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SUMMARY 

A method for the quantitative anslysjs of iudomethaciu and salicyiic acid in blood serum 
and urine by high-performance Liquid chromatography is described. A C&-bonded silica was 
used as the stationary phase and mixtures of ethanol, n-butanol and aqueous buffer as the 
mobile phase. BefoE injection the serum ia depsoteii and extracted in one step. 

The recovery of the extraction was found to be 88% and 77% for indometk&n and 
salicyhc s&I, respectively. ‘The relative standard deviations of the analysis for OS fig 
indomethacin and 5 pg salkylic acid per ml semm vmre 3.6% and 3.2%, respectively. The 
detection limits for indomethacin and salicyk acid were 2 ng. This corresponds for both 
Substancea to 0.1 pg/ml sernm for an injection volume of LOO fiL 

The method enables simultaneous determination of possibly formed metabolites. A 
number of concmrentiy * - -vtered drnga do not interfere with the analysis_ The inter- 

a&we effects of co-medic&ion of indomethacin and sslicylic acid on the serum 
concentration of indomethacin is demonstrated by measuring the pharmacokinetic cumes. 

INTRODUCTION 

Indomethacin [l-(p-chlorobenzoyl)-5-methoxy-2-methyl-indole-3-acetic 
acid], -&I anti-inflammatory drug, is frequently used -in combination with 
salicylate in the treatment of rheuznatoid arthritis Cl]. It is well known that 
indomethacin rapidly metabolizes in the body and that some of the metaboliks 
lack anti-inflammatory activity [2-S]. However, conflicting results have 
appeared. in the Eteratrrre abo.ut the influence of salicylates on the plasma level 
and. metabolism of iqdom&acin f9-141. 

I& order to irm+igate this effect, a rapid ar;d sekctiwe method for the 
sim~aneous determina%ion of indomethacin, its metabolites and salicylic acid 
in serum is equked. Until now, e&z&ion procedures combined with radio- 
active C3-5, IO] or fkorketric [II-131 techniques have been. applied. 
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Although these methods are quite sensitive, they do not discriminate between 
the drug, its metabolites [3, IO--131 andi in the case of fluorimetrg, szdicyla~ 
[15] alld other -ed drugs ES]. 

A nuni~ of ch&matographic methods has prowed to he su&essful[2,~ 6, 
14, 16-m -191_ In OK& to determine indomethacin by means of gas chromato- 
gxaphy (GC), derivatization is required [6, x4,16--181 _ This step introduces 
additional uncertainties in the quantitative analysis. Anionexchange chromato- 
graphy has been used for the separation of indomethacin, its metabolites and 
sahcylic -acid prior to radioactive quantitation [7-9] _ However; the Eiinit of 
det&nination of this method did not meet the requir&mentS for pharmaeo- 
kinetic studies. Recently, thin-layer chromatography (TLC) and high- 
performance liquid chromatography (HPLC) procedures for the analysis of 
indomethacin have been reported [19-211. However, these methods do not 
allow the simultaneous determination of metabolites and sazicylic acid. 

IIn the present paper we describe a method for the qnanti&ive determina- 
tion of indomethacin, its major metabolites and .saJicylic acid by means of 
HPLC with W detection. The method has been sr;ccessfully applied to a 
pharmacokinetic study of the influence of sahcylate on the plasma level and 
metabolism of indomethacin. 

Appanztus 
The HPLC experiments were carried out on a high-pressure liquid chromato- 

graph (Siemens SP 200, Siemens, Karlsruhe, G.F.R.) using UV detection at 
235 nm (Pye-Unicam LC-UV, Philips: E&x&oven, The Netherlands), .a high- 
pressure sampling valve (Vale0 CV-6-UHP a, Valco Instruments, Houston, 
Texas, U.S.A.) with a IOO-~1 loop_ a stainless&eel column (250 mm X 4-6 mm 
LD_) and a linear potentiometric recorder (Servogor 542, Goerz, Vienna, 
Austria)_ 

The acidic medium requires that all connections are made of stainless&eel 
316 capillary tubing and stainless-s&eel Swagelok couplings. For the extractions 
a Vo&ex mixer (Scientific Industries, Springfield, N-Y., U.S.A.) was used. The 
ex_periments were carried out at room temperature. 

In all experiments double-distihed water was used. A commercia?iy available 
HPLC cohnnn containing an a&y&modified material (Zorbax ODS, 5 pm, 
Dupont Instruments, Newton, Corm., U.S.A.) was used_ All chemicals were of 
analmeal reagent grade. 

