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SPECTROPHOTOMETRIC DETERMINATION OF KETOPROFEN AND ITS
APPLICATION IN PHARMACEUTICAL ANALYSIS
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Abstract: A new simple rapid and sensitive spectrophotometric method has been developed for the determina-
tion of ketoprofen in pharmaceutical preparations. The method is based on the reaction of ketoprofen with an
analytical reagent — Astra Phloxin FF — at pH 8.0 — 10.8 and followed by the extraction of formed ion associ-
ate in toluene with spectrophotometric detection (it has an absorption maximum at 563 nm, € = 7.6 x 10*
Lxmol'xcm™). The calibration plot was linear from 0.8 — 16.0 ngxmL™" of ketoprofen, and the detection limit

was 0.037 pgxmL.
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Currently over 50 pharmaceuticals are known
that, though different in their chemical structure, are
classified as non-steroidal anti-inflammatory drugs
(NSAIDs) (1). They are widely used in medical
practice and are important components in the treat-
ment of rheumatoid arthritis (2) and osteoarthritis
(3). The incidence of rheumatoid arthritis is high;
yearly diagnostics add some 9.000 new patients, of
which 67 — 68% are of able-bodied age (4).

Ketoprofen (Ket), (Figure 1. A) [2-(3-ben-
zoylphenyl)propionic acid] is a nonsteroidal anti-
inflammatory and analgesic agent. The positive
qualities of ketoprofen are based on optimal physi-
co-chemical and structural characteristics, its ability
to penetrate into and accumulate in the inflammation
centers and compatibility with other classes of
drugs.

The determination of small amounts of keto-
profen in pharmaceutical preparations is very impor-
tant for medical and pharmaceutical needs where it
is used for the treatment of various diseases.
Therefore, it is crucial to develop a simple, selective
and cost-effective method of determination of micro
amounts of ketoprofen in different pharmaceutical
formulations (compliance to the specifications:
specimen quantity, sample homogeneity, biodecom-
posability, mechanical impurities etc.).

Several types of analytical procedures have
been proposed for the analysis of ketoprofen in
pharmaceutical formulations. These procedures
include potentiometry (5), chromatography (6-10),
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spectrophotometry (11-13) and partial least squares
regression (14-16).

This paper describes a method of extraction-
photometric determination of ketoprofen in pharma-
ceuticals as an ion associate with a basic dye Astra
Phloxin FF (Figure 1 (B)).

EXPERIMENTAL
Apparatus
A SF-2000 spectrophotometer (LOMO,

Russia) was used to obtain spectra, with 0.3 cm
matched glass cells used to perform analyses. All pH
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Figure 1. Structure of ketoprofen (A) and Astra Phloxin FF (B).
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measurements were made with an I-160 Model pH
meter (Gomel, Belarus).

All experiments were performed at room tempera-
ture, maintained at 20 = 1°C.

Reagents

All chemicals were of analytical reagent grade.
Distilled water was used to prepare all solutions and
in all experiments. Astra Phloxin FF was used as a
1x10”* molxL" aqueous solution.

Ketoprofen (Sigma Aldrich): a freshly pre-
pared 1x10” molxL" aqueous solution was used as a
standard solution for analytical purposes. It was dis-
solved in the minimum volume of 0.1 molxL" sodi-
um hydroxide and diluted to the mark with distilled
water.

2 molxL"' Na,SO, solution was prepared by
dissolving 142 g of Na,SO, and diluting to 500 mL
with distilled water.

The following organic solvents: toluene, ben-
zene, o-xylene (Special Cleanness, Merck, Germa-
ny) were studied for the extraction procedure.

Universal buffer solution (pH = 9) was pre-
pared by mixing of calculated volumes of 0.04
molxL' H;BO;, 0.04 molxL' CH;COOH, 0.04
molxL" H;PO, and 0.20 molxL* NaOH.

