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Abstract

Cancer is a broad category of disease that can affect virtually any organ or tissue in the body when abnormal cells grow
uncontrollably, invade surrounding tissue, and/or spread to other organs. Dabrafenib is indicated for the treatment of adult
patients with advanced non-small cell lung cancer. In the present study, two newly developed spectrofluorimetric probes
for the detection of the anticancer drug Dabrafenib (DRF) in its authentic and pharmaceutical products using an ecologi-
cally synthesized copper oxide nanoparticle (CuONPs) from Salvia officinalis leaf extract and a copper chelate complex
are presented. The first system is based on the influence of the particular optical properties of CuONPs on the enhancement
of fluorescence detection. The second system, on the other hand, acts through the formation of a copper charge transfer
complex. Various spectroscopic and microscopic studies were performed to confirm the environmentally synthesized
CuONPs. The fluorescence detections in the two systems were measured at A, 350 and A, of 432 nm. The results showed
the linear concentration ranges for the DRF-CuONPs-SDS and DRF-Cu-SDS complexes were determined to be 1.0-500
ng mL™" and 1.0-200 ng mL™", respectively. FI=1.8088x+21.418 (r=0.9997) and FI=2.7536x+163.37 (r=0.9989)
were the regression equations. The lower detection and quantification limits for the aforementioned fluorescent systems
were determined to be 0.4 and 0.8 ng mL~! and 1.0 ng mL™", respectively. The results also showed that intra-day DRF
assays using DRF-CuONPs-SDS and DRF-Cu(NO;),-SDS systems yielded 0.17% and 0.54%, respectively. However, the
inter-day assay results for the above systems were 0.27% and 0.65%, respectively. The aforementioned two systems were
effectively used in the study of DRF with excellent percent recoveries of 99.66 +0.42% and 99.42 +0.56%, respectively.
Excipients such as magnesium stearate, titanium dioxide, red iron oxide, and silicon dioxide used in pharmaceutical
formulations, as well as various common cations, amino acids, and sugars, had no effect on the detection of compound.
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Introduction

Cancer is a broad category of disease that can occur in
virtually any organ or tissue of the body when abnormal
cells develop uncontrollably, invade adjacent tissue, and/
or spread to other organs [1]. Dabrafenib (DRF) is used
alone or in combination with trametinib to treat melanoma
that cannot be treated surgically or that has spread to other
areas of the body. DRF is also used in combination with tra-
metinib to treat and prevent recurrence of a specific type of
melanoma after surgery to remove the tumor and damaged
lymph nodes [2].

DREF is also used in combination with trametinib to treat
non-small cell lung cancer that has spread to nearby tissue
or other areas of the body. It is also used to treat thyroid
cancer that has spread to nearby tissues or other areas of
the body. DRF belongs to a class of drugs known as kinase
inhibitors. It works by preventing an abnormal protein from
signaling cancer cells to multiply. This inhibits the spread of
cancer cells [3].

Currently, studies focus on separation methods that have
been combined with mass spectrometry or other spectral
approaches. Researchers analyzed biological samples con-
taining such anticancer drugs using liquid chromatography
based on UV-coupled liquid chromatography or mass spec-
trometry. The two detectors mentioned above, as well as
numerous detection systems, are used in conjunction with
liquid chromatography. Various electrophoretic and chro-
matographic techniques are now used for similar analyzes
[4].

The literature search revealed that there are several ana-
lytical methods for the detection and quantification of DRF
in different matrices, including real, commercial drugs and
biological fluids. Among these methods is the quantifica-
tion of DRF in combination with other drugs using chro-
matography-tandem mass spectrometry [5]. This approach
is very sensitive but is not yet available for routine analysis
and monitoring of kinase inhibitors. High performance lig-
uid chromatography with ultraviolet/diode array detection
(HPLC-UV/DAD) has been developed as a more accessible
alternative [6].

Electroanalytical techniques such as stripping voltamme-
try, differential pulse voltammetry, square wave voltamme-
try, cyclic voltammetry, and linear sweep voltammetry are
also commonly used for products in biological fluids [7].
The electrodes at which the reactions of interest occur are
referred to as “working electrodes.”“ However, in voltam-
metry procedures, a solid-state or mercury electrode is used
as the working electrode. Solid state electrodes have some
general advantages, such as higher mechanical stability,
larger anodic range in contrast to mercury electrodes, and
ease of use in flux currents due to their mechanical hardness
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and stability [8]. It is worth highlighting that the field of
modified solid electrodes has attracted the interest of many
researchers as they are increasingly used in the determina-
tion of anticancer drugs, environmental monitoring, etc.
These electrodes have a number of advantages and disad-
vantages [9, 10].

