125 as a
diagnostic biomarker in OC diagnosis is still significant where
it could be recruited using advanced trends. Among these
trends, one approach adopted statistical and arithmetic
algorithms as significant tools for the diagnosis and
discrimination between malignant and benign ovarian tumors
as the risk of malignancy index, risk of malignancy algorithm,
multivariate index assay, and the risk of OC algorithm, known
as RMI, ROCA, OVA1, and ROMA,3 respectively.8 Another
approach used a multi-biomarker panel in which the CA-125
level was measured in combination with at least two other
biomarkers. This strategy improved the sensitivity of diagnosis
and allowed to decrease the probability of false results.9−11

The differentiation between OC and endometriosis, which is
difficult to be realized without a surgery, could also be achieved
via screening the CA-125 level in combination with other
inflammatory and hematological markers such as D-dimer and
the neutrophil-to-lymphocyte ratio.6
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CA-125 has also a significant utility as a prognostic indicator
and considered to be a standard component in the overall
management of EOC.12 After debulking surgery, the sequential
or serial measurement of CA-125 in the serum of OC patients,
besides studying its kinetics, half-life, nadir, and normalization,
has a great impact on monitoring therapeutic outputs,
treatment response, malignancy recurrence, tumor burden,
and survival outcomes.13,14

It could be comprehended that therapeutic decisions,
undertaken throughout the whole treatment course starting
from diagnosis to monitoring the disease regression in
response to the medical intervention and ending up with
patient follow-up, are postulated principally in accordance with
laboratory findings of CA-125. Thus, continuous investigations
are frequently conducted with the aim to develop new reliable
methods for accurate assaying CA-125 in different biological
fluids.15

The standard quantification method relies on the antibody
recognition of the epitope region of CA125, adopting the
enzyme-linked immune sorbent assay principle.16 The
restrictions of this technique, exemplified by reagent autoanti-
bodies and high-dose hook effect along with reported
inharmonious results, call for more reliable quantification
methods.17 Therefore, several techniques were proposed, such
as Raman spectroscopy,18 mass spectrometry,19,20 and electro-
chemical impedance spectroscopy.21 Even though these
methods allowed to achieve enhanced sensitivity and

specificity, their wide clinical application is hindered by their
need of sophisticated expensive instruments, tedious sample
preparation, qualified personnel for operation, and incompat-
ibility with high throughput demand.
Recently, the tremendous development in nanoscience22

enabled the successful application of nanotechnology in
biosensing of CA-125 with high sensitivity and more
efficiently,23−46 as summarized in Table 1.
Among the developed platforms, luminescence-based

sensors are very attractive, owing to their efficiency, ease of
operation, rapid response time, and enhanced sensitivity. Metal
nanostructures displaying localized surface plasmon resonance
such as gold nanoparticles are suitable in this field. Obviously,
there are numerous studies that utilized gold nanoparticles in
CA-125 detection.27,31,40 Even though these sensing platforms
achieved enhanced sensitivity, they all relied on the coupling of
the CA-125 antibody to the nanoparticles’ surface. In this way,
the limitations of immunosensing are not fully resolved.
Different from the developed approaches described in the
literature, the present study reports on a very selective,
sensitive, low-cost, and less-time consuming method for CA-
125 quantification, by exploiting the quenching ability of gold
nanoparticles shielded by a Schiff base ligand embedded in a
thin sol−gel film.
Upon the protection of gold nanoparticles by a monolayer of

Schiff base ligands, peculiar features were displayed, including
molecule-like HOMO−LUMO energy gaps and single-

Table 1. Different Nanoparticle-Based Sensors for Bioanalysis of Cancer Antigen (CA-125)

no. nanoparticle-based sensors linearity range limit of detection

Electrochemical/Electrochemiluminescence Technique
1 polyamidoamine−gold nanoparticles with multiwall carbon nanotubes (CNTs)

and a reduced graphene oxide-based immunosensor23
0.0005−75 U mL−1 6 μU mL−1

2 conductive nanoink composed of silver nanoparticles deposited on graphene
quantum dots functionalized with D-penicillamine on a glassy carbon
electrode24

0.001−400 U mL−1 0.001 U mL−1

3 gold nanostructure−gallium nitride-based aptasensor25 1−100 U mL−1 0.3 U mL−1

4 conductive silver nanoink-based biosensor26 0.01−400 U mL−1 0.01 U mL−1

5 gold nanoparticles in a microfluidic biosensor27 84 000, 35 000, and 3500 U mL−1

