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A B S T R A C T

A novel, simple, sensitive, and precise spectrofluorometric assay of cancer antigen [CA 125] is described. This
modality is based on monitoring the quenching of the luminescence intensity at 790 nm of the phthalocyanine
fluorophore, in a nanocomposite comprising the fluorophore and cationic polystyrene, which results from in-
teraction with CA 125. The remarkable quenching of the luminescence intensity of the Ni-phthalocyanine
complex doped in PS matrix by various concentrations of CA 125 was successfully utilized as an optical sensor
for the determination of CA 125 in different serum samples of ovarian disease. The performance of the designed
biosensor is determined through monitoring the quenching of the luminescence intensity at 790 nm by cancer
antigen 125 after excitation at 685 nm, pH 7.3 in water. The calibration plot was achieved over the con-
centration range 1.0×10−2 – 127 U mL−1 CA-125 with a correlation coefficient of 0.99 and detection limit of
1.0× 10−4 UmL−1. The mechanism of the interaction between the nano thin film nickel(II)phthalocyanine and
CA-125 was discussed. A significant correlation between the proposed method for the assessment of CA 125 and
the standard method was applied to patients and controls.

1. Introduction

CA-125 (cancer antigen 125) is a surface antigen associated with
non-mucinous epithelial ovarian cancer [1]. The protein is sloughed or
secreted from the surface of the ovarian cancer cells into the serum or
ascites [2]. The antigen reacts to a murine monoclonal antibody, OC
125 that was originally developed by immunizing mice with cells from
ovarian cancer cell line OVCA 433 [3]. CA-125 antigen is the largest
member of the mucin family of glycoproteins. It is a highly glycosylated
protein and contains ∼22.000 amino acids. The amphiphilic nature
arises from the weakly hydrophobic domains close to the membrane
and the polar glycosylated tail [4]. CA-125 test is not recommended for
women with average OC risk. However, for the women with advanced
OC, this test is the most potential test for detection of OC. This due to
the fact that more than 90% of women with advanced OC have elevated
CA-125 blood levels [5]. This is actually because ambiguous positive
test results afford further invasive and unnecessary medical treatments
[5]. It was observed that majority of women with late stage OC display
significantly elevated CA-125 blood levels. Therefore, monitoring of

these levels, in addition to certain physical signs are mostly applied for
detection of OC [6]. Further, observing CA-125 blood levels during the
therapeutic course is valuable for determining the response of the pa-
tient to the treatment [7] and for predicting a patient's prognosis after
treatment [8]. In some cases, elevated CA-125 levels within individuals
might be a strong indication to recurrence of OC [9]. The main two
aspects of an efficient sensor are sensitivity and selectivity. These two
parameters must be optimized in the development of an ideal sensor. It
is noteworthy to mention that sensors should display a detectable signal
and the change of signal by the sensor. As in many fields, nano-
technology contributes to production of advanced sensor materials with
enhanced signal response. Phthalocyanines (Pcs), a great family of
macrocyclic compounds, have recently found many industrial and
medical applications due to their unique chemical and physical prop-
erties. The optical properties (absorption, fluorescence, photodynamics,
photoconductivity) of Pcs arise from their chemical structure as a
planar macrocycle containing 18 π electron arranged in a highly con-
jugated system [10]. Fluorescence is an important phenomenon of Pcs
and has recently found many applications in the field of biomedical
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sensors and fluorescence imaging [11]. However, most of Pcs absorb
and emit in the far red region light spectrum and only few Pcs that
function in the near infrared (NIR) region. Phthalocyanine-polystyrene
films are known for good photochemical and photophysical properties
and are applicable as fluorescence gas sensors [12] and in photo-
catalysis [13]. Fluorescent polystyrene microspheres embedded with
acridine orange and rhodamine 101 were prepared by gradual solvent
evaporation method. In this work, a near infrared-fluorescent phtha-
locyanine was synthesized as a NIR fluorescent dye and embedded in
polystyrene matrix affording a monolithic and highly fluorescent
polymer thin film. Thin film was prepared as a medical kit, not just as a
sensor, for quantitative determination of CA-125 in different serum
samples of the ovarian cancer disease. The assessment process depends
on the quenching of the luminescence intensity of the optical biosensor
by various concentrations of CA-125 at 790 nm after excitation at
685 nm in water.

