Available online at www.sciencedirect.com

SCIENCE@DIRECT° ]OURNALOF
CHROMATOGRAPHY A

Vi

ol TSR
ELSEVIER Journal of Chromatography A, 1073 (2005) 341-346

www.elsevier.com/locate/chroma

Development and validation of a stability-indicating high-performance
liquid chromatographic assay for ketoprofen topical penetrating gel

Daniel K. Bempong, Lokesh Bhattacharyya

Information and Standards Development, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852, USA

Available online 7 January 2005

Abstract

An isocratic RP-HPLC procedure has been developed and validated for the quantitative determination of ketoprofen in a topical gel.
The HPLC procedure consist of a YMC ODS-AQuBA particle size analytical column (150 mx¥.6 mm); Alltech Econosphere;§;
5-uwm particle size guard column; detection at 233 nm; 1 ml/min flow ratgul2@jection volume. The mobile phase consisted of pH 3.5
phosphate buffer—water—acetonitrile (8:43:49, v/v). Sample preparation was a simple extraction of ketoprofen with mobile phase. The above
conditions resolved and eluted ketoprofen, excipients, and potential degradants within 35 min, with ketoprofen eluting at about 6.5 min. The
procedure was validated with respect to specificity, accuracy, precision, and linearity. The accuracy of the procedure, determined by spike
recovery measurements, was 100.1-100.5%. The intra- and inter-day precisions were demonstrated by the relative standard deviations (RSD
of 0.3-0.6% and 0.5%, respectively. The intermediate precision was determined by comparing the results obtained with four independently
prepared samples by two chemists using two columns on different days. The results indicate no significant difer@ric® (The procedure
showed linearity over the concentration range #0-5 to 1 x10~* mg/ml.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction absorption of ketoprofen from crearf#, and the effect of
ketoprofen cream on osteopeftid have been studied. Also,
Ketoprofen Fig. 1) is a non-steroidal anti-inflammatory the effect of different ointment bases on the efficacy of ke-
drug (NSAID), a group of non-narcotic drugs used to re- toprofen topical preparatiorj,7] and transdermal delivery
lieve mild to moderate pain. The drug is effective in relieving of the drug from a new soya-lecithin aggregate, have been
pain associated with rheumatic and non-rheumatic inflam- studied[8].
matory disorders, vascular headaches, and dysmenorrhea. Clinical effectiveness of topical ketoprofen preparations
Ketoprofen comes as oral capsules or tablets, rectal supposihave also been demonstrated. An intra-oral gel have been
tories, and as extended-release tablets or capdijl&erious shown to prevent tension-type headache and migfQiae)],
side effects that involve the gastrointestinal system can oc-a cream applied on the anterior skin of the neck reduced
cur with ketoprofen and other NSAID therapy. The drug can postoperative sore throt1], a gel administered into oral
cause ulcerations, abdominal burning, pain, diarrhea, gastri-surgical sites produced greater analgesic effe2}, and a
tis, and even serious gastrointestinal bleeding when takentransdermal ketoprofen delivery system has been shown to
orally [1,2]. be effective in reducing delayed onset muscle sorefiggs
Several topical preparations have been shown to be effec- Topical formulations of ketoprofen are however, not com-
tive and at the same time avoid the adverse effects of oral de-mercially available and are usually obtained from compound-
livery of the drug. Ketoprofen cream administered to the gin- ing pharmacies. Ketoprofen topical penetrating (KTP) gel
gival for treatment of periodontal diseai8}, percutaneous is an example of such a formulation. The formulation con-
tains 1% (w/w) ketoprofen in a poloxamer (Pluronic F-
* Corresponding author. Tel.: +1 301 816 8143. 127) gel. Other excipients in the gel include soya-lecithin,
E-mail addressdkb@usp.org (D.K. Bempong). isopropyl palmitate, alcohol, sorbic acid, and a pH 5.0
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Fig. 1. Chemical structure of ketoprofenH}-m-benzoylhydratropic acid).

