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Abstract

Indomethacin forms by decomposition two degradation products: 4-chlorobenzoic acid and 5-methoxy-2-methylindoleacetic acid. They have
to be monitored together with an active substance both during manufacturing process and storage of pharmaceuticals. European Pharmacopoei
(Ph. Eur. 4) describes titration method for determination of indomethacin, which is not very convenient in this case for practical use. Therefore,
high performance liquid chromatography is the method-of-choice enabling determination of active substance and its degradation products
during one-step procedure simultaneously and automatically.

We have developed a fast, simple and fully automated analytical method for determination of indomethacin and its two impurities in
pharmaceutical preparation using HPLC with UV detection. Various stationary phases were tested, especially new types of Zorbax columns
made by Agilent. While the conventional C18 stationary phases were not convenient enough to achieve quick and reliable separation, Zorbax-
Phenyl analytical column (75 mm4.6 mm, 3.5.m) enables separation of indomethacin and its two degradation products during 7.5 min.
Chromatography was performed using isocratic elution with binary mobile phase composed of acetonitrile and 0.2% phosphoric acid (50:50,
v/v) at flow rate 0.6 ml/min. Even faster separation of standards was obtained with analytical column Zorbax SB-CN ¢ 80mmm,
5um). The separation was effected with mobile phase of the same composition, only the flow rate was increased to 1.2 ml/min. The analytical
run was shortened to 5 min. Both methods use detection wavelength 237 nm and both can use either ketoprofen or flurbiprofen as internal
standard for quantitation.

The first method was finally chosen for validation because of the occurrence of placebo interferences in the case of using Zorbax SB-CN.
System suitability parameters and validation parameters including method precision, accuracy, linearity, selectivity and robustness were set
up. Afterwards, the method was successfully applied for the practical determination of indomethacin and its degradation products in a topical
gel and for compound degradation control during stability studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction toid arthritis. In veterinary medicine, it is effective in treat-
ment of inflammatory processes related to infectious dis-
Indomethacin — chemically 1-(4-chlorbenzoyl)-5-me- eases. The drug is usually administered orally. It can also be
thoxy-2-methylindoleacetic acid — is a non-steroidal anti- administered intravenously or as a suppository and topical gel
inflammatory (NSAID), analgetic and antipyretic drug. Its [1].
effect is based on inhibition of cyclo-oxygenase (COX). It By decomposition it forms two degradation products:
is frequently used for the treatment of symptoms of rheuma- 4-chloro-benzoic acid and 5-methoxy-2-methylindoleacetic
acid. They have to be monitored together with an active
* Corresponding author. Tel.: +420 49 5067294; fax: +420 49 5518718, Substance both during manufacturing process and storage of
E-mail addresssolich@faf.cuni.cz (P. Solich). pharmaceuticals with aim to control the quality (undesirable
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impurities or level of degradation products) and quantity (ac- indomethacin was 4.0 ng/ml and limits of quantitation (LOQ)
tive substance assay) of the pharmaceutical product. was 100 ng/ml.

The European Pharmacopoeia (Ph. Eup2#uses a titra- All these methods have very good sensitivity and selec-
tion method for the determination of indomethacin. The sub- tivity for stated compounds. Their main disadvantage is in-
stance is titrated with 0.1 M sodium hydroxide and blank strument complexity and the high cost of analysis. There are
titration had to be carried out simultaneously. This is time many other methods using simple HPLC with ultraviolet or
consuming and impractical for routine analyses of pharma- fluorimetric detection. They usually determine indomethacin
ceutical samples, especially during stability studies and qual-together with another non-steroidal drugs, steroidal anti-
ity control in the manufacturing process, where there could inflammatory drugs in biological fluids, or they deal with

be many samples to be controlled, often in replicates. distribution studyf7], and the determination of indomethacin
The USP 26 method for indomethacin substance deter-residuals in poultry8].
mination[3] recommends using of (4 mm30 mm, 5um) Indomethacin together with hydrocortizone, dexametha-

