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Abstract-7-Hydroxy-methotrexate (7-OH-MTX), the major extracellular methotrexate (MTX) 
metabolite, is 90-95% bound in human serum, with albumin (HSA) as the major binding protein. 
Reports of an interaction with concomitantly administered non-steroidal antiinflammatory drugs 
(NSAIDs) during MTX therapy led us to investigate whether these compounds could reduce the binding 
of ‘I-OH-MTX in uitro. Equilibrium dialysis experiments demonstrated that naproxen and indomethacin 
concentration dependently reduced the binding of 1 PM 7-OH-MTX. After ingestion of 1000 mg 
naproxen, per cent unbound 7-OH-MTX in sera from volunteers increased 2-3-fold in u&o, positively 
correlated to naproxen concentrations (P < 0.00015). In addition, etacrynic acid, bilirubin, sulpha- 
methizole and acetylsalicylic acid displaced 7-OH-MTX from its binding protein(s) in a competitive 
manner. The data suggest that 7-OH-MTX interacts with several exogenous and endogenous substances 
associated with HSA in human serum. Displacement of 7-OH-MTX from HSA may contribute to the 
interaction between NSAIDs and MTX. 

7-Hydroxy-methotrexate (7-OH-MTX),t the major 
extracellular metabolite of the antifolate agent 
methotrexate (MTX), is measured in relatively high 
concentrations in the blood following high-dose 
MTX therapy [l-3]. 7-OH-MTX appears to have a 
lower volume of distribution than the parent com- 
pound [3], and has been found to be 90-95% bound 
in human serum at therapeutic concentrations [4,5], 
with serum albumin (HSA) as the primary binding 
molecule [5,6]. Compared to MTX, which is 40- 
50% bound mainly to HSA in serum [7-91, this 
would make 7-OH-MTX a more likely candidate for 
quantitatively important interactions to occur on the 
level of protein binding. 

Coadministration of non-steroidal antiinflam- 
matory drugs (NSAIDs) and MTX has previously 
led to toxic and sometimes fatal manifestations 
in patients [l&13]. Although the interaction 
between NSAIDs and MTX has been proposed 
to be caused by the inhibitory effect of NSAIDs 
on renal prostaglandin synthesis [ll, 121, the 
mechanism has remained a matter of speculation. 
7-OH-MTX is cytotoxic [14,15], and has been pro- 
posed as a mediator of renal toxicity following high- 
dose MTX [16,17]. Since both 7-OH-MTX and 
NSAIDs are highly bound to HSA in serum, and 
displacement of 7-OH-MTX by the latter from bind- 
ing sites would increase the concentration of 7-OH- 
MTX eligible for renal filtration, this could con- 
tribute to renal damage. To elucidate whether bind- 
ing of 7-OH-MTX in serum was affected by the 
presence of NSAIDs and other drugs which bind to 
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t Abbreviations: 7-OH-MTX, 7-hydroxy-methotrexate; 

MTX, methotrexate; HSA, human serum albumin; 
NSAIDs, non-steroidal antiinflammatory drugs. 

HSA, equilibrium dialysis experiments with 7-OH- 
MTX, using serum spiked with different con- 
centrations of 10 drugs, or sera from volunteers 
after administration of naproxen, were undertaken. 
Besides two compounds of the NSAID class, some 
commonly used drugs which are highly protein 
bound, bilirubin, leucovorin, and the non-protein 
bound agent allopurinol, were tested. 

MATERIALS AND METHODS 

Chemicals. 7-OH-MTX was obtained by pre- 
parative high pressure liquid chromatography 
(HPLC) of urine from a patient given intravenous 
high-dose MTX therapy. Chromatography was per- 
formed essentially according to a method previously 
described [18], but with fraction sampling, and 
further purification by HPLC using a mobile phase 
of distilled water, pH6.2, and subsequent wash- 
out of retained substance with methanol and water 
(50: 50, v/v). After freeze-drying and resuspension, 
HPLC showed a single peak, identical with 7-OH- 
MTX obtained from Dr W. E. Evans, St. Jude 
Children’s Research Hospital, Memphis, TN, 
U.S.A. 