An unmodified electrode has low selectivity or sensitiv-
ity, which should be improved. Techniques such as substrate
modification can be used to improve these properties. A key
breakthrough in electroanalytical chemistry, according to
the studies on this topic, would involve the surface of the
electrodes [11]. Most of the methods reported in the lit-
erature have shortcomings, especially in chromatographic
separation, such as the lack of a universal detector, low
separation efficiency, high time consumption, and the use of
large amounts of solvents [12]. Fluorescence spectroscopy
is a desirable alternative approach due to its inherent sensi-
tivity and ease of spectrum acquisition with minimal sample
preparation [13]. As the focus has shifted to the use of more
sensitive materials, efforts have been made to use various
components such as metal chelation and nanomaterials [14,
15].

Incorporation of a difluorobenzenesulfonamide moiety
into the dabrafenib molecule results in native fluorescence
behavior of the compound (FL). However, evaluation of the
drug FL resulted in a low native value. The incorporation of
an amino group into the drug and an oxygen group into the
reagent copper nitrate promotes metal chelation with high
stability [16].

Copper (Cu®*) is a divalent metal ion that is strongly
electropositive and does not polarize easily. The interac-
tion of copper with its ligands is non-covalent and often
involves ionic or electrostatic bonding. Copper readily
cooperates with hard Lewis bases that supply electrons to
its empty electron orbitals, such as OH™, F~, PO43‘, SO42‘,
CH,;COO™, ROH, RO7, and RNH,. The most stable cop-
per complexes are those with multidentate ligands that are
negative oxygen donors [17, 18].

Nanomaterials are in high demand in a number of sci-
entific fields, including drug delivery, bioimaging, and
molecular recognition and detection. The use of metal
oxides in the preparation of fluorescent hybrid materials has
piqued the curiosity of many.'® Metal oxides such as ZnO,
MgO, TiO,, NiO, and CuO nanoparticles are among these
nanomaterials. CuO nanoparticles (CuONPs) are used in
virtually all fields, such as materials science, drug target-
ing systems, biomedical and catalysis applications [19-22].
Physical and chemical methods can be used to produce
nanoparticles in a variety of ways [23]. According to the
findings, these techniques have a number of disadvantages,
including the use of expensive and toxic stabilizers or cap-
ping agents, toxic organic solvents or hazardous chemicals,
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higher temperatures required to process the final product,
and more [24]. Therefore, researchers are interested in
developing environmentally friendly processes for the pro-
duction of nanomaterials [25].

The goal of this work is to develop new ultrasensitive
spectrofluorimetric approaches based on metal chelation
with copper nitrate and green synthesized mediated Salvia
officinalis leaves extract CuO nanoparticles for the estima-
tion of dabrafenib in its authentic and commercial prod-
ucts. The effective circumstances of the two recommended
techniques were explored and optimized. The validity of
both systems was demonstrated, and a comparison study
was conducted comparing the findings of the two devised
approaches.

Experimental
Chemicals

All reagents and chemicals used in this study are pure
materials and were used without further purification. Pure
authentic dabrafenib was supplied by Novartis, Riyadh,
Saudi Arabia. The commercial formulation Tafnlar®75 mg
dabrafenib/capsule was purchased from local pharmacies
(Riyadh, Saudi Arabia). Sigma-Aldrich, Hamburg, Ger-
many, supplied various chemicals and reagents including
copper nitrate trihydrate (Cu(NO;),.3H,0, 99.9%), sodium
dihydrogen phosphate (98.0%), sodium acetate (99.0%),
sodium hydroxide (97.0%), boric acid (99.8%), and sodium
tetraborate (99.9%). Other reagents were purchased from
BDH Ltd. in Pool, UK, including acetonitrile (99.9%),
ethanol (97.0%), methanol (99.8%), sodium dodecyl sulfate
(SDS, 99.5%), cetylpyridium chloride (CPC, 99.9%), and
Triton X-100 (99.0%).

Plant Material

Dried Salvia officinalis leaves from Saudi Arabia were used
in this study. The leaves were dried at 100 °C to a constant
weight, with moisture content less than 2%. Salvia officina-
lis leaves were crushed in a high-speed multifunction mill
(Zhengzhou, China) and stored at room temperature in a
clean container.

Instruments

All spectrofluorometric measurements were performed
using a Shimadzu RF-5301pc luminescence spectrometer
(Kyoto, Japan). The slit widths for the excitation and emis-
sion monochromators were set to 5 nm for all spectrofluo-
rometric observations. A PC was used to control the results,

and data were collected using FI WinLab software (ver-
sion 4.00.03). The pH of the samples studied was adjusted
using a Metrohm model 744 pH meter (Metrohm Co., Heri-
sau, Switzerland). Deionized water obtained from (Lon-
enaustausscher, SG, Germany) was used throughout the
experiment. Shimadzu spectrophotometer-2600i (Kyoto,
Japan), Perkin-Elmer spectrometer (Waltham, USA), Shi-
madzu X-ray diffractometer 6000 (Kyoto, Japan), scanning
electron microscope JSM-7610 F (SEM, Tokyo, Japan),
EDX (Tokyo, Japan) is an abbreviation for Energy-Disper-
sive X-Ray Spectroscopy. JEOL Ltd, Tokyo, Japan, Trans-
mission Electron Microscopy (TEM).

