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Introduction

HE MAIN aim of this paper is the use of Diphenylamine Sulfonate (DPAS) redox

indicator in its oxidized or reduced form in microdetermination of non-steroidal anti-
inflammatory drugs such as Ketoprofen (KETO) and Indomethacin (INDO) in pure and in
their pharmaceutical preparations. DPAS prepared in its oxidized form by its titration against
K,Cr,0, in 2N sulfuric acid to give its blue-violet colour of quinoid form of of A = 555 nm.
The reaction between DPAS oxidized blue-violet form and each drug within 10 min has been
studied in the visible range. This study proved the formation of red products. The reactions of
the indicator reduced reread form and the studied drugs are also studied in the UV range at 255
nm after passage of 30 min leading to the form of brown products. Also the stoichiometries
of these reactions are formed to be 1:1 and 2:1 (Drug: indicator) and the proposed equations
representing them are also formulated. The two proposed reactions in both Vis and UV ranges
are applied for microdetermination of these anti-inflammatory drugs in both standard and in
their pharmaceutical formulations. The analytical parameters of the reactions of DPAS in its
two forms and the given drugs in both Vis and UV ranges such as standard deviation (SD),
relative standard deviation (RSD), Sandell’s sensitivity (S), LOQ and LOD of were calculated
in order to check accuracy, sensitivity and precision of the given procedures. In the visible
region; Beer’s law has been valied in the concentration range of KETO = 5.1-50.9 ug mL'and
INDO = 10.7-71.6 pg mL"". Beer’s law in the UV range procedure valied in the concentration
ranges of KETO = 1.27-6.36 pg mL"' pg mL" and INDO = 0.72-14.31 ug mL"'. The values of
% recovery are found to be 100.39 and 100.24 and those of SD are 0.2 and 0.14 in violet form;
while % recovery = 99.95 and 100.25 and those of SD are 0.031 and 0.015 in brown form for
KETO and INDO respectively. These values refer to the accuracy, reliability, and precision of
the proposed procedures. The proposed methods had been applied successfully for the analysis
of the studied drugs in pure forms and pharmaceutical formulations. As example KETO had
been analyzed in Ketolgin tablet (UV- region) in the concentration range of 1.53-4.07 pg mL"!
of recovery percent = 99.36-100.61, SD = 0.01-0.03. The results obtained were found to be in
good agreement with those obtained by official methods. This evaluation had been done by
F- and t- tests.

Keywords: Non-steroidal anti-inflammatory drugs, Ketoprofen, Indomethacin, Diphenyl
amine sulfonate (DPAS), Spectrophotometric methods.

provided an enthralling evolution [2]. Acetyl
salicylic acid 1 (aspirin) the more palatable form

Non-steroidal anti-inflammatory drugs (NSAIDs)
constitute an important class of drugs in treatment
of inflammatory conditions such as rheumatoid
arthritis (RA) and osteoarthritis (OA) starting
from the classic drug aspirin to the recent rise
and fall of selective COX-2 [1] inhibitors has

of salicylic acid was introduced into the market
by Bayer in 1899 [3,4]. However, the mechanism
of action of anti-inflammatory and analgesic
agents [5] such as aspirin and indomethacin
remained elusive until the early 1960’s. John
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Vane discovered the mechanism of action of
aspirin and other nonsteroidal anti-inflammatory
drugs (NSAIDs) thereby increasing our ability
to develop novel anti-inflammatory therapies
[6]. The success of NSAIDs in treating validated
inhibition of the enzyme prostaglandin H synthase
(PGHS) orcyclooxygenase (COX) as a highly
suitable target in anti-inflammatory therapies [7-
9]. However, the gastrointestinal (GI) toxicities
associated with wide spread NSAIDs use proved
to be a major drawback during long term therapy
[10]. Non-Steroidal Anti Inflammatory Drugs
(NSAIDs) have been commonly used to reduce

TABLE 1. Classification of NSAIDS.

pain and inflammation in different arthritic and
post-operative conditions [11]. Non-steroidal
anti-inflammatory drugs (NSAIDs) are effective
agents commonly used for the relief of both acute
and chronic pain, inflammatory conditions [12].
NSAIDs can be classified depending on their
chemical structures; NSAIDs can be classified
depending on their chemical structures into six
major classes as shown in Table 1 [13].

The selected drugs; Ketoprofen (KETO) and
Indomethacin (INDO) belong to non-steroidal
anti-inflammatory drugs which their structural
formulas are shown in Fig 1.