analytical column containing L1 packing (ODS chemically zone, phenylbutazone and oxyphenbutazone in equine serum
bonded to silica). The amount of indomethacin active sub- was determined by Grippa et §9]. The method uses simple
stance in capsules and in suppositories is determined us-HPLC with UV detection at 254 nm on C18 stationary phase.
ing absorption spectrophotometry. All these methods deter- The limit of quantitation forindomethacin was Qug/ml. In-
mine the amount of indomethacin only, none of them in- domethacin and other NSAIDS are often determined in hu-
cludes degradation product determination. This is stated inman urine[10-14] human serunjl15,16], aqueous humor
three other monographs—in indomethacin oral suspension,[17] and most commonly in human plasfd&,18—-21]Jusing
in indomethacin for injection and in indomethacin extended- HPLC methods.
release capsules. In the first two monographs HPLC on re- There are only two methods for determining substances
versed phase is used for determination of indomethacin ac-derived from indomethacin. Vree et §12] determined in-
tive substance and 4-chlorobenzoic acid as an impurity in onedomethacin and its metabolite®-desmethylindomethacin,
analytical run. In the monograph extended release capsulesdeschlorobenzoyl indomethacin) and their glucuronides in
indomethacin active substance is determined by absorptionhuman plasma and urine. Smith and Beligf determined
spectrophotometry 4-chlorobenzoic acid assay determinationindomethacin together with its two primary metabolites
is performed by RP-HPLC. (demethylmetabolite and dechlorbenzoylmetabolite) in
As it can be clearly seen, none of these methods is devel-urine. It is important to emphasize that in spite of the large
oped and validated for determination of indomethacin and number of HPLC methods for indomethacin determination,
both its impurities in the presence of internal standard. Therethere is no method for determining indomethacin and
are also many other methods published in scientific journalsits two degradation products in one analysis simultane-
as well. The oldest methods for indomethacin assay determi-ously including internal standard as well. To achieve this
nation are even from the 1980s of last century. They usually aim there is a need to develop a new, simple and fast
include indomethacin, eventually another anti-inflammatory analytical method for the simultaneous determination
drugs determination in various biological fluids by means of of these substances in pharmaceutical formulations. In
RP-HPLC. our study, high performance liquid chromatography with
Recently developed methods forindomethacin determina- UV detection was chosen for separation, identification
tion use modern techniquesoffler and Ternes employ LC- and quantitation of indomethacin active substance and
APCI-MS-MS [4] for determination of acidic compounds its two degradation products 4-chlorobenzoic acid and
including indomethacin (the others, eg. diclofenac, feno- 5-methoxy-2-methylindoleacetic aci#i@. 1) in the topical
profen, ibuprofen and gemfibrozil) in the negative mode of pharmaceutical formulation indomethacin and indobene
ionisation. For all pharmaceuticals, analytical column used gel.
was LiChrospher RP-18 (125 mm3 mm, 5um) with lim-
its of quantitation for all acidic compounds ranged from 0.4
to 8 ng/g. 2. Experimental
Acidic drugs (indomethacin, ibuprofen, diclofenac,
bezafibrate and others) were also analysed by Miao et al.2.1. Chemicals and reagents
[5]. They used liquid chromatography—electrospray ionisa-
tion tandem mass spectrometry. Analyses were carried out Working standards of indomethacin, 4-chlorobenzoic

using Genesis {g column (150 mmx 2.1 mm, i.d., 4um). acid, 5-methoxy-2-methylindoleacetic acid, flurbiprofen and
The method gave 58.5% recovery for indomethacin and lim- ketoprofen (tested internal standards), were used for the
its of detection (LOD) for this compound was 10 ng/l. purpose of this study. Indomethacin active substance (1-

