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HIGHLIGHTS

eA novel and selective spectro-
fluorimetric technique has been applied
for determination of (TNHS I).

e The technique is based on quenching of
the Eu®'-BINAM complex’s lumines-
cence intensity by (TNHS I).

e The synthesis and characterization of
the optical sensor was performed via
absorption and emission.

o The technique was effectively recruited
to quantify High Sensitivity (TNHS I) in
human serum samples.
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ABSTRACT

A novel, easy, touchy and selective spectrofluorimetric technique has been successfully applied for sensitive
determination of High Sensitivity Cardiac Troponin (TNHS I) in the serum samples of patients suffering malig-
nant tumors through the usage of optical sensor Eu®"'BINAM complex. The technique is primarily based on
quenching of the Eu®*-BINAM complex’s luminescence intensity upon introducing various concentrations of
High Sensitivity Cardiac Troponin (TNHS I). The synthesis and characterization of the optical sensor was per-
formed via absorption and emission. The sensor was also adapted to offer excitation at 394 nm in acetonitrile at
pH 7.5. Concentration of High Sensitivity Cardiac Troponin (TNHS I) in serum samples was found to be pro-
portional to the luminescence intensity quenching of the Eu®*-BINAM complex, most prominently at Aey, = 618
nm. The limit of the dynamic range is 4.26 x 10~ to 2 ng/mL. The limit of detection and quantitation were
calculated to be 1.35 and 4.10 ng/mL, respectively. The suggested analytical approach proved its applicability,
simplicity and comparatively interference- free. The technique was effectively recruited to quantify High
Sensitivity Cardiac Troponin (TNHS I) in human serum samples. The proposed technique could be further
extended to evaluate some biomarkers associated with malignancy related diseases in human.
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1. Introduction

The troponin TNHS complex which controls how striated muscles
contract, is made up of three subunits, an 18 ku protein called troponin C
(calcium ions binder), 37 ku protein called TNHS T (interacts to tropo-
myosin) securing the troponin complex attachment to the thin filament
and a 24 ku protein called TNHS I which binds to actin decreasing
Troponin C calcium affinity which in turn inhibits the actin-myosin in-
teractions. Although TNHS T and troponin I are abundant in both car-
diac and skeletal muscles, they are encoded by different genes in each of
these two muscle types, resulting in immunologically distinct proteins.

TNHS T and cardiac troponin I specific assays are available and based
on high-affinity antibodies. Since the cardiac and skeletal troponin C
amino acid sequence is similar, no assays for the Troponin C have been
recently developed since year 2000 [1]. TNHS (cTn) is considered to be
one of the most favorable biomarker.

for assessment of patients who are suspected to suffer from an acute
myocardial infarction (AMI) [2,3]

The heart can be clinically adversely affected in cancer patients,
particularly some subtypes, as a result of the tumor’s direct activity, its
secretory outputs, or the toxicity of various oncological medications.
Cardiac biomarkers were examined as readily and affordably available
tools and apparatus for the early diagnosis, monitoring, or prediction of
several cardiac diseases associated with malignancy [4].

There are numerous cTnl assays available in the market. These assays
are not currently standardized, and investigations have revealed sig-
nificant variations between methodologies. Variable antibody immu-
noreactivity to various circulating cTnl forms and different calibrators
employed in different cTnl assays are additional factors that contribute
to quantitative disparities between cTnl methods [3,5].

A variety of different analytical techniques, such as Chem-
iluminescence immunoassays [6,7], enzyme immunoassays [8], radio-
immunoassay (RIA) [9], electrochemical Immunoassay [10],
electrochemiluminescence immunosensor [11], and enzyme-linked
immunosorbent assays was reported for the estimation of TNHS I [12].

However, these methods are facing many challenges to meet the
expanding clinical specifications for the quick detection of TNHS I. This
may be attributed to the time-consuming separations, complex label
collection. Additionally, it is not feasible to detect tumor markers at
ultra-low biogenic concentration using such methods. Thus there is an
urge to develop novel immunoassay techniques [13].

