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zed surface plasmon resonance
sensing technique for a green spectrofluorimetric
assay of ketoprofen, paracetamol and
chlorzoxazone in pharmaceutical preparations and
biological fluids†

Nora A. Abdallah, * Mona E. Fathy, Manar M. Tolba, Amina M. El-Brashy
and Fawzia A. Ibrahim

A green, quick and sensitive spectrofluorimetric technique was investigated and validated for the assay of

three different drugs namely, ketoprofen (KPN), paracetamol (PAR), and chlorzoxazone (CLX). The

method is based on fluorescence quenching of the fluorescence probe, silver nanoparticles (SNPs).

The fluorescence quenching of SNPs may be attributed to the complexation between each of the

studied drugs with SNPs. The fluorescence of SNPs alone or after complexation with the studied drugs

were measured at 485 nm (lex 242 nm) without the need to extract the formed complex. Chemical

reduction was employed for preparing SNPs, where silver nitrate was reduced by sodium borohydride

in deionized water without adding organic stabilizer. SNPs were found soluble in water, had high

stability and had a narrow emission band. The studied drugs were found to decrease the fluorescence

of SNPs significantly through static quenching according to Stern–Volmer equation. Factors affecting

the reaction between the drugs and NPs were carefully examined and optimized. Using the optimum

conditions, the difference in the fluorescence intensity of SNPs before and after complexation with

the studied drugs was in a good linear relationship with the concentration of the studied drugs, where

(R2 = 0.9998, 0.9998 and 0.9991) in the ranges of 0.5–5.0, 0.15–3.0 and 0.5–9.0 mg mL−1 for KPN,

PAR and CLX, respectively. Validity of the proposed method was investigated according to ICH

recommendations. The proposed technique was also employed for the analysis of each of the three

drugs in commercial or laboratory prepared tablets and in spiked human plasma with very good

recoveries as well as high level of accuracy and precision. This method was intended to the analysis of

the proposed drugs in their single formulation and single drug administration. The suggested

technique is considered an eco-friendly method, as it uses water as the safest and least expensive

solvent. Moreover, the recommended technique does not involve solvent extraction of the formed

complexes. Greenness assessment of the suggested procedure was accomplished by applying the four

standard assessment tools. Consequently, the recommended method can be used in the routine

quality control analysis of the cited drugs with minimum harmful effect on the environment as well as

the individuals.
1. Introduction

Ketoprofen (KPN), Fig. 1a, is a derivative of propionic acid
and one of the non-steroidal anti-inammatory drugs
(NSAIDs). It is used in musculoskeletal joint disorders, dental
pain and in peri-articular disorders. It is also used in
emistry, Faculty of Pharmacy, Mansoura

il: noraabdallah91@mans.edu.eg; Fax:

tion (ESI) available. See DOI:

33551
menstrual cramps, post-operative pain and as anti-pyretic
agent.1 It is official in the United States Pharmacopeia
(USP),2 British Pharmacopeia (BP)3 and Japanese Pharmaco-
peia (JP)4 and assayed by acid–base titration in both USP and
JP while in BP by RP-HPLC (reversed phase high performance
liquid chromatography).

Different methods were published for the determination of
KPN including ion pair chromatography,5 derivative IR (infra-
red) spectroscopy,6 HPLC,7 electrochemical method,8 chro-
matography tandem mass spectrometry9,10 and terbium
sensitized luminescence method.11 However, most of these
methods have some limitations, such as complicated pre-
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Chemical structures of the three drugs.
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treatment, wasting of time and possible pollution of the
environment. Compared to these methods, the proposed
uorescence determination of KPN is either more sensitive,
simpler, faster or safer.

Recently, several research papers about uorescence deter-
mination of KPN have been published. These reported methods
include: (a) a near infrared uorescence imprinted sensor based
on polyethyleneimine passivated copper-doped CdS quantum
dots and zinc oxide nanorods,12 (b) hybrid nano assemblies
using different ligands that were synthesized using various
thiourea derivatives13 (c) a mercaptopropionic acid-capped
CdTe quantum dots,14 and (d) carbon dot core and molecu-
larly imprinted polymer shell as sensor.15 The suggested
method has the advantages of being simpler and greener than
the methods cited above ref. 12–15.