citrate—phosphate buffer. The United States Pharmacopeia i
considering introducing a monograph for this compounded
formulation. A validated analytical procedure capable of de-
termining ketoprofen in the presence of the above excipi-
ents and also in the presence of potential degradation prod

ucts would be needed for the monograph. A search through

the literature, however, revealed few published analytical
procedures for determining ketoprofen in topical prepara-
tions. Ketoprofen as the drug substance is usually assaye
by simple non-specific titrimetric procedurfist,15] Pub-
lished analytical procedures for determining ketoprofen in
topical preparations include a FT-near infrared (NIR) spec-
troscopy procedurgl6], a solid-phase extraction (SPE)-
UV spectrophotometric proceduf&7], and an HPLC pro-
cedure[18]. The FT-NIR procedure was not demonstrated
to be stability indicating. The SPE-UV procedure is re-
ported to give inflated assay results due to non-specific
matrix absorption. Derivative spectroscopy was required
to resolve this problem. The HPLC procedure was devel-
oped for ketoprofen in a gel formulation that contained
only one excipient. In addition, the precision for the pro-

cedure ranged from 1.3% to 3.3%. This report presents a

simple isocratic HPLC procedure, which resolved ketopro-
fen from the excipients and potential degradants, and af-
forded an accurate and precise quantitation of ketoprofen in
the KTP gel.

2. Experimental

2.1. Materials

Ketoprofen (USP grade), isopropyl palmitate, sorbic acid,
soya-lecithin, citric acid, and Pluronic F-127 were purchased
from Gallipot (St. Paul, MN, USA). Benzoic acid reference
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2.2. Instrumentation

Two HPLC systems were used. The first one, a Hewlett
Packard 1100 Series HPLC system consisted of an HP
G1322A degasser, an HP G1311A quaternary HPLC
pump, an HP G1313A autosampler, an HP G1316A col-
umn oven, an HP G1314A UV detector, and ChemSta-
tion software version A.04.01. A reversed phase analyt-

Scal column, 150 mmx 4.6 mm packed with pm, YMC

ODS-AQ (Waters, Milford, MA, USA) and a guard col-
umn, 4.6 mmx 5mm packed with p.m, Econosphere {g
(Alltech, Deerfield, IL, USA) were used on this system. A

second HPLC system, that was used for determining the
intermediate precision, consisted of a Thermo Separations
Products (Piscataway, NJ) P4000 pump, SCM100 vacuum

é}legasser, AS 3000 autosampler, model UV6000LP diode

array detector, and ChromQuest software, version 2.51. A
150 mmx 4.6 mm column containing am Alltech Nucle-

osil 100 Gg packing, and a 5mm 4.6 mm column con-
taining 5um Econosphere {g packing (Alltech), were the
analytical and guard columns, respectively.

Other equipment used included a Chromato-Vue C-70G
UV viewing cabinet from UVP (Upland, CA, USA); an
ABU93 Triburette station and a VIT90 Video Titrator from
Radiometer Analytical (Villeurbanne, France); an RTE-9DD
Refrigerated Circulating Bath from Neslab (Portsmouth, NH,
USA); and a Reacti-Therm Heating/Stirring module from
Pierce (Rockford, IL, USA).

2.3. Chromatographic conditions

The isocratic HPLC separation was carried out with pH 3.5
phosphate buffer—water—acetonitrile (8:43:49, v/v) at a flow
rate of 1.0ml/min. The pH 3.5 phosphate buffer was pre-
pared by dissolving 3.4 g of monobasic potassium phosphate
in water, adjusting the pH to 3.5 with phosphoric acid, and
diluting with water to 1 1. Column temperature was ambient
and an injection volume of 20l was used. Data were col-
lected from 200 to 360 nm and peak—area responses of chro-
matograms extracted at 233 nm were used for all quantitative
work.

standard and ketoprofen reference standard were obtaine@ 4. Standard preparation

from The United States Pharmacopeia (Rockville, MD, USA)
and were dried under the conditions specified on the vials.