6 gold and platinum nanostructure-modified carbon screen-printed electrode28 450−2.9 μg mL−1 419 ± 31 ng mL−1 for the Au interface;
386 ± 27 ng mL−1 for the Pt interface

7 silver nanoparticle-doped amidoxime-modified polyacrylonitrile nanofiber-based
aptasensor29

0.01−350 U mL−1 0.0042 U mL−1

8 molecular imprinted polymer on gold electrode30 0.01−500 U mL−1 0.01 U mL−1

9 chitosan−gold nanoparticle and CNT-based immunosensor31 0.01−0.5 and 0.5−100 U mL−1 0.002 U mL−1

10 dual gold nanoparticle-based immunosensor32 20−100 U mL−1 3.4 U mL−1

11 carboxylated multiwalled CNTs deposited on reduced graphene oxide film-
based aptasensor33

1.0 × 10−9−1.0 U mL−1 5.0 × 10−10 U mL−1

12 nanocomposite of polyamidoamine dendrimer CdTe@CdS quantum dots
conjugated with polyamidoamine sulfanilic acid Ru(bpy)3

2+-based biosensor34
1 μU mL−1 to 1 U mL−1 0.1 μU mL−1

13 a network of DNA aptamer and CNT platform on a chip35 10−12−10−6 g mL−1 10 pg mL−1

14 multiwalled CNT-embedded zinc oxide nanofiber-based biosensor36 0.001 U mL−1 to 1 kU mL−1 0.00113 U mL−1

15 zinc oxide nanorod−gold nanoparticle nanohybrid-based immunosensor37 2.5 ng μL−1 to 1 μg L−1 2.5 ng μL−1

16 hierarchical gold nanostructure-modified bioelectrode38 10−100 U mL−1 5.5 U mL−1

17 silica-coated gold nanoparticles on a modified gold electrode39 0−0.1 U mL−1 0.0016 U mL−1

18 core−shell gold−silver nanoparticle-based immunosensor40 1.0−150 IU mL−1 1.0 IU mL−1

Fluorescence Technique
19 phthalocyanine-doped polystyrene nanocomposite biosensor41 1.0 × 10−2−127 U mL−1 1.0 × 10−4 U mL−1

20 Fe3O4@gold magnetic bead-based aptasensor42 0.5−30.0 ng mL−1 0.15 pg mL−1

21 DNA-functionalized silver−gold and silver nanoclusters in combination with
graphene oxide-based aptasensor43

1.33−200 ng mL−1 0.18 ng mL−1

22 two blue/green luminescent carbon dots and 2D MoS2-based biosensor44 0.05−8 pg mL−1 5.0 fg mL−1

23 carbon dots functionalized with aptamer in combination with a dendrimer/gold
nanoparticle-based immunosensor45

2.5 × 103−2 × 104 cells/mL 400 cells/mL−1

24 graphene quantum dot-based biosensor46 0.1−600 U mL−1 0.05 U mL−1
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electron charging, allowing its employment in chemical and
optical sensing.47,48

2. EXPERIMENTAL SECTION
2.1. Instrumentation. See Section S1 for more details.
2.2. Chemicals and Patient Samples. See Section S2 for

more details.
2.3. Methodology. 2.3.1. Preparation of 2,2′-((1E,1′E)-

(1,2-Phenylenebisazanylylidene) Bis(ethane-1-yl-ylidene)-
diphenol Schiff Base. This Schiff base was prepared following
Chiririwa and Muzenda’s report,49 as briefly illustrated in
Scheme 1. See Section S3 for more details.

2.3.2. Gold (III)−Schiff Base Complex Preparation. The
complex of gold−Schiff base was obtained through adding
Schiff base solution dissolved in 10.0 mL of dry dichloro-
methane to an equimolar amount of [NaAuCl4·4H2O]
dissolved in 10.0 mL of dry ethanol. The obtained mixture
was stirred overnight in a bath of ice, followed by the solvent
reduction to 5.0 mL and product precipitation utilizing hexane.
To afford crystalline complex, hot methanol was used to
dissolve the crude solid, and benzene was used for
recrystallization. The obtained crystalline complex was finally
washed with diethyl ether and vacuum dried (Scheme 1).
2.3.3. Gold−Schiff Base Complex-Doped Sol−Gel Nano-

