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Facile utility of felumin, a biological dye for the first
fluorimetric determination of L-tetramisole drug
through an “on-off fluorescence” strategy
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L-Tetramisole is an anti-nematode and immunomodulating agent employed medically to treat diseases
caused by worms. It is also used as an immune system-modifying agent in rheumatoid arthritis and as
assistant therapy in treating cancers in the colorectal, head, and neck regions. Felumin is a safe food dye
used in feed additives, flavors, biostaining, and recently, in analytical tracking. This is the first innovative
spectrofluorimetric approach to L-Tetramisole drug analysis. It is both efficient and environmentally
benign and was evaluated and validated in this investigation using a green, one-pot, and direct
spectrofluorimetric technique. Instant complexes were created by combining L-Tetramisole and Felumin
in an acidic solution. The fluorometric investigation was performed based on the off-effect strategy of L-
Tetramisole on the emission amplitude of a biological dye (Felumin) at 557.5 nm. The linear range was
from 0.1 to 1.7 pg mL™%, with sensitivity limits of 0.020 and 0.061 ug mL™%, respectively. Analytical
modulation of L-Tetramisole—Felumin complexes was done for all system parameters. The system was

found to meet ICH criteria. Moreover, this technique successfully recovered the substance in the
Received 23rd December 2022 . . . . .
Accepted 7th March 2023 prescribed medicinal dosage forms. The created fluorimetric technique was also successfully employed
to track the drug of interest in human biofluids, which was a major accomplishment. The kinetics of the

DOI: 10.1039/d2ra08183k reaction system was also studied further. Finally, the proposed method's environmental friendliness was

rsc.li/rsc-advances evaluated on the eco-scale.
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Introduction and preface

Due to their high extinction indices, high quantum yields, and
affinity for linking to biomolecules, there has been increased
interest in using xanthene dyes and related compounds for
labeling and monitoring purposes. Felumin (FLN, Fig. 1B) is
a halogen-substituted xanthene that has been adapted as a laser
dye, food dye, and even a clinical and pharmaceutical diag-
nostic. FLN is becoming well-established as an appealing
reagent for the quantitative assessment of proteins in biological
materials due to its preferential protein binding and intrinsic
photoluminescence. Oxygen content, vitamin B6, and urine
protein are only a few examples of the interactions reported
using FLN as a probe." From an analytical viewpoint, xanthene-
based biological dyes have also been used to determine
proteins,> and several pharmaceutical compounds.** Structur-
ally, the Felumin dye is 2,4,5,7-tetraiodo-fluorescein (Fig. 1B).
The creation of an ion-association complex binding the dye to
the fundamental chemicals is usually the strategy for these
procedures. The complex formation causes a reduction in FLN's
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inherent fluorescence, and the analyte, which has a basic
center, can be quantified using this indicator. Numerous
medications have been chemically investigated using xanthene-
based dyes such as Felumin and Eosin Y, for example, fluo-
roquinolones,* antispasmodics,” oncogenic agents,® anthel-
mintic drugs,”® and antihypertensive drugs.'* .-Tetramisole is
an anti-helminthic drug used to treat diseases caused by worms,
rheumatoid arthritis, and colon, head, and neck malignancies.
L-Tetramisole (Fig. 1A) is also known as (S)-(2)-2,3,5,6-tetrahy-
dro-6-phenyl-imidazo-[2,1-b] thiazole according to IUPAC, and
(2,3,5,6-tetrahydro-6-phenylimidazole [2,1-b] thiazole) accord-
ing to USP.** r-Tetramisole particularly activates the parasites’