Procedures 
The HPLC column was washed successively with 75% (w/v> ethanol and the 

appropriate eluent (both 100 times the column volume). Bla’od samples .were 
drawn by vetipuncture and centrifuged (10 III& 3OOg). The blood serum was 
deepfrozen u&l assay. 

For deproteinization, O-3 ml serum was mixed with 1 ml 3.3 M p&chloric 
acid of pH 0.7 in a glassstoppered centrifuge tube (25 ml). After 10 II&I, 4 ml 
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dicblommethane was added end the aqueous phase was extracted by mixing 
I min on a v&&ion mixer. After centrifugation (15 min, 300 g), the aqueous 
phase was removed. A 3-ml portion of the organic phase was transferred to 
another centrifuge tube and e-vaporated until dryness under a stream of 
nitrogen. -- 

The same extraction procedure was followed for Iurine starting with 1.3 ml 
urine (acidified to pH 1 with 76% (w/v) perchloric acid). In order to hydrolyze 
the glucuronides 0.65 ml urine (pH 5) was mixed with 0.63 ml 0.1 M acetate 
buffer (pH 5), containing IO4 U &glucuronidase per ml. After incubation at 
37O during 1 h, 0.02 ml 70% (w/v) perchloric acid was added before extraction 
at pH 1. 

The residues were dissolved in 1 ml of the eluent and centrifuged (1 mm, 
300 g). The supernatant was injected by means of a sample loop of 100 ~1 
volume. To avoid memory effects the sample loop was rinsed with water after 
each injection. To prevent contamination the glassware used in contact with 
dichloromethane wss rinsed with methanol and dried with nitrogen. 

Standard sohrtions of indomethacin in 50% (w/v) ethanol were found to be 
stable for several weeks. In contradiction to earlier reports [l7], in our 
experiments no loss of indomethacin and sahcylic acid from frozen serum and 
urine samples was found during one month sample storage. 

RESULTS AND DISCUSSION 

In order to investigate the interactive effects of co-medication of 
indomethacin and sSicylic acid, knowledge about their metabolic pathways is 
required. Fig. 1 shows which metabhtes and conjugates of indomethacin and 
salicylic acid have been found in serum and urine 12, 4, 221. The conjugates 
mainly occur in urine [3,5]. 

For the simultaneous determination of indomethacin, its main metabohtcs 
and salicylic acid in serum, the applicability of an alkyl-modified silica in 
combination with mixtures of alcohols and aqueous buffer wasinvestigated. 

In order to determine optimal chromatographic conditions the influence of 
the type and concentration of the organic modifier and pH on the retention of 
the compounds in question was investigated. 

The results of these experiments showed that the logarithm of the capacity 
ratio of all compounds changes linearly with the concentration of n-propanol 
as is commonly observed in reversed-phase systems. However, it was found 
that the stability of the phase system decreased at increasing concentration of 
n-propanol 

For that reason also rr-butanol was tested. When n-butanol was used as 
modifier at a concentration as Large as possible with respect to solubility 16% 
(w/v) n-butanol] , the capacity ratio of indomethacm was too large to measure. 
To increase the concentration of n-butanol, mixtures of n-butanol, ethanol and 
aqueous buffer were used as the ehmnt, Using these eluents a remarkable 
improvement of the calm stability was observed. Moreover, the viscosity 
of the ehmnt was much lower than with n-propanof, as was noticed previously 
~231. 

The dependence of the capacity ratios on the concentration of n-butanol at a 
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fixed concentration of 15% (w/v) ethanol is .&owh in Table I. 
The plot of the Iogarithm of the txqxu@r r&OS versus the c&&z&&ion of 

n-butanol now deviates &am linear&$. This is prckbly klue to ‘a chabge + the 
a.mOUnt of etfianol, adsOr5ed at the column, with the concentration of n- 
butanol in the eluent (e.g. mixed ackoibeci pEra&). 
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INFLUENCEi OF THE CONCENTRATION OF n~BU=i’ANOL IN =iT% ELUENT ON THE 
CAPACITY RATIO (kf ‘) AT A FSEED CONCENTRATION OF ETHANOL 

The elient consisted of 7-X5%. (w/v) rz-butauol-15% (w/v) ethanol+I.08 M pekhioric 
a!cid-o.o5 M pbospbate, PI-I 2.3. 

