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SUMMARY 

A new sensitive high-performance liquid chromatographic method for indomethacin 
from plasma on a reversed-phase column (C,,) has been developed. The method involves 
precipitation of plasma with perchIoric acid followed by diethyl ether extraction. The assay 
is quantitative down to O-25 Fg ml-’ from a 200~~1 aliquot of plasma with a detection limit 
of O-1 erg ml-’ and a recovery of approximately 90%_ 

The method was applied to single-dose studies with vohrnteers under various dietary 
restrictions. The results of these studies indicated that intrasubject variability within these 
regimens may be as important a factor as the inter-subject variability already documented 
for this drug. These results have important implications in the determination of bioavail- 
ability and ph armacokinetic p arameters of this drug. 

INTROD7JClTON 

Indomethacin has been quantitatively det ermined in biological fluids by 
means of gas chromatography (GC) [l-5] using an electron-capture detector. 
These methods, however, require some derivatization technique which in the 
case of reaction with diazomethane converts a percent of any O-desmethyl- 
indomethacin present back to the parent compound. In addition many of the 
GC methods lack an internal standard or utilize an internal standard not 
readily available. 

-Thin-layer cbromatograpbic me&hods [6, 71 reported may be too cumber- 
some and time consuming when large numbers of plasma samples are to be 
analyzed. 

Radioisotope dilution techniques exist but require administration of radio- 
activity to. patients [S-lo] or- lack- specificity. The radioimmunoassay tech- 
nique of Hare et ‘al_. [ll] is sensitive but -indomethacin glucuromde is highly 
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cross reactive_ The combined GC-mass fiagmentographic techniques [12, 
133 are sensitive but also require derivatization. 

The use of reversed-phase high-performance liquid chromatography (HPLC) 
in the analysis of plasma levels of indomethacin has been advocated [14-l6]_ 
The procedure of Skellem and Salole [16], requiring rather large plasma 
samples (1 ml), provides no precision data for proper evaluation. Soldin and 
Gero’s method [15] is based on ethylene dichloride extraction of plasma 
which results in 66-6870 recovery of the drug. However, the coefficient of 
variation at 463 and 927 ng/ml was rather large (> 10%). The described proce- 
dure is simple and sensitive, requires no derivatization technique, and metab- 
olite or concomitantly administered drugs such as salicylic acid do not inter- 
fere with the assay. This method uses the protein precipitation technique of 
Terweij-Groen et al. 1141, with the modification of a more convenient di- 
ethyl ether extraction solvent over methylene chloride, and quantitative recov- 
ery of the drug (88-90%). The application of this procedure to single-dose 
pharmacokinetic studies in healthy volunteers clearly establishes the large 
intrasubject variability which must be seriously taken into account in future 
bioavailability studies. 

EXPERIMENTAL 

Indomethacin and mefenamic acid were generously donated by ICN Labo- 
ratories, Montreal, Canada. Diethyl ether was distilled prior to use, all chro- 
matographic solvents were HPLC grade, and all other chemicals were analytical 
reagent grade- 

Apparatus 
A Waters Model M-45 liquid chromatographic pump (Waters Scientific, 

Mississauga, Canada) and a Model 7125 Rheodyne valve-loop injector fitted 
with a 500+1 loop were employed (Technical Marketing Associates, Calgary, 
Canada)_ An Ultrasphere ODS 250 X 4.6 mm I.D. column (particle size 5 pm) 
(Beckman Instruments, Toronto, Canada) was connected to a Waters Model 
440 fixed-wavelength detector set at 254 nm (Waters Scientific)_ The mobile 
phase was 0.1 M acetic acid-acetonitrile (30:70) pumped at a flow-rate of 
1 ml min-‘. The solvent mobile phase was degaaased by refluxing for 5 min 
transferred to the soIvent reservoir. All chromatography was carried out at 
ambient temperature_ 

Internaistandard 
A stock solution of mefenamic acid of 200 pg ml-’ was made weekly in 50% 

aqueous ethanol and stored at 4°C 

Preparation ofstamiurdcurve 
A stock solution of indomethacin of 400 pg ml-’ was made weekly in 50% 

aqueous ethanol as previously described [1] and stored at 4°C. Serial dilutions 
in 59% aqueous ethanoi were made daily so that 20 ~1 of solution would cor- 
respond to a concentration range of 8.00-0.25 pg ml-’ of plasma. 