! COOH

Fig. 1 Molecular structures of L-Tetramisole (A) and Felumin (B).
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nicotinic acetylcholine receptors, which in turn promotes the
parasites’ immune system. In humans, t-Tetramisole can be
used as an immunomodulatory.’® r-Tetramisole is frequently
employed in the management and treatment of immunological
and autoimmune disorders. To successfully treat the skin, r-
Tetramisole hydrochloride liniments have been produced.** -
Tetramisole has also been utilized as an adulterant in cocaine,
generally at a concentration of 5% of the bulk substance, which
piqued forensic attention." Steroid use can be minimized by t-
Tetramisole, which is an immunoregulatory man-made imida-
zothiazole analog. When L-Tetramisole is given as the first
alternative to steroids and after therapy failure with cyclo-
phosphamide or ciclosporin, depressive episodes are lessened,
and corticosteroid doses are minimized in patients with SSNS.*®
t-Tetramisole 's plasma concentration (from a pharmacokinetic
viewpoint) was found to be at its peak at 1.98 hours, and its half-
life varied between 3.3 and 5.1 hours. It was found that after
a single oral dose of 50-150 mg r-Tetramisole, peak plasma
levels of the unmodified medication were attained roughly two
hours after ingestion. This study found that r-Tetramisole has
a 4 hour plasma half-life."” With dosages of 2.5 mg and 5 mg
kg™' (according to another study), i-Tetramisole plasma
concentrations peaked in 1.0 to 2.0 hours (with a ¢, of 1.5
hours), were rapidly absorbed, and reached their peak at
concentrations of 800 to 1600 ng mL™".** A novel therapeutic
use for this anthelmintic medication has emerged since Renoux
demonstrated its immunostimulatory properties."” Herpes,
leprosy, zona, rheumatoid arthritis, lupus, and many types of
cancer have all been successfully treated with L-Tetramisole. t-
Tetramisole-HCl is official in European,* British,* and United
States Pharmacopeias.”” For its medicinal value, LTS was
determined in artificial forms and biofluids. Many different
approaches to evaluating LTS in raw or pharmaceutical
formulations have been documented in the literature. However,
to date, no fluorometric strategy has been reported for its esti-
mation. HPLC was used to quantify LTS alone**** and in the
presence of other drugs such as albendazole,* heparin and
pentobarbital,*® abamectin,® and thiabendazole.”” Also, an
electrophoretic technique®*** and electroanalytical
approaches®* have been applied for its determination. Spec-
troscopic techniques®* (including extractive spectrophoto-
metric,* and ultraviolet methods®), luminescence,”” and the
atomic absorption spectrometric method*® have also been used.
Despite its various advantages, there are no published spec-
trofluorimetric methods for LTS analysis, such as its simplicity
of application, specificity, and elevated sensitivity. Because of
this, the spectrofluorimetric analysis of r-Tetramisole is
required. The spectrofluorimetric technique designed for this
medicine achieves these objectives by shutting down the self-
fluorescent dyes in the protogenic media. The proposed
approach has been thoroughly validated under ICH require-
ments.** It promptly and accurately determined LTS in bulk,
pharmaceuticals, and human fluids.

The LTS tertiary amino group can be protonated in acidic
conditions. As a result, an ion-pair complex combining FLN and
LTS can develop. The resulting “on-off fluorescence system”
will be utilized to measure LTS via the LTS-induced suppression
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of the dye's internal emission. An easy and gentle method for
drug testing might be achieved by using fluorescence quench-
ing at a specific concentration of 0.1-1.7 ug mL™". Reagents are
inexpensive, and the apparatus is commonly present in most
product control laboratories, rendering this a cost-effective
technique.

Experimental
Apparatus

All fluorescence measurements were performed using an FS-2
(Korea) SCINCO spectrometer and a light source lamp (150 W
Xe-arc). A ThermoFisher scientific centrifuge was used for
clinical samples (PICO 21, Germany). The SONICOR SC-101TH
bath sonicator is an additional component. The pH of the
working medium was adjusted using an AD11P pH meter
(Adwa, Romania).

Materials and reagents

t-Tetramisole HC] was obtained from the EIPICO company and
was used without additional treatment. Felumin dye reagent
was purchased from Market Harborough, Leicestershire, UK,
and dissolved in doubly distilled water. Katrex® 40 mg per
tablets and syrup were purchased from the local pharmacy.

Buffer solutions and solvents

Chemicals such as acetone, acetonitrile, alcohol, methanol, and
dimethylformamide were purchased from the El Nasr Company
for Intermediate Chemicals in Cairo, Egypt. El Nasr also
provided DMSO and other chemicals, including 1,2-dioxane,
isopropanol, HCI, and NaOH.

Acids of 0.04 M concentration were found in the Britton—
Robinson solution (pH 2.0-12.0). Acids include boric, phos-
phoric, and acetic acids. The pH of this combination was
altered by adding 0.2 M NaOH to a beaker.*

There were two master solutions in the Teorell-Stenhagen
control solution, each of which spans the pH range from 2.0-
12.0. The solution contained phosphoric, citric, hydrochloric
acids, and sodium hydroxide (A). The second master solution is
HCI (0.1 M) (B). It was possible to attain the operational pH
when the two solutions were combined in the correct
proportions.