Comporind ki’ 

n-Butand concentration (W, w/v) 

7 8 10 15 

2.5-Dihydroxybenzoic acid 0.80 0.77 0.68 0.61 
5-Me~oxy-2-metbyl_do!e~-a~etic acid 0.96 0.86 .0.73 0.64 
Salicyli& acid 3.39 2.91 2.19 1.27 
4-ehlombenzoic acid 6.59 5.20 3.45 1.63 
Indomethacin 12.30 11.12 6.11 2.08 

In all further experiments the eluent consisted of mixtures of n-butane!, 
ethanol and aqueous buffer_ For these eluenks the effect of pH was investigated 
with respect to the separation of indomethacin, salicylic acid and their 
metabolites from drugs, which generally occur in aspirin tablet formulations. 
The resulk_of these experimetits are shown in Table II. 

TABLE 11 

INFLUENCE OF pH ON THE CAPACprY RATIO (ki ‘) 

The eluent consisted of 13% (w/v) n-butanol-13% (W/V) ethanol--O.08 i?f peborie 
acid--O.05 M phosphate, pH 2-6.5. 

Compound ki’ 

PH 

2 3.5 5.0 6-5 

5-Hydmxy-2-methyl-indole-3-acetic acid 0.61 0.58 0.27 0.02 
4-Hydroxyacetmilide 0.64 0.71 0.72 0.70 
Caffeine 0.85 0.93 0.93 0.90 
2,5_Dihydroxybenzoic acid 1-21 0.86 0.22 0.15 
Salicylsmide 1.23 1.35 1.36 1.33 
Acetylsakylic acid 1.24 1.28 0.54 0.18 
5-Methoxy-2-metbyi-indole-3-acetic acid I60 1.52 1.04 O-20 
Pbenacetin 1.71 1.86 1.86 1.82 
Salicylic acid 2.67 1.99 0.47 0.30 
0-Desmethylindomethacin 3.18 3.35 2.30 0.88 
I-Cblorobenzoic acid 3.52 3.65 2.00 0.60 
Indomethacin 5.18 5.45 3.96 1.32 

It can be seen that the separation between the reievant compounds is 
optimal in the pH range 2-4. In Fig. 2 the separation of “r;est mixt~ures of a 
number of anti-inflammatory drugs is shown at different pH values. As shown 
in Fig. 3 salicylic acid is well resolved from indomethacin and its metabolites at 
pH 3.45. 
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Fig. 2. The effect of pH on the separation of anti-inf~smmatn ry drugs. Fluent, 13% (w/v) 
n-butanol-13% (w/v) ethanol--O.08 M perchloric acid--O.05 M phos@hzte; pH 24.5, 
column, 250 mm x 4.6 mm I.D.; injection volume, 100 yl; wavelength 235 nm. Peaks: 1, 
4-hydroxyacetznilide; 2, caffeine; 3, 2,5-dihydroxybenzoic acid; 6, salicyla.mide; 5, acetyl- 
s.zlicylic asid; 6, phesxetin; 7, salicylic acid: 8, O-desmetbylindomethAn; 9, Bchloro- 
benzcic acid; 10, indometbacin. 

Quantitative analysis 
PrecLion, The linearity of the chromatographic method was tested by 

injecting a volume of 100 yl of solutions of indomethacin (0.1-2.5 pg/mI) and 
s&icylic acid (l-25 pg/ml). A correJ,ation coefficient of 0.9999 was found for 
the Linear relationship between pe&z height 21zcI amount of indomethacin and 

salicylic acid. The rekztive stvldard deviation for replicate analyses of 
indomethacin was 1.3% at 1 gg/ml (n = 10) snd of salicylic acid 1.5% at 10 
gg/ml (n = 10). 

The detection limit, defined as three times the standard deviation of the 
noise (about 3 - lo-’ au.) was determined to be 2 ng for botb indomethacin 
and saiicylic acid. 

Remvery and reproducibiiity. Using a procedure from the literature [243, 
the deproteinized serum can be injected directly onto the column, However, 
compared with the recovery of saIicyIic acid (90%) for indometha&n a r&her 
low recovery was found (50%)_ This must be attributed to the higher degree of 
adsorption of indomethacin to the serum proteins in an aqueous perchloric acid 
solution of pH < 1 [25,26]. 

It was found that the recovery of indomethzrcin can be imp~~~ved when the 
serum was deproteinized with perchloric acid and extracted with dichloro- 
methane in one step, according to a method reported in the Wxature [27]. 