Bilirubin was from Sigma Chemical Co. (St Louis, 
MO). Drugs were obtained from the following 
sources: Indomethacin, Merck & Co. Inc. (Rahway, 
NJ); allopurinol, Sigma Chemical Co. (St Louis, 
MO); digitoxin, NAF-Laboratoriene A/S (Oslo, 
Norway); and leucovorin (calcium folinate), A/S 
Nycomed (Oslo, Norway). Naproxen (A/S 
Nycomed, Oslo, Norway), phenylbutazone (Lavens 
kemiske Fabrik, Copenhagen, Denmark), etha- 
crynic acid (Merck & Co. Inc., Rahway, NJ), and 
acetylsalicylic acid and sulphamethizole (NAF- 
Laboratoriene A/S, Oslo, Norway) were kindly 
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donated by the suppliers. All other reagents were of Protein binding. Binding of 7-OH-MTX in serum 
analytical grade. was determined by e uilibrium dialysis, using a 

Serum. Serum was obtained from venipuncture of dialysis membrane 32 32 9 (Medicell International 
a 3l-year-old, healthy male, who took no drugs. Six Ltd., London, U.K.), clamped between two Per- 
healthy, drug-free volunteers, 3 females and 3 males 
(mean age 34 years, range 25-43 years) were given 

spex@ cells. 7-OH-MTX (50~1 in 0.9% saline) was 
added to 450~1.1 serum, in absence or presence of 

an oral dose of 4 x 250 mg naproxen tablets (Napro- displacer, to achieve a final concentration of 1 PM. 
syn@, Astra-Syntex Scandinavia AB, Sodertalje, The displacing compounds were dissolved in 0.9% 
Sweden) after an overnight fast. Blood samples were saline or in 0.1 M Na&O, before the sera were 
obtained immediately prior to drug ingestion and 2 spiked. Equal amounts of 0.1 M NaCOs did not 
and 6 hr afterwards. affect the binding of 7-OH-MTX -in serum in 

Serum was prepared by leaving venous samples at 
room temperature for 1 hr prior to centri~gation at 

separate experiments (data not shown). The samples 

2000 g for 10 min. Prior to experiments, serum was 
were dialyzed against 500,ul of Krebs Ringer bicar- 
bonate buffer 1191 at 37”, in an atmosphere of air 

stored at -20” for a maximum of 2 weeks. with 10% (202, with gentle shaking, and protected 
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Fig. 1. Percent unbound 7-hydroxy-methotrexate (7-OH-MTX) as a function of increasing the total 
added concentration of various compounds in equilibrium dialysis experiments with 10m6 M 7-OH-MIX. 
(a) Upper part: indomethacin (0), bilirnbin (A), digitoxin (Cl). (b) Middle part: naproxen (O), 
ethacrynic acid (V), phenylbutazone (O), sulphamethizole (m), acetylsalicylic acid (A). (c)Lower part: 
leucovorin (+), allopurinol (v). Each point on the curve represent the mean of 3-4 experiments, with 

SD < 5%. 
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Table 1. Interaction with serum protein binding of 10m6 M 7-OH-MTX by various substances 

Compound 
No. of 

experiments 
Cont. range 

(PM) PH 

Cont. of compound (FM) to 
increase %F of 7-OH-MTX 

100% 200% 300% 400% 

Indomethacin 
Bilirubin 
Digitoxin 
Naproxen 
Ethacrynic acid 
Phenylbutazone 
S~phameth~oIe 
Acetylsalic acid 
Leucovorin 
Allopurinol 

23 
23 
19 
18 
19 
20 
18 
18 
18 
20 

0.14-14000 
1 l-852 

0.01-9.36 
0.2-2000 

0.33-3300 
0.11-1100 
0.37-3700 
0.55-5500 
0.17-1700 
0.262400 

7.35 k 0.10 240 580 1400 2000 
7.53 + 0.10 240 600 - - 
7.47 * 0.11 - - - - 
7.58 2 0.16 220 420 840 1600 
7.43 t 0.09 96 520 930 1600 
7.39 + 0.09 - 