Here, 0.2 M citric acid and 0.01 M Na,HPO, were mixed to
make a Mcllvaine buffer solution with a pH of 2.2-8.0 °.

An acetate pH-controlling solution with a concentration of
0.2 M was prepared from acetic acid and sodium acetate
solutions.

Non-purified analytical or pharmaceutical-grade compounds
were used in their unprocessed original form. Every day, a new
solution was created.

Human body fluids

Drug-free urine and plasma samples were taken from healthy
adults and stored in a freezer. The Committee on Scientific
Research Ethics approved the collection of biological samples
from human beings at the Al-Azhar University Hospital, Assiut

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Branch. The Al-Azhar University Faculty of Pharmacy Ethical
Committee in the Assiut Branch, Egypt accepted and approved
the technique (ZA-AS/PH/5/C/2022). In all cases, authorization
forms were signed by each party. Following the Declaration of
Helsinki recommendations, the experimentation, including
human specimens, was executed.

Working solutions

For a standard solution of LTS, a volumetric flask of 100 mL was
charged with 10 mg of LTS, dispersed in an adequate amount of
water, and then topped up with the same liquid. The stock
solution was dispersed in water to the desired volume to create
the standard operating solution. The solutions were kept at 4 °C
in the refrigerator to preserve their chemical stability.

The processing steps

An aliquot of LTS in calibrated 10.0 mL flasks in the 1.0-17.0 ug
mL ™" range was utilized for the fluorometric experiment. Each
flask was pre-mixed with 1.5 mL of acetate-regulating solution
and 1.2 mL of FLN solution. It was then replenished with double-
distilled water and matured for another 6 minutes before being
analyzed. Aside from the drug solution, the blank reagent was
tested to the same standard. Endogenous FLN fluorescence
intensity was determined using a fluorimetric technique at
557 nm, then correlated to the LTS dose in pg mL™.

Tablet and suspension analysis

Crushed Katrex® tablets and syrup were transferred using
250 mL calibration volumetric jars. Each flask contained 60 mL
of water and was sonicated for 0.5 hours. The same liquid was
used to complete the solution, with the first portion of the filter
discarded. The final doses of 0.5, 1.0, and 1.5 pg mL ™" were
produced by dispersing the solvents further.

Clinical sample analysis

(a) Drug-spiking human sample analysis. Following the
guidance of the committee on the ethics of scientific research,
a plasma sample was collected from human volunteers at Assiut
Hospital. All parties signed informed consent for all cases.
Additions of the usual medication solution were made to 1 mL
of plasma. Adding an appropriate volume of acetonitrile*! after
2 minutes of mixing resulted in the separation of the protein in
the plasma sample containing the medication. Finally, the clear
liquid was used for analysis.

At the same time, blank testing was performed. Calibration
was established in plasma by tracking the drug-loaded plasma's
signal to dose levels. The subject plasma samples, with varying
drug doses present in the operating range, were used to esti-
mate the levels of LTS.

Comparisons were made between the fluorescence ampli-
tudes of treated plasma samples and those obtained from
a control drug of equal dosage. The absolute recovery was
determined.

(b) Procedure for human urine analysis. After being triple-
filtered, the first layer of a freshly obtained urine specimen

© 2023 The Author(s). Published by the Royal Society of Chemistry
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from a healthy male was decanted. The general testing
procedure was followed, which included dropping 1 mL of the
plasma-like treated urine filtrate into a 10 mL calibrated jar.

(c) Procedure for real human plasma analysis. Katrex®
tablet, 40 mg per tab, was given orally to a healthy fasting
subject at a dose of 5 mg kg~ '. Blood samples were withdrawn
into commercially heparinized tubes before and after 1.0-2.0 h
of drug dosing. The tubes were kept cold until plasma centri-
fugation, which was carried out at 5000 rpm for 0.1 h. The
apparent plasma sample was subjected to the procedure
described for spiked human plasma.

Molar ratio calculation method

The stoichiometry of the LTS-FLN reaction was predicted using
continuous variation charting (Job's technique*?) as part of the
present design. Different complementary ratios of the analyte
and dye were introduced into 10 mL calibrated jars to give
avolume of 1.0 mL of LTS and FLN (0:1.0,0.1:0.9, ..., 0.9: 0.1,
1.0:0). The general procedure was followed. Blanks were also
prepared and measured at the same time. The mole fraction of
the tested medication was plotted against the corrected emis-
sion intensity (AF).