2. Experimental

2.1. Methods

All manipulations were carried out under argon stream, dried over
P2O5, using standard Schlenk line technique. All fluorescence mea-
surements were recorded with a Meslo-PN (222-263,000) Thermo
Scientific Lumina fluorescence Spectrometer. The absorption spectra
are recorded with Thermo UV–Visible double-beam spectrophotometer.
All pH measurements are made with a pHs-Janway3040 ion analyzer.
The TEM image of the nano Ni-phthalocyanine complex optical sensor
doped in polymeric matrix was measured (19.4 ± 0.7 nm) by using the
JEOL JEM-1230. The morphology of the optical sensor was studied
using AFM recorded using Park XE 15. X-Ray Diffraction patterns (XRD)
were measured using a Philips Analytical, X'Pert PRO. The IR spectra
(4000-400 cm−1) were measured at room temperature with Jasco FT/
IR-6100 type A. LCQ-Mass-Spectra were recorded on Thermo Finnigan
(LCQ Advantage Max) Ion Trap using MeOH/THF mixture as solvent.
Analysis of carbon, hydrogen and nitrogen was performed by combus-
tion of the samples at 1150 °C in a Vario Elementar EL instrument.
Determination of nickel in Ni(II)Pc 2 was achieved using a double beam
flame atomic absorption (Varian Spectra A-220) equipped with cross
flow nebulizer after decomposition of the samples by heating in nitric
acid.
Dynamic light scattering (DLS) and Zeta potential measurements

were carried out using PSS instrument, using the 632 nm line of a He-Ne
laser as the incident light with angel 90° and Zeta potential with ex-
ternal angel 18.9°. GPC measurements of polystyrene were carried out
using Agilent 1100 series, gel permeation chromatography with re-
fractive index detector using THF as an eluent and calibrated PL 5 μm,
(100, 104, 105 Å) on series of columns against polystyrene standard.

2.2. Materials

Dimethylformamide (DMF) and 1-pentanol were distilled under
reduced pressure before use. 2,3-Dicyanohydroquinone (DCHQ); 2-
ethylhexyl bromide; anhydrous potassium carbonate K2CO3 were pur-
chased from WINLAB UK. Nickel acetate Ni(II)Ac.4H2O, DBU,
NaH2PO4, NaOH, NaCl, KCl, albumin, uric acid, urea, triglyceride,
Polyvinylpyrrolidone (PVP, MW=40,000) and glucose were pur-
chased from Sigma-Aldrich Chemical Co. Styrene monomer (> 99%;
Merck, Darmstadt, Germany) was distilled to remove the inhibitor in
vacuum and stored at 4 °C until use.
The initiator, α,α′-azodiisobutyramidinedihydrochloride (AIBA),

was purchased from Fluka (USA) and used as received. Cancer antigen
125 (CA-125, 140 UmL−1), CA 19-9 (Carbohydrate antigen 19-9, 130
UmL−1), CA 15-3 (Carcinoma antigen, 130 UmL−1) and CEA
(Carcinoembryonic antigen, 130 UmL−1) were purchased from (orb
98857, Biorbyt), the working solutions of CA-125 and other biomarkers

were prepared by dissolving the vial content of the biomarker in 1mL
water. The phosphate buffer of pH 7.3 was prepared by mixing 100mL
of 0.1mol L−1 NaH2PO4 with 58.2mL of 0.1mol L−1NaOH and volume
is completed to 200mL by distilled water. The validity and selectivity of
the developed method was tested by studying the influence of a series of
interfering species e.g. CEA (130 UmL−1), CA 19-9(130 UmL−1), CA
15-3 (130 UmL−1), NaCl, KCl (2.0× 10−3mol L−1), albumin
(0.7 g L−1), uric acid (0.08 g L−1), urea (0.06 g L−1), total protein
(0.01 g L−1), (0.06 g L−1) triglyceride and glucose (0.08 g L−1) on the
luminescence spectrum of the thin film NiPc 2 doped PS matrix after
addition of CA-125 (130 UmL−1). The presence of CEA, CA 19-9 and
CA 15-3 in combination with CA-125 in the serum sample of ovarian
cancer disease is considered a major problem in the assessment of CA-
125 in the serum sample. To solve this problem, we add the CA-125 in
the serum sample of patient to the micro plate coated by an antibody of
CA-125 followed by washing by phosphate buffer to obtain the CA-125
only. Then the luminescence intensity of the optical biosensor was
calculated in absence and in presence of the CA 125 obtained from the
washing process. The ∆F was calculated to compare the between the
interaction of CA 125 and the different interfering species with the
optical biosensor (∆F is the luminescence intensity of the optical sensor
in absence of the interfering species – the luminescence intensity of the
optical sensor in presence of the interfering species). Human samples
were obtained from the New Al-Kasr-EL-Aini Teaching Hospital Cairo
University and Ain Shams Specialized Hospital, Ain shams University,
Cairo, Egypt in accordance with WHO (World Health Organization)
approved protocol for human specimen collection and for the use of this
material and related clinical information for research purposes. All
patients consented and approved the using of their clinical samples in
the research work.