1400 
- - 

7.43 + 0.10 420 - - 
7.39 t 0.08 660 2500 - - 
7.52 + 0.15 94 - - - 
7.5920.24 - - - - 

Each compound was added to serum in 5 or 6 different concentrations, and the number of experiments and the total 
concentration range investigated for each substance is given. pH is given as mean ‘- SD values of measurements in both 
serum and buffer from all experiments. In non-supplemented serum, percent unbound (%F) 7-OH-MTX was 9.2 I?: 3.4% 
at pH 7.46 * 0.08 (N = 10). To the right, the concentrations of added compound which increased %F by 100% increments, 
as read from the curves (Fig. l), are given. 

from light. Following removal from the dialysis cells, 
pH in both serum and buffer was immediately 
measured (Radiometer, Copenhagen, Denmark), 
and the samples were analyzed on the same day. 
Equilib~um was reached within 16 hr, was unaltered 
for the following 8 hr, and was independent of 
whether 7-OH-MTX was added to the serum or 
the buffer side of the dialysis membrane (data not 
shown). Recovery of 7-OH-MTX from the dialysis 
cells was complete (data not shown). 

Determination of 7-OH-MTX! naproxen, and 
serum albumin. Serum and buffer concentrations of 
7-OH-MT& were measured by HPLC [l!]. 
Naproxen concentrations in serum were measured by 
HPLC, using a method described in detail elsewhere 
[ZO]. Serum albumin (HSA) concentrations were 
determined by the bromcresol-green method accord- 
ing to Boehringer Mannheim automated analysis for 
BM/Hitachi system 737 (Dec. 1984 edition). 

Calc~Zatio~. Statistical computations were per- 
formed using Microstat@, a microcomputer program 
from Ecosoft Inc. (Indianapolis, IN). 

RESULTS 

The results of the equilibrium dialysis experiments 
using spiked serum samples from a single subject, 
with a HSA concentration of 48.0 g/l, are presented 
in Fig. 1 and in Table 1. Of the substances tested, 
indomethacin, bilirubin, naproxen and ethacrynic 
acid were the most potent in terms of reducing bind- 
ing of 10T6M 7-OH-MTX. Leucovorin, sulphame- 
thizole and acetylsalicylic acid reduced the protein 
binding to a lesser degree, while digitoxin, phenyl- 
butazone and allopurinol did not alter the binding 
properties of 7-OH-MTX. 

After administration of 1000 mg naproxen, sera 
from the 6 volunteers, where albumin concentrations 
were normal (46.7 * 2.4 g/l, mean 4 SD), revealed 
a decrease in binding of 10e6 M 7-OH-MTX. In 
serum samples obtained before ingestion of the drug, 
percent unbound drug (%F) was 9.5 rt 2.7%. After 
2 hr the %F increased in all subjects to 22.9 2 4.8% 

with naproxen concentrations of 373 I 72 yM. At 
6 hr the %F was 18.5 i- 7.6% and the naproxen 
concentrations in the samples were 230 +: 31 FM 
(mean * SD), Compared to zero values, the 2 and 
6 hr increases in %F 7-OH-MTX were both signifi- 
cant (Wilcoxon signed rank test, P < 0.015), while 
there was no significant difference between the 2 and 
6 hr sera in terms of 7-OH-MTX binding (P > 0.05). 
%F of 7-OH-MTX was closely correlated with 
naproxen concentrations 0 = 0.037.x + 9.53, r = 
0.78, P < 0.00015) (Fig. 2). 