Results and discussion
The spectrum of the present system

FLN (a xanthene dye example) was employed in the developed
system for analyzing the suggested drug. Because FLN has an
intrinsic fluorescence at 557.5 nm that may be quantitatively
lowered by LTS, it is possible to quantify the drug using the
fluorescence detection response (Fig. 2).

Control of the experiment's parameters

To achieve the greatest possible scores for this specific spec-
troscopic application, it was necessary to investigate and correct
any reaction factors that might have an impact on the system's
signal.

pH and buffer volume effects

The pH scale of 2.0-6.0 was used to study the LTS-FLN binary
complex, which has a crucial function in forming this complex.

7500 1 Blank ex.

——Complex ex.
—Blank em.
——Complex em.

5000 o

RFI

2500 A

490 520 550 580
Wavelength, nm.

Fig. 2 The scanned spectra of the resulting LTS—FLN ion-paired
complex and the blank.
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The sample pH had a significant impact on the LTS-FLN
complex. The planned system had the highest RFI values in the
pH range of 3.0-4.2. The RFI values dropped when the pH was
shifted outside of this range (Fig. 3).

The buffer volume significantly impacted the growth of the
LTS-FLN complex, and the optimal pH level was found to be 3.7
in this investigation. The acetate buffer solution was employed
in quantities ranging from 0.2 to 3.0 mL to examine the LTS-
FLN binary complex. For the chosen spectroscopic technique,
a buffer volume of 1.2-1.7 mL produced the strongest responses
(i.e., the greatest drop in dye emission). The response values
were lower when the volume was outside of this range. To keep
the pH stable, the buffer needs to be limited; if the buffer is too
large, the anionic dye will compete with the positive component
of the buffer for coupling, preventing the complexation process.
Due to these considerations, the experiment was best carried
out at a volume of 1.5 mL (Fig. 3).

The impact of the pH-controlling solution type

Several buffer types were evaluated in 1.5 mL volumes to get the
best results from the applied procedure. All buffers studied
(Mcllvaine, acetate, Teorell-Stanhagen, and Britton-Robinson)
produced similar values, with the acetate buffer producing
considerably greater signals and more tolerable results,
according to the testing; therefore, the acetate was used as the
buffer for this procedure (ESI 11).

The impact of FLN volume and reaction time

A variety of FLN reagent concentrations were tested to achieve
the desired results. The strongest fluorescence quenching was
achieved with an FLN solution at a concentration of 0.015% w/v
in 1.2 mL. Low FLN concentration led to a lower response as
shown in ESI Fig. 2,7 as the reaction was not complete at that
concentration. Because FLN self-agglomeration led to lesser dye
responses, larger dye concentrations resulted in weaker
responses.® This could also be related to the self-aggregation of
FLN molecules into dimers when a very large amount is
present.*

Buffer volume (mL)
0 0.4 0.8 1.2 1.6 2 2.4 2.8 3.2

1800 . . . . . .
1200 A
o
[-4
<
600 1 ---@-+- Operating pH scale
—— Buffer vol. (ml)
0 ; ; ; ;
1.5 2.5 3.5 4.5 5.5 6.5

pH scale

Fig. 3 The impact of pH and buffer volumes on the system response.
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Fast and efficient LTS-FLN synthesis took place at room
temperature when reactant solution interactions were estab-
lished. After ten minutes, all measurements were carried out so
that the complex components could face each other and ensure
that the complex formation would continue progressing.

The effect of dispersing liquid

Alcohols (ethyl, methyl, and propyl), acetone, dioxane, and
distilled water are only a few of the dispersing solvents that were
tested (Fig. 4). When distilled water was employed as the
dispersion liquid, fluorescence suppression scores were at their
maximum. A possible explanation for this study's low
measurement scores using organic media is that the solvents
may have a detrimental influence on the complex. Fluorescence
signals can be modified by specific solvents, which can desta-
bilize the complicated system. As a result, breaking short-chain
solvents like ethyl and methyl alcohols in an aqueous environ-
ment disrupts the complicated formation process. At high levels
of alcohol, the complexation process is impaired, and the
system may be substantially damaged.*” Pure water was
discovered to be the best final solvent for dilution, which was
fortunate. Water has a higher dielectric constant (80.2) and
a higher polarity score (9) as compared to the other solvents (ESI
Table 1t). Because most of the system's components are dis-
solved in water, it is also likely that the system will be
completely soluble. The system's formation may be hindered by
the low miscibility of various organic solvents with variable
dielectric constants.

