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Methotrexate (ME%, amethopkrin, 4-amino-N10-methylpteroylgWamic 
acid), a folate antagonist which acts by inhibition of dihydrofolate reductase, 
is used as an anti-neoplastic agent alone or in combination with other anti- 
neoplastic drugs. Toxic reactions have become more likely with the recent 
introduction of high dose MTX therapy [ 11, one study [2] quoting a 6% 
mortality rate using W regimen, Many of the side-effects are due to delayed 
excretion of MTX and adverse reactions depend upon the duration of ex- 
posure to, as well a& the magnitude of, excessive MTX concentrations [S]. 
The-monitoring of serum MTX concentrations is essential to detect those 
patients at risk of developing toxicity and allow appropriate action to be 
taken [4] _ Measurement of the less soltile major metabolite ‘I-hydroxymetho- 
trexate (7-OH MTX) may also be important as it has been implicated in the 
development of renal toxicity [ 5]_ 

Methods for measuring MTX concentrations have been reviewed IS] _ Tech- 
ni~@es king high-@&for&n& liq&d chromatography (HPLC) include ion- 
exchange [?-IO] and reversed-phase chromatography after prior extrac- 
tion and concentration 111, 121 or pre-cohnnn derivatisation [13]. Some 
of these alao measure the major metabolite 7-OH MTX [8-121. This paper 
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describes a reversed-phase technique which allows direct injection of super- 
natant after protein precipitation. 

MATl3RIAcs AND lMElTHODS 

Equipment 
An Applied Chromatography Systems reciprocating pump was used with 

a Cecil CE 212 variable-wavelength W monitor fitted with an 8+1 chromato- 
graphy cell. A 120 mm X 4 mm I.D. stainless-steel analytical column and a 
45 mm X 4 mm ID_ precohmm were packed with the 5+m particle size 
stationary phase Hypersil~ctadecylsilane (Shandon, London, Great Britain), 
using a slurry technique. Injections were performed with a Specac loop in- 
jector, fitted with a 50*1 loop. 

Reagents 
Methanol (HPLC grade) was obtained &om Rathburn Chemicals (Walker- 

burn, Great Britain). The percbloric acid (PCA) used was 2 M in distilled 
water_ 

Non-formulated (USP) methotrexate (94.1% nominal purity) and analogues 
were obtained from Lederle Labs_ (Hampshire, Great Britain). Stock standards 
of 1 mg/ml in 0.1 M sodium hydroxide were prepared (stored at 4°C and 
found to be stable over several months)_ Subsequent dilutions for working 
standards were prepared in either mobile phase buffer or pooled serum, 7-OH 
MTX (905% pure) was kindly donated by Dr_ D_G_ Johns (N.C.I., Bethesda, 
MD, U.S_A_)_ The internal standard (I-S.), N-[4[ [(2,4_diamino-6-quinazolinyl) 
methylamino] benzoyl] ] aspartic acid, was a gift from Dr. L.H. Kedda (N.C.I.), 
and was used at a concentration of 10 pg/ml in 2 M perchloric acid. All other 
chemicals were of AnslaR grade, 

Procedure 
Semm (500 ~1) and 300 ~1 LS_ (10 pg/ml in 2 M PCA) were vortex mixed 

and centrifuged for approximately 5 min at 2000 rpm (approximately 1300 g)_ 
A 50-d aliquot of the supernatant was injected onto the column_ The elut 
ing solvent was 20% methanol in T&-sodium dihydrogen phosphate (both 
O-1 ai), pH 6-7, at a flow-rate of 1 ml/mm, corresponding to a pressure drop 
of approximately 75 bars_ Chromatography was performed at ambient temper- 
ature with detection at 305 nm_ The ratios of peak heights of MTX and 7-OH 
MTX to 1-S. in chromatograms from serum samples were compared with 
those obtained from a working standard_ Results obtained with HPLC were 
compared with those obtained by radioimmunoassay (RIA) [14] using ‘*‘I- 
labelled MTX 1153 _ 

REsulJTs 

Fig_ 1 shows the separation of MIX, 7-OH MTX, I.S. and five related com- 
pounds chromatographed using this sytem. C!hrom&graphy of serum taken 
from a patient 4 h after a 6-h infusion of 3.3 g MTX is shown in Fig. 2. A 
blank sample -of pooled serum showed no- significant interference (Fig_ 3)_ 
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Fig_ 1. Separation of (1) folinic acid, (2) folk acid, (3) aminopterin, (4) N*“-methylfolic 
acid, (5) internal standard, (6) MTX, (7) 7-OH MTX, (8) 2,4-diamino-N10-methylpteroic 
acid. Conditions as in text_ 

Fig_ 2_ Chromatogmm of sample from patient 4 h after termination of a 6-h infusion con- 

taining 3.3 g MTX. (1) Internal standard; (2) MTX; (3) ?-OH MT% 

The recoveries of MTX, I.S. and 7-OH MTX from pooled serum estimated 
by comparison with external standards were 82.2%, 87.5% and S&2%, respec- 
tively_ S%andard dilutions of MTX and 7-OH MTX in Tris-phosphate buffer 
and pooled serum were assayed in duplicate over the range 0.5-20 ,ug/ml 
(1.1 - 10-64.4 l 1O-5M)_ The standard curves obtained were linear_ MTX 
and ?-OH MTX were added to serum at two different levels and assayed five 
times during a single run, and on five different days. The within- and the 
between-batch variations are shown in 'Q-able I- 

Table II lists those drugs that might &omrnonly be administered with MTX. 
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TABLE: I 

PRHXSION DATA 

Concentration Coefficient of variation (n = 5) 

(M/mu Within-batch Between-batch 

(X) (46) 

MTX 1 3.4 10.3 
10 1.9 7-3 

?-OH MTX 1 3.2 12.6 
10 2.9 8.6 

Pig_ 3. Cbromatogram of blank sample fkom patient not receiving therapy. 