Class

Example

Acetyl salicylic acid

Acetic acid

Fenamates

Enolic acids (Oxicams)

Aryl Propionic acid

Coxib

Aspirin

Diclofenac, Indomethacin
Ketorolac, Nabumetone
Sulindac, Tolmetin

Meclofenamate, Mefenamic acid

Piroxicam, Meloxicam
Tenoxicam, Lornoxicam

Ibuprofen, Ketoprofen, Naproxen,
Oxaprozin

Celecoxib, Rofecoxib, Valdecoxib

(A)
Ketoprofen (KETO)

(B)
Indomethacin (INDO)

Fig. 1. The structural formulas of: (A) Ketoprofen (KETO), (B) Indomethacin (INDO).
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Ketoprofen chemical I[UPAC name is (RS)
2-(3-benzoylphenyl)-propionic acid. It has a
general formula C H O, and mol. Mass =
254.281 g mol ™. It is a white crystalline solid with
amelting point 0f 93-96 °C and it is slightly soluble
in water, but soluble in ethanol and acetone on the
other hand Indomethacin chemical [IUPAC name is
2-{1-[(4-Chlorophenyl) carbonyl]-5-methoxy-2-
methyl-1H-indol-3-yl} acetic acid. It has a general
formula C H, CINO, and mol. Mass = 357.787
g mol. Its colour is white to off-white powder
[14-16] with a melting point of 155-160 °C. Both
drugs are slightly soluble in water, but soluble in
ethanol and acetone [17]. Analytical procedures
have been described for the estimation of both
drugs in either pure and combination dosage
form; including Titrimetry, Spectrophotometry,
electrophoresis and high performance liquid
chromatography. Spectrophotometric estimation
of the studied drugs based on the reaction
with N-bromosuccinimide (NBS) [18] and the
residual reagent is then determined by formation
of violet colour with 2, 2-diphenyl-l-picryl
hydrazine (DPPH). The consumed NBS would
correspond to the drug. Also via reaction with
2-nitrophenylhydrazine hydrochloride to give
an intensive violet colour at A_ = 550 nm [19].
nm [19]. Ketoprofen in capsules or vials can be
estimated based upon oxime formation followed
by charge transfer complexation with o-chloranil
has been developed by El-Sadek et al in 1993 [20].
Indomethacin estimated spectrophotometrically
based on the coupling reaction of hydrolyzed
(INDO) with diazotized p-phenylenediamine
dihydrochloride (PPDD) in sulphuric acid
medium to give a red coloured product having
the absorption maximum at 510nm [21]. Another
quantative  determination of Indomethacin
based on oxidation of drug by using alkaline
KMnO, has been developed [22]. Other methods
included voltametry [23-26], titrimetry [27-29]
and chromatographically [30-36] reported for the
determination of the studied drugs. This paper
aims chiefly to find simple spectrophotometric
method for the micro determination of the studied
drugs in pure forms and their tablet formulations
via redox reaction with DPAS oxidant indicator
through Visible region to their completion at UV
region including the studying of the optimum
conditions for the reactions.

Experimental

Materials and Reagents:

All materials used were of analytical reagent
grade and some of them were used as such without
any further purification. They included ketoprofen
(KETO) provided by MP Biomedical-USA
and Indomethacin (INDO) provided by Kahira
pharmaceuticals and chemical industries— Egypt.
Stock solutionsof the studied drugs were prepared
aas 1 x 102 where KETO and INDO were prepared
by dissolving the accurately weighed amount
of the pure drug in 0.05 M Sodium Bicarbonate
(NaHCO,) solution with gentle warming, and
finally the volumes were completed to 100 mL
measuring flask by distilled water. The solutions
were stable for at least two weeks if they had
been stored in a cool (<25 °C) and dark place.
Sodium Diphenylamine Sulphonate (DPAS)
supplied from Alpha chemika— India, and was
prepared in distilled water as 1x10*M. Sulfuric
acid (H,SO,) was supplied from Merck, and
was prepared in distilled water as 2N. Potassium
dichromate (K,Cr,0.) was supplied from Merck,
and was prepared in distilled water as 0.1M
Solutions of lower concentration were obtained
by accurate dilution with distilled water. Ketolgin
were obtained from Amoun Pharmaceutical,
Egypt, labeled to contain (50 mg KETO/tablet).
Indocid capsules were obtained from Kahira
pharmaceuticals and chemical industries, Egypt,
labeled to contain (25 mg INDO/capsule).

Instrument and apparatus

PerkinElmer UV-Visible spectrophotometer
(Model; lambda 25), equipped with 1 cm matched
quartz cells was used for spectrophotometric
measurements. Weights measurement was
performed by using Mettler Toledo Sensitive
analytical balance 0.0001 g, Model: MS204S/01.
Stirring and heating were performed by using
WiseStir Heating Magnetic Stirrer Theromostated
Hot Plate, Model: MSH-20D-korea. Automatic
Micropipettes, Model:  Labopette-Germany,
Volume range 100-1000 uL were used to measure
the small volumes.

General recommended procedures

Procedure for drugs in pure form

Solution of DPAS in its oxidized form was
prepared by its titration in 2 N H,SO, against 0.1 M
K,Cr,0, till violet color. Solutions of equimolar
amounts were prepared between the studied drugs
and DPAS indictor in its oxidized form to be
(2.5 x10*M for KETO, 2 x 10* M for INDO) and
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spectrophotometric determinations were carried
out at visible region within 10 min. and at UV-
region (after 30 min. for KETO and 40 min. for
INDO) after dilution to (2.5 x 10° M for KETO, 2
x 10° M for INDO).