The mechanism and strategy for the complexation process

FLN, fluorescein, and eosin's maximum intrinsic emission were
found to be inhibited by many nitrogen-containing drugs.>*
When the LTS analyte (which possesses a basic nitrogenous
core) is combined with the FLN reagent in moderately acidic
environments, an ion-pair complex is created, leading to the
formation of a binary compound (Fig. 5).

1800
1200 +
o
4
g
600 +
0 +
< e > > > & O
o 5 0.@“ @“o ‘&(\o Q@Qo é@o S @c)
XS xS S 9 9
Q R < & v

Dispersing solvent

Fig. 4 The impact of dispersion liquids on the developed association
complex.
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The FLN molecule can take one of the following forms,
depending on the pH of the solution:

PKai PKa pKa3

H;R™" H,R HR"™ R*

R is the charged component of FLN. For the dye, pK,; is 3.8, pKa
is 4.6, and pK,; is 9.9.* If the media is slightly acidic, the main
form of FLN is the monovalent species (HR™). Carboxylic and
hydroxylic groups in FLN could be ionized. Hydroxyl groups are
more likely to be ionized than carboxylic groups due to the pres-
ence of two potent electron-withdrawing radicals (iodine atoms)
nearby.”* In this way, the FLN monovalent hydroxyl group is
formed. The LTS molecule's tertiary amino group can be easily
ionized in an acidic environment, resulting in the cationic form,
which has a positive charge. Amino groups in hydrogenated LTS
and mono-anion FLN (through hydroxyl groups) form an ion-pair
complex via electrostatic and hydrophobic interactions.

The ratio of the included reactants

Job's plot was used to determine the ion-pair complex's molar
ratio. Equal doses of the drug and the dye were coupled in
cascade molar ratios to keep the overall molarity constant. As
stated in the experimental stages, analysis was carried out in
a similar manner. A correlation between a drug's mole fraction
and its corresponding response was depicted in Job's plots.
According to the plots, a mole fraction of roughly 0.5 produced
the best results. This score advocated the development of
a drug: reagent blending in the ratio of 1 : 1. Using this ratio, the
presence of one tertiary amino group in the medication that
might be ion-linked to one dye molecule was confirmed and
supported (ESI Fig. 37).

Stern-Volmer formula and quenching kinetic study

To understand the quenching mechanism of FLN generated by
LTS, the Stern-Volmer formula was used.*®

Solf = 1+ ksy[M] = 1 + kq0[Q] (1)

The fluorophore's lifespan in the excited state (typically
within 0.089 nanoseconds (ns)*” or 89 picoseconds (ps)*®), the
Stern-Volmer dynamic suppressing constant (Ksy), and the
bimolecular suppressing rate constant (k) all play a role in this

LT O

L-Tetramisole
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equation. FLN and FLN-LTS have fluorescence intensities of F,
and F, respectively.

The quenching rate constant k; = Kgy/1o confirmed the
formation of the complex

kq = ksvlto, (2)
derivatized from eqn (1).

On plotting F,/F for FLN and LTS at 35, 45, and 55 °C (308,
318, and 328 K), the linear regressions were obtained.

The results and the dose of interest had an excellent straight-
line relationship, as shown in ESI Fig. 4. The creation of
a ground state complex was responsible for quenching the
fluorescence of FLN. For dynamic quenching, the maximum
scattering collision constant of the quencher was 6 x 10° M ™"
571.49

According to the study's findings, LTS suppression mecha-
nisms are not expected to be dampened by dynamic collisions
but rather by the complexation process. Dynamic and static
quenching methods can both use the Stern-Volmer equation.
However, the Stern-Volmer slope (Ksy) for static quenching
processes is reliant on the concentration of FLN, but the Kgy for
dynamic quenching processes is not. This shows that the
suppression is the outcome of a complicated mechanism rather
than a dynamic process. The fluorescence data were examined
using a modified Stern-Volmer equation:*

187 = | || + 105 ©)

The suppression constant (K,) is the amount of initial fluo-
rescence that can be quenched by the quencher (f,). ESI Fig. 5T
shows a straight-line relationship between Fy/AF and the
inverted quencher dose; (1/[M]). A static quenching process was
confirmed by the data, which demonstrated a linear relation-
ship between the drug and dye.