2.3. Synthesis and characterization

2.3.1. Synthesis of 1,2-Dicyano-3,6-bis(2-ethylhexyloxy)benzene 1
A mixture of 2,3-Dicyano-1,4-hydroquinone (DCHQ) (1.28 g,

8mmol) and 2-ethylhexyl bromide (3.48 g, 18mmol) was dissolved in
25mL of dry DMF and then potassium carbonate (2.21 g, 16mmol) was
slowly added. The mixture was heated at 50 °C under static argon for
16 h. After cooling, the reaction mixture was poured on 30mL of
deionized water and the produced buff precipitate was filtered off. The
solid was dissolved in chloroform and filtered to remove the unreacted
DCHQ. After drying over anhydrous CaCl2, chloroform was at room
temperature under reduced pressure to afford greenish yellow micro-
crystals of 1 (m.p. 47-48 °C). Yield= 2.5 g, 81%. MS (EI, 70eV): m/z
384.8 (M)+.Anal. Calc. for C24H36N2O2: C, 74.96; H, 9.44; N, 7.28.
Found: C, 74.21; H, 10.24; N, 6.57. IR (KBr pellets) νmax (cm−1), 3423,
3092(C-Haromatic), 2962(C-Haliphatic), 2931(C-Haliphatic), 2861(C-
Haliphatic), 2593, 2231(conjug. C^N), 1575, 1495, 1462, 1380, 1295,
1203, 1059, 936, 830, 740, 472.

2.3.2. Synthesis of 1,4,8,11,15,18,22,25-octa(2-ethylhexyloxy)
phthalocyaninato nickel(II) 2
A mixture of 1 (1.54 g, 4mmol), nickel acetate tetrahydrate (0.3 g,

1.2 mmol) and a catalytic amount of 1,8-diazabicyclo [5.4.0] undec-7-
ene (DBU) was refluxed in dry 1-pentanol under argon for 6 h. After
cooling, the dark green solid was filtered and washed several times with
dry methanol. The crude product was purified by column chromato-
graphy on silica gel using a mixture of n-hexane/CH2Cl2 (98/2) as
eluent to afford a dark green solid 2. Yield= 0.61 g, 38%. Compound 2
is soluble in CHCl3, THF, ethyl acetate, DMF and DMSO. Melting point
(DSC): 47.9 °C. Anal. Calc. for C96H144N8O8Ni (1596.92 gmol−1): C,
72.20; H, 9.09; N, 7.02; Ni, 3.67. Found: C, 70.95; H, 9.70; N, 6.88; Ni,
3.44. MS (LCQ-MS, MeOH/THF): m/z 1600 (M+4H)+. IR (KBr pellets)
νmax (cm−1), 3355, 3050(C-H arom.), 2960(C-Haliphatic), 2924(C-
Haliphatic), 2852(C-Haliphatic), 1605(C=Caromatic), 1506, 1461, 1379,
1264, 1219, 1102(C-O-C), 1030, 923, 797, 735, 617, 465. UV–Vis
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(CHCl3), λmax (nm): 743, 665, 293, 243.
1H NMR spectra of phthalocyanine 2 in CDCl3 shows the expected

patterns for the proposed structure: δ= 0.89 [m, 24H(a)], 1.11 [m, 4H
(b)], 1.23 [m, 4H(c)], 1.39 [m, 24H(d)], 1.64 [m, 4H(e), 3.49 [t, 4H(f)],
3.92 [t, 4H(g)], 8.90 [m, 8H(h)], Fig. 1a.

2.3.3. Preparation of mono-dispersed polystyrene nanospheres
The cationic polystyrene nanospheres (PS) were prepared by

emulsifier-free emulsion polymerization [14] with slight modification.
A mixture of styrene (10.0 g), PVP (1.5 g), AIBA (0.26 g), and H2O
(100.0 g) were put into a 250mL three-neck round-bottom flask
equipped with a thermometer and a nitrogen inlet. The flask was placed
in an ice bath and mixture was then subjected to a supersonic mixing
(400W) for 10min. A mechanical stirrer and Graham condenser were
then placed on the set. The solution was deoxygenated by bubbling
argon gas for 30min and then reacted at 70 °C for 8 h at the stirring rate
of 200 rpm. Purification of the prepared polymer was achieved by
dialysis versus ethanol using a cellulose membrane.

