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Abstract This paper explores an ultra-sensitive luminescence
method for the determination of Ketoprofen (KP) in pharma-
ceutical formulations. The technique is indirect and exploits the
luminescence enhancement of terbium (Tb>") by complexation
with KP (Tb**—KP), which was monitored at respective
excitation and emission wavelengths of A.=258 nm and
Aem=549 nm. The effect of varying the Tb>" concentration
and using multiple solvents was examined to determine
optimal experimental conditions. Maximum sensitization
was accomplished in the presence of methanol where the
most favourable condition for the formation of the complex
was recorded at a level of 1.0x107> M of Tb*>". Under these
optimum experimental conditions, linear calibration curve was
obtained in the range of 2.8x107-3.1x10° M with a
detection limit of 8.7x 10 M. The technique was validated
with ‘working’ reference standards and produced relative
standard deviations < 2% indicating that the reproducibility
was highly acceptable. The proposed method was successfully
applied to assays of KP in pharmaceutical formulations with
average recoveries of 92-98%. The results were found to be
in good agreement with those obtained by HPLC. The
method is highly suited for general applications of this nature.
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Introduction

Ketoprofen (KP), (2-(3-benzoylphenyl) propionic acid, is a
non-steroidal anti-inflammatory drug (NSAID) used for the
treatment of inflammatory diseases and musculoskeletal
injury. The drug is of use in relieving pain associated with
rheumatic and non-rheumatic inflammatory disorders,
vascular headaches, and dysmenorrheal. Ketoprofen and
other NSAIDs have side effects that involve the gastroin-
testinal system, the irritation of the stomach, nausea and
vomiting. All NSAIDs are useful in the inhibition of the
enzyme cyclooxygenase (COX). COX is necessary in the
formation of prostaglandins, which cause swelling and
pain [1]. NSAIDS including aspirin, ibuprofen, indometh-
acin, ketoprofen and sulindac have been shown to prevent
azoxymethane (AOM) induced aberrant crypt focus that are
associated with colon cancer [1]. This beneficial effect is
attributed to the blockage of COX-2 genes which is
inappropriately turned on and stays on, in breast and other
types of cancers. Toning down this kind of dysfunctional,
uncontrolled inflammation can block critical steps in tumor
development such as cell division, the growth of new blood
vessels and the spread of the tumor to other areas of the
body [2].

With ever increasing use and the number of formulations
entering the market, there is always a need for simple,
sensitive, accurate, rapid and reproducible analytical method
for the estimation of KP in pure forms and in formulations.

Several analytical methods have been used for the
determination of KP. These methods include spectrophotom-
etry [3], capillary electrophoresis [4—7], chemiluminescence
[8], gas chromatography-mass spectrometry (GC-MS) [9],
capillary electro chromatography [10, 11], high performance
liquid chromatography (HPLC) [12—-16], HPLC-MS [17, 18]
and micellar chromatography [19].
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Fluorimetric methods are the methods of choice for the
trace analysis because of their sensitivity and selectivity.
Ketoprofen is weakly fluorescence in nature and hence
limits its determination by fluorescence. However, this drug
contains a carboxylic acid group which is known to form
complexes with many metals such as Tb>" and Eu’".
Addition of these ions to the carboxylic acid solution leads
to the formation of complexes that absorbs energy at the
characteristic wavelength of the organic ligand and emits
radiation at the characteristic wavelength of the lanthanide
ions (Ln (III). Terbium-sensitized luminescence has been
applied for the determination of benzoic acid and several
derivatives such as anthranilic acid, salicylic acid, tereph-
thalic acid and 1, 4, di-amino benzoic acid. [20-24]. On the
other hand, lanthanide ions such as europium and terbium
exhibit weak absorption coefficients and low fluorescence
quantum yields. Lanthanide ions when chelated with
ligands that have broad intense absorption bands lead to
appreciable enhancement in the luminescence intensity of
the system. This arises from the intramolecular energy
transfer through the excited state of the ligand, which
serves as an antenna chromophore, to the emitting level of
the Ln (IIT) ion. The intramolecular energy transfer from the
triplet state of the organic ligand to the lanthanide ion,
depends on the structure of the ligand and the position of its
triplet state, and could lead to a marked increase in the
luminescence intensity [25]. This phenomenon is called the
“antenna effect’ and such complexes are considered to be
light conversion molecular devices because they are able to
transform light absorbed by the ligand into light emitted by
the ions via an intramolecular energy transfer process.