Evaluation of the binding constant and site

Treatment-related drug stability and safety are closely linked to
the therapeutic agent's binding capacity. The complexed drug-
protein is a great example of how drug-protein binding can be
studied. Binding constant values were calculated using fluo-
rescence intensity data. The equilibrium between bound and

COOH

Ho o o pH 3.7

I I

Felumin dye

I I

lon association complex

Fig. 5 The mechanism of the ion pair complex and the hypothesized pathway between LTS and the FLN dye.
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nonbound particles can be calculated using the equation
below.®

(fo —f)

log 7 = log kq + n log[M] (4)

For a reaction in a static quenching mode, the linking
constant (K) and the number of linking sites (1) are identical to
those of the reaction in eqn (1), so the graph in ESI Fig. 6T shows
that [(fo — f)/f] is plotted against log[M] and the Y-axis intercept
is equal to log K. The value of 7 is close to one (0.94) when the
drug interacts with FLN, indicating that the drug has one
binding site for the FLN. To estimate the drug's speed and ease
of transport from circulation to the intended receptor, FLN
binding is the most significant component.” Binding constants
of approximately 7.071 x 10* L mol " are frequent in reversible
protein binding.** As a result, the K value indicates a moderate
binding between LTS and FLN, pointing to the creation of an
LTS-FLN complex that is reversible.

Binding forces and thermodynamic parameters

Biomolecular interactions can occur via hydrophobic, van der
Waals, or electrostatic forces between a big biological molecule
and a small organic one. There are many different sorts of
interactions that can take place in protein association
processes, and each one has its own set of thermodynamic
parameters (AH and AS), as detailed by Ross and Sub-
ramanian.”> When both AH and AS are greater than zero,
hydrophobic contact is the dominant force. If AH and AS are
smaller than zero, the major forces are van der Waals and
hydrogen-bonding interactions. Electrostatic forces take domi-
nance when AH is negative, and AS is positive. If the tempera-
ture changes only slightly, the enthalpy change (AH) can be
taken for granted. The van't Hoff equation is used here:

In Kt = —AH/RT + AS/R (5)

The gas constant R, the linking constant Ky, and the
temperature T (in kelvin scale) were used to derive the ther-
modynamic characteristics of the LTS-FLN binding.

LTS-FLN binding thermodynamic parameters were calcu-
lated using the van't Hoff equation, and the repercussions of
this conclusion were studied.

The slope of the van't Hoff plot is used to compute the
change in enthalpy (AH). The free energy change (G) can be
calculated using the formula shown below:

AG' = AH' — TAS (6)

At three different temperatures, the binding constants were
utilized to derive the thermodynamic criterion using a linear
van't Hoff plot (ESI Fig. 77).

Using the van't Hoff equation, In K and the inverse of T (1/7)
were plotted on a straight line. It is clear that LTS binding to
FLN occurs spontaneously, as evidenced by the negative free
energy (AG) and decrease in entropy (AS). This binding is an
endothermic reaction because of the positive enthalpy change
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(AH) indicated by the
temperatures.

Using the formula AG® = —2.303RT log K4, where R denotes
gas constant (8.314 ] K" mol "), T: temperature (in Kelvin
scale), and Ky signifies the linking constant, one may calculate
Gibb's free energy (AG°), which was —24.76 k] mol " for the
reaction of interest. At room temperature, the system's signal
was both immediate and practical because of this significant
negative free energy value.

increasing K values at higher

Complex confirmation

FTIR spectroscopy was used to verify and characterize the
functional groups in the crude drug sample and the drug-dye-
produced product. The LTS's FTIR spectra corroborated the
amino group's absence in the resultant IR spectrum. This
proved that a novel product could be developed from multiple
complex parts. To verify the complex formation, we compared
the spectra of the drug, the dye, and the product. The new
product showed improved features that are unrelated to LTS. As
shown in ESI Fig. 8,1 the dye's ~OH group stretching band in the
spectrum area between 3200 and 3500 cm ™" and the ~OH group
bending band at 1310-1390 cm ™" were significantly reduced in
their measured responses due to the complexation process,
confirming the formation of the new compound.

The absence of an amino peak in the compound suggested
that the amino group in LTS was either absent or bound to the
dye, FLN, in some other fashion (ESI Fig. 87).

By comparing the LTS spectrum with the product spectrum
after complexation with LTS and FLN, we were able to confirm
the formation of the complex. Additionally, many spectroscopic
properties of LTS were lost in the synthesis of the complex, and
the resulting product had novel functionality. Because the -N-
peak in the LTS-FLN complex was no longer visible, it was
determined that the amino groups in the LTS molecule were
either lost or had been incorporated into a new bond with FLN.