Lanthanide probes are a non-invasive analytical tool commonly used
for biological and chemical applications. Eu®* complexes showed un-
usual luminescence properties when excited with UV light [14].
Importance of lanthanide probes increased when Finnish researchers
proposed the Eu®t, Tb®*, Sm®" and Dy>* polyaminocarboxylates as
luminescent sensors in time-resolved luminescent (TRL) immunoassays.
Lanthanide probes’ ligands must meet several chemical requirements for
the probes to work properly. These qualities are: water solubility, large
thermodynamic stability at physiological pHs, kinetic inertness and
absorption above 330 nm to minimize destruction of live biological
materials [15].

Lanthanide probes display unique fluorescence properties, including
long lifetime of fluorescence, large Stokes shift and narrow emission
peak. These properties are highly advantageous to develop analytical
probes for receptor-ligand interactions. Many lanthanide based fluo-
rescence studies have been developed for GPCRs, including CXCR1, [16]
insulin-like family peptide receptor 2, [17] protease-activated receptor
2, [18] p2-adrenergic receptor [19] and C3a receptor [20].

Over the last two decades, lanthanide ions were increasingly used as
spectroscopic probes for biological systems. The lanthanides have
similar ionic radii to calcium, but by virtue of possessing a higher
charge, they have a high affinity for Ca>" sites on biological molecules,
and a stronger binding to water molecules hence can act as either Ca®*
inhibitors or probes [21]. The small size of lanthanides (ionic radius)
gives them the ability to replace metal ions inside protein complex such
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as calcium or nickel [22].

In the presented study a highly selective and straightforward
analytical strategy was adopted for accurate, fast and affordable deter-
mination of cardiac troponin in cancer patients’ serum. It depends on
quenching the luminescence intensity of Eu-2,2 -Diamine 1,1 -Binaph-
thalene (Eu-BINAM) optical sensor after the addition of TNHS I with
different concentrations. The newly designed sensor was fabricated and
characterized via absorption and emission specifications and is
customized to exhibit red luminescence in acetonitrile at Aep, of 618 nm
when excited at 394 nm. The main mechanism through which the sensor
functions is the florescence resonance energy transfer (FRET). The ob-
tained results were statistically analysed and were found to be satis-
factory. The limit of detection (LOD) of the suggested probe was 1.35
ng/mL with a correlation coefficient (r) of 0.995.

2. Experimental
2.1. Instrumentation

A double beam UV-Visible Spectrophotometer (Thermo scientific
Evolution 300) equipped with a xenon flash lamp having a spectral
range of 190-1100 nm as a light source. A spectrofluorometer (Edin-
burgh Instruments FS5) having a spectral range up to 1650 nm and
fluorescence lifetimes down to 25 ps. A pH meter (Jenway 3040). A
Daihan Scientific centrifuge device (CF-10 model).

2.2. Materials

Ethanol, Acetonitrile, Dimethyl Sulfoxide (DMSO), and Dimethyl
Formamide (DMF), Europium (III) nitrate, and 2,2 -Diamine-1,1
Binaphthalene (BINAM) were purchased from Sigma Aldrich. High
Sensitivity Troponin (TNHS I) was purchased from BioMérieux. Human
serum samples were collected from Raba’a El-Adwyea hospital (Nasr
city, Egypt). The procedure for collecting human specimens was carried
out in compliance with World Health Organization (WHO) approval.
The ethics committee at Ain Shams University gave its approval for all
tests to be carried out in accordance with the guidelines established by
the “Ministry of Health and Population, Egypt.” The humans partici-
pating in this study provided informed consents.

2.3. Standard solutions

2.3.1. Stock solutions

In a 10-mL volumetric flask, a stock solution of 1.0 x 102 mol L ™! Eu
(NO3)3 was prepared in ethanol. In another 10-mL volumetric flask, a
stock solution of 2 x 1072 mol L' 2,2 -Diamine-1,1 Binaphthalene
(BINAM) was prepared using ethanol. For TNHS I, its stock solution was
prepared through accurately transferring 0.5 gm in 2 mL deionized
water.