To determine the recovery and reproducibility of this method, known 
amounts of indomethacin and saIicylic acid were added to bkxnk serum before 
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Fig. 3. The separation of a test mixture of salicylic acid, iadomethacin and its metabolites. 
Ekent, 13% (w/v) n-butanol-13% (w/v) ethzmol+_O3 M perchloric acid4.05 M 
phosphate; pH 3.45; column, 250 mm X 4.6 mm I.D.; injection volume, 100 ~1; wavelength, 
235 nm; for abbreviations see Fig. 1. Peaks: 1, DMBI; 2, DBI; 3, SA; 4, DMI; 5, I-chloro- 
benzoic acid; 6, indomethacin. 

extraction. The extracts were analyzed by EIPLC. The recovery from serum was 
found to be 87.5 + 3.6% for indomethacin measured within the range 0.5-10 
yg/ml serum and 76.6 f 3.2% for salicylic acid within the range 5-100 pg/ml 
SeTurn, 

For aqeous solutions (acidified to pH 1 with perchfork acid) a recovery of 
95.0 + 2.0% was fetid for indomethacin ard 80.0 f 2.0% for salicylic acid. 
These results show that only a minor part of the compounds remained 
adsorbed at the serum proteins. 

Phannacokinetic study 
The effect of concurrent -ion of salieylic acid and indomethacin 

on their concentrations in serum was investigated by measuring a pharmaco- 
kinetic curve. Drugs, which generally occur in aspirin tablet formulations (see 
Table II), do not interfere with the an&y& of indomethacin, salicylic acid 
and their metabolites at an eluent composition being selected on the basis of 
Tables I and II_ A number of drugs commonly administered to rheumatic 
patients such as prednisone, glibenclamide, pentazocine and diclofenac do not 
interfere with the analysis. 

Blood samples we.& taken kom three patients (I male, 2 female) with 
rheumatoid arthritis being treated with indomethacin and sakylic acid 
qxording to the medication scheme shown in Table III. Every fourth day of 
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Fig_ 4, Pharmacokinetic CIUWS of indomethacin in the presence and in tie absence of 
concnm~tiy fl _ * \- red saiicylic acid for a trial of three rheumatic patients_ See ‘Fable III 
for medication scheme; simultaneousIy administered drugs: patient 1 (fehde), prednisone; 
patient 2 (male), nihil; patient 3 (female), predniine, gliben&amide, pentazuche. 

a series A, B and C blood samples were taken at time intenals of l/4,1/2,1,2, 
4 and 8 h after the admhMr&on of the morning dose at 8.00 am. During this 
8-h period the urine was colkcted to determine the-total ~rmount of the drugs, 
their metabolizes and their gbxronides (see Fig. 1). 

The &armacokinetic cu-?ies of indomethacin and salicylie acid are shown in 
Figs. 4 and 5. The results for indomethacin show time changes in-the area 
under -the curves and the half-time and height of the m&urn senun 
concentration. , 

Series A can be compared to se&s B (e.g. in&e &se&e 'and in the preseke 
of concwrentiy m salicylic acid). For patients I- and 2 an increase 
of the area under the pharmacokk&ic curves and of the maximum sekm con- 
cent&ion of indomethacin was found going fkom A- t6 B; and for *tie& 3.a 
decrease was found. For patients 1 and 3 the W-time remsined 2 and- 1 h, 
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TABLEIIT 

MEDICATlON s- TO STUDY THE EFFECT OF CONCURRENT ADMINISTRA- 
TXON OF IND0MExEEAcxN AND sALxxLIc ACED 

se&S Day Drugs* 

A 1 50 mg kdomethacin 
2 
3 
4** 

B 1 
: 

4ff 

50 mg indomethacin f 
1 g sodium sakylate 

C 1 50 mg indomethacin 

3” 
4ff 

*Simukuuzously admkistered orally, three times daily at 8.00 am., 4.00 p.m. and 12.60 
p-m_ 50 mg indometbacio in capsuie and 10 ml buffered medicine con’&ing 1 g sodium. 
salkylate. 
**After the morning dose of S-00 am. blood samples were taken at 8.15,8.30,9.00,10.00, 
12.00 am. and 4.00 p_m_ 

.- hours 

Fig. 5. Pharmacokinetic curves of salicylie acid for series B of the medication scheme. 

respectively, while for patient 2 a shift from 0.5 to 1 h was found. 
Comparing series C (e.g. in the absence of salicylic acid) to series A and B, 

the Same curves were expect&d as for se&s A. However, for patients I. aud 2 
the areg.md zmxbmm increased again compared to series B, while for patient 
2 a further shift of the half-time was -found. For patient 3 the medication had 
to be stopped because of side effects. 