Method vetting and validation

The constructed spectroscopic system was tested in accordance
with the necessary criteria.*® Several parameters, including
linearity and range, precision, accuracy, and flexibility, were
tested as part of the validation process.

Sensitivity and linearity

Several LTS solutions were analyzed using the spectro-
fluorimetric technique. The LTS concentration-dependent cali-
bration graph was created by plotting FI scores against the LTS
dose in pg mL™". From 0.1 to 1.7 pg mL ™", the new approach
demonstrated a linear response. Besides that, the technique
was evaluated using a linear decline analysis, and the results are
shown in Table 1.

The method's sensitivity was estimated using LOQ and LOD
formulas.

10 SD 3SD
LOQ:% and LOD:%
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Table 1 The analytical parameters of the current fluorimetric system

Parameter Value
Linear range (ug mL ™) 0.1-1.7
Slope 1.029
Intercept 338.425
Standard deviation of the intercept 6.345
Determination coefficient (%) 0.9996
Limit of quantitation (ug mL™") 0.061
Limit of detection (ug mL™") 0.020

Here, SD is the intercept standard deviation, and S is the line's
slope. LOD/LOQ yields were 20 and 61 ng mL™", respectively
(Table 1).

The sensing response of Felumin dye with r-Tetramisole in
the present article was also compared with different techniques
listed in the literature reports (ESI Table 27).

Precision and accuracy

The accuracy of the spectroscopic technique was evaluated at
three dose levels (0.5, 1.0, and 1.5 pg mL ™). Accuracy can be
assessed using two metrics: recovery percentage and relative
error. Table 2 shows that the procedure has a high degree of
accuracy.

As an additional step, the proposed technique was employed
to evaluate the inter-and intra-day precision of the current
system at dose levels of 0.5 to 1.5 ug mL ™, respectively. The RSD
value was utilized to evaluate the spectroscopic technique's
precision. Table 3 shows that the current approach has good
precision, with RSD values under 2% (at both levels).

The system adaptation testing (robustness)

System parameters like pH, FLN solution volume, and reaction
rate were examined to see if the suggested spectroscopic system

Table 2 Accuracy of the developed spectrofluorimetric system

Concentration

(ng mL™h) Recovery® % + SD Er% RSD%
0.5 98.72 £ 1.51 —0.92 0.93
1.0 99.32 £ 0.82 0.78 0.77
1.5 99.76 £ 0.35 1.03 1.1

% The value is the mean of three replicate measurements.

Table 3 Precision criterion evaluation of the developed system

Precision level ~ Concentration. (ug mL™")  Recovery” % RSD%

Inter-day 0.5 99.12 £ 1.36 1.35
1.0 98.87 £ 1.13 1.14
1.5 99.81 £ 0.89 0.90

Intra-day 0.5 99.18 £ 1.70 1.71
1.0 100.03 £ 0.62 0.63
1.5 101.14 + 1.68 1.68

“ The value is the mean of three replicate measurements.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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could handle the light modification of these objects. It was
possible to evaluate the method's robustness based on these
metrics. The tiny modifications had no major impact on the
fluorescence quenching, supporting the suggested spectro-
fluorimetric application's tolerance (ESI Table 37).

Interference and selectivity

Various additions of prescription medicine were tested to see if
the anticipated method's selectivity for the cited dosage form
was adequate.

In the presence of pharmaceutical additives and LTS, the
suggested approach was applied to analyze the solution
samples. ESI Table 47 reveals that the excipients investigated
had no significant impact on the outcomes of the procedure.

The spectroscopic approach described in the literature exam-
ined the pharmaceutical LTS tablets and syrup available under the
brand name Katrex®. The published spectrofluorimetric method*
was used to test the identical dose formulations. Equilibration of
the spectrophotometric technique with the designed system was
achieved using the ¢ and F-statistical tests. Since the obtained ¢
and F-values at a confidence level of 95% were smaller than the
documented scores, there was no apparent difference in accuracy
or precision between the described method and the suggested
spectroscopic system (Table 4).

Experiments were done to evaluate the efficacy of the two
prescription forms of LTS, Katrex®. This method outperformed
others regarding sensitivity, convenience of use, saving time,
the use of a “green” liquid, and detection levels. High recovery
rates and a lack of interference from prescription package
additives allow the system to be ideal for QC labs when testing
dosage forms and tests that use LTS.