Paracetamol (PAR); Fig. 1b, is a para-aminophenol derivative
which has analgesic, antipyretic effect and weak anti-
inammatory activity. Paracetamol is administered for relieving
mild and moderate pain and as antipyretic for short-term treat-
ment. Usually, PAR is the chosen analgesic or antipyretic, mainly
in the old patients in addition to patients who cannot take
salicylates or other NSAIDs such as asthmatic patients, patients
who are previously diagnosed with peptic ulcer and children. It is
also the rst choice of painkiller for pregnant or breastfeeding
women. It is official in the USP,2 BP3 and JP4 and it was assayed by
RP HPLC in both USP and BP and via spectrophotometry in JP.

Different methods including spectroscopic,16–21 chromato-
graphic22,23 and electrochemical24,25 methods were reported for
the analysis of PAR.

The reported spectrouorimetric method16 was based on
measuring the uorescence quenching of quinine sulphate by
chloride ions which were produced from oxidation reaction of
PAR with potassium chlorate in acidic medium. Other re-
ported spectrouorimetric method for the determination of
paracetamol via oxidation is presented using different
oxidizing reagents as sodium hypochlorite,18 cerium(IV)19,20

and N-bromosuccinimide (NBS) to produce a highly uores-
cent product.21

Chlorzoxazone (CLX); Fig. 1c, is a skeletal muscle relaxant
that act centrally producing sedative properties. It acts
primarily by affecting the spinal cord and subcortical areas of
the brain that causes inhibition of the muscle spasm. It is
considered as an adjunct therapy in relieving the painful
muscle spasm coupled with musculoskeletal conditions.
Chlorzoxazone is also given with analgesics in compound
© 2022 The Author(s). Published by the Royal Society of Chemistry
preparations.1 It is official in USP,2 where it was assayed by
spectrophotometry.

Various techniques were stated for CLX analysis including
HPLC,26,27 gas chromatography–mass spectrometry,28 spectro-
photometry,29 voltammetry,30–32 uorimetry.33 The reported
uorimetric method33 depends on measuring the native uo-
rescence of CLX in chloroform at 310 nm aer excitation at
286 nm. Using chloroform as solvent decreases the greenness of
the reported method.

Recently, the usage of luminescent metal NPs made
a revolution in the analysis of drugs either in their raw form or
in the pharmaceutical preparations. This is because of what
NPs possess of unique and exceptional properties. Nano-
particles means the usage of nanoscale size of metals (1–100
nm).34 SNPs are noble metal nanoparticles that are widely
used owing to their astonishing advantages. SNPs are char-
acterized by their elevated chemical and thermal stability,
electrical conductivity, catalytic and optical activity,35–38 in
addition to surface enhanced Raman scattering for the
determination of drugs.39,40 SNPs have been used either in
drug delivery or analysis in both pharmaceutical dosage
forms and biological uids. Many drugs were assayed because
some of them can cause quenching of SNPs uorescence.
SNPs can also cause uorescence enhancement of some other
drugs.41

In this work, preparation of SNPs was carried out in aqueous
solution (deionized water) through chemical reduction of silver
nitrate using sodium borohydride as a reducing agent without
the addition of organic stabilizers.42,43 The prepared SNPs were
used for the development of an accurate, time-saving and reli-
able technique for the analysis of KPN, PAR and CLX in their
pharmaceutical formulations and in biological matrix (spiked
human plasma). The proposed method can be used efficiently
in quality control of the three drugs.

2. Laboratory investigations
2.1. Materials

All the used reagents were of analytical grade. Authentic
samples of KPN, PAR and CLX with certied purities of 99.99,
100.02 and 100.01%, respectively were kindly provided by
Pharco Pharmaceutical Co., Alexandria, Eva-Pharma Co., Cairo
and Misr pharma Co. Cairo, Egypt, respectively. Silver nitrate
with purity of 99.8% and sodium-borohydride with purity of
98% were bought from Sigma-Aldrich (Germany). Pharmaceu-
tical preparations of (Ketofan® ampules, Bi-alcofan® tablets,
Ketofan® capsules and Panadol advance® tablets) were bought
from a local pharmacy in Egypt. Prepared tablets of CLX,
contains 375 mg of CLX and inactive ingredients of lactose,
starch, fructose, talc and glucose, were used because of the
unavailability of a pharmaceutical preparation that contain CLX
alone in the Egyptian market. Human plasma samples were
provided by Mansoura University Hospitals (Mansoura, Egypt)
and kept frozen until use aer gentle thawing at room
temperature. The analysis of spiked human plasma was per-
formed aer the approval of the ethical committee of the
Faculty of Pharmacy, Mansoura University under code number
RSC Adv., 2022, 12, 33540–33551 | 33541
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2022-186. Water used throughout the experiments was deion-
ized (DI). Lactose and starch were brought from laboratory
chemicals company, Cairo, Egypt, while fructose, talc and
glucose were brought from El Nasr Pharmaceutical Chemicals
Company, Cairo, Egypt.
2.2. Apparatus