2.3.4. Fabrication of fluorophore doped polystyrene sheets
Phthalocyanine-doped polystyrene films were prepared by casting a

solution of 30% (W/V) polystyrene in THF and phthalocyanine 2 onto
non-luminescence glass slides. The concentration of phthalocyanine 2
in PS was approximately 4.0× 10−5mol L−1. The films were dried at
room temperature under reduced pressure and stored in the dark till
use. Thickness of the films was determined by use of a micron-sensitive
caliper.

2.4. Sample preparation

All samples were collected between October 2016 and Jan 2018
from the New Al-Kasr-EL-Aini Teaching Hospital Cairo University and
Ain Shams Specialized Hospital, Ain shams University, Cairo, Egypt.
After a standard history and physical examination, blood was drawn for
routine laboratory measures. Serum samples were collected from all the
volunteers; (i) control subjects (4 samples), (ii) patients ovarian cancer
(6 samples). 3.0mL of citrate solution was added to 4.0mL plasma and
the solution was centrifuged for 15.0 min at 4000 rpm to remove all
proteins. After decantation, 1.0mL of the serum was added with 0.1 mL
of the buffer (pH=7.3) to the thin film nano optical biosensor in the
cuvette, and finally the 1.9 mL of water was added to give the test so-
lution.

2.5. Proposed method

An appropriate amount (100 μL) of various standard concentrations
of the CA-125 in water was mixed with the thin film doped nano nickel
(II)phthalocyanine in the cell. The luminescence spectra were then re-
corded at the λex/λem= 685/790 nm. The optical biosensor was rinsed
with water after each measurement and the calibration plot was con-
structed by plotting (F0/F -1) at λem=790 nm on the y axis against the
CA-125 concentration on the x axis. The concentration of CA-125 was
measured by withdrawing (100 μ L) of each serum sample and diluted
to 3mL by water in cell of the spectroflurometer in presence of the
biosensor and then the emission intensity of the optical biosensor was
measured at 790 nm.

2.6. Standard method

The ADVIA Centaur CP CA 125 II assay is a two-site sandwich im-
munoassay using direct chemiluminometric technology, which uses two
monoclonal mouse antibodies specific for CA 125. The first antibody is
directed toward the M11 antigenic domain, and is labeled with acri-
dinium ester. The second antibody is directed toward the OC 125 an-
tigenic domain and is labeled with fluorescein. The immune complex
formed with CA 125 is captured with monoclonal mouse anti-fluor-
escein antibody coupled to paramagnetic particles in the Solid Phase.

2.7. Method validation

2.7.1. Dynamic range
The dynamic range was obtained from the effect of the concentra-

tion of the CA-125 on the luminescence intensity of the optical bio-
sensor thin film NiPc 2 doped PS matrix. The Stern-Völmer equation
was applied for the relation between the CA-125 concentrations and the
luminescence intensity of the optical biosensor, (F0/F)-1 = κsv [Q].
Where, Fo and F are the luminescence intensities of the optical bio-
sensor in absence and in presence of the CA-125, respectively, [Q] is the
concentration of the CA-125, and κsv is called Stern-Völmer constant.
The slope of the fitted data is equal to the Stern-Völmer constant and
one over κsv equals C1l2 (half quenching concentration) and R0 is critical
transfer distance, which is the average distance between the donor and
the acceptor, at which the probability of intermolecular energy transfer
is just equal to the sum of probabilities for all the de-excitation pro-
cesses of the donor excited state, Ro = 7.35/(C1/2)1/3, if Ro less than 10
Ǻ this means that the quenching is carried out by static mechanism in
which the electron transfer from the optical biosensor to the quencher

Fig. 1. a. 1H NMR Prediction of the expected structure of the Ni-phthalocyanine complex. b.FTIR spectra of phthalocyanine precursor 1, phthalocyanine 2 and
phthalocyanine-doped polystyrene sheet.
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(CA-125), while if Ro has a value more than 10 Ǻ this means that the
quenching is carried out by dynamic mechanism. The detection limit
(LOD) and quantification detection limits were calculated according to
ICH guidelines using the formulae: LOD = 3.3 S/b and LOQ = 10 S/b,
(where S is the standard deviation of blank luminescence intensity
values, and b is the slope of the calibration plot).