2.3.2. Working solution

Eu(NO3)3 and BINAM working solutions were separately prepared
with concentrations of 1.0 x 107% mol L™! and 2.0 x 10™* mol L ™!
respectively through appropriate dilutions from their respective stock
solutions. Eu>*-BINAM complex working solution was prepared by
transferring accurate predetermined aliquots, from the separate working
solutions previously prepared, into a 25-mL volumetric flask and the
volume was adjusted to the mark using acetonitrile to obtain a final
concentration of (1.0 x 10~% mol L™Y). To prepare TNHS I working so-
lution, 100 pL from its corresponding stock solution was accurately
added to 10 mL water. From the later working solution, a calibration set
for TNHS I was prepared. When not in use, all stock and working solu-
tions were kept at 2-8 °C.
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2.4. General procedure

2.4.1. Preparation of standard solution

The following solutions were added to a 25-mL volumetric flask in
that order; 0.25 mL of 1.0 x 10~2 mol L™! Eu(NOs)s and 0.50 mL of 1.0
x 102 mol L1 2,2 -Diamine-1,1 Binaphthalene (BINAM) Fig. 1(a), then
the mixture was diluted with acetonitrile to the mark to finally obtain
1.0 x 10~*mol L™! of Eu(NO3)3 and 2.0 x 10~ mol L ™! of BINAM Fig. 1
(b). The stated procedures were followed for performing the subsequent
measurements of absorption and emission spectra as well as pH and
solvent effects. The intensity of luminescence was recorded at Aex/ hem =
394/618 nm.

2.4.2. Calibration curve:

A 1-mL of optical probe Eu*-BINAM was thoroughly mixed with
each standard solution of TNHS I with different concentrations, as pre-
viously detailed, in the spectro-photometer cell. The luminescence
spectra were then recorded at the chosen Aexy = 394 nm.

2.4.3. Determination of TNHS in serum samples

Blood samples were collected from 13 volunteers and were centri-
fuged for 15 min at 4000 rpm to separate interfering proteins. 5 pL of
each serum sample was added to 1 mL of Eu®"-BINAM sensor. The
luminescence intensity was measured before and after addition of Eu®*-
BINAM optical sensor. The concentration of TNHS I was determined
from the corresponding calibration graph.

3. Results and discussion
3.1. Absorption spectra

The absorption spectra of Eu3"-BINAM complex is illustrated in
Fig. 2. Spectrum 1 represents the absorption spectrum of the ligand
BINAM exhibiting a prominent peak at 235 nm owing to the & — n*
transition in the rings of BINAM ligand. While spectrum 2 represents the
red shift, by 3 nm, which occurs upon BINAM ligand complexation with
Eu®tion (1.0 x 1074 mol L™H indicating formation of a stable complex
between both of them. Finally, spectrum (3) indicating a higher ab-
sorption after addition of 3.72 x 103 ng/mL of TNHS I to Eu>*-BINAM
complex.

3.2. Emission spectra and the lifetime of Eu>*-BINAM sensor
luminescence:

The luminescence emission spectra of Eu®"-BINAM complex is
shown in Fig. 3. The intensity of the significant Eu>* ion peaks appear at

5Do — 7F0 = 590 nm; 5Do —>7F1 =590 nm;5D0 - 7F2 =618 nm; 5Do —
7F3 = 650 nm; °Dg — 'F4 = 690 nm and °Dy — 'F5 = 710 nm.