Preparation of Plant Extract

The extract from the leaves of Salvia officinalis was prepared
according to the previously described procedure with minor
modifications [26]. The dried powder of Salvia officinalis
leaves (5.0 g) was mixed with 100 mL of deionized water
and heated at 100 °C for 30 min with constant magnetic
stirring. The resulting mixture was centrifuged at 3500 rpm
before being filtered with Whatman filter paper. 4. The fil-
trate was then cooled and stored in clean containers until it
could be used for the biogenic production of CuONPs.

Preparation of CuONPs Using Salvia officinalis
Leaves Extract

The green production of CuONPs was performed follow-
ing previous literature [27], with minor modifications. The
procedure started with the addition of 20 mL of Salvia offi-
cinalis leaves extract to 100 mL of copper nitrate hydrate
(2.0 mol L=!) and continuous stirring for 30 min. CuONPs
with brownish coloration were formed. After centrifuga-
tion at 3500 rpm for 5 min, the resulting nanoparticles were
filtered, and the resulting nanomaterials were collected,
dried, and stored in a clean container for future studies. The
CuONPs stock solution was prepared by sonicating 0.1 g of
the pre-synthesized powder in 100 mL of deionized water
for 10 min and stored in a refrigerator at 4 °C.

Characterization of the Synthesized CuONPs

Various analytical methods, including spectroscopy and
microscopy, were used to validate the synthesized CuONPs.
Examples of these methods include ultraviolet-visible spec-
troscopy (UV-vis), Fourier transform infrared spectroscopy
(FT-IR), X-ray powder diffraction spectroscopy (XRD),
and scanning and transmission electron microscopy (SEM
and TEM). Elemental composition and assignment have
also been determined using energy dispersive X-ray (EDX)
techniques.
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Preparation of Analytical Reagents

Three different buffer solutions (acetate, phosphate and
borate) were prepared to cover the pH range from 3 to 9.3.
Acetate buffer solution (0.1 mol L™!') with a pH range of
3.0-5.6 was prepared by combining equivalent amounts of
0.1 mol L™! acetic acid and 0.1 mol L™! sodium acetate
solution. Phosphate buffer (0.2 mol L™') with a pH range
of 5.8-8 was prepared by combining equivalent amounts of
0.2 mol L™! sodium dihydrogen with 0.2 mol L™! sodium
hydroxide and adjusted to the desired pH values. A borate
buffer (0.1 mol L™1) with a pH range of 8-9.0 was prepared
by adding an equal amount of 0.1 mol L™! boric acid and
0.1 mol L™! sodium tetraborate and adjusting the pH to the
required pH range.

Surfactants such as 0.01 mol L™! sodium dodecyl sulfate
(SDS), cetylpyridinium chloride (CPC), and Triton-X-100
were prepared by dissolving 0.28 g, 0.33 g, and 0.15 mL,
respectively, of the above surfactants in 100 mL of deionized
water in a 100-mL volumetric flask. An aqueous solution of
0.01 mol L™ Cu(NO;),.3H,0 was prepared by dissolving
0.208 g of solid in 100 mL of deionized water.

Preparation of Standard Solutions of DRF and
Tafnlar’ Capsules

A standard solution of 100 ug mL~! DRF was prepared
by dissolving an appropriate amount of 10 mg DRF in 100
mL deionized water. The prepared solution was placed in
an amber glass jar and stored in a dark place. The analyti-
cal working samples were serially diluted with deionized
water in the concentration range of 1.0-500 ngmL~' and
1.0-200 pg mL~! for the two FL systems, respectively. To
prepare 100 pg mL~! of Tafnlar®75 mg/capsule, an exact
amount of the capsule contents equivalent to 10 mg DRF
was mixed with 100 mL of deionized water. Serial dilution
with deionized water yielded useful analytical solutions in
the similar ranges as above-mentioned. The standard solu-
tions were stable for one week.

General Procedure for DRF Determination

Experiment 1: The FI for DRF assay was studied at room
temperature in the presence of CuONPs and SDS (1.0%
w/v). DRF in the pure sample and capsules was determined
using analytical samples of the test medication in 10-mL
volumetric flasks. 2.0 mL CuONPs, 0.5 mL SDS, and 2.0
mL phosphate buffer (0.2 mol L™!, pH 5.8) were used to
measure FI at A, 350 and Aem 432 nm. The linearity of
the drug detection was presented in the form of calibra-
tion plots, and a regression equation was developed to
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analyze the unknown concentration of the substance under
consideration.