- Cary Eclipse uorescence spectrometer was employed for all
the spectrouorimetric measurements. The device was equip-
ped with Xenon ash lamp. Smoothing factor of 19 was applied
during the method, the voltage was adjusted at 650 V.

- pH-meter: consort, P-901, Belgium.
- Magnetic stirrer: product of Daihan Scientic Co, limited, S.

Korea.
- Spectrophotometer: UV/vis. Shimadzu double-beam 1601

(Kyoto, Japan).
- Transmission electron microscope (TEM), JEOL, JSM -2100

(Tokyo, Japan). Sample was loaded on 200 carbon coated mesh
and examined at 200 KV.

- Vortex mixer (IVM-300P, Taiwan).
- Centrifuge (2-16P, SIGMA, Germany).
2.3. Preparation of standard solutions

Standard solutions of KPN, PAR or CLX (200.0 mg mL−1) were
prepared by dissolving 10.0 mg of each raw powder separately
in 50 mL of ethanol. The stock solutions were diluted using
the same solvent to get the suitable working solutions as
required.
2.4. SNPs preparation

Colloidal aqueous solution of SNPs was prepared through
chemical reduction of silver nitrate using sodium borohy-
dride.42,43 10 mL of a precursor 1 × 10−2 M AgNO3 were added
drop by drop to 60 mL of the fresh, ice-cold 2 × 10−2 M NaBH4

solution, in an ice bath, in a ratio of 1 : 6, respectively in
conjunction with vigorous and continuous stirring using
magnetic stirrer until yellow solution was obtained. Stirring
was stopped just aer the completion of addition of silver
nitrate solution (not more than 2 min). The color of SNPs was
brownish-dark-yellow. The prepared NPs were aged for 24 h in
cool and dark place, in amber bottle in refrigerator, before the
rst usage. They were mono-dispersible and stable at ve
Table 1 Analytical parameters and assay results for determination of the

Drug Linear rangea Slope Intercept r

KPN 0.5–5.0 24.815 97.111 0.999
PAR 0.15–3.0 82.899 109.137 0.999
CLX 0.5–9.0 24.732 139.870 0.999

a The concentration in mg mL−1. b Average of three determinations.

33542 | RSC Adv., 2022, 12, 33540–33551
degrees Celsius for 3 weeks. The prepared SNPs were used as
the uorimetric probe for the analysis of the three studied
drugs.
2.5. General procedures

2.5.1. Calibration graphs construction. 1.0 mL of SNPs (1.4
× 10−4 M) was added to a set of 10 mL volumetric asks fol-
lowed by aliquots from the drugs' standard solutions covering
the concentration ranges mentioned in Table 1. Aer that, the
volume was made up to the full volume using DI water. Mixing
of the asks contents was followed by measuring the quenching
uorescence intensities (DF) at 485 nm aer excitation at
242 nm. The blank was treated in the same way. The corre-
sponding regression equations and calibration graphs were
obtained through plots between DF and each drug concentra-
tions in mg mL−1.

2.5.2. Analysis of the studied drugs in pharmaceutical and
prepared dosage forms. For ampoules: two mLs of the mixed
contents of ve Ketofan® ampoules, each contain 100 mg
KPN, were dissolved in ethanol to reach the mark of 50 mL
volumetric ask. An accurate volume of the previously
prepared solution, 2.5 mL, was moved to another 50 mL
volumetric ask followed by ethanol addition to the mark to
prepare 100 mg mL−1 of KPN. Then, sequential dilutions were
performed as required to achieve the working range of KPN as
showed in Table 1. Finally, the previously explained method in
“2.5.1” was followed.

For tablets and capsules: ten Bi-alcofan® tablets (150 mg),
ten Ketofan® capsules (50 mg) or ten Panadol advance® tablets
(500 mg) were nely grounded and mixed well. Accurately
measured amount of each powder was transferred into 100 mL
measuring ask. 60 mL ethanol were added to each ask fol-
lowed by sonication for 30 min, then ethanol was added to
reach the ask mark. Aer ltration was carried out to remove
insoluble excipients, sequential concentrations were prepared
as required to achieve the working ranges of KPN or PAR as
shown in Table 1. Finally, the previously explained method in
“2.5.1” was followed.