3.3. The luminescence life time of Eu>* ion complexes

The luminescence techniques have a significant role as a tool for
exploring Eu®t  coordination chemistry [23,22,24-31]. Excited

Solvent

NHZ\EU/NHZ OO
l ! NHz — | ~.NH;

Solvent

(a) (b)

Fig. 1. (a) Structure of BINAM ligand and (b) Structure of Eu®>*-BINAM com-
plex (1:2).
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lanthanide both ions and complexes have different luminescence life-
times that could vary from milliseconds such as Yb and Nd to micro-
seconds as Eu and Tb. This relatively long emission lifetime is considered
appealing from an analytical perspective where it permits time gating
procedures to be implemented facilitating the discrimination between
lanthanide luminescence and the shorter lived backgrounds, last up to
sub-microseconds, which is typically present in most of analytical and
biological systems. Eu®" is counted as one of the 2 longest-lived and
most widely investigated emitting lanthanide ions. It owes a lumines-
cent 5Do excited state with energy estimated around 17200 em ! [23].

The normalized time-resolved decay spectra of the Eu®*-BINAM
sensor emission is shown in Fig. 4, the lifetime of the 5Dy excited state is
9.68 x 10° S at Aem = 618 nm which is a considerable long lifetime
value. The experimental data are fitted by mono-exponential decay
which is the best fit due to the high signal to noise ratio.

The influence of TNHS I concentration on the luminescence intensity
of the Eu*-BINAM was studied under the optimum experimental con-
ditions. The results are shown in Fig. 5. After the addition of different
concentrations of TNHS I (4.26 x 10~*-2 ng/mL) into the Eu®*-BINAM
complex, characteristic peaks of Eu>" ion, especially the peak at Aem =
618 nm (5D0 — 7F2) of Eu®t were quenched by increasing the concen-
tration of TNHS I up to 27 ng/mL because TNHS I quenches the excited
state of the Eu>"-BINAM by the energy transfer from the optical sensor
to the TNHS L.

3.4. Effect of experimental variables

3.4.1. Solvent effect

Following the above established conditions, the impact of different
solvents on the luminescence intensity of solutions, containing (1.0 x
10 *mol L ) Eu—- (2.0 x 10 *mol L)) BINAM, was investigated. The
resulting data revealed the enhancement of Eu-BINAM complex emis-
sion in acetonitrile as displayed in Fig. 6. The intensity of complex
luminescence in acetonitrile is stronger than that in Dimethyl Form-
amide (DMF), Dimethyl Sulfoxide (DMSO), water and ethanol. This can
be due to Eu>*-BINAM complex anhydrous solvates formation which
introduce solvent molecules in Eu*-BINAM first coordination sphere,
thus enhancing the intensity of all transitions, 5Dy — "Fo = 590 nm; °Dy
—7F; = 590 nm; °Dg — 'Fy = 618 nm; °Dg — 'F3 = 650 nm; *Dg— 'Fy4 =
690 nm and °Dy—’Fs = 710 nm, the °Dg— ’F, transition in Eu3+, in
specific [32-34]. The peaks at 592 (°Dy—"F;), 700 (°Dy—’F4) and 618
nm (°Dg—"F>) are ascribed to the magnetic dipole and electric dipole
transitions, respectively. The strong peak at 618 nm, which corresponds
the SDO77F2 transition, can be attributed to the allowed electric dipole
transition with inversion antisymmetry (Fig. 6, lines 1, 2 and 3) [35-38].

0.8 3 red shift by 3 nm
06 - —— 1-BINAM
—— 2-Eu-BINAM Complex

8 — 3-Eu-BINAM + 3.72 ng/mL TNHS |
c
©
£
o 04 A
»n
2
<

0.2 -

0.0 T T T T

200 300 400 500

Wavelength (nm)

Fig. 2. The absorption spectra of BINAM ligand, Eu®>*BINAM complex and
Eu®*-BINAM complex + TNHS 1.
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Luminescence Intensity a.u.

2.5x10°

2.0x10°

1.5x10°

1.0x10°

5.0x10*

0.0

*Dy —»"F; =618 nm

530 580 630 680 730

Wavelength (nm)

Fig. 3. Emission spectra of Eu>"-BINAM sensor at 394 nm excitation.