2.7.2. Accuracy and precision of the method
To evaluate the accuracy and precision, the assays described under

general procedures were repeated three times within the day to de-
termine the repeatability (intra-day precision) and three times on dif-
ferent days to determine the intermediate precision (inter-day preci-
sion) of the method. These assays were performed for four control
serum samples and serum samples of the six patients have ovarian
cancer disease. Accuracy was evaluated as percentage relative error
(RE) between the measured mean concentrations and the taken con-
centrations of CA-125. Bias {bias % = [(Concentration found - known
concentration) × 100 / known concentration] was calculated at each
concentration.

3. Results and discussion

3.1. Synthesis of the fluorescent phthalocyanine 2

A novel near infrared-fluorescent polymeric thin film was prepared
by impregnating a new non-peripherally octa substituted nickel(II)
phthalocyanine into polystyrene. The structure of the prepared phtha-
locyanine fluorophore was determined using liquid chromatography
quadrupole-ion mass spectroscopy (LCQ-MS), atomic absorption spec-
troscopy (AAS), FTIR, UV–Vis, and elemental analysis. Impregnation of
this phthalocyanine onto polystyrene followed by solvent casting
technique produced a monolithic thin film of high fluorescence in the
near infrared region. The NIR-fluorescent materials are significant in
that their absorbance far from the visible region where the biological
molecules mostly absorb [15]. NIR dyes are of great current interest in
chemical biology because they allow for imaging with minimal auto
fluorescence from biological samples, reduced light scattering, and high
tissue penetration [10]. Non-peripheral substituted phthalocyanines are
known for their near infrared (NIR) absorption and emission properties
and often applied for fluorescence sensing and imaging of solid tumors
[16]. In this work, we have utilized the well-known Base catalyzed
nucleophilic substitution of the nitro-phthalonitrile [17,18] for pre-
paration of a novel NIR fluorescent non-peripherally octa substituted
phthalocyanine 2, Scheme 1. The non-peripheral substitution with the
eight ethylhexyl groups affords not only NIR fluorescence but also a
high solubility in the most of organic solvents such as THF and

chloroform and this facilitate the processing of the dye in the polymer
matrix using solvent casting method.

3.2. Characterization of phthalocyanine 2

FTIR spectrum of the prepared phthalocyanine precursor 1 (Fig. 1b)
indicated the presence of characteristic stretching vibrations of the
aromatic CeH bond (ν=3092 cm−1), the aliphatic CeH bonds in
ethylhexyl group residue(ν=2962, 2931 and 2861 cm−1) and the
conjugated nitrile group (ν=2231 cm−1). IR spectrum of 2 (Fig. 1b)
was consistent with the assigned structure. IR spectrum shows the ex-
pected absorptions such as νC=Carom. at 1605 cm−1, stretching vibra-
tions of the aromatic CeH bond (ν=3050 cm−1), the aliphatic CeH
bonds in ethylhexyl group residue(ν=2960, 2924 and 2852 cm−1) and
the ether group (C-O-C) at 1102 cm−1) [19]. The cyclization of 1 into
phthalocyanine 2 is further confirmed by the absence of the stretching
vibration of the cyano group at 2231 cm−1. The absence of the N-H
vibration at 700 cm−1 in the IR spectrum of 2 rules out the formation of
metal-free Pc [20]. The broad peak at 3410 cm−1 is attributed to OH
resulting from the adsorped moisture [21].
The ground state electronic absorption spectra of phthalocyanine 2

(Fig. 2a) showed the characteristic absorption patterns of a metal-
phthaocyanine. In THF, the main Q band component was present at
λmax= 743 nm due to the transition from (a1u) to (eg) molecular or-
bitals [21]. The small band at λmax= 665 nm has been often referred to
as the X band appearing as a result of deformation of the phthalocya-
nine ring in some solvents [22]. The Q band of the non-peripheral octa-
substituted nickel-phthalocyanine 2 is red-shifted (743 nm) when
compared to the corresponding peripheral substituted nickel-phthalo-
cyanine [23]. This red spectral shift is typical of non-peripherally
substituted phthalocyanines and is attributed to linear combinations of
the atomic orbitals (LCAO) coefficients at the non-peripheral positions
of the Highest Occupied Molecular Orbital (HOMO)(a1u) being greater
than those at the peripheral positions [24]. As a result, the HOMO (a1u)
level is destabilized more at the non-peripheral position that it is at the
peripheral position. Essentially, the energy gab (ΔE) between the
HOMO and Lowest Unoccupied Molecular Orbital (LUMO)(eg) becomes
smaller, resulting in a bathochromic shift [25]. The shoulder between
400 and 500 nm may be due to charge transfer from the electron-rich
ring (a2u), (b2u) molecular orbitals to the electron-poor metal (a1g),
(b1g) molecular orbitals, respectively (Fig. 2b), [22].