Procedure for dosage forms:

Each ten tablets of Ketolgin (50 mg/tablet)
and each ten capsules of Indocid (25mg/Capsule)
were weighed and powdered well. Equivalent
amount of powder to one tablet or capsule of the
drugs was weighed, and dissolved in sufficient
amount of 0.05 M NaHCO3 solution, with gentle
warming. The resulting solutions were shaked
well. The solutions of the drugs were transferred
into 100 mL volumetric flask and the volume
completed to the mark with distilled water.
Analysis was completed as previously mentioned
under the general procedure to be measured in
both Vis and UV regions. The nominal content of

drug in the tablets was thus calculated either from
a previously plotted calibration graph or using the
regression equation.

Result and Discussion

Spectral studies of redox reactions of DPAS
oxidant indicator and some NSAID:

DPAS used as an indicator in redox reaction
between oxidant like pot. Dichromate K,Cr,O,
and reducing agents like ferrous in sulfuric
acid medium aiming to detect end-point in
volumetric titrations [37]. In this thesis DPAS
is used as an oxidant in its oxidized form and
as spectrophotometric self-indicator in reaction
with NSAID¢ such as Indomethacin (INDO)
and Ketoprofen (KETO) spectrophotometrically,
DPAS indicator preparation in its oxidized form
to give its blue-violet color of reaction product €
=0.42x 10* Lmole'em™ A_ =555 nm (Fig 2).

18
1.6
L4
1.2

0.8
0.6
0.4
0.2

Absorbance

400 450 500 550

200 650 700 750 800

Wavelength

Fig. 2.Visible spectrum of 2.5 x 10* M DPAS oxidant indicator.
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Fig. 3. Oxidized form of DPAS indicator
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Selection of suitable wavelengths in violet
form

This violet DPAS of quinoid form reacts
with Ketoprofen (KETO) drug to give a reaction
product of € = 0.54 x 10* L mole' cm™ at 555 nm
within 10 minutes.On the other hand; it reacts with
Indomethacin drug (INDO) as shown in Scheme
1 [38] to givea reaction product of € = 0.6 x 10* L
mole'em™! at 550 nm (Fig. 4).

T " + 2 2 any s
&5 t - by 5 ¥ e

Absorbance

Wavelength

Fig. 4. Visible spectra of:

Absorbance

Effect of time

On studying the reaction of DPAS indicator
and the studied drugs in sulfuric acid medium
at different time intervals and at ambient
temperature; it was observed absorbance decrease
with time as shown in Fig 5. This decrease may be
attributed to the change of DPAS violet color of
quinoid form into a reread form which has another
A, 250 nm.

:
D
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Wavelength

(A) 2.5 x 10* M DPAS oxidant indicator, at normal temp and within 10 min.

(B) Mixture of 2.5 x 10 M DPAS oxidant with 2.5 x 10 M KETO, at normal temp and within 10 min.
(C) 2 x 10* M DPAS oxidant indicator, at normal temp and within 10 min.

(D) Mixture of 2 x 10 M DPAS oxidant with 2 x 10 M INDO, at normal temp and within 10 min.
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H;C H,C -
N\ on O2 o aH + 2¢ + A ©
N CH; N CH5
Fa =y et
ci cl

- +
HO‘SO N h O SOBH

4. 4" - ([1,1'- biphenyl] - 4, 4" - diylbis (azanediyl) dibenzenesulfonic acid
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Scheme 1. The proposed redox reaction of DPAS oxidant and INDO drug reductant in acidic medium
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Fig. 5. Effect of time at normal Temp. on the spectra of 2.5 x 10 M mixture of DPAS with drug : 1) Ketoprofen at

555 nm and 2) Indomethacin at 550 nm.

Selection of suitable wavelengths in Brown
form

On studying changing of DPAS from violet
quinoid form into reread brown form and its
reaction with KETO and INDO drugs; It is obvious
From Fig 6; thatthe A of DPAS indicator is shifted
from 555 nm (violet form) to 250 nm (brown form)
£=0.26 x 10°L mole™! cmafter 30 min; while the
A ,.of the reaction product of KETO with DPAS is
shifted from 555 nm to 255 nm (brown form) with
€=10.42 x 10° L mole cm™ after 30 min. On the
other hand the A__ of the reaction product of INDO
with DPAS is shifted from 550 nm (violet form) to
250 nm (brown form) with £ =0.412 x 10° L mole!
cm! after 40 min.

Effect of temperature

On studying the effect of temperature on the
reaction product between DPAS and the studied drugs
in the temperature range 30-90°C in sulfuric acid
medium (at 255 nm, after 30 min. for Ketoprofen)
and (at 250 nm, after 40 min.for Indomethacin). The
obtained results are given in Fig 7.