Fig. 4. Normalized time-resolved decay spectra of Eu®>"-BINAM sensor.

Time Range(rS)

3.5x10°

3.0x10°

2.5x10°

2.0x10°

1.5x10°

1.0x10°

Luminescence Intensity a.u.

5.0x10*

0.0
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The peak at 592 nm, which corresponds to the [5]D0—7F1 transition, is
due to the allowed magnetic dipole transition. According to the Laporte
selection rule (equal parity), if an Eu®" ion is situated in a symmetry
center, the electric dipole transitions between the 4f° levels are strictly
forbidden, whereas the magnetic dipole transition is still possible. On
the other hand, the electric dipole transition intensity should be stronger
than the magnetic dipole transition intensity in an asymmetric envi-
ronment, as stated by the Judd-Ofelt theory. The intensity at 618 nm
(electric dipole transition) is stronger than that at 592 and 700 nm
(magnetic dipole transitions), which signifies that Eu>* occupied sites
have low inversion symmetry or asymmetric environment. The intensity
ratio of the °Do—"F, to °Do—'F; and °Dy—Fy to °Dy—’F, transitions
(618/592 and 618/700 nm), called the symmetry ratio, can provide
information about the structural quality of the material. As presented in
Fig. 6, the symmetry ratios of Eu-BINAM (DMSO, line 4) sample are
from 0.97 to 0.72, due to the increase in the symmetry for the Eu®*-
occupying sites.

3.4.2. pH effect
The apparent pH of the media has a significant impact on the Eu>*-

600 VS
4 —— 1- Eu-BINAM in Ethanol
. 2 ——— 2 Eu-BINAM in ACN
500 4 5 —— 3- Eu-BINAM in DMF
T 2x10° + ——— 4- Eu-BINAM in DMSO
A -—
400 2
> A o
- A [=
= =
c 300 @
2 N ]
£ A o
200 a R 2 1x10°
a £
IS
100 , *ﬁ 3
A Mm
0 jnd
8x10°  9x10°  1x10°  1x10°  1x10*  1x10*  1x10* 0 -
T T T

T T T T T
570 590 610 630 650 670 690 710

Wavelength (nm)

Fig. 6. Luminescence emission spectra of Eu>*-BINAM complex in the presence
of different solvents.

——1- Eu-BINAM Only

——— 2- Eu-BINAM + 4.26 x10-4 ng/mL TNHS
— 3- Eu-BINAM + 5.32 x10-4 ng/mL TNHS

1 ——4- Eu-BINAM + 6.38 x10-4 ng/mL TNHS
—— 5. Eu-BINAM + 7.45 x10-4 ng/mL TNHS
— 6- Eu-BINAM + 8.51 x10-4 ng/mL TNHS
———T7- Eu-BINAM + 9.57 x10-4 ng/mL TNHS
——— 8- Eu-BINAM + 10.64 x10-4 ng/mL TNHS
——9- Eu-BINAM + 11.70 x10-4 ng/mL TNHS
——10- Eu-BINAM + 12.76 x10-4 ng/mL TNHS
——11- Eu-BINAM + 13.83 x10-4 ng/mL TNHS
—— 12- Eu-BINAM + 14.89 x10-4 ng/mL TNHS
~——— 13- Eu-BINAM + 15.96 x10-4 ng/mL TNHS
——14. Eu-BINAM + 2128 x10-2 ng/mL TNHS
———15- Eu-BINAM + 43 x10-2 ng/mL TNHS
~———16- Eu-BINAM + 63 x10-2 ng/mL TNHS
———17- Eu-BINAM + 83 x10-2 ng/mL TNHS
—— 18- Eu-BINAM + 127 ng/mL TNHS
——19- Eu-BINAM + 1.70 ng/mL TNHS
——20- Eu-BINAM + 2 ng/mL TNHS

560 580 600 620 640
Wavelength (nm)