Experiment 2: To show the calibration curve of the pro-
posed approach, the final DRF concentration was generated
in the range of 1.0-50 ug mL~'. To generate the required
concentrations, 1.5 mL of 0.01 mol L™' Cu(NO;),.3H,0
solution, 1.0 mL of (1.0% w/v) SDS, and 2.0 mL of 0.2 mol
L~! phosphate buffer (pH 5.8) were combined with an
appropriate amount of DRF drug in 10 mL volumetric
flasks. The solution was then mixed well and diluted to vol-
ume with deionized water. The fluorescence intensity (FI)
of each sample was measured at the emission wavelength
Aem@32 nm and the exaction wavelength A, 350 nm.

Results and Discussion
Characterization of Green Synthesized CuONPs

Since the optical properties of nanoparticles depend on
the size, shape, concentration, state of aggregation, and
refractive index at the surface of the nanoparticles, UV-vis
spectroscopy is ideally suited for their detection, character-
ization, and analysis. The UV-vis spectra of CuONPs, leaf
extract, and copper nitrate trihydrate for the above sam-
ples showed three distinct peaks at 280, 383, and 520 nm
(Fig. 1a). Several features are predicted to affect the absorp-
tion, including band gap, oxygen deficit, surface roughness,
and impurity centers [28]. The photoexcitation of electrons
from the valence band to the conduction band can lead to the
absorption spectra of CuONPs at 280 nm.

A tauc plot was used to calculate the direct band gap of
CuONPs, and the band gap was approximated using the
energy quantum mechanics Eq. (1):

Eg=hC/\ (1)

Where Eg, h, C, and A are the band gap, the vacancy con-
stant (6.626x10-34 J.s), the speed of light (2.99%x108 m/
sec), and the absorption band, respectively. The band gap of
the pre-synthesized CuONPs was calculated to be 2.85 eV
(Fig. 1b). The results of the optical behavior of the CuONPs
were in agreement with the values previously published in
the literature [29].

The functional groups responsible for the reduction of
copper nitrate trihydrate to CuONPs and their stability were
determined using FT-IR measurements. Since the decrease
in copper nitrate trihydrate ions should be related to the oxi-
dation of the extract from Salvia officinalis leaves, FT-IR
analysis was performed to investigate possible oxidation of
the extract. The previously published reports revealed the
presence of various bioactive compounds such as flavonoids
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Fig. 1 UV-vis spectra of (a)
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and phenolic acids, including salvianolic acids K and I,
rosmarinic acid, methyl rosmarinate, caffeic acid, luteolin-
7-flucoside, luteolin-3-glucuronide, 6-hydroxyl luteolin-
7-glucoside, and others [30—32]. The FT-IR spectrum of the
extract of Salvia officinalis (Fig. 2a) showed four absorp-
tion peaks at 3246 cm™' (strong O-H stretching vibration
of alcohol), 2927 ecm™! (average C-H stretching vibration
of alkane), 2163 cm™! (strong S-C =N stretching vibration
of thiocyanate), and 2029 cm™! (strong N =C =S stretching
vibration of isocyanate). The absorption peaks at 1584 cm™!
(weak C-H stretching vibration of aromatic compounds),
1374 cm™! (medium O-H stretching vibration of alcohol),
1256 cm™! (strong C-O stretching vibration of aromatic
ester), 1104 cm™! (strong C-O strengthening vibration of
aliphatic ether), 1034 and 1007 cm™! (strong CO -O- CO
stretching of anhydride), 817 cm™! (medium C=C bending
of alkene), and 693 cm™ !, respectively [33].

However, FT-IR analysis of CuONPs (Fig. 2b) revealed
ten notable peaks at 3574 cm™! (O-H stretching vibration of
intermolecular bond of alcohol), 3315 cm™! (medium N-H
stretching of aliphatic primary amine), 1500 and 1373 cm™!
(strong N-O stretching of nitro compound), 1054 cm™!
(strong C-O stretching vibration of vinyl ether), 933 cm™!
(strong C=C bending vibration of alkene monosubstituted),
852 cm™! (strong C-Cl stretching vibration of halo com-
pound), 693 and 419 cm™! correspond to Cu-O nanopar-
ticles [34].

In addition, shape and size were measured using standard
microscopic methods such as SEM and elemental analysis
was determined using EDX. Fig. 3a and b show particu-
late matter with elongated particles that appear to be an
assemblage of various rod-like structures. In contrast to the

homogeneous arrangement, rod crystals were detected. The
particles with an average particle size of 26—67 nm at dif-
ferent magnifications. In contrast, other larger aggregated
molecules had a size of 100 nm [35].