These data refer to the sensitivity of redox
reaction between DPAS oxidant indicator and
kETO & INDO drugs in the sulfuric acid medium
to the temperature variation. It’s observed from
these data that temperature doesn’t affect on
reaction mechanism between DPAS and the
selected drugs, so spectral studies of using

Egypt. J. Chem. 60, No. 6 (2017)

DPAS oxidant indicator for microdetermination
of these drugs can be carries out under ambient
temperature.

Stoichiometric ratio:

Stoichiometric ratio in the violet form: The
Stoichiometric ratio of the reaction between
DPAS violet color oxidant and the studied drugs
reductant in sulfuric medium was studied by molar
ratio method [39] with constant concentration of
DPAS and variable concentrations of these drugs
(KETO& INDO). The result obtained is shown in
Fig 8.

The results obtained indicate the formation
of 1:1 and 2:1 ratios [drug]: [DPAS] ion—pairs
through the electrostatic attraction between
positive protonated DPAS indicator and drug
negative anion. The reaction between KETO and
DPAS occurs in a ratio 1:1,while the reaction
between INDO and DPAS occurs in a ratio 1:1
and 2:1 which confirmed to be 1:1 as it shown in
Scheme 2 by applying continues variation method
[40] which shown in Fig 9.

Stoichiometric ratio in the brown form: On
studying Stoichiometric ratio of reaction between
DPAS and the selected drugs in UV- region; It was
observed the formation of 1:1 and 2:1 ratios [drug]:
[DPAS] as it shown in Fig 10 which confirmed to
be 1:1 by applying continues variation (Fig. 11).
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Fig. 6. UV spectra of:

A) 2.5 x 10° M DPAS oxidant indicator, at normal temp after 30 min.

(B) Mixture of 2.5 x 10° M KETO with 2.5 x 10° M DPAS oxidant, at normal temp after 30 min.
(C) 2x 105 M DPAS oxidant indicator, at normal temp after 40 min.

(D) Mixture of 2 x 10°M INDO with 2 x 10"M DPAS oxidant, at normal temp after 40 min.
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Fig. 7. Effect of temp. (30-90 °C) on the spectra of:

(1) 2.5 x 10° M DPAS oxidant, at 250 nm after 30 min.

(2) Mixture of 2.5 x 10° M KETO and 2.5 x 10° M DPAS oxidant, at 255 nm after 30 min.
(3) Mixture of 2 x 105 M INDO and 2 x 10 M DPAS oxidant, at 250 nm after 40 min.
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Fig. 8. Molar Ratio of DPAS with different conc.of A) KETO (555 nm) and B) INDO (550 nm), and at room Temp.
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Fig. 9. Continuous variation of (0.5:4.5) x 10°M DPAS oxidant with (0.5:4.5) x 10° M INDO conc. at 550 nm at

ambient Temp. within 10 min.
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Scheme 2. The proposed formation of 1:1 (DPAS: INDO) reaction ion-pair product.
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Fig. 10. Molar Ratio of DPAS with different conc.of A) KETO (255 nm, after 30 min.) and B) INDO (250 nm, after
40 min.), and at room Temp.
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Fig. 11. Continuous variation of (0.5:4.5) x 10° M DPAS oxidant with (0.5:4.5) x 10° M INDO conc. at 250 nm at
ambient Temp. after 40 min.
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Validity of Beer's law

Under the proper condition, Beer’s law was valid
(Fig 12) under the concentration ranges 5.1-50.9 ng
mL! and 10.7-71.6 pg mL"! in the visible region,
while 1.27-6.36 pg mL"'and 0.72-14.31 pg mL"! in
the UV- region for KETO and INDO respectively.

Analytical parameters obtained such as slope,
intercept, correlation coefficient, Sandell sensitivity,
molar absorpitivity (g), standard deviation, and
relative standard deviation, limit of quantification
and limit of detection are shown in Table 2.

It is obvious from the data given in Table 2;
the linearity of calibration graphs are proved by
the high values of the correlation coefficient (1)
and the small values of the y-intercepts of the
regression equations. The accuracy and precision
ofthe proposed methods are indicated by the small
values of SD and RSD. The calculated values of
Sandell sensitivity (S.S) and Molar absorpitivity
(e) confirm the sensitivity of the methods. The
limits of detection (LOD) and quantification
(LOQ) values are explaining the validation of
theroposed method.

1 ; )
s KETO (Visible Region)

17

o
E 18
£ ¥=0.0091x +1.2187
é s R*=10.9998
) 12
i1
1
v 1 Fil L3 a0 =
Keto (ug mL!)
1
©
09 KETO (UV- Region)
« 08
= ¥=0.0058x + 0.5610
-E 07 R¥=0.9994
=]
“
o 08
0s
04
0 W 20 ® @ 0 @ 70

Keto (ng mL1)

Absorbance

Absorbance

Within-day and In-between day measurements

In order to prove the validity and applicability
of the proposed methods and the reproducibility of
the results obtained at brown form, five replicate
experiments within 5 hours at five concentrations
of studied drugs are carried out within the
linearity range which shown in Table 3 in which
it is observed that RSDs values are less than 1 %.