As part of our ongoing interest on method development
on drug analysis [26-28], we report a novel method for the
assay of ketoprofen in pharmaceutical formulations. The
method is based on the luminescence enhancement and
sensitization of terbium brought about by complexation
with KP. The luminescence properties were investigated in
various solvents. Factors affecting complexation such as the
concentration of Tb*" and the ratio of Tb*" to KP was
carefully investigated. The method was subsequently used
to determine the concentration of KP in pharmaceutical
samples. Our experimental results were validated by a well
established HPLC method [29].

Experimental

Instrumentation

Time resolved luminescence studies were undertaken on a
Perkin Elmer LS-55 luminescence spectrometer (Perkin

Elmer, Beaconsfield UK) equipped with a xenon discharge
flash lamp. Both the operation and data processing were
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controlled by the FL Win Lab Software. The excitation and
emission wavelengths were set at 258 nm and 549 nm
respectively. Gate and delay times of 1.5 ms and 0.03 ms,
respectively, were used throughout. Absorption spectra
were recorded on a diode array spectrophotometer (HP
8453, Hewlett Packard, Germany) using matching 1 cm
quartz cells. HPLC experiments were carried out using a
DIONEX instrument (Germany) equipped with a photodiode
array detector (Dionex UVD 170S), and a P 580 high-
precision pump. The injector is linked to a Rheodyne facility
(Cotati USA) fitted with a 20 ul sample loop. The output of
the detector was connected to a Pentium III computer system
for data collection (DtK computer). The analytical column
used for the separation was Waters Spherisorb, 5 um particle
ODS2 (250 mmx4.6 mm). 20 pl samples were injected onto
the column. The mobile phase was acetonitrile: water:
Phosphate buffer pH 3.5 (43:55:2 v/v), it was filtered
through 0.45 um pore PTFE membranes using a Millipore
filtration system (Millipore, Milford, MA, USA), and
degassed by vacuum prior to analysis. The flow rate was
maintained at 1 ml/min. The detection wavelength was set
at 233 nm.

Reagents and pharmaceuticals

Ketoprofen 99.4% pure was acquired from Sigma-Aldrich
(St Louis Mo USA). Terbium (IIT) Chloride hexahydrate was
obtained from Kanto (Tokyo, Japan). HPLC grade methanol
was procured from Riedel-de Haén (Germany); and aceto-
nitrile was obtained from (Chromasolv, for HPLC).

Pharmaceutical formulations: Oruvail-200 capsules
ketoprofen BP (RhoNE-POULENC RORER, Dagenham,
England), ketoprofen gel 2.5% (A. Menarini, Industrie
Farmaceutiche Riunite S.r.l., Florence-Italy) and Profenid
100 mg (Aventis, France), were purchased from local retail
outlets.

Preparation of standard solutions

A KP working standard solution (1.3x10™* M) was freshly
prepared by appropriate dilution of a stock solution with
methanol. Likewise, a terbium (III) chloride stock standard
solution (1x107* M) was independently prepared in
methanol.

Preparation of drug samples

Three commercial products containing 100 mg KP coated
tablet, 200 mg KP capsule and KP gel 2.5% were analyzed.
The product (200 mg KP) contains excipients such as: lactose,
corn starch, pregelatinized corn, starch, croscarmellose
sodium, magnesium stearate and anhydrous colloidal silica,
whereas the product (100 mg KP) contains sucrose. Ten
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tablets of Profenid (100 mg KP) and five capsules of Oruvail
200 mg ketoprofen were separately weighed, and then the
tablets were powdered and mixed. A portion of the powder
known to contain an equivalent amount of one tablet was
accurately weighed and sonicated with methanol for 30 min. It
was then filtered into a volumetric flask and completed to the
mark with methanol to make a stock solution. Working
solutions of 3.9x10* M in methanol were prepared.
Appropriate aliquots from the working solution were taken
for the determination of KP in the samples. Complexation
reaction between Tb and KP occurred instantly at room
temperature and the luminescence intensity of the complex
was measured within 5 min after mixing of TB with KP. For
the ketoprofen gel preparation, an accurately weighed
portion of the pharmaceutical gel corresponding to 4.9x
107> moles of ketoprofen (about 0.5 g) was transferred into a
100 ml methanol in a beaker and sonicated for 30 min. It
was then filtered into a 100 ml volumetric flask and
completed to the mark with methanol to make a stock
solution. Appropriate aliquots from these working solutions
were taken for the determination of KP in the samples. For
HPLC analysis, suitable solutions were prepared in the
mobile phase.

