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Since the folate antagonist methotrexate (MTX) was introduced into anti- 
cancer therapy in 1953 [ 11, a large number of methods for the quantitation of 
MTX and its metabolites in human serum and urine have been published [2- 
lo]. Owing to the high dosage regimens utilized (hundreds of milligrams per square 
metre of body surface [ 1 1 ] ), high sensitivity in analysing serum samples was not 
required. Recently, however, low doses of MTX (5-10 mg/m’) have been used 
to treat rheumatoid patients [ 12,131. Therefore, high analytical sensitivity be- 
came a major requirement for both pharmacokinetic investigations and drug 
monitormg. There are few published papers dealing with highly sensitive quan- 
titation of MTX in human serum. Several publications have detailed the analysis 
of MTX in human serum, but these have used either radioimmunoassay tech- 
niques [9,14,15] or costly time-consuming high-performance liquid chromato- 
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graphic (HPLC) procedures [ 2,3,5,14]. None of them described the determina- 
tion of MTX and its main metabolites in human bile. 

We have developed a simple, sensitive and reliable HPLC-method for the quan- 
titation of MTX, 7-hydroxymethotrexate (7-OH-MTX) and 2,4-diamino-NiO- 
methylpteroic acid (APA) in human serum, urine and bile. 

EXPERIMENTAL 

Materials and reagents 
Methotrexate, 2,4-diamino-NiO-methylpteroic acid, the internal standard 3- 

bromomethotrexate (I.S.), 7-hydroxymethotrexate and methotrexate polyglu- 
tamates (glutamates n = 2-5 ) were obtained from Lederle Labs. (Pearl River, 
NY, U.S.A. ). 

HPLC-grade acetonitrile and methanol were purchased from J.T. Baker (Phil- 
lipsburg, NJ, U.S.A. ). All other reagents were of analytical grade. Deionized water 
was further purified in a Milli-QTM water purification system (Millipore, Bed- 
ford, MA, U.S.A.). Monosodium and disodium phosphate buffers used in the mo- 
bile phase were filtered and degassed through a 0.45-pm membrane (Type FH, 
Millipore). Bond-Elut cartridges (200 mg of solid phase C18, 3-ml reservoir) used 
for sample treatment were obtained from Analytical International (Harbor City, 
CA, U.S.A.) and washed with 10 ml of acetonitrile and 10 ml of methanol, fol- 
lowed by 10 ml of phosphate buffer (0.05 M, pH 2.7). 

Stock solutions 
The stock standards of the compounds were prepared as follows: MTX (595 

pg/ml ) was d’ issolved in citric buffer (0.1 M, pH 2.0); 7-OH-MTX (23.5 pg/ml), 
APA (56 pug/ml) and the IS. (520 pg/ml) were dissolved in Tris buffer (0.01 M, 
pH 7.0 ) . These stock solutions were kept at - 20 G C for a maximum of eight weeks 
and used for spiking serum, urine and bile, as well as for preparing calibration 
curves. The stock solutions were checked weekly and no degradation was observed. 

The solutions for external standards were made from mobile phase spiked with 
various amounts of the stock solutions: MTX, 6.7-2146.8 ng/ml (n = 8); 7-OH- 
MTX, 7.5-470.7 ng/ml (n = 6); APA, 7-448 ng/ml (n = 7); IS., 2.1-520 pug/ml 
(n = 7). 

Whole blood and urine samples were obtained from the healthy drug-free in- 
vestigators. Serum was harvested and used in the preparation of all recovery stud- 
ies. MTX-free bile was obtained from a patient who underwent cholecystectomy 
and had a temporarily inserted biliary t-drain. For recovery studies, 1 ml of serum, 
urine and bile was spiked with MTX, 7-OH-MTX or APA to the following final 
concentrations: MTX, 2146,214.7,107.3 and 6.7 ng/ml; 7-OH-MTX, 470.4,47.0, 
23.5 and 4.7 ng/ml; APA, 448.0,44.8, 11.2 and 5.6 ng/ml. 