Spectrophotometric determination of studied
drugs in pharmaceutical preparations using
DPAS as oxidant indicator in violet and brown
forms

The proposed methods were successfully
applied to determine KETO and INDO in their
pharmaceutical preparations in which analysis not
affected by the other constituents and additives.
The SD and % recoveries were calculated. the
proposed method evaluated by statistical data
including F- and t- tests [41] for the studied drugs
compared with that of the official methods [42,43]
which are given in Table 4, The values did not
exceed the theoretical tabulated values indicating
that there is no significant difference between
the proposed and the official methods regarding
accuracy and precision.

(B)
INDO (Visible Region)
15
14 y=0.0029x + 13106
R=0.9995
13
12
0 ] 0 10 4 b L 0 ]
INDO (ug mL-" )
; 8
s INDO (UV- Region)
15
14 ¥=0.0075x + 1.0886
13 R:=0.9998
12
11
10

a
Lt

08
0 10 2 0 0 N 60 N W
INDO (ugmL!)

Fig. 12. Calibration curve of KETO and INDO at constant conc. of DPAS oxidant in visible and UV-region.
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TABLE 2. Analytical parameters for spectrophotometric Determination of standard KETO and INDO drugs by
the proposed DPAS methods in visible region and UV-region.

Visible Region UV- Region
Drug
KETO INDO KETO INDO

X, (nm) 555 550 255 250
Beer’s law (ug mL™) 5.1-50.9 10.7-71.6 1.27-6.36 0.72-14.31
LOD (pg mL™) 0.71 1.7 0.15 0.27
LOQ (pg mL™) 2.15 5.15 0.46 0.82
R? 0.9998 0.9995 0.9994 0.9998

. . " y=0.0091x + y =0.0029x + y =0.0582x + y =0.0375x +
Regression equation (* Y) 12187 13106 0.561 1.0886
Molar Absorpitivity (L moL" cm™) 0.2319 x 10* 0.1040 x 10* 0.1480 x 10° 0.1341 x 10°
SD 0.2 0.14 0.031 0.015
RSD% 0.73 0.33 0.78 0.21
Sandell sensitivity (ug cm) 0.1099 0.3448 0.017 0.027
Recovery % 100.39 100.24 99.95 100.25

*=DPAS.
* At room temperature

TABLE 3. Within—day and In between- days spectrophotometric micro-determination of standard KETO and
INDO drugs by the proposed DPAS method at UV region (Brown Form).

Within Day In Between Day
Drug tmn f([)vl:ltlld Recovery  gna RSD(%) tm, f([;:;tlld Recovery  gpa  RSD(%)
(gl (ugmiy P (gl (ugmt 7
1.53 1.49 97.6 0.008 0.53 1.53 1.48 97.07 0.008 0.52
229 226 98.64 0.01 0.45 229 2.24 97.91 0.009 0.42
KETO 55 3.33 100.66 0.012 0.36 331 3.32 100.42 0.008 0.25
4.07 4.01 98.54 0.01 0.24 4.07 3.99 98.14 0.009 0.23
4.83 4.82 99.66 0.005 0.11 4.83 4.81 99.48 0.006 0.13
2.9 2.9 99.89 0.009 0.31 2.9 2.8 98.75 0.021 0.74
6.4 6.4 99.56 0.013 0.21 6.4 6.4 99.1 0.014 0.22
INDO 7.9 7.8 99.32 0.021 0.31 7.9 7.8 98.77 0.027 0.35
9.3 9.3 99.74 0.033 0.35 9.3 9.2 99.01 0.021 0.22
13.6 13.5 99.54 0.028 0.21 13.6 13.5 99.25 0.023 0.17
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TABLE 4. Spectrophotometric micro — determination of KETO and INDO drugs in pharmaceutical Formulations by proposed
DPAS method and official method.

Proposed method

Official method

Proposed method

Official method

(Violet Form) (Brown Form)
Drug [wt] [wt] [wt] [wt] [wt] [wt] [wt] [wt]
Recovery Recovery Recovery Recovery
taken found taken found taken found taken found
(%) (%) (%) (%)
(ngmL")  (pgmL") (ngmL")  (pgmL) (ugmL")  (pgmL) (pgmL")  (ugmL")
14.31 14.28 99.75 4 4.02 100.5 2.86 2.87 100.25 3 3.02 100.66
INDO in Indocid
2147 21.66 100.91 7 6.95 99.29 429 428 99.75 6 5.95 99.16
Capsule
322 32.19 99.98 10 10.02 100.2 6.44 6.47 100.45 9 9.02 100.22
3936 3938 100.06 13 12.95 99.61 7.87 7.85 99.74 12 11.95 99.58
(25 mg/Capsule)
5725 5738 100.23 9.3 9.37 100.67
Mean + SD 100.18 £ 0.28 99.9455 100.17 £ 0.048 99.91+0.67
F-test 0.64 (6.59)** 0.4 (6.59)*
t-test 0.84 (2.365)** 0.7 (2.365)**
10.17 10.15 99.82 5 100 153 1.53 100.22 1 1 100
KETO in
1526 1536 100.69 10 99.9 229 228 99.7 2 2,01 100.5
Ketolgin Tablet
22.89 2297 100.35 15 100.4 2.80 2.81 100.61 4 4.01 100.25
33.06 33.16 100.32 331 331 100.10 6 6 100
(50 mg/Tablet)
40.69 40.59 99.77 407 404 99.36 8 7.99 99.88
Mean  SD 100.19£0.17 100.1£0.3 100 £0.022 100.13£0.25
F-test 2.25 (6.94)%* 3.84 (6.39)%
t-test 0.38 (2.447)** 0.86 (2.306)**