Fig. 5. Luminescence emission spectra of Eu>"-BINAM complex in the presence of different concentrations of TNHS I in acetonitrile at A, = 394 nm and pH = 7.5.
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BINAM complex luminescence intensity. 0.1 mol L™! of both NaOH and
HCI solutions were used to adjust the pH. The highest intensity was
recorded at the apparent pH value of 7.5 at Aep, = 618 nm, which was
considered to be the optimum pH and it was suitable for the TNHS I
assessment which is soluble at pH of 7.5, Fig. 7. The luminescence in-
tensity of Eu-2,2'-Diamine-1,1’-Binaphthalene complex in acetonitrile is
affected by pH. The luminescence intensity is highest at pH 7.5 and
decreases as the pH increases or decreases. This is due to the fact that the
Eu" ion has a higher affinity for oxygenated ligands than for unoxy-
genated ligands. At pH 7.5, the solution is neutral, and the Eu®* ion is
mostly coordinated by unoxygenated ligands. As the pH increases, the
solution becomes more basic, and the Eu®* ion is increasingly coordi-
nated by oxygenated ligands. This coordination of oxygenated ligands
decreases the luminescence intensity of the Eu®" ion. As the pH de-
creases, the solution becomes more acidic, and the Eu®" ion is increas-
ingly coordinated by (H") water molecules. This coordination of water
molecules also decreases the luminescence intensity of the Eu®* ion.
Eu®T-BINAM complex emission spectra in different molar ratios are
shown in Fig. 8. The best of molar ratio is (M:L) (1:2) Eu®'-BINAM with
high intensity. The other molar ratios (M:L) (1:3) and (1:4) mainly show
steric hindrance due to addition of extra bulky BINAM ligand which may
cause crowding around Eu®' and hence weakness of bonds between
BINAM and Eu®* leading to lower stability of (1:3) and (1:4) complexes.

4. Analytical performance
4.1. Analytical parameters

4.1.1. Dynamic range
The effect of the concentration of the TNHS I on the fluorescence
intensity of the optical sensor Eu®*-BINAM complex at Aey; = 618 nm is
shown in Fig. 9. The calibration curve shown in Fig. 9 which was ob-
tained by applying the Stern-Volmer [39] plot at Aey, = 618 nm:
Stern-Volmer plot:

where F, and F are the intensities of luminescence of optical sensor in
absence and presence of TNHS I, respectively, Q is the TNHS I concen-
tration and Kj is Stern-Volmer constant which is determined from the
slope of the plot of [F,/F —1] against TNHS I and equals to 5.33 and C,
= 1/Kg = 0.187 ng/mL, and R, (critical transfer distance, which is the
average distance between TNHS I and the ionophore) indicating the
probability of intermolecular energy transfer is just equal to the sum of

2.0x10°

1.5x10°

1.0x10°

Luminescence Intensity a.u.

5.0x10"

0.0

580 630 680 730

Wavelength (nm)

Fig. 7. Luminescence emission spectra of Eu®>"-BINAM complex in acetonitrile
at Aex = 394 nm in different pH.
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probabilities for all the de-excitation processes of the donor excited state
(mechanism of quenching is electron transfer process from ionophore to
TNHS I) and was found to be 7.35/(Co)™/3 = 4.20 A (R, < 10 A), ] this
means that the quenching is carried out by (dynamic) collision mech-
anism in which the electron transfer from the optical sensor to the
quencher (TNHS I) [40-58].

From the plot of [(Fy/F)-1] against [TNHS I], the fluorescence in-
tensity at 618 nm is decreased linearly with the concentrations of TNHS I
over the range 4.26 x 10~* to 2 ng/mL with a correlation coefficient of
0.995. According to ICH recommendations [59,60], the limit of detec-
tion (LOD) and quantitation (LOQ) were calculated using the relations:
LOD = 3.3S/b (equals to 1.35 ng/mL) and LOQ = 10S/b (equals to 4.10
ng/mL), where S is the standard deviation of blank luminescence in-
tensity and b is the calibration plot slope. These results are tabulated in
Table 1. The comparison of the proposed optical sensor for the deter-
mination of TNHS I with other published methods [61-69], indicate that
the developed method has good stability, lower limit of detection (1.35
ng/mL) and wide linear range of application (4.26 x 10~ to 2 ng/mL).