About 34 mg of ketoprofen reference standard were ac-

Dibasic sodium phosphate, monobasic sodium phosphatecurately weighed and dissolved in the mobile phase to make

and 30% hydrogen peroxide solution were purchased from

100 ml solution. A 15-ml aliquot of the resulting solution was

Fisher (Fair Lawn, NJ, USA). Phosphoric acid (85%) and further diluted to 100 ml with mobile phase.

hydrochloric acid were obtained from Mallinckrodt Baker
(Phillipsburg, NJ, USA) and acetonitrile was purchased from
Burdick & Jackson (Muskegon, MI, USA). All chemicals
were reagent grade or better. The 0 dB-Millex-HV filter

was purchased from Millipore (Billerica, MA, USA). The
KTP gel and the placebo gel were provided by Kaye’s Phar-

2.5. Test preparation

About 500-mg, accurately weighed, portion of the KTP
gel or placebo gel (blank) was dispersed by sonication for
10 min in 50 ml of mobile phase and diluted to 100 ml with

macy, Baltimore, MD, USA. Low-actinic glassware was used the mobile phase. The solution was filtered using a G.Ab-

for all solutions containing ketoprofen.

Millex-HV filter membrane discarding the first 15 ml.
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2.6. Filter check of the ketoprofen drug substance was dissolved in 25 ml of
ethyl alcohol, and diluted with 25 ml of water. The solution
Test preparation and blank prepared as in Secfidn was titrated with 0.1 M sodium hydroxide solution that has
were compared with samples prepared by centrifugation atbeen standardized with benzoic acid. The endpoint was de-

1500 rpm for 10 min at room temperature. termined potentiometrically. A blank determination was per-
formed and used to correct for the volume of 0.1 M sodium
2.7. Stress conditions hydroxide.

The validation (specificity) was carried out using stress-
degraded samples. Samples of the KTP gel and placebo geB. Results and discussion
were stressed under the following conditions, and test prepa-
rations were prepared using the stressed samples. 3.1. Assay of ketoprofen drug substance

2.7.1. Light exposure The ketoprofen drug substance was assayed using the USP

KTP gel samples were spread as thin layers on the insideketoprofen assay procedytet]. In three titrations, the aver-
walls of two quartz UV cells. The cells were exposed uncov- age percentage of ketoprofen in the drug substance was 101.0
ered, sample side up, to UV (254 and 365 nm) and white light (relative standard deviation (RSD) 0.8%).
in a UVP Chromato-Vue C-70G light chamber for 1 or 2 h.

3.2. Validation

2.7.2. Heat exposure

The KTP gel samples were transferred into 10-ml Reacti-  The procedure is intended for an assay which is described
vials, covered, and heated at@for 4h in a Reacti-Therm  as a Category | procedure in General Chaft@25 Valida-

Heating/Stirring module with occasional stirring. tion of Compendial Methodsf the US Pharmacopeja4],
o and hence the data elements required for validation are speci-
2.7.3. Oxidative stress ficity, accuracy, precision, and linearity.

A 30% hydrogen peroxide solution was mixed with a por-
tion of the KTP gel in amber plastic bottles to give a peroxide 35 1. Specificity
concentration of about 3%. The peroxide-stressed gel was3 2 1 1. Sample clean up and filter chedte ketoprofen in
sampled after 4 and 26 h of storage. a 500-mg sample of the KTP gel was extracted into 100 ml
] of the mobile phase by sonication and vigorous shaking. A

2.7.4. Acid exposure _ ~filtered portion of the extract was injected and the results

_Aportion of the KTP gel was adjusted to about pH 2 with - \yere compared with a centrifuged sample. Chromatograms
dilute hydrochloric acid and stored in the dark. Samples were ayiracted at 233 nm showed no significant difference be-
taken for analysis after 4 and 26 h. tween the peak—area responses of ketoprofen in the filtered or

2.7.5. Base exposure 1
A portion of the KTP gel was adjusted to about pH 9 1501
using 0.5% sodium hydroxide solution, stored in the dark, 125
and sampled for analysis after 4 and 26 h. 1007
754

2.8. Peak purity 2]

251

Ketoprofen

Standard preparation

j=)

The photodiode array detection and the chromatographicé _0
software were used to assess the purity of the ketoprofen 322
peak. The software use similarity curves which compare the 10;)
selected spectrum against all the spectra across the peak ar __|
threshold calculated based on the signal-to-noise ratio, to de- |
termine peak purity. If the purity ratio, which is calculated | e J
using the similarity and threshold data is less than 1, the peak o A e ¢
is considered to be spectrally pure. o 5 L e T T T T

Minutes

Test preparation

Ketoprofen

2.9. Titrimetric assay of ketoprofen drug substance
Fig. 2. Chromatograms of the standard preparation and test preparation.