Coclusion to prostaglandin inhibition in human disease. Nat.
The proposed methods are simple, reliable, Rev. Drug. Discov, 2, 879-890 (2003).

sensitive and efficient for ‘rou_tme ana1y51s’ of 6. Vane J.R., Inhibition of prostaglandin synthesis as

Ketoprofen and Indomethacin in raw materials . . S

d oh ical d f i a mechanism of action for aspirin-like drugs. Nat.

and p a@aoeutlca osage forms over a wide New. Biol, 43,232-235 (1971).

concentration range without interference from

other constituents or additives. Moreover, it 7. VaneJ. R.,The mode of action of aspirin and similar

involves the advantage of the use of inexpensive compounds. J. Allergy. Clin. Immunol, 58, 691-712

instrument without losing accuracy. Therefore, (1976).

these methods are useful for applications to the )

. . . . . 8. Moncada S., Ferreira S. H. and Vane J. R.,

investigated drugs in bulk as well as in their ’ o

. . .. Prostaglandins, aspirin-like drugs and the oedema
tablets with high precision and good accuracy. i )
of inflammation. Nature, 246, 217-219 (1973).

References .

9. Weissmann G., Aspirin, Sci. Am, 264(1), 84 — 90

1. Baum C., Kennedy D.L. and Forbes M.B., (1991).

Utilization of nonsteroidal anti-inflammatory 10. Tamblvn R.. U bineof NSAID
drugs, Arthritis Rheum, 28, 686 692 (1985). - ramblyn K., Lnnecessary prescripingo s
and the management of NSAID related gastropathy

2. Rao P. and Knaus E.E.,, Evolution of in medical practice. Ann. Intern. Med., 127, 429-
nonsteroidal anti-inflammatory drugs (NSAIDs): 438 (1997).
cyclooxygenase (COX) inhibition and beyond. J . 11. Hawkev C.. Revi £ COX2 inhibi JL
Pharm. Pharmaceut. Sci, 11 (2), 81-110 (2008). - HAWKEY L., REVIEW O -2 Inhibrtors, J. Lancet.

353(9149), 307-314 (1999).

3. Vane J.R. and Botting R.M., The mechanism of 1 C B. and Feld M.. Cvel 1 and
action of aspirin. Thromb. Res, 110, 255-258 - ryer B, and Feldman 7. ye ooy.gygenase- an
(2003) cyclooxygenase- 2 selectivity of widely used non-

' steroidal anti-inflammatory drugs, Am. J. of Med.

4. Vane J. R., The fight against rheumatism: from 104, 413-421 (1998).

willow bark to COX-1 sparing drugs. J. Physiol. Lo .
13. Mohamed A., Applications of spectrophotometric

Pharmacol, 51, 573-586 (2000).

5. Fitzgerald G.A., COX-2 and beyond: approaches

Egypt. J. Chem. 60, No. 6 (2017)

technique for micro-determination of some non-

steroidal anti-inflammatory drugs (ibuprofen,



THE USE OF DIPHENYLAMINE SULFONATE REDOX INDICATOR...

1147

14.

16.

18.

19.

20.

21.

22.

23.

. Espitalier F., Biscans B.

naproxen, indomethacin and lornoxicam). J. Therm.
Anal. Calorim, 108, 315-322 (2012).

Weggen S., Eriksen J.L., Das P., Sagi S.A., Wang
R., Pietrzik C.U., Findlay K.A., Smith T.E.,
Murphy M.P., Bulter T., Kang D.E., Sterling N.M,
Golde T.E. and Koo E.H., A subset of NSAIDs
lower amyloidogenic AP42 independently of
cyclooxygenase 414, 212-

216(2001).

activity. Nature,

. Remmel R.P., Crews B.C., Kozak K.R., Kalgutkar

A.S. and Marnettv L.J., Studies on the metabolism
of the novel, selective cyclooxygenase-2 inhibitor
indomethacin phenethylamide in rat, mouse, and
human liver microsomes: Identification of active
metabolites. J. Drug Metabolism And Disposition
(DMD), 32(1), 113-122(2004).

Klabunde T., Petrassi H.M.,Oza V.B., Raman
P, Kelly J.W. and Sacchettini J.C., Rational design
of potent human transthyretin amyloid disease
inhibitors. Nat. Struct. Biol., 7(4), 312-321 (2000).

and Laguerie C.,
Physicochemeical data on Ketoprofen in solutions.
J. Chem. Eng, Data, 40(6), 1222-1224 (1995).