Elemental analysis of green synthesized CuONPs
obtained from the extract of Saliva officinalis leaves was
performed using SEM and an EDX spectrometer. The results
show that the percentages of Cu and O in the CuONPs sam-
ple are 65.57% and 34.43%, respectively, while the atomic
percentages are 67.04% and 32.96%, respectively. EDX
mapping of the as-prepared CuONPs was performed, and
the results of SEM, EDX and elemental mapping confirmed
the successful formation of CuONPs (Fig. 4a and d).

Spectral Behaviors

Spectrofluorimetry fluorescence is an important analyti-
cal technique in chemistry and materials science. It has an
impact on pharmaceutical evaluations at low concentrations
when high-throughput fluorescence measurements have
been performed at less than pg mL™.

Experiment 1 DRF was found to have a modest emission
band at A, =350 and A, =432 nm. Addition of CuONPs
to the FL system improved the emission bands (Fig. 5a). In
addition, FL analysis was used to successfully determine the
drug under investigation.

Experiment 2 After excitation at A, 350 nm, the DRF was
found to have a weak excitation-induced emission band at
hemd32 nm. The addition of Cu(NOs), and SDS improved
the emission bands of each FI system. The tested substance
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Fig.2 FT-IR spectra of (a) Saliva (a)
officinalis leaves extract and

(b) CuONPs synthesized using
Saliva officinalis leaves extract
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could also be satisfactorily measured using FI analysis
(Fig. 5b).

Optimization of Analytical Conditions

The experimental conditions of the proposed FL technique
were optimized with respect to various parameters, such
as the effect of the solvent, the volume of CuONPs and
Cu(NOs), solutions, the effect of the buffer, the volume of
the buffer, the pH effect, the effect of the reaction time, the
effect of the surfactant, and the volume of SDS (Table 1).

@ Springer

3000

2000 1500 1000 500

Wavenumber (cm™)
Effect of Solvents

The effects of different solvents (ethanol, methanol, chlo-
roform, and acetonitrile) on the FI spectrum of DRF solu-
tion (1.0 pg mL™") were studied. The maximum FIs were
determined as a function of the type of solvent. Fig. 6a and
b show the influence of the solvents on the FI of the DRF
solution at the A, and A, wavelengths of 350/432 for both
systems, in the presence of metal oxide and metal chelating
agents for the two FL techniques. From the observed results,
it was found that maximum FI was achieved by using etha-
nol as solvent in the two proposed FL systems.
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Fig.3 (a, b) SEM images of synthesized CuONPs using Saliva officinalis leaves extract measured at different magnifications

Fig.4 (a) SEM image of
CuONPs, (b) EDX spec-

trum of CuONPs, (¢) and (d)
elemental mapping of Cu and O,
respectively
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Effect of pH

The FI of DRF solutions was measured at different pH val-
ues (3-9) using 2.0 mL of acetate (0.1 mol L"), phosphate
(0.2 mol L™1), and borate buffer solutions (0.1 mol L™1).
The results showed that the highest FI was obtained when
phosphate buffer pH 5.8 was used (Fig. 7a and b). In addi-
tion, as shown in Fig. 7c, the effect of phosphate buffer
volume on the FI spectrum was investigated in the range

of 1.0-5.0 mL. The use of 1.0 and 2.0 mL phosphate buf-
fer resulted in the highest FI for the detection of DRF with
CuONPs and Cu(NOy),, respectively.

Effect of Volume of CuONPs and Cu(NO;),
Using 1.0 g mL~' DRF solution, the optimal volume of

added CuONPs and Cu(NOj;), was investigated in the
ranges (0.5-5.0 mL). The largest FI peaks were obtained by
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(a) (b)
300 — CuONPs — Cu(NOs),
— DRF-CuONPs 600 DRF-Cu(NO3),
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400 1 ‘
400 -
200 - sl
0 T ! | T | | 0 T T T 1
350 400 450 500 550 350 400 450 500 550
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Fig. 5 Fluorescence spectra of (a) DRF, CuONPs, DRF-CuONPs, and DRF-CuONPs-SDS solutions and (b) DRF, Cu(NO;),, DRF-, Cu(NO5),,
and DRF-Cu(NO;),-SDS solutions

Table 1 The analytical conditions for the estimation of DRF using the ~ to the DRF solution. Therefore, this amount was chosen as

suggested spectrofluorometric methods in the presence of CuONPs the best amount for further studies (Fig. 7d).
and metal chelating agent Cu(NO;),