The ket fen d bst that dt Chromatographic conditions: column: YMC ODS-AQ, 150 mm.6 mm,
€ xetoproten drug substance that was used to prepareS-le packing; mobile phase: pH 3.5 phosphate buffer—water—acetonitrile

the KTP gel was assayed Usmg the USP _ketOPrOfen assay Progs:43:49, viv) at a flow rate of 1.0 ml/min; injection volume: 20 detection:
cedure[14]. An accurately weighed portion (about 200 mg) 233 nm. The excipient peaks are denoted by “e” in the chromatogram.
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Table 1
Summary of the performance parameters of the HPLC procedure for ketoprofen topical penetrating gel
Parameter Value Comments
Efficiency (theoretical plates) 11600 Standard preparation (0.05 mg/ml)
Tailing factor (USP) 1.1 (RSD=3%,=6) Measured at width of peak at 5% of peak height at mg/ml
Linearity
Range 4 1075-1x 10~ mg/ml
Correlation coefficient 1.0000
Equation:
Intercept 3261 (S.E.=3471) Intercept was not significantly different from 0 (95% CL).
S.E. is standard error
Slope 2.95¢ 107 (S.E.=6.5x 10%)
Precision
Injection repeatability 0.1-0.4% n=6; nis the number of injections or samples
Repeatability (intra-day) 0.3-0.6% n=3
Repeatability (inter-day) 0.5% n=3
Recovery
70% Spiked 100.1% (RSD =0.3%7= 3)
100% Spiked 100.4% (RSD =0.2%5 3)
120% Spiked 100.5% (RSD =0.4%x 3)
Solution stability No significant change in peak response

over a 15-h period

centrifuged samples. Analysis of similarly treated placebo gel matograms are shownltig. 3. The chromatograms extracted
showed no peak in the ketoprofen locus in the chromatogramsat 233 nm exhibited eight new peaks after 2 h exposure to the
of the filtered and centrifuged samples. UV (254 and 365nm) and white light. None of the eight
Fig. 2 shows that the retention time-6.5 min) of the peaks was observed in chromatograms of the control sam-
primary peak in the chromatogram of the KTP gel, keto- ple that was prepared with KTP gel but not exposed to the
profen, is the same as the retention time of the ketoprofenstress condition, indicating that the eight peaks, identified
peak in the standard, indicating specificity of the procedure. in Fig. 3 are due to degradants. Also, none of the placebo
Furthermore, samples of the KTP gel that had been stressecamples, both stressed and non-stressed, showed a peak at or
under ultraviolet and white light were analyzed and the chro- near the retention time of ketoprofen. The results show that

350
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3 Ae l 1 A Unexposed Active Gel
g
150
100 §
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9
5l
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*
N *
. ew Se *i:; * ﬁ * Light Exposed Active Gel *

0.0 2.5 5.0 7.5 100 125 150 175 200 225 250 275 300 325 350

Minutes

Fig. 3. Chromatogram dest preparatiormade from ketoprofen topical penetrating gel that has been exposed to UV (254 and 365 nm) and visible light for
2 h. Chromatographic conditions ashig. 2 The degradants peaks are denoted*iy/and excipient peaks are denoted by “e” in the chromatogram.
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Fig. 4. Spectra of the ketoprofen peak and four major degradation products in the chromatogram of light-exposed ketoprofen topical penétigtigg gel (
“rt” in the figure denotes retention time.