291 

Extraction of samples 
To a lo-ml PTFE-lined screw-capped test tube were added 200 ~1 of plas- 

ma and 20 ~1 of internal standard solution containing 4 pg of mefenamic 
acid, The sample was mixed for 20 set (Vortex Genie, Fisher Scientific, 
Edmonton, Canada) and 1 ml of 0.3 M perchloric acid added. The sample 
was remixed for 5 mm (Evapomix, Fisher Scientific); then 6 ml of freshly 
distilled diethyl ether was added. The tube was tightly capped and remixed 
as above for 10 min. After centrifugation for 5 min at room temperature at 
1725 g (TJ6 centrifuge, Beckman Instruments) the ether layer was transferred 
to another screw-capped tube containing 0.5 ml of 0.2 M phosphate buffer 
pH 7.2. The sample was capped tightly and mixed for 10 min and centrifuged 
for 5 min as before. The upper organic layer was transferred to another screw- 
capped test tube containing anti-bnmping grsnnles (BDH Chemicals, Toronto, 
Canada) and evaporated to dryness at 55°C (Thermolyne D&Bath, Fisher 
Scientific)_ The tube was &owed to reach room temperature after which 
500 ~1 of mobile phase were added and the sample was mixed for 30 set- An 
ahquot of 100-200 ~1 was injected into the HPLC instrument. 

Plasma level study 
Three healthy male volunteers weighing 61 kg, 80 kg, and 55 kg, respective- 

ly, were fasted overnight and received 50 mg of indomethacin (two 25mg 
tablets), with either water (250 ml) or milk (250 ml)_ On a third occasion 
after a standardized normal breakfast these same volunteers received 50 mg 
indomethacin with water (250 ml). 

The three treatments were each given twice each in turn, During the first 
week indomethacin was administered with water after fasting overnight. The 
time between dosages was three days. During the second week indomethacm 
was given with milk after an overnight fast. During the third week indometh- 
acin with water, following a normal breakfast, was administered_ Blood samples 
(10 ml) were obtained by venipuncture and collected in heparinized tubes 
(Vacutainers, Beckon and Dickinson, Mississauga, Canada) at 0, 0.25, 0.5, l-0, 
1.5, 2.0, 3.0, 4.5, 6.0, and 8.0 h following each dose. The blood samples were 
not permitted to touch the rubber stoppers upon collection and the plasma 
was removed and either analyzed immediately or stored at -20°C until jut 
prior to analysis. 

Recovery study 
For the determination of recovery five replicate samples at levels of 1 

and 4 pg ml-’ for indomethacin, and 1 c(g ml-’ for mefenamic acid, were 
spiked iu fresh blank. heparinized plasma and run through the procedure as 
described for extraction of samples. The absolute peak heights obtained for 
the extracted samples were compared with those of fresh standards of indo- 
methaciu and mefeuamic acid iu mobile phase. 

Quan tita tion 
Standard curves for indomethacin were constructed by chromatographing 

spiked plasma extracts and -plotting the peak height ratios obtained for the 
drug -to the internal standard versus the concentration of the drug. Samples 
from volunteers were analyzed at the same time as calibration standards. 
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REXiULTS AND DISCUSSION 

Indomethacin and the internal standard gave sharp symmetrical peaks un- 
der the described conditions given in Experimental with retention times of 4.8 
and 8.10 min, respectively (peaks a and b in Fig. 1B and C). 

Fig_ I-A shows a chromatogram of a 2OO-fll extract of fresh blank plasma 
which was processed as described in Experimental, Fig, 1B shows a chroma- 
togram, obtained when the method was applied to spiked plasma containing 
4 pg ml-’ of indomethacin and 20 lug ml-’ of the internal standard mefenamic 
acid, where it is evident that no endogenous peaks interfere. Fig. IC is a chro- 
matogram of a 209~1 plasma sample 7 h post dose from a volunteer (80 kg) 
who received two 25-mg tablets of a commercial formulation of indomethacin. 
The sample was estimated to contain 0.31 ug ml-’ of indomethacin. 

b 

TIME (min) 

Fig. I_ Chromatograms of extracts from 200 ~1 of phsma. A, Blank plasma; B, plasma 

spiked with indomethacin (2, 4 fig ml-‘) and internal standard mefenamic acid (b, 20 pg 
mi-I); C, plasma sample from 2 voIunteer 7 h post dose (two 25mg tablets) estimated to 
contain 0.31 pg indomethacin per ml of plasma. 