Parameters Studies AMH

Effect of Surfactants
range CuONPs Cu(NO,),
Aex/ 220-800 350/432 350/432 .. ..
ex/em (nm) An anionic surfactant (SDS), a cationic surfactant (CPC),
Buffer type Acetate, Phosphate Phosphate L K
phosphate, and a nonionic surfactant (Triton X- 100) were used to
borate study the FI of DRF in aqueous and various micellar media
Buffer pH 3-9 5.8 5.8 (Fig. 7e). All the organized media studied decreased the FI
Buffer volume (mL) 0.5-5.0 1.0 2.0 of DRF, but the SDS system significantly increased the FI of
CuONPs and Cu(NO;),  0.5-5 2.0 2.5 DREF in the presence of CuONPs and (Cu (NOjs),. In addi-
‘S’Olufme SDS. CPC DS SDS tion, the effect of SDS volume on the FI of DRF was studied
urlactant type ’ using different amounts of 0.01 mol L~ SDS ranging from
and CMC g ging
Surfactant volume (mL)  0.5-3 1.0 15 0.1 to 3.0 mL. After addition of 1.0 and 2.0 mL of SDS to

Time (min) 1-15 2 5 DRF-CuONPs and DRF-Cu complex systems, respectively,
the largest FI peaks were observed (Fig. 7).

separately adding 2.0 and 2.5 mL of CuONPs and Cu(NO;),

(a) (b)
- L NPs 800 - .
1000 DRF-CuONPs DRF-Cu(NO3):
800 1 | 600 I
600 - :
FI - FI 400 - Z
400 - s
200 - .
200 A J
0 T T T 1 0 — ' ' ' I
Ethanol Methanol Chloroform Acetonitrile Ethenol et ‘S Aok

Type of solvents Type of solvents

Fig.6 Effect of solvents on the FI of DRF (1.0 pg mL~") soluble in various solvents (ethanol, methanol, chloroform, and acetonitrile) in the pres-
ence of (a) CuONPs and (b) metal chelating agent (Cu(NO;),).
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Fig. 7 (a) effect pf buffer types, (a) () i
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Effect of Response Time

Over different time periods (1-15 min), the effect of reac-
tion time on the FI of DRF solution was investigated in the
presence of additional CuONPs and Cu(NOs), solution as
metal oxide and metal chelating agents. The obtained find-
ings showed that both methods FL achieved a fast reaction
within two and five minutes for the above-mentioned sys-
tems, respectively.

Method Validation

Method validation was performed to confirm the applicabil-
ity of the proposed analytical method in terms of accuracy
and precision for the determination of the studied substance.
The reviewed FI systems for the evaluation of DRF were

developed in accordance with the recommendations of ICH
[36].

DRF calibration curves were generated using FI as a
function of drug concentrations using established spectro-
fluorometric equipment (Fig. 8). The linear concentration
ranges for the DRF-CuONPs-SDS and DRF-Cu-SDS com-
plexes were determined to be 1.0-500 ng mL~! and 1.0-200
ng mL™!, respectively. FI=1.8088x+21.418 (r=0.9997)
and FI=2.7536x+163.37 (r=0.9989) were the regression
equations. Statistical examination of the results obtained
revealed a high correlation coefficient (r) of 0.999 and a low
standard deviation of the axis intercept (Sa) and slope (Sb),
indicating excellent linearity of the plotted curve (Table 2).

The lower limits of detection (LOD) and lower limits
of quantification (LOQ) of the proposed spectrofluoro-
metric methods were calculated using the relationships
3.3(Sa/b) and 10 (Sa/b), respectively. The LODs of the
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Fig. 8 Graphical plots of (a) DRF-CuONPs-SDS and (b) DRF-Cu(NO;),-SDS, respectively

Table 2 Outcomes obtained from the quantification of DRF solu-
tion using the proposed spectrofluorometric DRF-CuONPs-SDS and
DRF-Cu(NO;),-SDS systems

Parameters DRF-CuONPs-SDS DRF-Cu(NO,),-SDS
DRF Conc. Ng 1.0-500 1.0-200

mL"!

Slope 1.8088 2.7536

Intercept 21.418 163.37

Correlation coef- 0.9997 0.9989

ficient (r)

LOD, (ngmL") 0.4 0.8

LOQ, (ng mL™) 1.0 1.0

DRF-CuONPs-SDS and DRF-Cu(NO;),-SDS systems were
determined to be 0.4 ng mL~! and 0.8 ng mL™!, respec-
tively. However, the LOQ for the aforementioned systems
were 1.0 ng mL~' (Table 2).

DRF was measured in actual samples to evaluate the
accuracy of the two proposed fluorescent systems DRF-
CuONPs-SDS and DRF-Cu(NO;),-SDS. In the presence of
CuONPs and Cu(NO3),, the accuracy of the recommended
fluorescence systems was reported to be 99.66 +0.4% and
99.42 +0.6% estimated % recoveries, respectively (Table 3).