4.2. Selectivity

The method’s selectivity and validity were examined through
investigating the influence of potential interfering substances on the
emission spectra Eu®t-BINAM upon the addition of TNHS I (2.1 ng/mL).
The interfering substances included biotin (200 ng/mL), bilirubin (1
mg/mL), hemoglobin (2 mg/mL), ascorbic acid (20 mg/dL), cholesterol
(8 mg/mL), albumin (0.7 g/L) and triglyceride (12.5 mg/mL). all the
interfering substances exhibited no significant effect on the emission
intensity of Eu®*-BINAM sensor, Fig. 10.

Eu-2,2'-Diamine-1,1’-Binaphthalene complex (Eu- BINAM) is a
lanthanide chelator that has been shown to bind to troponin I (TnI) with
high affinity. The binding of Eu- BINAM to Tnl is thought to be due to
the fact that Tnl has a high affinity for metal ions. TnI also has a number
of residues that are capable of binding Eu®" ions. These residues include
aspartate, glutamate, and histidine. The binding of Eu- BINAM to Tnl is
selective for Tnl over troponin C (TnC) and troponin T (TnT). This is due
to the fact that TnI has a higher affinity for Eu>* ions than TnC and TnT.
The selectivity of Eu- BINAM for Tnl is important for the use of this
chelator in biomedical applications. For example, Eu-DOTA could be
used to image or monitor Tnl function in vivo. It is important to note that
the selectivity of Eu- BINAM for different troponins is not absolute. In
some cases, Eu- BINAM may bind to TnC and TnT, but this binding is
much weaker than its binding to Tnl. The selectivity of Eu- BINAM for
different troponins is due to the different amino acid sequences of these
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Fig. 8. Emission spectra of different molar ratio of Eu®*-BINAM complex.
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Fig. 9. Stern-Volmer plot (Fo/F—1) Vs concentration of TNHS I (ng/mL).

Table 1

The regression parameters for Eu""-BINAM complex sensor:
Parameter Value
Aem (Nm) 618
Liner range (ng/mL) 4.26 x 107* to0 2
LOD (ng/mL) 1.35
LOQ (ng/mL) 4.10
Regression equation, Y* Y=a+bX
Intercept (a) 1.67
Slope (b) 5.33
SD 2.19
Variance (Saz) 4.79
Regression coefficient (r?) 0.995

Where Y is fluorescence intensity, X is concentration in ng/mL.

proteins. Tnl has a higher affinity for Eu>" ions than TnC and TnT
because it has a higher number of residues that are capable of binding
Eu®t ions. These residues include aspartate, glutamate, and histidine.
The selectivity of Eu- BINAM for different troponins is also due to the
different structures of these proteins. Tnl has a more open structure than
TnC and TnT, which allows Eu®" ions to bind more easily.

4.3. Application to formulations

The proposed optical method was used to determine the TNHS I
concentration in 13 serum samples from healthy human subjects in
order to assess its applicability. The findings presented in Table 2
demonstrate that the adopted technique was found to be successful and
valid for identifying TNHS I in serum samples. It was obvious, from the
obtained average value of TNHS I concentration in serum samples by the
newly proposed method (26.85 + 0.62 ng/mL) in comparison with that
obtained from the standard method (27 ng/mL), the method excellence
with respect to accuracy and precision. The average recovery and R.S.D.
for the serum sample using the proposed optical sensor was found to be
(99.49 + 3.2) % were also presented in Table 2 for comparison and show
a good correlation with those of reference method [70], and with the
label claimed.