For the prepared CLX tablets: 325 mg of the CLX were mixed
with 20 mg of talc powder and 15 mg of maize starch, lactose,
glucose and fructose to form one tablet. An accurately weighed
amount of the prepared tablet equivalent to 10 mg of CLX was
dissolved in 60 mL of ethanol in 100 mL volumetric ask. The
KPN, PAR and CLX by SNPs

% Found �S.D.b LOD, mg mL−1 LOQ, mg mL−1

5 99.98 � 0.678 0.127 0.386
8 100.02 � 0.885 0.045 0.136
7 99.95 � 0.844 0.164 0.497

© 2022 The Author(s). Published by the Royal Society of Chemistry
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volumetric ask and its contents were subjected to sonication
for 30 min and completed to the required volume with ethanol,
then subjected to ltration. Different concentrations inside the
working range of CLX were prepared and the previously
explained method in “2.5.1” was followed. The content of each
dosage form was calculated using the corresponding regression
equation.

2.5.3. Analysis of the studied drugs in spiked human
plasma. Aliquots (1 mL) of human plasma was transferred
using micropipette into a group of centrifuge tubes (15 mL).
Aliquots of the standard solution of each drug within the
concentration range were added to the tubes, then mixed
using vortex for 10 s, and the volume was increased to 5 mL by
methanol. Centrifugation was carried out for the tubes at
5800 rpm for half an hour. The clear supernatant was with-
drawn and ltered by syringe lter, 0.45 mm porosity, then
one mL aliquot of the ltered supernatants was transferred to
a series of 10 mL measuring asks, 1 mL of SNPs was added,
and the asks were completed to the mark with DI water to
obtain nal concentration covering the linearity range of each
drug and within the mean plasma peak concentration. Blank
was performed simultaneously and completed as explained
before in “2.5.1”.
Fig. 3 (a) FL excitation and emission spectra of blank and SNPs at 242/
485 nm, where (a and a*) are spectra for blank and (b and b*) are for
SNPs. (b) FL emission spectra of (a) SNPs and (b, c, d) in the presence of
KPN, CLX and PAR 2 mg mL−1 each, respectively at 484 nm.
3. Results and discussion

Preparation of SNPs were carried out through the reduction of
AgNO3 as a precursor by sodium borohydride as a reducing
agent without using organic stabilizers, as mentioned in
previously reported methods.42,43 The prepared NPs were aged
for 24 h in the refrigerator before the rst usage and stored in
the dark to avoid the daylight effect. They were found to have
maximum UV absorption at 400 nm (Fig. 2) and strong uo-
rescence at 485 nm aer excitation at 242 nm (Fig. 3a). Etha-
nolic solutions of KPN or PAR exhibit no native uorescence,
while an ethanolic solution of CLX exhibits native uorescence
at 280/309 nm, as demonstrated in Fig. S1.† The addition of
Fig. 2 Absorbance spectrum of the prepared silver NPs (1.4× 10−4 M).

© 2022 The Author(s). Published by the Royal Society of Chemistry
these drugs to SNPs was found to cause quenching of the
emission band of the SNPs (Fig. 3b) due to the formation of
non-uorescent complexes.
3.1. UV spectral characteristics and transmission electron
microscope images

The UV spectrum of the prepared SNPs was recorded and the
obtained spectrum was found to have a narrow absorption peak
near 400 nm (Fig. 2) which is a characteristic of SNPs. The
presence of a narrow absorption peak proves the SNPs mono-
dispersity.44,45

TEM image was also used to know the size and the dis-
persity of the prepared colloidal SNPs solution. Fig. 4 shows
TEM image of SNPs which were found to be spherical in
shape, dark colored and monodispersed along with nanoscale
average size of 8–9 nm. It was found that the prepared NPs
were smaller than NPs prepared by Darya et al.42 and Aloth-
man et al.43 which had an average size of 23 and 18 nm,
respectively.
RSC Adv., 2022, 12, 33540–33551 | 33543
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Fig. 4 TEM image of silver NPs.