General procedure

The amounts of 3 to 60 pg of ketoprofen were
introduced into 10 mL test tubes, and 0.5 mL of uni-
versal buffer solution of pH 9 and 1.5 mL of 1x10?
molxL" Astra Phloxin FF and 3.0 mL of 2 molxL"
solution of Na,SO, were added. The solution was
mixed well and diluted to 5 mL with water. Toluene
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Figure 2. The absorption spectra of: Astra Phloxin FF 5x10 mol
XL' aqueous solution in different forms and ion associate of keto-
profen (2x10° molxL", 3.0x10* molxL" Astra Phloxin FF, pH 9)
with Astra Phloxin FF in toluene.

(5 mL) was added to the flask and was shaken for
exactly 1 min. The absorbance of the separated
toluene layer was measured at 563 nm against that
of the blank test.

Procedure for real samples

An amount of the tablet powder, capsule pow-
der or gels equivalent to 50 mg of the anti-inflam-
matory agent was weighed (or measured) accurately
and treated as described above for the standard drug
solution. Filtration was performed when insoluble
matter remained during preparation of the sample
solutions.

RESULTS AND DISCUSSION

Investigation of the Astra Phloxin FF — ketopro-
fen interaction
The investigation of the Astra Phloxin FF in
aqueous solutions shows what they have intensive
coloring (¢ = 1.43x10° Lxmol'xcm™) with a maxi-
mum of absorption at 538 nm (Figure 2) in neutral
media. The coloring of the dye fades at high acidi-
ty or alkalinity of media. Such transformations are
caused by protolysis processes that can be
expressed as:
R* + H,O <> ROH + H*

1
R* + H;O* <> RH** + H,0 M
Applicable protolysis constants equal:
[R*] - [H,0]
R e )
[RH*]
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Figure 3. Distribution diagram of Astra Phloxin FF and ketopro-
fen.
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Figure 4. Influence of pH of aqueous phase on the IA formation
and extraction (1 - A,, 2 - A,). 4x10° molxL" ketoprofen, 3x10*
molXL" Astra Phloxin FF ; extractant - toluene, A = 563 nm, / = 0.3.
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Figure 6. Influence of Astra Phloxin FF concentration on the IA for-
mation and extraction (1 - A, 2 - A,). pH 9; 4x10° molxL"' ketopro-
fen; 1.2 molxL' Na,SO,; extractant - toluene; A = 563 nm, [/ = 0.3.

[ROH] - [H;07]
R 3)

The protolysis constants were determined by
spectrophotometric method. Series of samples with
different acidity of medium were prepared. Figure 2
shows that absorbance of Astra Phloxin FF solutions
depends on the media acidity. Three maxima corre-
spond to the different forms of a dye — ionic R*(538
nm), protonated HR** (325 nm) and hydrolyzed
ROH (345 nm). The protolysis constants for Astra
Phloxin FF are K, = —1.81 and K, = 13.60. Figure 3
shows the protonation of the Astra Phloxin FF.

The preferred existence ranges of the reactive
species of the dye (singly-charged cation) and of
ketoprofen (singly-charged anion) depend on many
factors, particularly on the medium acidity. Taking
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Figure 5. The effect of Na,SO, on the IA formation and extraction
(1-A,2-A,).4x10° molxL"' ketoprofen, 3x10* molxL" Astra
Phloxin FF; pH 9; extractant - toluene, A = 563 nm, / = 0.3
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Figure 7. Calibration curve for the ketoprofen determination. pH
9, 3x10* molxL"' of Astra Phloxin FF, 1.2 molxL"' Na,SO,; extrac-
tant - toluene, A = 563 nm, [ = 0.3 cm.

into account the respective protolysis constants that
determine the equilibria in the solutions of these
compounds, the distribution diagram (Figure 3) of
different forms of the dye and ketoprofen at differ-
ent pH were calculated based on the Astra Phloxin
FF protolysis constants and the pK of ketoprofen
(4.45).