DISCUSSION 

HSA possesses several qualitatively different bind- 
ing domains for drugs and endogenous compounds 
(21-231. Indomethacin, naproxen, phenylbutazone, 
ethacrynic acid and probably sulphamethizole 
appear to bind to the indole site, or to subgroups of 
this site, on HSA [21,22]. A digitoxin binding site 
has been identified [22], but the relationship of this 
site to the site for indomethacin is uncertain [23]. 
Bilirubin binds to the bilirubin site on HSA [22]. 
Specific HSA binding sites for leucovorin, and acetyl- 
salicylic acid, has to our knowledge not been local- 
ized. Allopurinol does not bind to proteins in serum 

[241. 
Naproxen reduced the binding of 7-OH-MTX in 

the same manner as indomethacin, and so did the 
diuretic agent ethacrynic acid. Equimolar addition 
of both indomethacin and bilirubin to serum gave a 
reduction in 7-OH-MTX binding, thus demon- 
strating that 7-OH-MTX seem to bind to both indole 
and bilirubin sites. Digitoxin concentrations up to 
9.36 PM did not affect the binding of 7-OH-MTX in 
serum. Sulphamethizole, representing the sulphona- 
mide group of drugs, is highly bound to HSA [24]. 
The lesser reduction of the binding of 7-OH-MTX 
in serum by sulphamethizole as compared to indo- 
methacin or naproxen can be caused by the com- 
parably lower degree of binding of this drug per se. 
The smaller reduction in bound 7-OH-MTX in the 
presence of acetylsalicylic acid may likewise reflect 
that this drug is less protein bound, especially at high 
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Fig. 2. Cotrelation between percent unbound 7-hydroxy-methotrexate (7-OH-MTX) and total naproxen 
concentration in serum samples from 6 healthy volunteers. Each volunteer ingested 1000 mg naproxen, 
and samples were obtained before and 2 and 6 hr after administration of the drug. pH in serum and 
buffer samples was 7.31 t 0.09, and each point represent the mean of two experiments. See text for 

details. 

concentrations [25]. Surprisingly, phenylbutazone 
did not reduce the binding of 7-OH-MTX to any 
great extent. The observation that leucovorin 
increased the free fraction of 7-OH-MTX 2-fold at a 
concentration of approximately 100 PM, suggests an 
interaction with 7-OH-MTX binding sites on HSA. 
Leucoverin did, however, not further displace the 
binding of 7-OH-MTX at higher concentrations. 

Experiments with sera from volunteers were 
undertaken to elucidate whether binding of 7-OH- 
MTX could be affected by therapeutic concen- 
trations of a NSAID, and naproxen was chosen 
because of its properties as a potent displacer after 
in uitro spiking of samples. Unbound 7-OH-MTX in 
sera before ingestion of the drug, 9.5 r?: 2.7%, was 
of the same magnitude as reported earlier [4,5], but 
after administration of naproxen, per cent unbound 
7-OH-MTX increased 2-3-fold, positively correlated 
with serum naproxen concentrations (Fig. 2), which 
were of the same magnitude as encountered clinically 

(261. 

by precipitation in renal tissue, or by other mech- 
anisms of action, remains obscure. In general, two 
categories of patients are prone to develop renal 
damage with NSAID therapy alone; those with 
decreased effective circulatory volume and those 
with compromised renal function [27]. MTX is neph- 
rotoxic in its own right [28]. A substantial increase 
in renal filtration of the active and, by comparison, 
relatively insoluble metabolite would greatly 
increase the concentration of 7-OH-MTX in renal 
tissue, consistent with the theory that tissue damage 
is concentration-dependent and likely to occur in 
areas with the greatest drug concentration. Our 
results suggest that the pronounced reduction in 
bound 7-OH-MTX, caused by drugs like NSAIDs, 
may be of importance for the observed interaction 
between MTX and these drugs in the clinic. 

Acknowledgements-L.S. is a Fellow of the Norwegian 
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I?-OH-MTX is highly bound to HSA in the blood 
14-61. The present study demonstrates that exogen- 
ous and endogenous substances with affinity for dif- 
ferent binding sites or domains on HSA, such as 
indomethacin and bilirubin, or compounds with 
affinity for different subdomains on the same binding 
site, such as indomethacin and ethacrynic acid, 
reduce the serum binding of 7-OH-MTX in serum in 
the same manner. Whether this reflects affinity for 
7-OH-MTX at multiple HSA sites, or is a conse- 
quence of a conformational change in the HSA mol- 
ecule, is unknown. 
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