. 
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DRUGS TESTED FOR CHROB5ATCIGRAPHIC -CE 

Caffeine 
SaIicyIate 
co*iso1 

D+amethsone 
Morphine 
Cytkxine arabiiside 
Viicristiie 
Daunomycin 

Imiprsmine 
Daipramine 
Trimipxamine 
Diazepam 
Nifxazepam 
Chlordiazepoxide 
Pbenobarbitone _ 
Hydrallazine 
Folinic acid 

Only cytosine arabinoside produced an interfering peak (k’ = 4.8, retention 
relative to MTX = &X2)_ The others were either retained indefinitely or not 
at all. 

The lowest measurable levels of MTX and 7-OH MTX were considered 
to be 100 ng/ml (2.2 l 10-‘&f) and 200 ng/ml (4.2 .- lo-’ M) respectively 
at which concentrations the peak heights were five and three times the noise 
level of the system respectively. 

Fifty-two samples were obtained from patients during the 48 h following 
high dose MTX (approximately 3 g per square metre body surface area infused 
in 6 h), -The samples were analysed by HPLC and RIA for MTX and 32 of 
the samples were analysed for 7-OH MTX by HPLC. The concentrations of 
MTX measured by HPLC ranged from 0.1-216 fig/ml (0.2476 - 10m6 M) 
and- correlated well with the results obtained by RIA (r = 0.99, y = 0.77~ f 
0.99, -where it and y are RIA and HPLC values respectively measured in pg/ml)_ 
RIA gave overall higher- values (p < 0.01, Wilcoxon Matched-pairs Signed- 
Ranks test [lS] ). 

7-OH MTX concentrations ranged between 0.2-56 pg/ml(O.4-119 - 10m6 
M)- Up to 2 h post infusion the 7-OH MTX concentrations were always less 
than the MTX concentrations but after 4 h post infusion 7-OH MTX always 
exceeded MTX, being up to ten times greater at 24 h post infusion. Serial 
samples from four patients showed that the maximum concentration of ?-OH 
MTX occurred 2 h post infusion and was 35-56 pg/ml_ 

DISCUSSION 

This. reversed-phase system gives good baseline resolution of MTX, 7-OH 
MTX and IS.; a similar reversed-phase system using lo-pm RP-8 [13] failed 
to achieve this baseline separation although the authors did not ill~trate the 
improved performance claimed for 7qm~_particles. The method has a high 
degree of specificity since these compounds are weJ.l separated from en- 
dogenous compounds, N’Y-methylfolic acid and ammopterin (contaminants 
of .q~mmercial MTX preparations and l+ely to be mea@able~after high dose 
infusions), folini& acid (cikovorum factor; -used%-a&id& in ‘high do& regi- 
mens) and the minor metabolite 2,4-diamin o-N’“-methylpf+roic acid (DAMPA)_ 
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Of nineteen drugs likely to be administered simultaneously, only cytosine 
arabinoside interfered, although its presence would be detected by a shoulder 
on the MTX peak; however when co-administered its much shorter half-life 
and lower dosage diminish the likelihood of significant interference. 

There was a close correlation between results for MTX obtained using 
HPLC and RLA although the latter gave overdl higher values; this was not 
due to a lower recovery as the use of the IS. compensates for this but sug- 
gests that RZA measur es some substance not present in the chromatography 
peak Discrepancy between the RIA and competitive dihydrofolate reductase 
binding assay has been reported 1171, and this may be due to the nominal 
30% cross-reaction of the antibody with DAMPA, Further studies are in pro- 
gress using HPLC to determine the effects of DAMPI\ on RIA. 

Sample preparation is simple and rapid and give a high recovery of MTX, 
?-OH MTX and IS; a batch of samples can be nre,kued for chromatography 
in about 10 min and a single sample can be c&.-~latographed in about 20 
min. The sensitivity of the assay is 100 ng/ml(2.2 - lo-‘iW) for MTX which 
enables toxic levels to be m easured up to 48 h post infusion. 

Methods using an organic solvent extraction step [8,10-121 are consider- 
ably more time-consuming and have only a modestly increased sensitivity, 
their overall recovery being often less than 50% Methods offering about a 
tenfoId increase in sensitivity use either pre-cohmm fluorescence derivatisa- 
tion [ 131 or an on-line column concentration step [ 7,9] . 

Later than 4 h post infusion, 7-OH MTX concentrations are greater than 
those of MTX and 24 h post infusion we have found them up to ten times 
higher, dmilnr to those reported by Lankelma and Van der Kleiu [9] _ Cohen 
et al. 1123 state that their 7-OH MTX concentrations measured in MTX equiv- 
alents due to lack of an authentic standard were probably only about one 
quarter of the “true” concentrations, and if their MTX/7_OH MTX time course 
relationship is corrected accordingly it agrees well with our findings_ Measure- 
ment of 7-OH MTX may be clinically important due to its probable effect 
upon renal function [5] and because it competes with MTX for entry into 
cells thereby decreasing the therapeutic efficiency-of MTX [9] _ 

This method would be particularly useful in a department where the work- 
load is small but the results are required quickly. It is simple to operate and 
cheap to run. 
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