Chromatography 
An isocratic Waters HPLC system (Millipore, Waters Division, Milford, MA, 

U.S.A.) was utilized. It consisted of a Model 590 pump, a Model 481 variable- 
wavelength detector set at 303 nm, and a WispTM Model 710 B autosampler (in- 
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jection volume 50 ~1) connected to a Model 3357 Hewlett-Packard integrator 
(Paramus, NJ, U.S.A. ). The columns were a 150 mmx 3.9 mm I.D. Nova PakTM 
Cl8 column with a particle size of 4 ym (Millipore, Waters Division) and a 
Brownlee guard column Ci8, 15 mm~3.2 mm I.D., with a particle size of 7 pm 
(Rainen Instruments, Woburn, MA, U.S.A.). The mobile phase was acetonitrile- 
phosphate buffer, 0.05 M, pH 2.7 (12:88, v/v), delivered at 20°C at a flow-rate of 
1.5 ml/min. 

Extraction procedure 
The compounds were extracted using a Bond-Elm column containing ODS- 

modified silica. The columns were placed in a luer that fitted onto the top of the 
Vat Elut cover, which was loaded with up to ten columns. A mild vacuum was 
applied to the manifold to carry out the various steps of the extraction procedure. 
To 1 ml of serum, urine or bile, was added either 0.1 ml (5.2 pug/ml) of I.S. solution 
for serum, or 1 ml for urine and bile, followed by l-2 ml of Tris buffer (0.01 M, 
pH 7.0). After brief mixing, the sample was applied to the Bond-Elut column. 
The cartridge was washed with 10 ml of phosphate buffer (0.05 M, pH 2.7) fol- 
lowed by 2 ml of sodium hydroxide (0.1 M) and another 3 ml of phosphate buffer. 
The compounds were eluted with 3 ml of methanol and evaporated to dryness. 
The residue was reconstituted with at least 0.25 ml of mobile phase, and aliquots 
were injected onto the HPLC column. 

Quantitation 
Peaks were identified by using retention times compared with the external 

standards. Amounts were calculated using both the peak-area ratio of analyte to 
the I.S. and comparison with standard curves of the various compounds. 

RESULTS AND DISCUSSION 

All compounds were well separated within 16 min (Fig. 1) and no interfering 
peaks were observed. The chromatographic system allowed quantitation in the 
linear range 6.7-2146.8 ng/ml for MTX (r = 0.9998; n = 8), 7.5-420.7 ng/ml 
for 7-OH-MTX (r = 0.9998; n = 6), 7-448 ng/ml for APA (r = 0.997; n = 7) 
and 2-520 yg/ml for the I.S. (r = 0.999995; n = 7). 

The results of the recovery experiments are listed in Table I. Between 77.7 and 
100.1% of the compounds were recovered. Recovery was constant (Table II) and 
the coefficient of variation (C.V. ) (n = 3 ) over the concentration range studied 
ranged between 0.82 and 5.68%. Concentration of the samples led to detection 
limits of ca. 1 ng/ml for all compounds in the biological fluids. 

As a group, methotrexate polyglutamates (n = 2-5) could be well separated 
from all other peaks (Fig. 2), but separation of the polyglutamates from one 
another was not possible. 

In addition to UV detection, electrochemical detection (ED) with an LC4 de- 
tector (Bioanalytical System, West Lafayette, IN, U.S.A.) was examined. For 
the tested chromatographic conditions, ED was as useful as UV detection (Fig. 
2 1. The instrumental conditions were the same as reported by Palmisano et al. 
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TABLE I 

RECOVERY AND ACCURACY OF METHOTREXATE, 7-HYDROXYMETHOTREXATE AND 
2,4-DIAMINO-N’“-METHYLPTEROIC ACID 

Concentration 
(ng/ml) 