3.3. Preparation of Pc-polystyrene fluorescent films

In this work, polystyrene was prepared and used as a substrate for
incorporating the phthalocyanine fluorescent molecules. Incorporation

Scheme 1. Preparation of phthalocyanine precursor 1 and phthalocyanine 2.
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of the highly photo sensitive phthalocyanine in a polymer matrix allows
for an ease application as a medical kit and enhances the photo stability
of the sensor material. Mono-dispersed cationic polystyrene nano-
particles were prepared by emulsifier-free emulsion polymerization
using PVP as the stabilizer and AIBA as the cationic initiator.
Emulsifier-free emulsion polymerization is the most convenient method
for preparation of mono-dispersed biocompatible polystyrene suitable
for biomedical applications [16]. XRD and TEM measurements of Pc-
polymer sheets were showed in S. Date 1 and 2. DLS measurements
showed mono-dispersed nano spheres of average hydrodynamic dia-
meter (Dh) of 240 ± 2.1 nm. The zeta-potential measurements showed
that the polymeric nano spheres have a positive potential of about
32 ± 2.6mV. GPC measurements of the prepared polymer showed
monodispersed polymeric species (Mw=230×103 gmol−1,
Mn= 185×103 gmol−1, Mw/Mn=1.24). FTIR spectrum (Fig. 1b), of
the prepared polymer is consistent with the spectra known for poly-
styrene specially the aromatic CH stretching vibration (3030-
3080 cm−1) [26,27]. Casting of Pc-PS in THF affords monolithic films
of good mechanical properties.

3.4. Characterization of Pc-polystyrene fluorescent films

The ground state electronic absorption spectra of 2 in solution and
in the prepared polymeric sheets are shown in (Fig. 2a). The shape of
the spectra is almost the same, indicating that there is no interaction
between NiPc2 and polystyrene in the energetically ground state. The
spectra demonstrate the monomerization (disaggregation) of the
phthalocyanine molecules in the polymeric sheets and this is an im-
portant feature for an efficient optical sensor. Neither broadening nor
blue shift of the main Q-band of the phthalocyanine were observed
when impregnated in the polymeric sheets (Fig. 2a) and this evidences
the high dispersion of the Pc molecules in the polymeric matrix [27].

AFM image of the prepared fluorescent thin film (Fig. 3a) gives a
detailed information about the surface morphology and homogeneity of

the thin film doped nickel(II)phthalocyanine nanoparticles. The surface
roughness of the thin film doped nanonickel(II)phthalocyanineis
89.43 nm. The interface roughness decreases when thin film doped
nickel(II)phthalocyanine nanoparticles is assembled into the PS matrix.
In addition, a vertical grain structure of the multilayer surface can be
observed from three-dimensional AFM images which show that the
distribution of aggregated clusters is almost uniform, (Fig. 3a). Fluor-
escence measurements of the prepared fluorescent thin film are shown
in S. Data 3. The fluorescence emission bands at 712 and 790 nm of the
Ni-Pc embedded in the PS sheet are attributed to the electron transfer
from the HOMO (a1u) mainly Pc character to LUMO (b1g) mainly Nickel
metal ion character, then relaxation from the b1g energy state of the
metal ion to a1u energy state of Pc. The fluorescence emission spectrum
of the thin film NiPc2 doped PS matrix at λex= 685 nm is displayed in
(Fig. 3b). The intensity of this fluorescence peak at 790 nm was de-
creased in the presence of different concentrations of CA-125 protein,
(Fig. 3b).
The 3d orbitals of Ni are considerably lower in energy, when com-

pared with Pc orbitals. As a result, the occupied 3d-like orbitals lie
significantly below the Pc (a1u) molecular orbital, making the latter the
HOMO of the system. The 3dπ participation in (2eg) molecular orbitalis
diminished in Ni ion. The empty 3d-like (b1g) molecular orbital (dx2-
y2) lies just beneath 2eg. The one-electron excitation occurs from the
(a1u) HOMO to (2eg) LUMO. In the presence of CA-125 as ligand at-
tacks Ni metal ion in Ni-Pc complex from below and above of axial
positions through its An 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 Ni-Pc is changed from
square planar shape to distorted octahedral shape. This change in the
geometry leads to the first electron from CA-125 is added to the (1e g)
(p) orbital of Pc, leaving (b1g)(dx2-y2) unoccupied.
Addition of electrons to (2e g) of Ni ion raises the energy of (b1g) of