The differences~betwc%en the resuH.s for each individual patient are also i!hs- 

trirted by-the pharmacokinetic curves of salicylk acid (see ??ig. 5). It should be 
noticed that; no salieylic acid ~LS found in the serum kmpbs of serWCl and 
c;, -. _. 

The me&to&tes of indoruethaein such as DMI; DBI, DMBf and 4-chloro- 
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Rg. 6. Cbromatqgama of extracted seem, tietn after or-a! administration of indomethscin 
in the presence and in the absence of sslicyiic acid. Conditions as in Fig_ 3. (a) S&es C, at 
8.00 am_; peaks: 1, D-1; 2, DBI; 3, sew backgrorrad; 4, DMI; 5,4_chforobenzoic acid; 
6, I. (b) Series B, at 10.00 am_; pesks: 1, DMBI; 2. DBI; 3. SA; 4, serum background; 5, 
D&II; 6,4_chlorobenzoic acid; 7, I; 8, glibenclamide. 

benzoic acid can ‘be determined t&n&meotiy .x&b indomethacin and s&cylic 
acid, as shown in Fig_ 6a zmd b. However, the analytical resuEs for the 
quantitative determinakion of met&o&es in serum were for ix&&n& reasons 
kss reproducible than for idomethacin andsalicylic acid; .- -. 

The txdkckd urine samples v&e tested -for. the presence of. the drug;, their 
metabolites and their glucurotides_- As shown in ,Fig. 7a arzd b, a considerable 
concentration of metabotites was found in urine. From &he peak heights before 
and after treatment of the urine with figlucuronidase the coneentrsdions of the 
free compounds and their glucuronides wee calc~. As shown in Table IV; 
the relative abundance depends on the kind of compund,- ’ 
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Fig. 7. Chmmatograms of extracted urine. collected during the 8-h period of a pbmzo- 
kit;etic ctkve in the presence and in the abseence of salicylic acid. Conditions s in Fig. 3, (3) 
Series A, ; peaks: 1, DIEBI; 2, DBI; 3. pentazoeine;4, DMI; 5,4-&lorobenzoic acid; 6, I @I 
Series E, ; for part b, of the cbromatagk~ the urine extract of part b, IV= 50 tiies dihxted 
with the eluent; peaks: 1, SU; 2. DBI; 3, SA; 4, DME; 5,4-&loroSenzoic acid; 6,X. 

TABLE IV 

THE FREE COMPOUNDS AND THEIR GLUCURONIDES IN URINE 

Compound Glucuronide E&&i0 

Ldornethaein~ Indomethaciu~~ 1:3 
!Wicylie acid* Salicyiic acid&, 1 :Q.7 
Dm,, DWZIUC l:iO 
DBI- DB%IUC I:2 
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.- 
CONCLEISEONS 

._-- 

MY a small volume of’ blood serum is required to &&ermine low 
co&&rations of indomethacin and salicylic acid by means of-a rapid 
extrsction procedure and subsequent a&y&s by HPLC. Metabolites can -be 
determined si.rn&aneotiy. . ) 

The method is simp!e and reliable. The time needed for one ;inalysis & mut 
one hour_ The StabSty of the cbxomatagrapbic phase q&em is remz&ably 
high: no change was noticed after injection of 2000 exQa&s of serum. 
Therefore, the method is suitable for routine analysis. 

The restits of the present pharmacokietic study do not &Ave the clinical 
issue of a possible inter&&n of indomethztck and SaficyIic bid; Frrttrre 

research will be devoted to this subject for a larger group of-rbeum&ic patients. 

The autixors gratefully thank Fmf. Dr. G. den Beef, Dr. U.A.Tb_ &$&man 
and Dr. H. Poppe for valuable discussions and careful reading of the 
manuscript. We are indebted to Dr. F-W-J. Gribnau gnd Dr. A. Kerremans, 
UniversiQ of Wijmegen, The Netherlands, for their cooper&ion in the pharma- 
cokinetic study. Merck, Sharp and Dohme are thanked for the gift of 
indomethacin and O-desmethylindomethacin. 
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