Emara KM., Ali AM.
polarographic

and Maali NA., The
behaviour of ketoprofen and
assay of its capsules using spectrophotometric
and voltammetric methods. Talanta. 41(5), 639-

645(1994).

Pomykalski A. and Hopkata H., Applications
spectrophotometry for the
determinations of fenbufen and ketoprofen in
pharmaceutical preparations. Acta Pol. Pharm.
Drug Res., 62(3), 171-176 (2005).

of derivative uv

El-Sadek M., EIl-Adl S., Abou-Kull M. and
Sakr S.M, Spectrophotometric determination of
ketoprofen in pharmaceutical preparations by
means of charge transfer complex formation.
Talanta, 40(4), 585-8 (1993).

Nagaraja P., Vasantha R.A and Yathirajan H.S,
Sensitive spectrophotometric method for the

determination of Indomethacin in capsules. J
Pharm Biomed Anal. 31(3), 563-569 (2003).

Reddy K.D., Sayanna K. and Venkateshwarlu
G., Determination of drugs based on oxidation
byalkaline KMO4: a kinetic Spectrophotometric
study. Int. J, Pharm. Sci. Res., 5(7), 2714 - 2721
(2014).

Ghoneim M.M. and Tawfik A., Voltammetric

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

studies and assay of the anti-inflammatory drug
ketoprofen in pharmaceutical formulation and
human plasma at a mercury electrode. Can. J.
Chem, 81(8), 889-896 (2003).

Sataraddi S.R., Patil S.M, Bagoji A.M., Pattar,
V.P. and Nandibewoor S.T., Electrooxidation
of indomethacin at multiwalled carbon
nanotubes-modified gce and its determination in
pharmaceutical dosage form and human biological

fluids. ISRN. Ana. Chem, 9, (2014).

Heli H., Jabbari A., Majdi S., Mahjoub M.,
Movahedi M. and Sheibani, Sh., Electrooxidation
and determination of some non-steroidal anti-
inflammatory drugs on nanoparticles of Ni—
curcumin-complex-modified electrode. J. Solid
State Electrochem, 13(12), 1951-1958 (2009).

El-Hefnawy G.B., El-Hallag L.S., Ghoneim E.M.,
Ghoneim M.M., Square-wave adsorptive cathodic
stripping voltammetric determination of anti-
inflammatory indomethacin drug in tablets and
human serum at a mercury electrode. Anal. Bioanal.
Chem, 376(2), 220-5, (2003).

Maheshwari R.K., Kumar S., Bhawsar N. and
Ansari A.,Titrimetric analysis of ketoprofen in
the bulk drug sample using sodium citrate as
hydrotropic agent. Int. J. Pharm. Bio. Sci, 4(2),
58 —61(2013).

Maheshwari R.K. and Singh M., Quantitative
determination of ketoprofen bulk drug using
sodium salt of aspirin as hydrotropic solubilizing
agent. Asian. J. Chem., 20 (6), 4922-4924 (2008).

Florey, K., Analytical Profiles of Drug Substances.
Academic Press, Inc. Am. Pharm. Asoc, (1984).

Tsvetkova B. and Peikova L., HPLC determination
of ketoprofen in tablet dosage forms. Trakia, J. Sci,
1, 55-59 (2013).

Hung C.Y. and Hwang, C.C, Analysis of ketoprofen
and mefenamic acid by high-performance liquid
chromatography with molecularly imprinted
polymer as the stationary phase. J. Chromatogr.
Sci, 46 (2008).

Shaalan R.A., Haggag R.S., Belal S.F. and Agami
M., Simultaneous determination of hyoscine,
ketoprofen and ibuprofen in pharmaceutical
formulations by HPLC —DAD. J. Appl. Pharm. Sci,
3(7), 38-47 (2013).

Abirami G. and Vetrichelvan, T., A new RP-
HPLC method for simultaneous estimation of

Egypt. J. Chem. 60, No. 6 (2017)



1148

M. A. ZAYED AND M. FAROUK. EL SAYED

34.

35.

36.

37.

38.

thiocolchicoside and ketoprofen in tablet dosage
form. World. J.Pharm. Pharm. Sci, 3(2), 2564-2575
(2014).

Tsvetkova B., Pencheva 1., Zlatkov A. and Peikov
P., High performance liquid chromatographic assay
of indomethacin and its related substances in tablet
dosage forms. Int. J. Pharm. Pharm.Sci, 4(3), 549-
552 (2012).

Hess S., Teuber U., Ortwein J. and Eger K.,
Profiling indomethacin impurities using high-
performance liquid chromatography and nuclear
magnetic resonance. Eur J Pharm Sci, 14(4), 301-
11 (2001).

Shimek  J.L.,
Chromatographic

High  Performance

Analysis of

Liquid
Tolmetin,
Indomethacin and Sulindac in Plasma. J. Lig.
Chromatogr, 4(11), 1987-2013 (1981).