the HPLC conditions resolved and eluted ketoprofen, excip- tained with the non-stressed samples. The physical appear-
ients, and the potential degradant peaks within 35 min. Also, ance of the gel, however, changed when it was subjected to
from injections of the standard preparation, the column effi- heat stress—the gel appeared to have cracked and a layer of
ciency was at least 11,600 theoretical plates and the tailingliquid appeared on the top.
factor for the ketoprofen peak was 1.1 (RSD 3%), as shown  The purity of the ketoprofen peak was assessed with the
in Table 1 ChemStation software (see Sectihf). The purity ratio was
The UV spectrum of the ketoprofen peak and that of three less than 0.5 in all cases, indicating the peak was spectrally
degradation products showed absorption maxima at aboutpure.
256 nm fig. 4). However, at this wavelength, the minor
degradation products were not detected. Hence, the wave-3.2.2. Accuracy
length of 233 nm at which both ketoprofen and the degrada- The accuracy of the procedure was demonstrated by the
tion products are detectable, was chosen. recovery studies, which were carried out by spiking sam-
There were no significant changes in the chromatogramsples of placebo gel with ketoprofen drug substance solution
obtained with KTP gels subjected to oxidative, heat, acid in alcohol to give concentrations equivalent to 70%, 100%,
or base stress, when compared to the chromatograms oband 120% of the topical penetrating gel. Three samples were
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prepared at each concentration and assayed against star8.2.5. Solution stabilities of standard and assay

dard preparations. As shown ifable 1 recoveries were  preparations

100.1-100.5% (RSD 0.2-0.4%). A sample of the placebo gel  The solution stabilities of thetandardandassay prepara-
was also directly spiked with ketoprofen (powder) at 100% of tionswere investigated by making injections of each solution
the active concentration. The average recovery was 100.6%over a period of 15 h. No significant change in the peak—area
(RSD 1.1%). The larger relative standard deviation in this responses were observed for #tandard preparatiorand
case may be due to homogeneity problems in mixing the dry theassay preparatiover the 15-h period.

ketoprofen powder into the gel instead of adding it as a solu-

tion.
4, Conclusion

3.2.3. Precision

3.2.3.1. Injection repeatabilityThe relative standard devi-
ation of the ketoprofen peak—area in six replicate injections
of the standard preparation determined each day for three
consecutive days ranged from 0.1% to 0.4%.

This report presents development and validation of a sim-
ple isocratic HPLC procedure suitable for the analysis of
ketoprofen in a topical gel. The precision of the current
procedure was less than 0.6%, significantly better than that
(1.3-3.3%) reported previously for another HPLC proce-
- dure [18]. Sample clean up was a simple extraction with
3.2.3.2. Assay repeatabilityzssay of the KTP gel was per-  popjle phase, and unlike a previously published procedure
formed in triplicate each day for three consecutive days. The [17], no matrix related problems were encountered. The cur-
precision of the assays on each of the three days ranged fromant HPLC procedure separated the excipients and poten-
0.3% to 0.6%, and the overall precision was 0.5%. The meany;g) degradant peaks from the ketoprofen peak and has been
of the assay results for the three days was 94.1% of the labeljemonstrated to be sufficiently accurate, specific, precise, and
amount of ketoprofenTable . stability indicating, and is suitable for the analysis of keto-

profen in compounded ketoprofen topical penetrating gel.
3.2.3.3. Intermediate precisiorAnother chemist, using a
different HPLC system, a different brand ofgtolumn (see
Section2.2), on a different day, assayed the KTP gel. The re- References
sults show that the gel contained 94.2% of the label amount _ _
of ketoprofen (RSD 0.01%)T@able 2. The results obtained [1] USP DI-Vol. 1, Drug Information for the Health Care Professional,

by the t lvst ing t diff t col diff t 22nd ed., Micromedex, 2002, pp. 436-438.
y the two analysts using two drirerént columns on difreren [2] K. Smith (Ed.), Martindale, the Complete Drug Reference, 32nd ed.,

days were not significantly differenP& 0.17). Pharmaceutical Press, London, 1999, pp. 48, 63.
[3] K.L. Li, R. Vogel, M.K. Jeffcoat, M.C. Alfano, M.A. Smith, J.G.
324 Linearity and range Collins, S. Offenbacher, J. Periodontal Res. 31 (1996) 525.
e . . . [4] M.D. Moretti, E. Gavini, A.T. Peana, Boll. Chim. Farm. 139 (2000)
Standard solutions were prepared in concentrations rang- =~ g7.
ing from 4x 1072 to 1 x 101 mg/ml, which corresponds  [5] H. Rico, C. Alamo, M. Revilla, L.F. Villa, L.F. Alguacil, Clin. Exp.
to 0.1-200% of thestandard preparatiortoncentration. By Rheumatol. 10 (1992) 595.