4.4. Recovery study

For further assessment of the method’s accuracy, recovery experi-
ments were performed to determine the extent of agreement between
the standard concentrations and known added concentrations to the
sample. The percentage recovery values in Table 2 ranged from 96.29 to
102.7 % with relative standard deviation (RSD) ranging from 0.089 to
6.2 % for serum samples. The results approaching 100% assured the

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 300 (2023) 122887

Fig. 10. Effect of interfering species on the selectivity of Eu-BINAM sensor for
Troponin 1.

good accuracy of the proposed method.

4.5. Precision and accuracy study

For precision computation, the assays were performed in triplicates
within the same day and on three different days for determination of
method’s repeatability and intermediate precision, respectively. The
average percentage relative standard deviation (%RSD) values were
calculated and found to be <0.5-6.2 and < 0.089-3.2 for intra-day and
inter-day precisions, respectively for the serum samples indicating the
high precision of the proposed method. Accuracy of the proposed
method was evaluated as percentage relative error (%RE) between the
measured mean concentrations and the taken concentrations of TNHS I.
%RE was calculated at each concentration and the obtained results were
summarized in Table 2. Percent relative error (%RE) were found to be
<(0.31-3.7) (intraday) and <(0.20-1.35) (inter-day) for the serum
samples demonstrating the high accuracy of the proposed method.

5. Conclusion

Eu*-BINAM complex exhibited characteristic peaks which are
significantly quenched in the presence of TNHS I at Aex/Aem = 394/618
nm owing to the energy transfer from the Eu®*-BINAM complex. The
method was found to be reliable and applicable for determination of
TNHS I in serum with high accuracy and precision.

%RE, Percent relative error. %RE = [(concentration proposed- con-
centration known)/concentration known] x 100, %RSD, relative stan-
dard deviation. %RSD = [S/(average measurements)] x 100, and + CL,
Confidence limits: CL = tS/n1/?, (The tabulated value of t is 4.303, at
the 95% confidence level; S = standard deviation and n = number of
measurements).
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Table 2
Evaluation of intra-day and inter-day accuracy and precision:

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 300 (2023) 122887

Sample Standard method Proposed method
A L
verage ng/m Intra-day accuracy and precision (n = 3) Inter-day accuracy and precision (n = 3)
Average found %RE Average Recovery %RSD Average found %RE Average Recovery %RSD
ng/mL + CL ng/mL + CL
Patient (1) 27 26.80 +0.945 0.74 99.26 1.4 26.90 +0.302 0.37 99.63 0.45
Patient (2) 22 22.20 + 0.645 0.90 100.91 1.2 21.95 +0.216 0.22 99.77 0.39
Patient (3) 19 19.15 +0.322 0.79 100.79 0.7 18.96 + 0.042 0.21 100.79 0.089
Patient (4) 16 15.95 +0.967 0.31 99.69 2.4 16.10 +0.124 0.625 100.63 0.31
Patient (5) 10 10.05 +0.124 0.50 100.5 0.5 10.10 +0.327 1 101 1.30
Patient (6) 5 5.10 + 0.087 2 102 0.68 5.01 +0.025 0.20 100.20 0.19
Patient (7) 1.54 1.50 +0.139 2.50 97.40 3.7 1.55 + 0.042 0.65 100.65 1.10
Patient (8) 1.40 1.41 +0.049 0.71 100.70 1.4 1.39 +0.11 0.71 99.29 3.20
Patient (9) 1 0.98 +0.149 2 98 6.2 1.01 +0.0248 1 101 0.99
Patient (10) 0.49 0.48 +0.0124 2 97.96 1 0.485 +0.011 1.02 98.98 0.88
Patient (11) 0.37 0.38 +0.021 2.7 102.70 2.2 0.365 +0.021 1.35 98.65 2.40
Patient (12) 0. 27 0.26 + 0.012 3.7 96.29 1.9 0.273 + 0.011 1.11 101 1.61
Patient (13) 0.12 0.118 + 0.0064 1.6 98.33 2.24 0.121 + 0.004 0.83 100.8 1.32
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