Fig. 5 The influence of SNPs concentration (5 × 10−5 M to 2.5 × 10−4

M) on the DF using 1.0 mg mL−1 PAR (as an example).
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3.2. Optimization of experimental conditions

3.2.1. Study the effect of (NPs) concentration. The SNPs
concentration (calculated based on the nal concentration of
AgNO3) was found to affect the DF of the studied system. Fig. 5
showed that the FL intensity increased and reached the
maximum value when the NPs concentration was 1.4 × 10−4 M.
That concentration was recommended to be used.

3.2.2. Effect of pH. The effect of pH on the complex
formation and the quenching behavior was studied using Brit-
ton–Robinson buffer covering pH range of 3–10. It was found
that the pH has no positive effect on increasing the quenching
behavior (DF) of the studied drugs, as presented in Fig. S2,† so
the buffer usage was avoided throughout the study.

3.2.3. Effect of contact time. The time of contact between
1.0 mL of SNPs and each drug solution was studied by moni-
toring the DF as a function of time using various time intervals
33544 | RSC Adv., 2022, 12, 33540–33551
starting from 1 to 30 min. The interaction between each of the
three drugs and SNPs was found to be completed immediately
and was stable up to more than 30 min (Fig. S3†).
3.3. Spectral properties of SNPs

Fig. 3a shows the emission spectra of SNPs which have strong
emission band at 485 nm aer excitation at 242 nm. Upon the
addition of each of the three studied drugs separately to SNPs, it
was noticed that the FL intensity of SNPs emission spectrum
was quenched without any shi (Fig. 3b).
3.4. Reaction mechanism

3.4.1. Quenching mechanism. The uorescence quenching
may originate from a diversity of mechanisms such as inner
lter effect (IFE), uorescence energy transfer (FRET), dynamic
quenching, or static quenching.46 The excitation spectrum of
SNPs and the UV-absorption spectra of KPN, PAR and CLX
showed some overlap (Fig. 6a), thus primary IFE might occur.
The primary inner lter effect was checked for the three drugs
using eqn (1).

Fcorr ¼ Fobs � antilog

�
Aex þ Aem

2

�
(1)

where Fobs is the observed uorescence intensity, Fcorr is the
corrected uorescence intensity aer omitting IFE from Fobs,
while Aex and Aem are the absorbance values of the quencher at
the excitation and emission wavelengths of the uorophore,
respectively. Then the suppressed efficiency (% E) was calcu-
lated for both corrected and observed uorescence according to
eqn (2):
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 (a) A co-plot showing the UV-absorption spectra of KPN, PAR and CLX and the excitation fluorescence spectra of SNPs showing slight
overlap. (b) Suppressed efficiency of observed and corrected fluorescence of SNPs after addition of different concentrations of KPN and PAR. (c)
Fluorescence quenching Stern–Volmer plot of SNPs with increasing concentration KPN, PAR and CLX at different temperatures.

© 2022 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2022, 12, 33540–33551 | 33545
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Table 2 Stern–Volmer parameters of the quencher-SNPs

Parameter Stern–Volmer equation (Q, mol)
Correlation
coefficient r2 KSV (L moL−1)

KPN
Room temperature F0/F = 1.082 + 1.334 × 104[Q] 0.9819 1.334 × 104

303 F0/F = 1.044 + 1.124 × 104[Q] 0.9901 1.124 × 104

313 F0/F = 1.016 + 0.968 × 104[Q] 0.9636 0.968 × 104

PAR
Room temperature F0/F = 0.994 + 3.36 × 104[Q] 0.9961 3.36 × 104

303 F0/F = 1.086 + 3.27 × 104[Q] 0.9985 3.27 × 104

313 F0/F = 0.981 + 2.98 × 104[Q] 0.9989 2.98 × 104

CLX
Room temperature F0/F = 1.084 + 1.075 × 104[Q] 0.9881 1.075 × 104

303 F0/F = 0.989 + 0.994 × 104[Q] 0.9926 0.994 × 104

313 F0/F = 1.093 + 0.926 × 104[Q] 0.995 0.926 × 104

Table 3 Assessment of intra-day and inter-day precision of the
proposed method

Drug

% Recovery* � RSDa

Intra-day Inter-day

KPN (3.0 mg mL−1) 100.26 � 1.27 99.79 � 1.65
PAR (1.0 mg mL−1) 99.92 � 0.96 100.16 � 1.79
CLX (5.0 mg mL−1) 99.86 � 1.03 100.65 � 2.18

a Average of three determinations, RSD is relative standard deviation.