Hulanicki A. and Glab S., Redox Indicators-
Characteristics and Applications, Pergamon Press
Ltd, Oxford, 50, 491, (1978).

Zayed M. A., and Belal R. M, World J. Pharm. Sci,
2(12), 1671-1679 (2014).

Egypt. J. Chem. 60, No. 6 (2017)

39.

40.

41.

42.

43.

Yoel.H.andJonesA.L., Colorimetric determination
of fe with disodium 1, 2- dihydroxybenzene-3,
S-disulfonate. Ind. Eng. Chem. Anal. Ed, 16(2),
111-115 (1944).

Vosburgh W. C. and Cooper G. R, Complex lons-
I- The identification of complex ions in solution by
spectrophotometric measurements. J. Am. Chem.
Soc., 63(2), 437-442 (1941).

Fritz J.S. and Schenk G.H., Quantitative Analytical
Chemistry, 4th Ed. Allyn and Bacon, Inc, Boston,
(1979).

El-Brashy A., Eid M. and Talaat W., Kinetic
spectrophotometric method for the determination
of ketoprofen in pharmaceuticals and biological
fluids. Int. J. Biomed. Sci., 2(4), (2006).

Reddy K.D., Sayanna K. and Venkateshwarlu
G., Determination of drugs based on oxidation
byalkaline KMO4: a kinetic Spectrophotometric
study. Int. J, Pharm. Sci. Res., 5(7), 2714 - 2721
(2014).

(Received 25/8/2017;
accepted 7/11/2017)



THE USE OF DIPHENYLAMINE SULFONATE REDOX INDICATOR... 1149

LB Baliaal) 44 g i)

Yaaaa daedl (G918 3 gaaa ¢ ‘0 ) A sallae daaa
s = Gl s Sl S AT ¢ - ) - 5l s - gl RS - oLl )

8 A ) S ) 45 ) s (B 2 e CASISS U silis (el Juidl) U ool a2 5 8l
L sam (8 Oopailine 531 5 (5 50 s3SI Jia eI Baliaal) Apn 5 i) e 4 500 Bl ulall il
5 o 5 plaally 3o all 4y gam (8 sl (ppal Jidl) S aany Aol L) junatone s Al
die (atiay (35 oandial) -3, O sll) il @ity KU (men 5ok ¥ Jany (B gl sl Cilag S
e o 3 (e ) Aean e o) 93 IS a2 gal) ColISH cp Jelal) a8 e gili 000 s gall J ghall
(b Sy el gy 285 yan o) I el 58 (0 5K sl jall s il sl el 8 (3l
e il Yoo a sall skl wie dpmadill (568 AaiY1 (g0 8 A ol Jae Ay 5aY) ae A il 45 ) e
ke laiall s A Sad) il A g5 Al O ) ) il (5 Jsaty Aol Caaiio )38 (e ) )5 e 2ic
sV s S (g e i) Sl Aa e Aty da faa auda g 385 (RSl ted sall) VY )Y Ll aag
Gl A el il Al (358 AndY) (505 pal) el S A il e i) o2a (Gaukal 3 N
Allatl) el Gl a3 85 AV asal) L) puasive g 2 LS sea (8 leidDU saliadl) 4y 50Y)
G35 At saa s el aall 84y 50 Sl wa (A 38l 5 520 pall) ARl 5 ) a3 SIS Jeliil
59)) dails Al Jalaa 5 (RSD) (sl 5 sbamall ol i1 5 SD)) (s lmeall il a1 i dpmnsii)
O Of an 5 285 As yiall (3]l Al 5 483 o S Cargs (LOQ) il a5 (LOD ) Sliisyl as
-V 0aV) s AU LR a5 Se (0453-0,1) D38 S e el DS A sae B lla
(Y121, YY) Gl 3 5 e dandial) (358 AasY) 3 58 (g 5 Cpansline 20U Jillie/al ja 5 Saa (V)1
A ) g .ga“‘:\éﬂjﬂm Fallofal a5 S (V6T VY) 5 G5 Sl ilbao/ol) a5 Sse
Y bl Gl ai) g (pmliine saiDU)) ¢4, V€5 (s 50 iKY 4, TR il (ol e pla i)
(s ns5st) 39,80 Al ol die glasiad s ol an g N8 (O.eu‘:ej\)-ﬂm) DV E s (0 sl
Wy (Oplizesadl) 50105 (s s8Sh) o, 0 7Y (g bmall il ad¥l s (Oalize D) V00, YO
Ll a8 Ayl el ) #lay da il 3okl e dilg As il ol A8y e
die (Apmndiall (38 4231 (g0 ol SSY Gl 81 (8 (1 5y Sl 6150 58 385 AV eall Ll
bl Gl Ay ()00, T0299,77) el i) Lowy illie/a) s S (£,0V2),07) 55

T 5 F ooboaly 4t a3 (o2 5 dyems 1) Apusdill (5 5kl e S (38 55 i) il By (0,0 ¥on s 0 Y)

Egypt. J. Chem. 60, No. 6 (2017)