The ability of DRF-CuONPs-SDS and
DRF-Cu(NO;),-SDS systems to confirm the precision of
the proposed FL systems was verified by intra-day and
inter-day tests. Precision was measured as percentage of
relative standard deviation (%RSD) using triplicate mea-
surements of three analytical samples. The results showed
that intra-day DRF assays using DRF-CuONPs-SDS and

DRF-Cu(NO;),-SDS systems yielded 0.17% and 0.54%,
respectively. However, the inter-day assay results for
the above systems were 0.27% and 0.65%, respectively
(Table 3). The precision values obtained were less than
2, indicating that the two systems had high accuracy and
precision.

DRF was calculated by slightly varying the procedural
parameters. The pH of the analytical samples was increased
or decreased by + 1, the volume of surfactant was increased
or decreased by + 1, and the volume of CUONPs or Cu(NOs),
was increased or decreased by 0.1 mL. These changes had
no significant effect on the FI. Results were calculated as
99.57+0.34% and 99.18 0.68% recoveries for DRF in the
presence of DRF-CuONPs-SDS and DRF-Cu(NO;),-SDS
systems, respectively (Table 3).

By analyzing the same samples under different condi-
tions, such as a different laboratory, analysts, and equip-
ment, the robustness of the fluorescent DRF-CuONPs-SDS
and DRF-Cu(NO;),-SDS systems for DRF determina-
tion was investigated. These adjustments had no effect
on FI. The estimated percent recoveries for DRF deter-
mination in the presence of the DRF-CuONPs-SDS and
DRF-Cu(NO;),-SDS systems were 99.63+0.47% and
99.23 +0.73%, respectively.

The selectivity of the developed spectrofluorometric
DRF-CuONPs-SDS and DRF-Cu(NO;),- SDS systems
for DRF analysis was investigated using various amino
acids, sugars, and inactive substances contained in capsules

Table 3 The validation data estimated from the determination of DRF in pure samples using the designed spectrofluorometric DRF-CuONPs-SDS

and DRF-Cu(NO;),-SDS systems

Samples Accuracy Intra-Day Inter-Day Repeatability Robustness Ruggedness
(n=9) (n=3) (n=3) (RSD %, n=26)

DRF-CuONPs-SDS 99.66+0.42 0.17% 0.27% 0.33% 99.57+0.34  99.63+0.47

DRF-Cu(NO;),-SDS systems 99.42+0.56  0.54% 0.65% 0.75% 99.18+0.68  99.23+0.73
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Table 4 Effect of foreign species on the determination of DRF
using the designed spectrofluorometric DRF-CuONPs-SDS and
DRF-Cu(NO;),-SDS systems

Interference Tolerable Values
AMH-AL,O.NPs-SDS  AMH-AI(NO,);-SDS

Magnesium 320 300
stearate

Titanium dioxide 450 440
Red iron oxide 512 480
Silicon dioxide 480 370
Lactose 230 170
Glucose 180 210
Glycine 740 640
Histidine 270 205
L-valine 360 320
Leucine 280 220

formulations used as additives in DRF capsules production.
The acceptable threshold was calculated under ideal condi-
tions using DRF samples (1.0 ng mL~") as the number of
foreign species causing less than 5% error (Table 4). The
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selectivity level results showed that the developed two sys-
tems had adequate selectivity for DRF quantification.

Possible Mechanism of CUONPs and Copper Metal
Chelation

The interaction of aminous hydrogens and oxygen atoms
bonding to the cupric ion action can be done between the
examined DRF and Cu(NOs;), in the presence of a phosphate
buffer solution of pH 5.8. Furthermore, the metal-oxygen
connections can be disrupted, resulting in the formation of a
metal-chelate surface complex (Fig. 9a). The large surface-
to-volume area of CuONPs contributes to the improvement
of the optical properties of DRF and demonstrated strong
tunable characteristics (Fig. 9b).

Analytical Applications
DRF in bulk powder was determined using the proposed

spectrofluorometric  systems DRF-CuONPs-SDS  and
DRF-Cu(NO;),-SDS (Table 5). The values obtained for DRF
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Darafenib on the surface of metal oxide nanoparticles

Fig.9 (a) The pathway mechanism of DRF interaction with Cu(NOs), and (b) The DRF distribution on the surface of CuONPs

Table 5 Outcomes of DRF determination using the proposed spectrofluorometric DRF-CuONPs-SDS and DRF-Cu(NO,),-SDS systems

Samples Taken Found range % Mean +SD n Variance % %
(ng mL™") (ng mL™") Recovery SE RSD

DRF-CuONPs-SDS 1.0-500 0.99-499.97 99.00-99.99 99.65+0.41 8 0.16 0.14 0.40

DRF-Cu(NO,),-SDS 1.0-200 0.98-199.80 98.00-99.78 99.22+0.69 6 0.48 0.28 0.69
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Table 6 Assay of DRF in its commercial capsules using the designed DRF-NPs-SDS and DRF-Cu(NO,),-SDS spectrofluorometric systems