Table 4 Evaluation of the suggested technique robustness

Parameter % Recovery % RSD

Volume of SNPs, (1.0 mL � 0.02)
0.98 99.61 � 1.26 1.26
1.0 100.02 � 0.76 0.76
1.02 100.33 � 1.53 1.53

Excitation wavelength, (242 nm � 2)
240 99.07 � 1.80 1.82
242 100.03 � 0.58 0.58
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% E ¼
�
1�

�
F

F0

��
� 100 (2)

Plots of % E of the observed and corrected uorescence of
KPN, PAR and CLX versus their molar concentration (Fig. 6b)
inferring that the IFE participated in the uorescence quench-
ing by about 11%, 20% and 5% of the total suppressed effi-
ciency for KPN, PAR and CLX, respectively. In order to further
explore the main cause of the quenching mechanisms, Stern–
Volmer equation47 was employed at three different tempera-
tures to investigate the quenching reactionmechanism between
the SNPs and the quenchers. A Stern–Volmer plot was obtained
by plotting (F0/F) as a function of drug concentration (quencher)
[Q] at three different temperatures, where; F0 is the emission
intensity of SNPs without presence of quencher drug and F is
the emission intensities of SNPs in presence of different
concentration of quencher drug. The produced graph will have
an intercept of about 1.0 and a slope called the Stern–Volmer
constant (KSV). Table 2 contains the intercepts and Stern–
Volmer constants at three different temperatures. The table
shows that the quenching constant KSV decreased upon
increasing the temperature, as shown in Fig. 6c, indicating
a static quenching.46 So, it was concluded that the quenching
mechanism was due to a combination of primary inner lter
effect and static quenching.

3.4.2. Binding sites number, rate constant (K) and free
energy change (DG°) calculation for reaction of SNPs and PAR.
The binding constant K and the binding sites (n) between PAR
and SNPs was calculated by utilizing the eqn (3):48

log((F − F0)/F) = log k + n log[D] (3)

where; [D] is the molar concentration of PAR.
Estimating the number of binding sites (n) between PAR and

SNPs was approximately one, as represented by the slope value
(0.95). The binding constant (K was 1.92 × 104), as the intercept
(log K) was 4.2845.
33546 | RSC Adv., 2022, 12, 33540–33551
Gibb's free energy (DG°) was calculated by utilizing K value
through eqn (4):

Gibb’s free energy (DG˚, kJ mol−1)

= −RT lnK = −23.54 kJ mol−1 (4)

where; R is the universal gas constant (8.314 J K−1 mol−1), T is
the temperature in Kelvin, A negative value for DG indicates
a spontaneous process.49
3.5. Suggested technique validation

The validity of the suggested technique was evaluated according
to ICH Q2R1 suggestions.50
244 98.53 � 2.08 2.09

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Analysis of the studied drugs in their pharmaceutical formulations using the proposed method

Dosage forms Drug conc.

% Found �S.D.

t test (2.78)a F test (19.0)aProposed method Official methods [2, 3]

Ketofan® ampoules 100 mg ketoprofen/2 mL 99.95 � 0.805 99.69 � 1.65 0.24 4.20
Bi-alcofan® tablets 100 mg ketoprofen/tablet 100.15 � 1.98 100.26 � 1.48 0.08 1.97
Ketofan® capsules 50 mg ketoprofen/capsule 100.32 � 1.88 99.73 � 1.55 0.42 1.47
Panadol advance® tablets 500 mg paracetamol/tablet 99.98 � 2.17 100.17 � 0.79 0.025 7.52
CLX prepared tablets 325 mg chlorzoxazone/tablet 100.38 � 1.43 100.04 � 1.66 0.23 2.23

a The gures between parentheses are the tabulated t and F values at P = 0.05.50
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3.5.1. Linearity, range and quantitation & detection limits.
Using the previously explained experimental circumstances,
standard calibration graphs were constructed by plotting the
difference in uorescence intensities (DF) against concentration
in mg mL−1. Linear lines with excellent correlation coefficients
were obtained. The linear concentration ranges for KPN, PAR
and CLX were summarized in Table 1 along with the statistical
parameters. Table S1† showed the linearity ranges of the re-
ported and proposed methods for KPN. The detection (LOD)
and quantitation (LOQ) limits are shown in Table 1. LOD and
Table 6 Influence of existence of commonly used additives on the
determination of 5.0 mg mL−1 CLX, as representative example