Optical Sensor Preparation. Before the preparation step,
distilled water containing polyethylene glycol (PEG) as a
surfactant was used for cleaning the substrate. Ultrasonication
was then performed for 30 min in a water:PEG mixture and
another 10 min in acetone, followed by boiling in 2-propanol
for another 10 min. Finally, the substrate was rinsed with 2-
propanol, spun dried, and spin coated.
The preparation of the biosensor was performed following

nearly the same procedures previously reported for the
fabrication of a uric acid sensor50 with the introduction of
some modifications to minimize sensor crack. In short, 8.0 mL
of the prepared 5.0 × 10−4 mol L−1 Au (III) Schiff base
complex in ethanol was mixed with 2.0 mL of tetraethyl
orthosilicate (TEOS), 2.0 mL of diethoxydimethylsilane, and
2.0 mL of deionized water. The prepared solution (9.0 mL)
was used for filling glass vials with a diameter of 24.0 mm and a
height of 48.0 mm, and para-film was used for stoppering the
filled vials where three small holes were made after 2 days. Six
days later, the preparation of thin films from the solution that
was partially hydrolyzed and condensed was achieved via spin

coating (2000 rpm for 30 s). The process was performed on
quartz small slides with a width of 8.5 mm and a height of 25.0
mm to be capable of fitting in a cuvette for fluorescence
intensity measurement.
The developed nano-biosensor was thoroughly characterized

using Fourier transform infrared (FTIR) spectroscopy, UV−
vis, transmission electron microscopy (TEM), X-ray diffraction
(XRD), and atomic force microscopy techniques. The
thickness of the thin film is 0.12 mm, as determined by a
micrometer.

2.3.4. Serum Preparation. Serum was isolated from the
collected blood samples, following a standard serum isolation
protocol. For the removal of all proteins, citrate solution (3.0
mL) was mixed with plasma (4.0 mL), followed by
centrifugation (4000 rpm for 150 min) and decantation. To
prepare the test solution (TS), the obtained serum (1.0 mL)
was mixed with phosphate buffer (0.1 mL) and added to the
thin film, previously fabricated, in the cuvette where water (1.9
mL) was added.

2.3.5. Proposed Method. In the cell containing previously
prepared TS, an aliquot equivalent to 100 μL of various CA-
125 standard concentrations, in water, was added to the gold−
Schiff base complex thin film doped in the sol−gel matrix.
Recording of the fluorescence spectra was achieved at λex/λem
= 340/423 nm. After each estimation, rinsing of the optical
sensor with water was performed. The construction of a
calibration graph was done through plotting the measured (F0/
F) − 1 at λem = 423 nm versus the respective CA-125
concentration.
The presented method’s selectivity and validity were

investigated through testing the effect of different possible
interfering species on the intensity of fluorescence after the
addition of 130.0 U mL−1 of CA-125, and the tolerable limit
was calculated. The studied interfering species included 130.0
U mL−1 of each of CEA (CA 15-3 and CA 19-9), 2.0 × 10−3

mol L−1 of both NaCl and KCl, 0.08 g L−1 of both uric acid
and glucose, 0.06 g L−1 of both urea and triglycerides, 0.7 g L−1

of albumin, and 0.01 g L−1 of total protein.
The biosensor performance was assessed for the following

parameters:

1. Sensitivity could be defined as the screening test
capability for true positive detection, reflecting its ability
to identify all diseased people correctly.51,52

2. Specificity could be described as the screening test
capability for true negative detection and the identi-
fication of people who do not suffer the disease
correctly.51,52

3. Positive predictive value (PPV) could be defined as the
probability that people displaying positive screening test
results actually have the disease under investigation.

4. Negative predictive value (NPV) could be defined as the
probability that people displaying negative screening test
results actually do not suffer the disease under
investigation.

5. Disease prevalence could be calculated simply using the
following equation: Tdisease/total × 100.

3. RESULTS AND DISCUSSION
3.1. Characterization of the Thin Film. The sol−gel thin

film doped with Au nanoparticles coated by the Schiff base
ligand with a thickness of 0.12 mm was characterized using
various tools. The TEM image in Figure 1 revealed a dense

Scheme 1. Schiff Base and Gold−Schiff Base Complex
Preparation
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thin film comprising spherical nanoparticles with a diameter of
19.4 ± 0.7 nm. See Section S4 for more details.