Abed-Hamid et al.[6] developed method for the de- (4-chlorbenzoyl)-5-methoxy-2-methylindoleacetic acid) was
termination of diclofenac sodium, flufenamic acid, in- provided by Herbacos (Pardubice, Czech Republic), as was
domethacin and ketoprofen by LC-APCI-MS. This method the Ketoprofen (2-(3-benzoylphenyl) propionic acid) used
gives mean recovery percentages of 99.5-101.5%. LOD foras an internal standard. Flurbiprofen (2-flueranethyl-
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H,C—0 at 25°C. Chromatographic software Class VP 5 was used for
CH,—COOH data collection and processing.
\ COOH Various analytical columns were tested. Stationary
ITI CH, phases based on octadecylsilca sorbent Supelco Disc%very
c=0 C18 (125mmx 4.0mm, 5um) purchased from Sigma-

Aldrich (Prague, Czech Republic) and Zorbax SB C18
(50mmx 4.6 mm, 1.8um) were not successful in analyti-
cal separation, while Zorbax SB-Phenyl (75 mm.6mm,
3.5pum) and Zorbax SB-CN (150 mix 4.6 mm, 5um) gave
good results. All Zorbax columns were obtained from Agilent
H,C—0 Technologies (Prague, Czech Republic).

CH,—COOH
\ 2.4. Reference standard preparation
CH
N

3
I Firstly, the stock solutions of internal standard and im-

© H purities were prepared. The stock solution of internal stan-
Fig. 1. Molecular structures of active substance and degradation productsdard was prepared by dlssolvmg 50 mg of ketOprofen Worlflng
in indomethacin gel: (A) indomethacin, (B) 4-chlorobenzoic acid, (C) 5- Standard in 100 ml of methanol. The stock solutions of im-
methoxy-2-methylindoleacetic acid. purities were prepared by dissolving 5.0 mg 4-chlorobenzoic
acid and 5-methoxy-2-methylindoleacetic acid, respectively,
biphenylacetic acid) was obtained from Sigma-Aldrich in 100 ml of methanol. Reference standard solution for in-
(Prague, Czech Republic). domethacin gel analysis was prepared in 100 ml volumetric
Both impurities: 4-chlorobenzoic acid and 5-methoxy-2- flask by dissolving of 25.0 mg of indomethacin in methanol.
methylindoleacetic acid were provided by Sigma-Aldrich Afterwards, 2.0 ml of internal standard ketoprofen stock so-
(Prague, Czech Republic). All these compounds were |ution and 10.0 mlof each impurity stock solution were added
checked against European Pharmacopoeia CRS standardsefore the flask was made up to the volume with methanol.
(Strasbourg, France). Working solutions of internal standards were prepared by
Phosphoric acid 85% p.a. was obtained from Merck diluting 10.0ml of the internal standard stock solution in
(Darmstadt, Germany). Acetonitrile, Supra-gradient was ob- methanol to a volume of 500 ml. Thus, the final concentration
tained from Biotech (Scherlau Chemie, Germany). HPLC of internal standard ketoprofen was always approximately
grade methanol was provided by Sigma-Aldrich (Prague, 10 mg/l. It was necessary to keep stock solutions and stan-
Czech Repubilic). dard solutions at a reduced temperature@¥for stability
HPLC grade water was prepared by Milli-Q reverse 0s- reasons.
mosis Millipore (Bedford, MA, USA) and it meets European
Pharmacopoeia requirements. 2.5. Sample preparation

(A) Cl B)