Additives 20 mg mL−1 % Recovery

Glucose 100.93 � 1.82
Fructose 98.41 � 1.37
Lactose 98.48 � 0.96
Starch 100.33 � 1.19
Talc 99.21 � 0.69

Table 7 Effect of some related drugs on the fluorometric determination

Drug Reason for interference

Phenylephrine hydrochloride - It is used to relieve nasal di
colds, allergies, and hay feve
-Commonly co-administered

Tizanidine - Muscle relaxant
- Commonly co-administered

Venlafaxine - An antidepressant medicat
- Could be administered with
drugs

Diacerein - Used to treat joint diseases
osteoarthritis
- Could be administered with
drugs

Diclofenac sodium Analgesic which is common
CLX

Mefenamic acid Non-steroidal anti-inamma
commonly prescribed with C

Aceclofenac Non-steroidal anti-inamma
commonly prescribed with C

Ibuprofen Analgesic which is common
CLX

© 2022 The Author(s). Published by the Royal Society of Chemistry
LOQ were calculated using the following ICH equation (3.3 ×

Sa/b) (10 × Sa/b), respectively,50 where Sa represents the stan-
dard deviation of intercept and b is the slope of the calibration
graph.

3.5.2. Accuracy and precision. The suggested technique's
accuracy was conrmed by employing the proposed proce-
dure for the determination of each of the three drugs at
different concentrations levels, within the concentration
range of each drug, each in three replicates. The results are
shown in Table S2† and indicated good accuracy of the rec-
ommended technique due to the closeness of the percent
found and the true value (100) as well as the low values of the
standard deviations.

The two levels precision were applied using the recom-
mended technique to investigate its precision. The results are
shown in Table 3 and reveal a very good inter-day and intra-day
precision.

3.5.3. Robustness. The assessment of robustness was
carried out by investigating the effect of slightly changing the
volume of SNPs (1.0 mL ± 0.02) and excitation wavelength
(242 nm ± 2) on the uorescence intensity. Small % RSD values
of 3 mg mL−1 KPN, 1.5 mg mL−1 PAR and 5 mg mL−1 CLX

Drug tolerance limit (mg mL−1)

scomfort caused by
r

173 for KPN 234 for PAR

with PAR or KPN
112 for KPN 164 for PAR

with PAR or KPN
ion 89 for KPN 120 for PAR 125 for CLX
any of the studied

such as 32 for KPN 40 for PAR 48 for CLX

any of the studied

ly prescribed with 50 for CLX

tory drug which is
LX

7 for CLX

tory drug which is
LX

140 for CLX

ly prescribed with 240 for CLX

RSC Adv., 2022, 12, 33540–33551 | 33547
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were produced proving that the recovery was not affected
(Table 4).

3.5.4. Selectivity and interferences effect. The additives in
the dosage forms can be a source of interference. So, interfer-
ences from excipients were studied using the recommended
technique through the determination of the studied drugs in
commercial dosage forms including capsules, tablets and
ampules for KPN and tablets for PAR as well as the prepared
tablets of CLX. The high recovery of the drugs indicates high
selectivity of the proposed method (Table 5). As CLX was not
found alone in dosage form in Egyptian local market, interfer-
ences from most common excipients such as glucose, lactose,
fructose, talc and starch were studied. Five asks each con-
taining 5.0 mg mL−1 CLX, plus one excipient at a time with
a concentration of 20 mg mL−1 51 were examined adopting the
recommended approach. No signicant interferences were
found from the most common additives on the recovery of the
studied drug, as presented in Table 6.

The interference from some commonly co-administrated
and/or co-formulated drugs that may be found in human
plasma was studied. The tolerance limits of these compounds,
namely, phenylephrine hydrochloride, tizanidine, venlafaxine,
diacerein, diclofenac sodium, mefenamic acid, aceclofenac and
ibuprofen were calculated. The obtained results of the tolerance
limits reveal the acceptable selectivity of the proposed method
(Table 7).

4. Applications
4.1. Pharmaceutical and prepared dosage forms

The recommended technique was applied successfully for
determining the studied drugs in commercial dosage forms
including capsules, tablets and ampules as well as the prepared
tablets of CLX. The results were compared statistically with
those of the official methods: BP3 for KPN and USP2 for PAR and
CLX using both Student's t-test and variance ratio F-test, as
illustrated in Table 5. There was a perfect harmonization
between the results of both proposed and official methods,
which indicated high levels of accuracy and precision.