FTIR spectroscopy was used to assess the chemical
composition of the thin sol−gel film containing Au nano-
particles coated by the Schiff base ligand. The FTIR spectrum
showed two bands: one band centered at 1014 cm−1 assigned
to the (SiOSi)n vibration mode and another band at 892
cm−1 assigned to the SiOH vibration mode confirming
TEOS hydrolysis and condensation forming polymeric silica.
Other bands observed at 3031, 2918, and 2842 cm−1

correspond to the CH, OH symmetric, antisymmetric,
and stretching modes.53−55 Bands displayed at 1034 and 839
cm−1 are assigned to the CH in-plane rock and out-of-plane,
respectively. The frequencies at 756 and 699 cm−1 are ascribed
the CH out-of-plane modes of rings. The appearance of
vibrational modes with energy less than 700 cm−1 and bands at
533 and 453 cm−1 is most probably the MO bonds (M =
Au, Si), ensuring the combination between the metallic ions
and oxygen atoms in the silica gel network and AuN
bond,53−55 respectively (Figure 2). The bands at 1603, 1489,
and 1445 cm−1 are CN stretching frequencies, a key feature
of Schiff base. It is noticeable from FTIR spectrum that the
OH band of water is absent, which can be justified by the
fabrication mechanism in which the formation of SiOSi
bond took place between the matrix and the substrate.

The XRD pattern of the thin film containing gold
nanoparticles coated by Schiff base is displayed in Figure 3.

The crystalline nature of gold nanoparticles was confirmed by
the presence of obvious peaks of cubic phases (JCPDS no. 03-
0921) at 38.2° (111), 44.3° (200), 64.9° (220), 77.5° (311),
and 81.5° (222). The size of the gold nanoparticles was also
suggested to be small, owing to the peaks’ bottom broad width.
The diffraction pattern comprised Bragg’s reflections of gold,
as indicated by the presence of five intense peaks ascribed to
gold nanoparticles.54 In addition, a diffraction peak due to the
SiO2 matrix was observed at 2θ = 28° (100).

3.2. Absorption and Emission Spectra. The sol−gel film
doped with the Au nanoparticles coated by Schiff base optical
features assessed using UV−vis spectrophotometry. Figure 4
depicts the UV−vis absorption spectra in the absence and
presence of CA-125. A clear absorption peak with high
intensity was observed at 274 nm because of the π → π*
transition in the organic moiety of the Schiff base. The
appearance of another broad peak at 548 nm was assigned to
the gold nanoparticles’ free electron surface plasmon

Figure 1. TEM image of the fabricated thin film containing Au
nanoparticles coated by the Schiff base ligand doped in a sol−gel
matrix.

Figure 2. Thin sol−gel film containing Au nanoparticles coated by
Schiff base ligand FTIR spectrum.

Figure 3. XRD pattern of the thin sol−gel film containing Au
nanoparticles coated by Schiff base ligand.

Figure 4. Sol−gel thin film containing Au nanoparticles coated by
Schiff base ligand absorption spectra upon the addition of different
concentrations of CA-125 protein.
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oscillation.56 The intensity of these peaks decreased substan-
tially upon the addition of CA-125 protein, as presented in
Figure 4, indicating that UV−vis spectrophotometry could
potentially be applied for CA-125 sensing.
The fluorescence spectra (λex = 340 nm) of the thin sol−gel

film containing AuNPs coated by Schiff base before and after
the addition of different CA-125 concentrations are displayed
in Figure 5. The lifetime of the AuNPs coated by Schiff base is

calculated to be 67 μs, and the quantum yield of its emission
intensity equals ΦAu = 0.188 by using quinine sulfate Φref =
0.544 as a reference. The fluorescence intensity of the AuNPs
coated by the Schiff base ligand at 423 nm was quenched by
the addition of CA-125 protein in different concentrations
(Figure 5). CA-125 as ligand attacks Au metal ion in Au−
Schiff base complex from below and above of axial positions
through its N-terminal domain (polar glycosylated tail), in
which a sugar molecule is attached to an oxygen atom in an
amino acid residue in a protein, the molecular geometry of Au
is changed from square planar shape to distorted square planar
shape. Quenching effect is ascribed to the prevention of free

electron recombination from the conduction (sp) band to
valence (d) band holes, where the electrons are preferentially
transferred from the gold nanoparticles to CA-125 in the
excited state, as illustrated in Figure 6.

3.3. Analytical Parameters. The effect of different
solvents on the fluorescence intensity of the thin sol−gel
film containing AuNPs coated by the Schiff base ligand was
investigated, after establishing the same conditions and
procedures adopted in the proposed method. Protic solvents
(ethanol and water) contributed to the enhancement of the
fluorescence intensity, as revealed by the results, because of
their capability of stabilizing the sensor excited state. In
contrast, aprotic solvents (acetonitrile, DMF, and DMSO)
cause destabilization of the optical sensor excited sate, leading
to the fluorescence intensity quenching. Moreover, a 24 nm
blue-shift was observed because of the energy gap between the
sp and d bands increased in the aprotic solvents.57−64

The results of the validity and selectivity assessment are
presented in Figure 7. All tested interfering biomolecules

Figure 5. Thin sol−gel film containing AuNPs coated by Schiff base
ligand fluorescence emission spectra at λex 340 nm after adding
different CA-125 protein concentrations.