The accuracy and precision of the assay is demonstrated in Table I, the 
results of which are based on six determinations for each concentration of 
indomethacin ranging from 0.25 to 300 pg ml-’ of plasma. The calibration 
curve obtained was linear from 0.25 to 8.00 pg ml-’ (y = mx + b) with a 
mean slope value of m = 2.58, an intercept of b = O-06, and r* = O-99_ 

Application of this method is shown in Fig. 2 for plasma concentrations 
over 8 h in a fasted volunteer (80 kg) who received 2 X 25 mg of indomethacin 
with water, 

For confirmation that there was no metabolic interference under the peak 
due to indomethacin, pooled plasma extracts Zrom-voluxiteers wek combined 
and injected into the HPLC instrument_ The resulting effluent was collected 
at the retention tune for indomethacin, the mobile phase was evaporated un- 
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TABLE I 

ESTIMATION OF INDOME-i’HACIN ADDED TO PLASMA BY HPLC 

n = 6. 

Indomethacin added Mean peak SD_ c-v_ (%) 
(gg ml-’ ) height ratio 

drug/IS_ 

0.25 O-099 
0.50 0.152 
l-00 0.370 
2-00 0.712 
4.00 1.513 
8.00 3.082 

Mean C-V_ = 3.17% 
y = 2-58~ + O-06 (9 = O-99) 

O-603 3-05 
0.007 3.85 
0.012 3.24 
O-016 2.25 
0.053 3.50 
0.097 3.15 

TIME(h ) 

Fig. 2_ Plasma concentration versus time profile for a volunteer (80 kg) who received 2 x 
25 mg indqmethacin with water after fasting overnight. 

der vacua at- 30% to dryness, and the residue dissolved in methanol evaporated 
and run by solid probe using-a VG MicrOmass -16F MS System (VG Micl;o- 
mass, Altrkcham; Gr@at Britain), .The..mass spectrum indicatedthe~~r&ence of 
only &dotiethacin.- 
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TABLE II 

RECOVERY OF INDOMETHACIN AND MEFENAMIC ACID FROM PLASMA 

Dmiz Amount Amount Mean SD. of 
added to 200 ~1 recovered (BP) recovery (5%) percent 
plasma (pg) recovery 

Indomethacin 1 0.88 88.42 0.47 
4 3-62 90.44 1.48 

Mean 89-43 i 0.98 

Mefenamic acid 4 2.45 61.37 0.82 
Mean61_37 e 0.82 

TABLJ3 III 

AUC: (fig h ml-‘) OF THREE VOLUNTEERS DOSED WITH INDOMETHACIN UNDER 
THREE DIFFERENT TREATMENTS 
A = f& dose; B = second dose. 

Volun’~r Treatnzent 

Water Milk Breakfast 

A B A B A B 

l(61kg) 4.82 4.22 3.88 5.67 3.77 2.97 
2 (80 kg) 4.85 6-03 6-07 5.18 4.54 6.36 
3(55W 10-68 6.09 9.52 7.63 7.24 5-61 

Fig- 3. Truncated mean AUC versus time profiles for three volunteers each dosed twice 
with indomethacin under three different conditions: overnight fast, drug administered with 
water (0); overnight fast, drug administered with milk (0); normal breakfast, drug admin- 
is&red with water (A). 
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intersubject variation but also intrasubject variation. Volunteers 2 and 3 show 
the greatest variation, in volunteer 2 occurring with breakfast (ratio dose 
B/A of 140%) and in volunteer 3 occurring with water only (ratio dose B/A 
of 57%)_ Volunteer 2 exhibited the least variation with milk -but the two 
treatments still had a B/A ratio of 85%. It can be seen that there is no ob- 
served intmsubject trend towards treatment and that, even when experimental 
and sampling error is accounted for, these in&subject differences still remain. 
The truncated mean AUC time curves from these data are presented in Fig. 3. 
By plotting truncated areas under the blood level curve against time one is 
able to clearly observe simultaneously both the rate and extent of drug dis- 
position_ In Fig_ 3 it is clear that administration to fasting subjects with water 
provides higher plasma levels witb a shorter fmax as compared to the other 
two treatments_ In addition the total bioavailability after the eight hours is 
practically equal for all three treatments. These observations are in agreement 
with those presented by Wallusch et al. [ 17]_ In the latter study, however, 
each dose was given only once in each subject under each regimen, hence any 
intrasubject variance would not be evident. The mean values obtained, how- 
ever, do simulate those findings_ 

In conclusion a new simple IIPLC method for indomethacin has been devel- 
oped and has been demonstrated to be applicable to single-dose pharmaco- 
kinetic studies of this drug in man. Our experimental results suggest that not 
only intersubject variability but also intrasubject variability exists for this 
drug. This intrasubject variability should be further investigated in a large 
population and must be considered in future pharmacokinetic and bioavail- 

ability studies of this drug. 
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