Ni ion, placing the latter above the former. In this case (2e g) and (b1g)
represent the HOMO and LUMO, respectively, in Ni-Pc –CA 125

Fig. 2. a. Visible region absorption spectra of NiPc2in THF (dotted) and in the polymeric thin film (solid). b. Charge transfer pathway from PC to metal molecular
orbitals.
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Fig. 3. a. AFM image of phthalocyanine-doped polystyrene sheet. b. Fluorescence emission spectra of the thin film NiPc 2 doped polystyrene matrix in different
concentration of CA-125 protein at λex=685 nm.

Fig. 4. a. Molecular orbital energy diagrams of Ni-Pc and Ni-Pc-CA 125. hν ҇. b. Reaction of CA-125 with its antibody. c. Effect of interfering species on the
luminescence intensity of the optical sensor.
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complex. In this case the ground state (HOMO) and excited state
(LUMO) have metal ion character this leads to the quenching of the
fluorescence intensity of the Ni-Pc complex in presence of CA-125
(Fig. 4a), [28].

3.5. Analytical parameters

It is known that solvents have a significant effect on the lumines-
cence intensity of phthalocyanines. This effect on NiPc@PS nano-
composites was investigated in this study. Protic solvents such as ethyl
alcohol and water were found to increase the luminescence intensity,
whereas a significant decrease of the intensity was observed in aprotic
solvents. This is attributed to the fact that aprotic solvents destabilizes
the excited state of the fluorophore [29–41]. The influence of CA-125
concentration on the luminescence intensity of the thin film NiPc 2
doped PS was studied under the optimum experimental conditions and
the results are shown in (Fig. 3b). The luminescence intensity of the
thin film NiPc 2 doped PS matrix was quenched by increasing the
concentration of CA-125 to 130 UmL−1 (Fig. 3b). The tolerable limit
was defined as the concentration of the added species individually
causing a deviation less than 3% of the luminescence intensity at the
optimum conditions of the optical biosensor the thin film NiPc 2 doped
PS matrix. Fig. 4b shows that the separation of CA 125 from other in-
terfering protein the serum sample. From the ∆F values the interfering
species have not significant effect on the luminescence intensity of the
thin film NiPc 2 doped PS matrix with CA-125, (Fig. 4c).

3.6. Method validation

3.6.1. Dynamic range
From the Stern-Völmer plot of [(F0/F)-1] against [CA-125] [42], the

luminescence intensity at 790 nm is decreased linearly with the con-
centrations of CA-125 over the range 1.0 × 10−2 -127 U mL−1 with a
correlation coefficient of 0.99, (Fig. 5), Table 1. The detection limit
(LOD) and quantification detection limits were calculated according to
ICH guidelines [43] are also presented in Table 1. The comparison of
the proposed nano optical biosensor for the determination of CA-125
with other published methods [44–52] indicate that the developed
method has good stability, lower limit of detection (1.0 × 10-4 U mL−1)
and wide linear range of application (1.0 × 10−2 −127 U mL−1).

3.6.2. Accuracy and precision of the method
To evaluate the accuracy and precision, the assays described under

general procedures given in the experimental part. The results of this
study are given in Table 2. The percentage relative standard deviation

(%RSD) values were ≤ 1.01–3.60 (serum) (intra-day), ≤ 1.30–3.50 %
(serum) (inter-day) indicating the high precision of the method. Accu-
racy was evaluated as percentage relative error (RE) between the
measured mean concentrations and the taken concentrations of CA-125
(Table 2). Percent relative error (% RE) values of ≤ 0.35–5.55 %
(serum) (intra-day) and ≤ 1.42–6.66 % (serum) (inter-day) demon-
strates the high accuracy of the proposed method. The F and t tests of
the obtained results at 95% confidence level did not exceed the theo-
retical ones without significant differences between the developed and
the standard methods confirming the accuracy of the developed pro-
cedure, Table 2.