2.2. UV spectra measurement 0.5 g of topical indomethacin gel (which corresponds to
5.0mg of indomethacin active substance) was accurately
UV spectra of tested compounds were measured by specweighed and was transferred into 50.0 ml centrifuge tube.
trophotometer Hewlett Packard 8453 equipped with software Twenty millilitres of internal standard working solution in
Chemestation (UV-vis for biochemistry). methanol (1 mg/100ml of ketoprofen in methanol) were
Methanol solutions of individual compounds were added. This mixture was sonicated for 10 min and then cen-
prepared so that the concentration was similar to the trifuged for 15 min at 1300 g (laboratory centrifuge EBA 21,
expected value in pharmaceutical preparation. The fi- Hettich, Tutlingen, Germany). The supernatant was injected
nal concentrations were approximately: indomethacin directly into the chromatographic system (or it was filtered
(250.0mgl/l), 4-chlorobenzoic acid (5.0mg/l), 5-methoxy- through the 0.4nm filters if it was necessary. Sometimes it
2-methylindoleacetic acid (5.0 mg/l), ketoprofen (10.0mg/l) could happen that the supernatant is not sufficiently clear).
and flurbiprofen (10.0 mg/l).
2.6. Method validation
2.3. Chromatography
The objective of method validation is to demonstrate that
A Shimadzu LC-2010 C system (Shimadzu, Japan) was the method is suitable for its intended purpose as itis stated in
used to perform all of the analyses. Detection of individ- ICH guidelines Q2A and Q22]. Recommend validation
ual compounds was done with built-in UV—vis detector. The characteristics depend on the type of analytical procedure.
instrument is also equipped with column oven enabling tem- An important part of method validation is system suitabil-
perature control. The built-in auto-sampler was conditioned ity test (SST), details of which are usually given in pharma-
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copoeias. We have established a number of theoretical platesTable 1 o
peak asymmetry, resolution of individual compounds and re- YV spectra data from individual compounds

peatability of injection (retentions times and peak areas were Tested compound Maximum Maximum  Maximum

checked). 1 (nm) 2 (nm) 3 (nm)
Method validation characteristics were tested in accor- Indomethacin - 224 230 304

dance with ICH guidelines and pharmacopoeial require- 4‘l\cﬂh'(r’1r°ber2‘20'° ﬁc:qd oocet 255’7 22358 25’56

ments. We have established method accuracy (%recovery an&'afifj oxy-2-methylindoleacetic

%R.S.D. of infjividl_JaI measure_ments) and method precisi_on Flurbiprofen (internal standard 1) 206 291 246

(%R.S.D.) using six samples in three replicates. Linearity Ketoprofen (internal standard2) 202 255 -

(correlation coefficient) was tested in the range 20—-150% for
active substance indomethacin (100-500 mg/l). Degradation
products were tested in a range 0.1-5% of active substanceshould be detected. This problem was not solved using a Zor-
content (0.25-12.5 mg/l). Six concentration levels were used.bax SB C18 (50 mnx 4.6 mm, 1.8.m) analytical column
Method selectivity was verified by comparison of sample of as well. All tested compounds were well separated, but we
pharmaceutical preparation, standard solution and placebowere not able to eliminate the placebo interference with 4-
chromatograms. Limits of detection and quantitation were chlorobenzoic acid.
provided for two degradation products 4-chlorobenzoic acid  Testing different stationary phases was more success-
and 5-methoxy-2-methylindoleacetic acid. Calculation was ful. Other analytical columns from the Agilent Zorbax
made by means of signal-to-noise ratio method. Standard so-group of analytical columns were tested. Again, mo-
lution short-term stability was tested at ambient temperature bile phases of similar compositions were tested. The
(25°C) and at £C. Also, method robustness with regard to best results were obtained using a mobile phase consist-
mobile-phase composition was studied. ing of acetonitrile and 0.2% phosphoric acid in differ-
ent ratios and mobile-phase flow rates. Two more differ-
ent stationary phases Zorbax SB-Phenyl (75 mHh6 mm,

3. Results and discussion 3.5um) and Zorbax SB-CN (150 mix 4.6 mm, S5um) were
tested.
3.1. Chromatographic conditions Analytical column Zorbax SB-Phenyl (75 mm4.6 mm,