peak—area response, the correlation coefficierit. 0000, for [6] Z. Gurol, S. Hekimoglu, R. Demirdamar, M. Sumnu, Pharm. Acta
Helv. 71 (1996) 205.

the ketoprofen peak. The mtgrcept was not significantly dif- (7] E. Jaeckle, U.F. Schaefer, H. Loth, J. Pharm. Sci. 92 (2003) 1396.
ferent from O at the 95% confidence levéable . [8] C. Valenta, M. Wanka, J. Heidlas, J. Control. Release 63 (2000) 165.
[9] M.H. Friedman, S.J. Peterson, W.H. Frishman, C.F. Behar, Heart
Table 2 Dis. 4 (2002) 212.
Comparison of the assay data obtained for the ketoprofen topical penetrating[m] M.H. Frl(_edman,_ NY _State Dent. J. 6,8 (2002) 24.
gel [11] M. Ozaki, K. Minami, T. Sata, A. Shigematsu, Can. J. Anaesth. 48
(2001) 1080.
Day 1 Day 2 Day 3 Second LC [12] R.A. Dionne, S.M. Gordon, M. Tahara, J. Rowan, E. Troullos, J.
system/analy8t Clin. Pharmacol. 39 (1999) 131.
Assay (percentage ketoprofen content) [13] C.R. Cannavino, J.A. Abrams, L.A. Palinkas, A. Saglimbeni, M.D.
Sample 1 op 936 936 942 Bracker, Clin. J. Sport Med. 13 (2003) 200.
Sample 2 94 936 945 942 [14] USP 27-NF 22, The United States Pharmacopeial Convention,
Sample 3 9% 933 946 942 Rockville, MD, 2004.
[15] European Pharmacopeia, European Directorate for the Quality of
Average o4 936 942 942 Medicines, Strasbourg, fourth ed., 2004.
Sb a5 03 06 001 [16] M.S. Kemper, E.J. Magnuson, S.R. Lowry, W.J. McCarthy, N. Ak-
RSD (%) 05 03 06 0.01 sornkoae, D.C. Watts, J.R. Johnson, A.J. Shukla, AAPS Pharm Sci.
There was no significant differenc@ £ 0.17) between the data obtained on 3 (2001), article 23Http://www.pharmsci.org/
different days by the same analyst and data generated by a second analygtL7] D. Bonazzi, V. Andrisano, R. Gatti, V. Cavrini, J. Pharm. Biomed.
using a different LC system and a different brand @§ €olumn. Anal. 13 (1995) 1321.

a Assay by a different analyst using a different LC system and a different [18] S. Proniuk, S. Lerkpulsawad, J. Blanchard, J. Chromatogr. Sci. 36
brand of Gg column. (1998) 495.


http://www.pharmsci.org/

	Development and validation of a stability-indicating high-performance liquid chromatographic assay for ketoprofen topical penetrating gel
	Introduction
	Experimental
	Materials
	Instrumentation
	Chromatographic conditions
	Standard preparation
	Test preparation
	Filter check
	Stress conditions
	Light exposure
	Heat exposure
	Oxidative stress
	Acid exposure
	Base exposure

	Peak purity
	Titrimetric assay of ketoprofen drug substance

	Results and discussion
	Assay of ketoprofen drug substance
	Validation
	Specificity
	Sample clean up and filter check

	Accuracy
	Precision
	Injection repeatability
	Assay repeatability
	Intermediate precision

	Linearity and range
	Solution stabilities of standard and assay preparations


	Conclusion
	References