3.7. Application

Cancer Antigen 125 is a protein that is mostly overexpressed in the
blood of ovarian cancer patients and this helps to design an efficient
diagnostic tool of ovarian cancer.
This protein is performed on the surface of the malignant cells and

diffused in the blood stream. Elevated levels of CA-125 were reported in
more than 80 percent of women with late-stage ovarian cancer, and in
50 percent of early-stage patients. The analytical utility and applic-
ability of the method proposed in this work was investigated by ob-
serving CA-125 concentration in various serum samples (5 samples) of
health state and (10 patients) ovarian cancer in the range of age (30y –
65y). The average values obtained by the given method
(12.1–29.5 ± 1.42–3.6 UmL−1), (77.4–234 ± 1.02–3.1 UmL−1)
match well with the values obtained by the standard method
(12–29 ± 1.42–2.1 UmL−1), (77-230 ± 0.88–2.87 UmL−1) for
serum samples of heath state and ovarian cancer, respectively, Table 2.

4. Conclusions

The developed method provides an excellent approach for mea-
suring CA-125 as a good biomarker for early diagnosis of ovarian cancer
disease. The CA-125 was determined by the thin film Ni-Pc doped in PS
matrix. The method is sensitive and provides a wide linear dynamic
range of CA-125 concentrations by measuring the fluorescence intensity
of thin film Ni-Pc doped in PS matrix under the optimal conditions. A
detection limit of 1.0 10−4 U mL−1 was accomplished.
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Fig. 5. Fitting of Stern-Völmer equation for Fluorescence emission spectra of
thin film nano Ni-Pc embedded in PS sheet in different concentrations of CA-
125 at λex= 685 nm.

Table 1
Sensitivity and regression parameters for the proposed method.

value Parameter

790 λ em nm
10−2 - 127 Linear range, U mL−1

10−4 Limit of detection (LOD), U mL−1

3.3× 10−4 Limit of quantification (LOQ), U mL−1

Y = a+bX Regression equation, Ya

0.001 Intercept (a)
0.023 Slope (b)
0.01 Standard deviation
1.0 Variance (Sa2)x 10−4

0.9 Regression coefficient (r)

a Where Y=fluorescence intensity, X= concentration in n mol L−1,
a= intercept, b= slope.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.talanta.2019.03.119.
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Table 2
Evaluation of intra-day and inter-day accuracy and precision of the proposed method in case of different serum samples.

Proposed method Standard method Serum
sample

Inter day precision Intraday precision F-test t-test Recovery% RSD% Average Readings RSD% ± Average

RSD% RE% CL Average
Reading

RSD% RE% CL Average
Reading

2.5 0.8 0.5 12.3 2.2 0.8 0.4 12.1 1.0 0.1 99.2 2.2 12.1 11.5 12.7 12.2 2.2 ± 12.2 1
1.7 2.2 0.7 26.8 1.5 0.7 0.6 26.4 1.6 0.5 100.7 1.5 26.4 27.2 26.7 25.5 1.8 ± 26.2 2
1.9 3.4 0.9 30.1 1.7 1.3 0.8 29.5 0.9 0.6 101.3 1.7 29.5 30.6 28.5 29.6 1.7 ± 29.1 3
4.3 3.7 1.3 19.2 3.9 2.7 1.1 19.0 0.3 1.9 102.7 3.8 19.0 18.0 20.0 19.0 2.2 ± 18.5 4
1.2 2.5 2.1 112.0 1.1 0.3 1.8 109.6 0.8 0.1 100.3 1.0 109.6 109.6 110.6 108.8 0.9 ± 109.2 5
2.5 2.2 4.6 116.0 2.3 0.2 4.0 113.7 1.0 0.1 100.2 2.2 113.7 115.0 114.0 112.0 2.2 ± 113.4 6
3.5 2.0 6.1 106.0 3.2 0.7 5.3 104.7 0.9 0.1 100.7 3.1 104.7 103.0 107.0 106.0 2.9 ± 103.9 7
3.1 1.2 10. 201.0 2.9 0.2 8.9 199.0 1.0 0.1 100.2 2.8 199.0 201.0 196.0 200.0 2.7 ± 198.5 8
3.7 1.3 11.5 192.0 3.4 0.2 10.0 190.0 0.9 0.1 100.2 3.2 190.0 191.0 187.0 192.0 3.1 ± 189.5 9
2.5 2.1 9.6 237.0 2.3 0.8 8.3 234.0 0.9 0.4 100.8 2.3 234.0 237.0 234.0 231.0 2.3 ± 232.0 10

%RE. Percent relative error, %RSD. relative standard deviation and CL. Confidence limits were calculated from: CL= ± tS/√n. (The tabulated value of t is 4.303, at
the 95% confidence level; S= standard deviation and n=number of measurements). Theoretical values of t- and f-tests at 95% confidence limits are 4.303 and 19.0,
respectively.
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