Results and discussion
Spectral characteristics

The fluorescence spectra of KP in methanol were investi-
gated by measuring a KP solution (8 x10® M) in methanol.
A weak fluorescence signal of at A.,=353 nm, with
excitation at 293 nm was obtained. This fluorescence is
ineffective for practical use in analytical studies at low
concentrations of KP. To improve the analytical character-
istics for the determination of KP in pharmaceutical
formulations, the system of (KP—Tb*") in methanol was
subsequently investigated, where KP was primed to
sensitize the luminescence of terbium ion. The spectral
characteristics of Tb (III) in methanol are shown in Fig. 1.
A very weak signal was observed. However, the introduction
of KP to this mixture resulted in an intense well known
structured emission spectrum of Tb**. Clearly, the intensity
of the emission line was greatly enhanced in the presence of
KP as compared to Tb>" alone. The luminescence enhance-
ment of the Tb (III) ions upon complexation with KP is
attributed to the efficient transfer of excitation energy from
the KP moiety to the encapsulated Tb (III) ion, which can
easily overcome the ion’s intrinsically low extinction
coefficient. The successful sensitization process requires
the sensitizing moiety to be excited in the ultraviolet region
since its triplet energy is sufficient to provide efficient
energy transfer to the rare earth ion. The necessary criteria
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Fig. 1 Influence of [KP] on terbium sensitized luminescence. [Tb>]=
1x107° M, Lex=258 nm. Aem=>549 nm. [KP]; (/) 1 ppm, (2) 0.8 ppm,
(3) 0 ppm

are adequately met by the KP chelate since it absorbs at
258 nm. It has been argued that the longest wavelength at
which sensitized luminescence from Tb>" can be excited is
at 341 nm [30]. Further more, the intramolecular transfer
efficiency depends on the energy transfer from the lowest
triplet level (T) of the ligand to the resonance level of Tb*"
ion (° D,) located at 20,500 cm ! and the back transfer from
the resonance level of the ion to the triplet level of the
ligand if the energy difference between the two levels is
less than 1,500 cm™' [31]. According to the phosphores-
cence spectrum of ketoprofen [32], the triplet state is
expected to be located at 22,472 cm_l, which would
correspond to an energy difference of about 1,972 cm .
The emission spectrum of Tb—KP complex when excited by
the t—7t* absorption band at 258 nm of the complex (Fig. 1)
revealed the well known bands of terbium luminescence
based on the *D,~'F¢ (490 nm), *D,~'Fs (545 nm),
*D4~"F, (590 nm) and *Ds~F5 (620 nm). Among these
transitions, the 5D4—7F5’ around 545 nm, is the strongest
followed by the one at 490 nm. Therefore, in our study, the
peak height at 550 nm was used to measure the lumines-
cence intensity of the Tb—KP complex. Although this
emission band partly overlaps with the second order scatter
from the excitation wavelength, this is eliminated by the
time resolved mode, which can be used in these systems
since they have a relatively long luminescence lifetime.
Moreover, the complex in methanol produced a large
Stokes shift of 292 nm which was convenient as there is
no overlap of the Tb>" emission bands with the antenna
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chromophore absorption bands. The excitation spectra of
Tb*>" revealed a strong band at 223 nm. Addition of KP
resulted in a decrease of the band at 223 nm and formation
of a new band at 258 nm (Fig. 1.) The luminescence
enhancement of Tb in the presence of KP and the
appearance of a new band in the excitation wavelength
may be explained to be due to the complex formation
between the drug and the terbium ion (Scheme 1). Similar
results were previously reported for the luminescence
sensitization of Tb (III) using Ibuprofen molecule [26].