One can observe that in a range at 7-11, the
singly-charged forms of the dye and of ketoprofen
are preferred. This is the range of the formation of
the IA of ketoprofen and Astra Phloxin FF.
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Table 1. The main characteristics of extracted IA of Ket with Astra Phloxin FF (A, is the absorbance of IA, A, is the absorbance
of a blank test, R is the distribution coefficient)

Organic Anax ex 10* AJA, R
solvent [nm] Lxmol'xcm™ %
Toluene 563 7.6 12.4 98.9
Benzene 560 53 6.3 93.4
o0-Xylene 563 6.4 8.7 97.6

Table 2. The influence of foreign ions and substances on the stud-
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Table 4. Determination of ketoprofen in different dosage forms (n = 5, average)

Found by
Sample Form Pharmaceuticals composition Label amount proposed Recovery, %
(auxiliary substances) [mg] method, [mg]
Tablet Lactose 50 494 £ 0.6 98.8
Tablet Propylene glycol, benzyl alcohol,
able NaOH, purified water 100 99.4 0.6 99.4
Methylhydroxybenzoate,
Ketonal® Gel propylhydroxybenzoate, isopropyl 50 49.8 £ 0.4 99.6
myristate, with vaseline
Methylhydroxybenzoate,
Gel propylhydroxybenzoate, isopropyl 25 247+0.3 98.8
myristate, with vaseline
Ketonal | “rppjer | Lactose 100 997403 99.7
Forte
Ketonal | et | Microcrystalline cellulose 150 149.3 £ 0.7 99.5
retard
Ke&ﬁzal Capsule Microcrystalline cellulose 150 149.4 + 0.6 99.6
Carbopol 940 or carbopol 980 NF,
F-Gel Gel lavender oil, nerol oil, C,H;OH 25 246+04 98.4
e © 96%, nipagin, thrometamol, purified
water
Fastum® Carbopol 940, C,H;OH, nerol oil,
asum Gel lavender oil, triethanolamine, 25 247+03 98.8
Gel .
purified water
Lipicard | Capsule Polyoxile 40, starch, talcum, SiO, 200 199.2 £0.8 99.6

affects the reaction ability of reaction participants,
both the basic dye and ketoprofen. Therefore the
favorable formation and extraction of IA to the
organic phase requires the conditions of the domina-
tion of the reactive species of the dye cation (R*) and
of the organic anion (Ket) (Eq. 4-6).

R* + Ket <> R*x Ket - “4)
R*CI &R+ Cl 5)
Ket + R* ¢ (Ker )x(RT){ (6)

To establish the optimum pH range, ketoprofen
was mixed with Astra Phloxin FF in aqueous solu-
tion with pH values from 2 to 12, and the IA extract
absorbances were measured. Figure 4 shows that the
absorbance increases and reaches a maximum
plateau at 8.0 — 10.8 pH range. Hence, a pH of 9 was
used in all the subsequent experimental work. As the
shape of the absorption curve and the position of the
absorption maximum do not vary with pH, it was
assumed that only one type of complex is formed
within this pH range.

We theoretically predicted the possibility of the
extraction of the ion associate of ketoprofen and Astra
Phloxin FF for pH range 7 — 11 (Figure 3).

Experimental data illustrate the necessary pH range 8.0
—10.8 (Figure 4) which agrees well with the theoretical
data. Somewhat narrower experimental pH region may
be probably explained by the influence of the extraction
process itself.

Effects of salting-out agent

Salting-out agents are known to improve
extraction by organic solvents (17). The influence of
Na,SO, as salting-out agent on the IA formation was
studied. The result shows that Na,SO, indeed
exhibits salting-out effect in this system (Figure 5).