4.2. Spiked human plasma

The high sensitivity of the suggested technique made it eligible
to be employed successfully in determining the studied drugs in
spiked human plasma. The mean peak plasma concentrations
were found to be 10 mg L−1, 10–20 mg L−1 and 36.3 mg L−1 for
KPN, PAR and CLX, respectively.52 The results shown in Table 8
reveals good percentage recoveries, which proved that the
developed method could be effectively involved to quantify the
three drugs separately in spiked human plasma.

4.3. Greenness assessment

The suggested technique has been evaluated regarding its
greenness using the four main assessment tools. First, National
Environmental Methods Index (NEMI)53 was applied on the
proposed method. The proposed approach fullled the four
criteria of the greenness prole, as the solvents used during the
33548 | RSC Adv., 2022, 12, 33540–33551 © 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 9 Assessment of the greenness of the suggested technique by four standard green analytical chemistry metric tools
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analysis (water and ethanol) are not classied as either PBT or
hazardous by the EPA's Toxic Release Inventory.54,55 The pH of
the diluting solvent (water) is 6.5 which is not corrosive and the
waste generation is less than 50 g per sample.

The second applied tool is green analytical procedure index
(GAPI)56 which is a good semi-quantitative tool for laboratory
practice, as it gives information on the whole process including
15 parameters, beginning with sampling until the nal deter-
mination. Complexed GAPI was presented by Justyna Płotka-
Wasylka and Wojciech Wojnowski who provided a very help-
ful soware to automatically generate the complexed GAPI
© 2022 The Author(s). Published by the Royal Society of Chemistry
gure depending on the inputs of each method.57 Complex
GAPI pictogram for the proposed method is presented in Tables
9 and 10, which ensures its greenness. Third, analytical eco-
scale58 was applied to the suggested technique, as shown in
Table 9 with a score of 89 which referred to an excellent green
methodology (the closer the score to 100, the greener the
method). Finally, AGREE-analytical greenness metric soware
(AGREE),59 created by Francisco Pena-Pereira et al., was applied
for assessing the suggested technique. It depends on assessing
twelve parameters of green analytical aspects. Those parameters
were colored with colors ranging from dark green to orange, as
RSC Adv., 2022, 12, 33540–33551 | 33549
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Table 10 Green Analytical Procedure Index (GAPI) parameters for the proposed method

Categorya Description

Sample preparation
Collection (1) Off-line
Preservation (2) None
Transport (3) None
Storage (4) Normal condition
Type of method: direct or indirect (5) Direct
Scale of extraction (6) Micro-extraction
Solvents/reagents used (7) Green solvents/reagents used
Additional treatments (8) Simple treatments (clean up, solvent removal, etc.)

Reagent and solvents
Amount (9) <10 mL
Health hazard (10) AgNO3 = 3 Sod. borohydride = 3
Safety hazard (11) AgNO3 = 0 Sod. borohydride = 1

Instrumentation
Energy (12) #1.0 kW h per sample
Occupational hazard (13) Hermetic sealing of the analytical process
Waste (14) 1–10 mL
Waste treatment (15) No treatment
Quanticationb Yes

a The numbers between parentheses are the numbers in the GAPI pictogram (on the right). b The circle inside the central pentagram represent the
quantication property of the method.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
N

ov
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 3

/5
/2

02
6 

4:
08

:3
9 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
represented in Table 9. The resulted score was 0.82 indicating
the greenness of the method, as the closer the score to 1.0, the
greener the method.
5. Conclusion

This suggested method discussed the possibility of using
simply prepared SNPs as uorimetric probe for the analysis of
three drugs (KPN, PAR and CLX) by FL quenching technique.
The suggested technique is characterized by being green,
straightforward, fast and sensitive. It is neither time-consuming
nor requires any sophisticated pretreatment. The suggested
method is also considered environmentally friendly, as water –
which is the greenest solvent – is the main solvent used during
the analysis while volatile solvents are excluded. To ensure the
greenness of the suggested method, four assessment tools were
used. Furthermore, the suggested technique was validated and
applied to determine the studied drugs in pharmaceutical
dosage forms, prepared tablets and human plasma. This
method was intended to the analysis of the proposed drugs in
their single formulation and single drug administration. From
economic and environmental point of view, this technique was
found to have a great potential for the analysis of the studied
drugs separately either in pharmaceutical dosage forms or
spiked human plasma with high levels of accuracy and
precision.
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