Figure 6. Mechanism of the quenching of the gold nanoparticles coated by a Schiff base ligand optical sensor by CA-125.

Figure 7. Interfering species influence on the optical sensor
fluorescence intensity.
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exerted a minor effect on the fluorescence intensity. However,
the copresence of CEA, CA 15-3, and CA 19-9 with CA-125 in
the OC patients’ serum sample induced a remarkable
interference in CA-125 determination.
For tackling this interference, a preliminary sample

preparation step is proposed in Figure 8,41 in which serum
samples were first incubated with CA-125 antibody. Later,
antigen−antibody decoupling was performed and CA-125
concentration was measured using the developed optical nano-
biosensor.
3.4. Validation. 3.4.1. Dynamic Linear Range. The CA-

125 concentration effect on the thin sol−gel film containing Au
NPs coated by the Schiff base ligand optical sensor
fluorescence intensity is depicted in Figure 9. The Stern−

Völmer equation was employed to study the correlation
between the CA-125 concentration and the optical sensor
fluorescence intensity65−67 (Section S5):

− = [ ]
F
F

K Q10
sv

where F0 corresponds to the optical sensor fluorescence
intensity in the absence of CA-125, F is the optical sensor
fluorescence intensity in the presence of CA-125, Q is the CA-
125 concentration, and Ksv = 0.023 U mL−1 represents the

Stern−Völmer constant. Upon plotting (F0/F) − 1 against CA-
125 concentration, it is observed that as the CA-125
concentration increases, the fluorescence intensity increases
in a linear relationship with a correlation coefficient (r) = 0.999
over the CA-125 concentration range within 2.0−127 U mL−1.
The limit of detection (LOD) and limit of quantification
(LOQ) were calculated in accordance with the guidelines of
ICH,68 and their values are tabulated in Table 2.

3.4.2. Accuracy. The evaluation of the method accuracy was
performed where the results were presented in the form of
relative error (RE) between the CA-125 measured mean
concentrations and the actual taken concentrations. The bias %
was also determined at every single concentration, and the
obtained results demonstrated the method accuracy (Table 3).

3.4.3. Precision. For the assessment of intraday precision
(repeatability) and interday, 10 serum samples were analyzed
in triplicates applying the general procedures previously
detailed on the same day and within three successive days,
respectively. The results were processed and values of %RSD
assured the precision of the presented methods, and the results
are summarized in Table 3.

3.4.4. Application. The proposed optical sensor analytical
employability was investigated via measuring CA-125 concen-
tration in five different serum samples of both healthy and 10

Figure 8. Proposed procedure to increase CA-125 nano-optical sensor selectivity.

Figure 9. Calibration graph of the (F0/F) − 1 against different
concentrations of CA-125.

Table 2. Sensitivity and Regression Parameters for the
Developed Sensor

parameter value

λem (nm) 423
linear range (U mL−1) 2.0−128
LOD (U mL−1) 1.45
LOQ (U mL−1) 4.36
regression equation, Ya Y = a + bX
intercept (a) 0.001
slope (b) 0.021
standard deviation 0.01
variance (Sa2) × 10−4 1.0
regression coefficient (r) 0.999

aY = fluorescence intensity; X = concentration in nmol L−1; a =
intercept; b = slope.
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women suffering OC within the 30−65 years age range. A
good correlation between the average values recorded by the
newly developed procedure and those obtained by the
standard one was achieved (Table 3). In addition, the
performance parameters of the optical sensor, previously
discussed, were calculated, and the obtained results were as
following: sensitivity = 97.35%, specificity = 94.29, PPV =
89.45%, NPV = 91.75%, and prevalence of disease = 71.51%.

4. STATISTICAL ANALYSIS
The t and F tests were performed, and the results were
obtained at 95% confidence level, indicating that there were no
significant differences between the standard69 and newly
developed methods, as presented in Table 3.

5. CONCLUSIONS
In the present study, a novel nano-optical sensor, consisting of
a thin sol−gel film containing gold nanoparticles coated by
Schiff base ligand, was proposed and successfully applied for
CA-125 determination in serum samples of healthy and
women suffering OC. The technique developed in this work
could be considered as an excellent contribution to the
analytical methods used for CA-125 determination. The
method owns several features such as rapidity, accuracy, and
sensitivity.
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