3.5um) enables separation of indomethacin and its two

The European Pharmacopoeia uses a titration method fordegradation products during 7.5 min. Chromatography was
indomethacin assay, while the analytical methods describedperformed using isocratic elution with binary mobile phase
in USP 26[3] use many methods for indomethacin determi- composed of acetonitrile and 0.2% phosphoric acid (50:50,
nation. They include spectrophotometric assay determinationv/v) at flow rate 0.6 ml/min.
and various HPLC methods. Some of them are able to deter- Even faster separation of standards was obtained with an-
mine 4-chlorobenzoic acid as an impurity as well, but none of alytical column Zorbax SB-CN (150 mm 4.6 mm, Sum).
the methods enables determination of quantity of 5-methoxy- The separation was effected with mobile phase of the same
2-methylindoleacetic acid simultaneously with indomethacin composition, only the flow rate was increased to 1.2 ml/min.
and 4-chlorobenzoic acid. The analytical run was shortened to 5 min. Both methods use

HPLC with UV detection was chosen as a simple, detection wavelength 237 nm and both can use either keto-
fast and effective separation method for determination profen or flurbiprofen as internal standard for quantitation.
of indomethacin and its two degradation products. The In the case of the analysis of ointments and gels, the sam-
absorption wavelength for detection of the compounds ple preparation procedure requires the use of the method
was chosen especially with regard to absorption spectraof internal standard due to the common problems related
of the degradation products. Both degradation productswith method recovery. All analyses were kept at ambient
give a lower detector response compared to indomethacintemperature.
active substance and, of course, they are present in much The first method using Zorbax SB-Phenyl column was fi-
lower quantities than indomethacin. The results from nally chosen for validation because the placebo interferences
the UV spectra of individual compounds can be seen in this case were eliminated. Separation of all compounds
in Table 1 at these conditions takes about 7.5 min as it can be seen in

Many analytical columns were tested in the develop- Fig. 2
ment of this method. Firstly, a conventional stationary phase  System suitability parameters and validation parameters
based on octadecylsilica sorbent Supelco DiscdVerg18 including method precision, accuracy, linearity, selectivity
(125 mmx 4 mm, 5um) was tested. Mobile phases consist- and robustness were set up. Afterwards, the method was
ing of water, methanol, acetonitrile and 0.2% phosphoric successfully applied for the practical determination of in-
acid in different rates and combinations were applied, but domethacin and its degradation products in topical gel and
the results still were not satisfactory. The main problem was for the control of degradation compounds during stability
placebo interferences at retention times of compounds, whichstudies.
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Fig. 2. Chromatogram 1: LC-UV chromatogram (237 nm) obtained from the analysis of compounds in standard solutions, indomethacin (250.0rofgf), ketop
(10.0 internal standard milligram per litre), 4-chlorobenzoic acid (5.0 mg/l) and 5-methoxy-2-methylindoleacetic acid (5.0 mg/l) =impurity 1.

3.2. Isolation procedure mean percentage of recovery). The chromatogram shown in
Fig. 3is an illustration of the separation of all compounds

The isolation procedure was developed on the ba- tested after isolation from a pharmaceutical preparation.

sis of methods for analysis of topical preparations rou- There are no other substances, which may coelute with tested

tinely used in our laboratory. Two extraction media were analytes as was verified during method validation—selectivity

tested—acetonitrile and methanol. Finally, methanol was testing.

chosen, because there was lower placebo background using

this extraction agent. Internal standard ketoprofen (10 mg/l) 3.3. Validation of methods

was added. The procedure, as described above, gives recov-

ery from 95.05-100.04% (these include individual results for  After the method development and optimisation is fin-

all compounds, while the validation table results includes the ished, it is necessary to accomplish method validation. Fol-
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Fig. 3. Chromatogram 2: LC-UV chromatogram (237 nm) obtained from the analysis of compounds in pharmaceutical formulation indomethacin gel (with
placebo chromatogram to demonstrate method selectivity) 5-methoxy-2-methylindoleacetic acid = impurity 1.
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Table 2
Short-term stability study for tested compounds