The close agreement between the absorption spectrum of
KP (A=255 nm) and the excitation spectrum of Tb-KP
complex (A=258 nm; Fig. 2) clearly indicated that the
excitation of the antenna chromophore may be the only
photo physical pathway leading to the observable lumines-
cence in the system [33]. The hypersensitive emission line of
Tb>* at 550 nm requires the investigation of different factors
that affect the coordination environment. Hence the effects
of varying the concentration of Tb*>*—KP, and using multiple
solvents were investigated in order to optimize the lumines-
cence intensity.

Effect of terbium (IIT) concentration

Since the sensitization occurs from complex formation
between KP and Tb*", it is necessary to optimize the ratio
of the concentration of the metal to the ligand that will
result in maximum complexation and hence maximum
intensity of the emission line of the terbium ion. The
optimum concentration of terbium was determined by
measuring the luminescence intensity of various molar
ratios of Tb>":KP. This was achieved by maintaining a
constant concentration of Tb at 1 x10™> M, and varying the
concentration of KP by manipulating the molar ratio (KP:
Tb**) between 0.5 and 5. The luminescence intensity
increased with an increased concentration of KP and
reached a maximum value at a ratio of 3:1 after which the
intensity remained constant (Fig. 3). Hence the concentra-
tion of terbium in this study was maintained at three times
that of KP.

Scheme 1 Structure of the Tb—KP complex
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Fig. 2 Luminescence excitation spectra of: (/) Tb—KP complex in
MeOH system, [Tb*"]=1x107> M, [KP]=5%10"° M, L¢;n=>549 nm (2)
absorption spectrum of KP in MeOH, [KP]=8x10"° M

The stoichiometry of the complex was corroborated
using Job’s plot of continuous variation. Equal concen-
trations of Tb>" and KP (1.0x10 > M) were used, and the
molar ratio of Tb>":KP was varied. The luminescence
intensity increased with an increase in the mole fraction of
Tb*>":KP and reached a maximum at a mole fraction of 0.25
(Fig. 4), indicating a stoichiometry of Tb>":KP of 1:3. The
formation constant was calculated using numerical method
described elsewhere [34]. A simple MATLAB computer
program was developed to analyze the continuous variation
data. Using this method, several models were fitted iteratively
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Fig. 3 Influence of [KP]:[Tb>'] ratio on terbium sensitized lumines-
cence. [Tb]=1x 1075 M, hex=258 nm. Agn=549 nm



J Fluoresc (2009) 19:249-255

253

9.0 1

o
=)
1

Intensity

3.0 1

0-0 T T T T 1
0 0.2 0.4 0.6 0.8 1
XTb(lll)

Fig. 4 Continuous variation method of the Tb (KP) complex in
MeOH. [Tb]=[KP]=1.0x10"> M, Aem=>549 nm, A, =258 nm

to the experimental data by varying the stoichiometric ratio
and the value of the formation constant. Using a least square
method the stoichiometry of Tb>":KP of 1:3 was found to
produce the lowest sum of square of errors. The formation
constant obtained in this way was 1.1x10%. According to the
documented literature, a formation constant of similar order
was previously reported by Hansen et al. [35] for un-
substituted benzoic acid derivatives.

Effect of solvent

It is a well known phenomenon that the type of solvent
used influences the luminescence intensity of the molecule.
Therefore an attempt was made to study the effect of the
solvent on the luminescence intensity of the KP-Tb*"
complex. Figure 5 shows the effect of the solvent on the
luminescence emission of the complex. It is clear that
optimum conditions are obtained in methanol followed by
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Fig. 5 Effect of type of solvent on terbium sensitized luminescence
Excitation and Emission spectra. [KP]=3x10"> M, [Tb] = 1x10° M,
(1) methanol, (2) ethanol, (3) propanol, (4) butanol, (5) water

Table 1 Analysis of various commercially available dosage forms
using the proposed procedure

Formulations Claim amount %Recovery+sd
Oruvail 200 196 mg 98.0+1.6
(Dagenham, England)