Samples Taken Found % Mean + SD n Var. % % Ref. method #-Test F-Test
(ng mL™ D) (ng mL™ D) Recovery SE RSD  [38] (2.228) *  (5.05) *
DRF-CuONPs-SDS  1.0-500 0.99-498.13  99.00-100 99.64+050 6 025 0.20 031 99.26+0.62 1.187 1.52
DRF-Cu(NO;3), 1.0-200 0.99-99.80 98.17-99.80 98.92+0.95 6 0.81 0.36 0.95 0.776 2.37
SDS
*Tabulated t- and F values at p<0.05
Table 7 The outcomes from the Analytical Reagent Linearity Reference
determination of DRF using Techniques
the designed spectrofluoromet- 3 . - - — 1
ric DRF.CuONPs-SDS and if;légozzfem MS eAli:;:it(())rrlntrlle, C18 column with gradient 0.5-50 ng mL [39]
DRF-Cu(NO;),-SDS systems Y . . . _1
compared with previously pub- Methanol, C18 column with gradient elution  1.0-200 ng mL [40]
lished analytical methods Acetonitrile, C18 column with gradient 5.0-5000 ngmL™"  [41]
elution
Proposed method Spectrofluorometric assay of DRF in the pres- 1.0-500 ngmL~'  DRF-
ence of CuONPs and Cu(NO;), CuONPs
1.0-200 ngmL~!  DRF-
Cu(NO;),

in the presence of CuONPs-SDS and DRF-Cu(NO;),-SDS
were 99.65 +0.41 and 99.22 + 0.69, respectively. The result-
ing data showed that the presence of CuONPs improved the
sensitivity of the designed CuONPs-SDS spectrofluoromet-
ric system due to the unique properties of CuONPs, such
as the large surface area, wide band gap of semiconductor
materials, and advanced optical and tunable mechanical
properties.

Table 6 summarizes the results of the available spec-
trofluorometric systems for measuring DRF in capsules.
The results for DRF in the presence of CuONPs-SDS and
Cu(NO;),-SDS are 99.64+0.31 and 98.92+0.92, respec-
tively. The results were quantitatively evaluated using Stu-
dent’s t-test and variance ratio F-test [37] and compared
with other published approaches [38]. In the presence DRF-
CuONPs-SDS and DRF-Cu(NOs),-SDS, the proposed
spectrofluorometric systems showed good sensitivity for the
measurement of DRF.

These results are explained by the enhancing potential of
metal oxide nanoparticles on collective oscillations of con-
duction electrons and localized surface plasmon resonances,
which couple strongly to light at certain wavelengths and
give the materials their unique high optical properties. The
enhanced fluorescence activity of the metal oxide nanoparti-
cles is also due to their large surface area and tunable proper-
ties developed during the fabrication of the nanostructures,
which have improved the spectrofluorimetric evaluation of
the drug under study.

In addition, the results of the proposed spectrofluoromet-
ric systems were compared with previous analytical tech-
niques such as high-performance liquid chromatographic
tandem mass spectrometry. Table 7 summarizes the results.
The developed spectrofluorometric DRF-CuONPs-SDS and

@ Springer

DRF-Cu(NO;),-SDS systems showed high sensitivity, sim-
plicity, cost-effectiveness, and environmental friendliness.
They are also more accurate and precise than other chro-
matographic or electrochemical methods and do not require
advanced technical knowledge.

Conclusions

In this work, reliable and accurate fluorescent probes were
developed for the detection of DRF in bulk and commer-
cial capsules based on metal oxide nanoparticles (CuO)
and metal chelating agents (Cu(NO,),). The work was
based on the exceptional optical properties of the cre-
ated spectrofluorometric systems DRF-CuONPs-SDS and
DRF-Cu(NO;),-SDS, which enhanced the fluorescence
intensity of the selected drug. The results of the indicated
fluorescence systems showed that CUONPs and Cu(NO;),
exhibited strong catalytic activity and that the increase in flu-
orescence was proportional to the increase in drug concen-
tration. The results showed excellent linearity over a wide
range of concentrations, and the two fluorescent systems,
DRF-CuONPs-SDS and DRF-Cu(NO;),-SDS, can poten-
tially be used for the determination of DRF in its authentic
powder and commercial capsules, with mean percent recov-
eries of (99.64+0.31 and 98.92+0.92) and (99.64+0.31
and 98.92+0.92), respectively. The data obtained were
statistically analyzed, and the results were consistent with
previous published techniques. Due to the enhancement of
surface plasmon resonance and collective oscillations of
conduction electrons in conjunction with light, the proposed
fluorescence techniques showed high catalytic activity and
sensitivity.
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