Time of storage (h) Concentration changes during storage (%)

Indomethacin 4-Cholrobenzoic acid 5-Methoxy-2-methylindoleacetic acid

25 (°C) 4(C) 25 (C) 4(¢C) 25 (C) 4(C)

0 10Q00 10000 10000 10000 10000 10000
24 +Q72 +049 +003 +018 ~1.10 —0.24
48 +087 +086 +024 +082 ~3.03 +021
72 +Q72 +089 ~0.25 +076 -371 +012

Table 3
The influence of small changes in mobile-phase composition (method robustness)

Mobile-phase composition Indomethacin 4-Chlorobenzoic acid 5-Methoxy-2-methylindoleacetic acid

tr A R A R A
ACN:acid (40:60) 1608 9817 380 9992 287 9791
ACN:acid (45:55) %1 9853 293 9957 233 10034
ACN:acid (50:50) 0 10000 246 10000 204 10000
ACN:acid (55:45) 418 9955 223 10122 190 10102
ACN:acid (60:40) 315 9990 198 10049 174 9354

ACN: acetonitrile; acid: 0.2% phosphoric actg; retention timeA: peak area (%).

lowing the international ICH guidelines for analytical method content of 5-methoxy-2-methylindoleacetic acid, higher than
validation (Q2A and Q2B) together with in-house rules of our 1%, were observed during the storage at ambient temperature
laboratory, both SST and validation parameters were mea-(Table 2. The same changes were not observed during stor-
sured. age at decreased temperature, all compounds showing peak
Recommended validation characteristics including area changes up to 1%. This indicates that stock solutions
method precision (%R.S.D.), method accuracy (% of and standard solution should be stored a4
recovery, %R.S.D.) linear range (correlation coefficient) Influences of small changes in mobile-phase composition
and method selectivity using placebo of pharmaceutical (+10%) were studied to determine robustness of the method.
formulation were set up. LOD and LOQ were provided for Peak areas and retention time changes were observed. Re-
degradation products 4-chlorobenzoic acid and 5-methoxy- sults are clearly seen ifable 3 Peak area values were in-
2-methylindoleacetic acid by means of the method of fluenced less, up to 2% for indomethacin and 4-chlrobenzoic
signal-to-noise ratio. acid. Concerning 5-methoxy-2-methylindoleacetic acid, the
The short-term stability of the compounds of interest was changes were more significant, especially with a 10% change
tested. Standard solutions were kept at ambient tempera4in mobile-phase composition. The retention times of the com-
ture (25°C) and at decreased temperaturé@}. Changes in pounds of interest were influenced significantly only in the

Table 4
Method validation results for individual compounds
Indomethacin 4-Chlorobenzoic acid 5-Methoxy-2-methylindoleacetic acid Limits
SST
Theoretical plates 7655 4000 3103 N>1500
Asymmetry? 1.06 1.15 1.24 T<15
Resolutio® 5.59 2.70 3.11 Rj>1.5
Repeatabilityt;° 0.34 0.23 0.18 R.S.D.<1%
RepeatabilityAP 0.18 0.66 0.45 R.S.D.<1%
Validation
Precisiofi (%R.S.D.) 1.39 3.25 3.10 R.S.D.<5%
Linearity (corelation coefficient) 0.9999 0.999% 0.999% R>0.9990
Accuracy (%R.S.D.) 0.70 0.62 1.13 R.S.D.<5%
Accuracy (%recovery) 99.53 98.27 96.22 18606%
Selectivity No interference No interference No interference
LOD (mg/ml) - 5.69x 10~ 2.25x 104 -
LOQ (mg/ml) - 1.90x 104 75x104 -

2 Made in three replicates.

b Made in six replicates.

¢ Six samples injected three times each.

d At 20, 50, 80, 100, 120, 150% levels, three replicates.
€ At 0.1-5.0% range of active substance concentration.
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