Gel 2.5% (Florence, Italy) 2.3% 92.£1.7
Profenid 100 (Aventis, France) 97 mg 97.0+1.7

ethanol, propanol, butanol and finally water. The dielectric
constants (¢) of these solvents are: methanol 32.6, ethanol
24.5, propanol 20.3, butanol 17.1 and water 78.8. It was
found that solvent polarity and dielectric constant are
related to fluorescence enhancement. Similar results were
previously reported by Dang et al. [36] and Qin et al. [37]
for terbium and europium complexes, where maximum
sensitization was observed in the presence of methanol.
This behavior was attributed to the stronger coordination
ability of methanol with terbium [36]. It has been reported
that the difference in intensity of the hypersensitive
transitions between the four alcoholic solutions indicates
the different coordination behaviour of the alcohols with
terbium metal. The emission intensity decreases with an
increase in the alkyl chain in the alcohols [38]. The low
sensitization in water may be due to the O—H oscillators of
water molecules that are known to quench the excited state
of the lanthanide ions by interaction with high-energy
vibrations associated with O—H. Solvent molecules can
usually replace coordinated water and avoid high frequency
O-H bond vibration—thus greatly decreasing energy loss
resulting through the coordination of water molecules, and
increasing the fluorescence intensity of the emitting
lanthanide ion. This suggests that the chemical environment
plays an important role in determining the fluorescence
intensity of the complexes; hence the choice of methanol
was ideal in studying the luminescence of the Tb-KP
complex. A red shift was observed in the excitation
wavelength from 258 nm in methanol to 266 nm for the
complex in ethanol, propanol and butanol and 276 nm in
water (Fig. 5).

Table 2 Results obtained by the proposed method and by HPLC-UV
method

Sample HPLC method This method Y F°

Gel 2.5% 2.840.06% 2.3+0.04% 0.375 2.48

Profenid 94+2.1 97+£1.5 2.25 1.78
100 mg

be=2.447 (n1=3, 12=5, =0.05)
b Fape=5.41 (n1=3, n2=5, a=0.05)
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Verification of sensitisation by KP ligand

To verify that sensitization is brought about by the presence of
the KP ligand, emission intensities in the presence of various
concentrations of KP were measured while keeping the
concentration of Tb>" constant. An increase in the lumines-
cence intensity was observed with an increase in the
concentration of KP in the range studied. Figure 1 shows
the sensitization of Tb®>" luminescence brought about by the
presence of the KP ligand. The analytical performance of the
proposed system was studied using the optimum conditions
discussed above. A linear calibration was obtained with R*=
0.9993. The calibration equation was: /=460.7C-7.70, where
I is the emission intensity and C is the concentration. The
detection limit (signal to noise ratio of 3) was 8.7x10° M.
The reproducibility of the method was examined for standard
solutions of KP and was found to be less than 0.9% (n=5).

Determination of KP in pharmaceutical preparations

The proposed method was applied to the determination of
the concentration of KP in pharmaceutical formulations of
different brands as shown in Table 1. Five samples were
prepared as described above and were analyzed. The mean
percent recovery was found to be in the range 92-98%. It is
clear from this result that excellent recovery with no
interference from excipients was obtained. The relative
standard deviation was less than 2% (n=5) showing
excellent precision.

Our technique was corroborated using HPLC-UV. Five
independent determinations of ketoprofen in pharmaceutical
formulations were undertaken using the proposed lumines-
cence method and three determinations using HPLC-UV
procedure as a reference method. The results are shown in
Table 2. Both methods reported satisfactory recoveries and
relative standard deviations compared with the ‘certifica-
tion’ of the standard samples. The data in Table 1 clearly
demonstrate that the method we developed is suitable for
the determination of KP in pharmaceuticals without fear of
interferences from the matrix. The results obtained by the
two methods were tested by the Student’s #-test and the
F-test and produced comparable accuracy and precision.

Conclusions

A sensitive technique was developed for the assay of KP in
pharmaceutical preparations. The proposed method (based
on sensitized terbium time resolved luminescence) has the
advantage of being simpler, more rapid, and suitable for
automation. It was successful for a range of analyses
conducted on appropriate solutions of varying concentra-
tion and solvent. The procedure was applied to the
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determination of KP in different tablets with excellent
recoveries and reproducibility. It produced a minimum limit
of detection for ketoprofen of 8.7x 10 M. As a result, the
proposed method represents a good analytical alternative
for the determination of ketoprofen in pharmaceutical
formulations. Future research involves monitoring of KP
in biological systems.
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