Effect of Astra Phloxin FF concentration

To establish the optimum Astra Phloxin FF con-
tent, the solution absorbance was plotted as a function
of Astra Phloxin FF concentration. The absorbance of
the system increased in the concentration range of
(0.0 — 5.0)x10* molxL" and was practically constant
in (3.0 — 5.0)x10* molxL" range. The dependence is
described by the saturation curve (Figure 6).
Thereafter, 3.0x10* molxL"' of Astra Phloxin FF
solution was used as the optimum concentration.
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Effects of organic solvents

An apt selection of the organic solvent is very
important for the extraction due to the direct relation
between certain solvent properties and their extrac-
tion (dissolving) ability (18). Additionally, the solu-
bility of the substance in the organic solvent should
be taken into account, this depends on the nature of
the substance. However, the effect of the solvent is
different for each system, and there are no reliable
criteria for the extraction solvent selection for vari-
ous systems. Extraction ability of a solvent can be
related to the presence of certain functional groups
in the solvent molecule.

Aliphatic and aromatic (and halogen-substituted)
hydrocarbons and certain acetic acid esters were
investigated as extracting solvents. The absorption
spectra of the extracted IA colored complex of keto-
profen with Astra Phloxin FF in toluene, benzene,
o-xylene were measured over 400 — 750 nm. The com-
plex shows the maximum absorbance at 560 — 563 nm
which can therefore be used for analytical purposes.
This wavelength was used for all subsequent meas-
urements. The absorption spectra were recorded under
optimal complex formation and extraction conditions.
The absorption spectra from the dye and from the ion
associate of ketoprofen practically do not differ.
Changes in the position of the maximum help to
explain the solvatochromic effect observed which pro-
vides evidence of the formation of complex com-
pounds of the ion associate type. The maximum pro-
duction and extraction of complex was attained after 1
min. The best results were obtained for toluene.

Table 1 shows the main spectrophotometric
characteristics of these systems.

A successful process of the ion pair extraction
requires also the knowledge of the chemistry of
complex formation, the study and the prediction of
spectrophotometric and extraction properties of the
products formed in the chemical reaction. The pho-
tometry reduces such problems to the determination
of the composition of the compounds extracted, of
their stability and spectrophotometric characteris-
tics. The TA composition was determined by two
methods: isomolar series and equilibrium shift. The
results obtained by these methods agree well. It was
determined that the molar ratio ketoprofen : Astra
Phloxin FF in the formed IA is 1:1. This means that
the ion associate contains singly-charged ketoprofen
and dye cations.

Selectivity

The interference of possible coexisting sub-
stances was studied. The sample containing 2x10~
molxL"' ketoprofen and various concentrations of

foreign substances were added into the system. The
tolerance limit was taken as the concentration caus-
ing an error of not more than + 5% in the determi-
nation of ketoprofen. The results obtained are shown
in Table 2. One can see that the proposed method is
selective in the case of excipients commonly used in
pharmaceuticals, the components of human urine
and other common drugs assayed.

Linearity

A calibration plot was obtained under the opti-
mum experimental conditions (pH 9, 3.0x10*
molxL' Astra Phloxin FF, 1.2 molxL' Na,SO,;
extractant — toluene; A = 563 nm, [ = 0.3). The
Beer’s law is obeyed in relation to the concentration
of ketoprofen over the range of 0.8 — 16.0 ugxmL".
The calibration equation is A = 0.09555 + 0.07889C
(R = 0.9983; RSD = 0.0237), where A and C are
absorbance and the concentration ketoprofen
(ugxmL™), respectively (Figure 7).

Data of Table 3 show that the method reported
here has higher sensitivity than other spectrophoto-
metric methods (11-13).

Application

To demonstrate the applicability of the pro-
posed method to the determination of ketoprofen,
the method was applied to the analysis of ketoprofen
in some samples of pharmaceutical preparations.

Table 4 shows the results of ketoprofen determi-
nation in pharmaceutical preparations by spectropho-
tometric method with the reagent Astra Phloxin FF.
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