Serum Urine Bile 

Mean C.V. (%)” Mean C.V. (%)O Mean C.V. (%)” 

Methotrexate 
2146.8 93.6 1.23 

214.7 97.0 1.60 
107.3 95.2 2.00 

6.7 96.0 2.53 
Accuracyb 95 4 2.00 

7-Hydroxymethotrexate 
470.4 79.2 1.41 

47.0 78.3 1.83 
23.5 80.5 2.41 

4.7 77.7 3.12 
Accuracyb 79.1 1.51 

2,4-DlamuwN’“-methylpteraic acid 
448 87.7 1 78 

44.8 90.7 1.83 
11.2 90.8 2.91 
5.6 919 4.61 

Accuracyb 90 2 2.85 

97.1 1 86 97.7 1.31 
100.1 2.64 97 1 164 
97.8 3.57 96 5 2 47 
97 6 3.96 96 8 2.86 
98 1 2.88 97.2 1.87 

81.5 1.07 80.5 0.82 
80.6 2.31 78.3 2.72 

82.2 1.95 81.6 3.17 

79.2 3.01 80.4 3.66 
80.8 1.73 80.6 1.93 

90.8 2 02 89.8 3.13 
91.5 2.43 88.5 3 42 
90 2 3.93 92 1 2 12 
88 7 4.57 91.2 5.68 
90.3 2.89 90.7 3.16 

bMean (n = 12) and C.V. of four levels of each compound in body fluids as a percentage of the spiked 
amount. 

TABLE II 

AVERAGE LINEAR REGRESSION (n = 3) (LEAST-SQUARE FIT) DATA FOR CALIBRA- 
TION CURVE 

Sample r Slope Intercept” 
(meanfS.D.) (mean?S D.) 

Methotrexate 

Serum 0 998 467 8 88*10-“+9.45*10-’ 5.07~10-“~8.78*10-:~ 
Urine 0 998 933 9.82~10-4+5.02-10-5 -9.90-10-~~5.07~10-” 
Bile 0.997 967 9.84*10-4&1.80*10-’ -9.35.10-“-t5.58*10-’ 

7-Hydroxymethotrexate 

Serum 0.993 930 
Urine 0.998 533 
Bile 0.998 901 

8.66*10-“i2.94*10-4 -2 00*10-‘?9.93.10-’ 
8.91.10-“i3 57.lo-” 7 94.10-5?7.86*10-4 
9.00.10-4&2 11*10-” -6.83.10-4+9.47.10-* 

2,4-D~am~no-N ‘“-methylpterozc acad 
Serum 0.999 712 8.32.lo-“? 1.87.10-” 6.61.10-‘i4.66*10-” 
Urine 0.998 972 8.23~106”f5.31*10-’ 9.67*10-“? 1.46.10-1 
Bile 0 991339 8.52*10-4f3.86.10-5 -3.77*10-1?8.15.10-4 

“None of the intercept values was signficantly different from zero (P> 0.05). 
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Fig. 2. Separation of methotrexate polyglutamates from MTX (1) and typical chromatogram ob- 
tamed with ED (2). 
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Fig. 3. (1) Concentrations of MTX m patient’s serum ( 0 ), urine ( q ) and bile ( n ) and (2) concen- 
trations of 7-OH-MTX in patient’s serum (a), urine (0) and bile (m) 
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[ 51. Unfortunately, use of ED did not improve the detection limit, and equilibra- 
tion procedures required much more time with ED than with UV detection. 

Using the above methodology, serum, bile and urine MTX and 7-OH-MTX 
concentration-time profiles were successfully obtained from a patient given a 10 
mg/m2 oral dose of MTX (Fig. 3). No APA could be found in any of these bio- 
logical fluids, although the assay was sensitive to less than 5 ng/ml. 

The method described in this paper allows rapid determination of MTX and 
its major metabolite in serum, bile and urine, even at the very low concentrations 
found in patients treated for rheumatoid arthritis. 
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