The results of the selectivity and interference experiments
were obtained in the presence of different cations, anions, and
small molecules to test their effects on FLN (ESI Table 51). The
experimental findings showed no significant interference,
hence the high selectivity of the proposed system, which may be
attributed to the lack of target moieties required for the
complexation reaction.

Clinical sample-loaded-drug analysis (in vitro analysis)

The spectroscopic system was used to measure LTS concentra-
tions in clinical samples. According to the method, a standard
LTS solution was added to three replicated plasma or urine
samples before they were tested. ESI Table 61 shows that the
method has a recovery rate of around 100% for assessing LTS
levels in human blood and urine.

LTS in vivo study

Tests on healthy human volunteers (37 years old and weighing 60
kg) confirmed the method's suitability by assessing their plasma
LTS concentrations. A single Katrex (5 mg kg ' LTS of body
weight) tablet was administered orally to the healthy participant
who supplied written consent. Blood samples were obtained from
the subject and analyzed. Because of the method's high sensitivity,
it was used to determine the concentrations of unaltered medi-
cation in human plasma. After the ingestion of 300 mg of LTS by

RSC Adv, 2023, 13, 9361-9369 | 9367
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% Recovery® & SD?

Dosage forms Proposed method

Reported method

t-Test (2.306) F-Value (6.338)

99.45 £ 0.59
100.73 + 1.17
No extraction required

(Katrex®) tablet
(Katrex®) syrup

“ Average of 5 determinations. ” Standard deviation.

healthy individuals, their plasma samples were collected. The RFI
of the genuine samples was identical to the RFI of the spiked
samples, and no interference was found.

The LTS concentrations were 1.6 ug mL™ " in all genuine
plasma samples. According to the current investigation, the
concentration of LTS in real plasma after 1.5 hours was about
1.483 pg mL ™', and the percentage recovery (92%) was identical
to those obtained with published methods.” LTS's Cphax and
Tmax Were similar to those obtained using the previously refer-
enced method. As a result, the fluorescence approach proposed
here could provide a simple alternative for accurately quanti-
fying LTS in biological samples. Results show that the system
developed for clinical and pharmacokinetic research of LTS is
convenient for this application.

Invivo studies revealed that the intake of Katrex tablets at the
dose of 5 mg kg™' of body weight had a mean peak plasma
recovery % of 92.74 after 1.5 hours of administration, which was
close to previously published data.”®* Thus, the proposed
method is precise and accurate, with good recovery and relative
standard deviations (ESI Table 77).

System eco-friendliness assessment

An analyst's primary responsibility is to protect nature and
humanity from the chemical and pharmaceutical industries’
hazardous radicals and organic waste.*"** Efforts to improve green
chemistry must continue. The analytical eco-scale rank™ and the
Environmental Quality Methods level®® are two recent concepts.
The greenness of the system was evaluated using the eco-scale. As
a result of the “ultimate green analysis,” an analytical eco-scale
evaluation resulted in a penalty point being deducted from
a possible 100. The higher the rate (number), the more green the
analysis is.*° Energy consumption per sample was less than 0.1
kWh because no extraction or heating was required. Using an
aqueous medium for all of the procedure's steps® contributed to
the procedure's high eco-scale score of 95 (ESI Table 81). As
a result, our approach was deemed environmentally friendly.

Conclusion

In this study, a new spectrofluorimetric method for detecting
LTS was established. The electrostatic attraction was used to
assess LTS concentrations between 0.1 and 1.7 ug mL ™" in an
acidic solution. Felumin, a less hazardous reagent, is also
a better option. The procedure's major advantage is environ-
mental safety because the material was immersed in water, and

9368 | RSC Adv, 2023, 13, 9361-9369

98.69 £ 1.35
99.25 £ 0.512
Extraction required

1.73
2.21

4.15
3.87

the resultant ion-linked complex could be easily detected in
watery environments. For the current system, LTS and the
protonated hydroxyl group of FLN form an ion-associated
complex. Due to the extraction process, the analysis time was
shortened, and the costs were decreased, making the technique
simple and rapid. Water is the reaction fluid since it is the least
harmful to the environment. The approaches described here are
environmentally friendly. No volatile solvents were used in this
study. The described method successfully detected medication
in its dose forms, in blood, and urine, all without interference
from the matrices. The process was rated highly on the eco-scale
for greenness, which indicated that it was ecologically friendly.
Therefore, this procedure can be utilized in research laborato-
ries, clinical trials, and pharmaceutical manufacturing to
ensure the quality of this treatment.
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