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Summary. A sensitive, rapid method for the measurement of 
methotrexate in biologic fluids has been developed using a 
solid-phase radioimmunoassay (RIA ). Hydroxyethylmethacry- 
late monomer was polymerized in the presence of rabbit 
antimethotrexate antisera and the resultant gels lyophilized, 
ground to a fine powder, and aliquoted into 3-ml syringes fitted 
with a fritted filter disc. Control gels without incorporated 
antibodies did not bind radiolabeled methotrexate, whereas a 
dose-response curve expressing percent bound methotrexate 
against antiserum concentration could be readily constructed for 
appropriate gels. Drug concentrations of less than lng/ml can be 
measured. The fate of a bolus IV injection of methotrexate 
(100 mg) into an adult female baboon was evaluated by the 
HEMA-RIA system and compared with a previously published 
enzyme assay for the drug. These studies describe a stable and 
efficient system for rapid separation of bound antigen by simple 
filtration. 

Introduction 

The folic acid antagonist, methotrexate (MTX, amethopterin, 
4-amino-10-methyl-pteroylglutaminic acid), has been an estab- 
lished antineoplastic agent in clinical use for over 25 years. 
Efficacy against childhood acute leukemia, choriocarcinoma, 
breast cancer, lung cancer, and head and neck cancer has been 
consistently described [5, 12]. In recent years, a renewed 
interest in enhancing the therapeutic index of this drug has 
resulted in the clinical application of high-dose treatments. The 
use of high doses of MTX is made possible by the adminis- 
tration of leukovorin (citrovorum factor, 5-formyl-tetrahydro- 
folate), which acts as a source of tetrahydrofolate and 'rescues' 
normal cells from irreversible damage [2, 6, 8, 10]. Both the 
clinical efficacy and the undesirable toxicity of MTX have been 
shown to be related to its serum concentration [7, 11]. Careful 
monitoring of drug levels has transformed high-dose MTX into 
a relatively safe and non-toxic therapy [9]. 

Methods for measuring MTX concentrations include 
biologic assays, chromatographic techniques, and immunoas- 
says [1]. The solid-phase radioimmunoassay (RIA) described 
in this report incorporates anti-MTX serum into a hydroxy- 
ethylmethacrylate (HEMA) polymer, known as a hydrogel. 
The resulting lyophilized hydrogel offers improvements over 
most existing procedures for measuring MTX. There is rapid 
and efficient separation of free from bound antigen, incubation 
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periods are short, and arduous pipeting steps are elimi- 
nated. 

Materials and Methods 

Rabbit MTX antiserum (titer of i : 50,000) was obtained from 
Seragen, Inc., Dorchester, MA, USA. Ophthalmic grade 
2-hydroxyethylmethacrylate (HEMA) and divinylbenzene 
were products of Polyscience, Inc., Warrington, PA, USA; 
ammonium persulfate and TEMED (N,N,N, 'N'-tetramethyl- 
ethylenediamine) from Bio-Rad, Inc., Richmond, CA, USA; 
75 x 50 mm microscope slides and 22-mm plastic coverslips 
from Fisher Scientific, Co., Pittsburg, PA, USA; 3-ml syringes 
from Becton-Dickinson and Co., Rutherford, NJ, USA; 
plastic filter flits from Amicon, Inc. and 1125 MTX tracer from 
The Enzyme Center, Inc., Boston, MA, USA. All samples 
were counted in a Packard Gamma Counter. The Methotrex- 
ate Radioassay 1125 Kit was used according to the manufac- 
turer's instructions (The Enzyme Center, Inc., Boston, MA, 
USA). 

Preparation of HEMA-Antiserum Hydrogels. Hydrogels of 
H E M A  were prepared in the following manner: 0.5 cm 3 
HEMA,  0.25 cm 3 antiserum, 0.25 cm 3 distilled water, 6 ~tl 
divinylbenzene, 10 ~tl TEMED, and 100 ~1 6% (wt/vol.) 
ammonium persulfate were added sequentially and mixed 
thoroughly in a Vortex mixer. The resulting solution was 
allowed to polymerize between two microscope slides (sepa- 
rated by two pairs of coverslips) at 37°C for 45 min. The 
hydrogels were then thoroughly rinsed in each of three beakers 
of distilled water for 5 min and then dialyzed exhaustively 
against 41 50 mM Tris, 0.15 M NaC1, pH 7.35, at 4 ° C. The 
hydrogels were then placed on microscope slides, frozen at 
- 4 ° C  and lyophilized overnight. The resulting brittle plastic 
was ground to a fine powder in a covered mortar and pestle. 
Hydrogels containing less antiserum were prepared by diluting 
the antiserum with distilled water so that the aqueous phase 
was maintained at a volume of 0.5 cm 3. 

Preparation of Assay Chambers. Circular discs (9 mm in 
diameter) of plastic filter flit were wedged into the bottom of 
the 3-ml syringe chambers. The hydrogel-antiserum powder 
was suspended in distilled water at a concentration of 
25 mg/ml. Aliquots (100 ~1) of the well-stirred solution were 
dispensed into the syringe chambers. 

Radioimmunoassay Procedure. All samples were run in 
duplicate in 13 x 100 mm disposable culture tubes at room 



Table 1. Procedure for RIA with HEMA-antiserum 

Reagents Blank tube Zero tube Sample tube 
(.1) (no HEMA) (.1) 

(~tl) 

Buffer 1,000 1,000 900 

Standard/sample - - 100 

MTX tracer 100 100 100 

Buffer 400 400 400 

Step 1: 

Step 2: 
Step 3: 

Step 4: 

Step 5: 

Buffer, standard or sample, MTX tracer drawn into assay 
chamber (syringes) 
Rinsing buffer drawn into assay chamber 
Incubation at room temperature for 40 min with intermit- 
tent mixing in a Vortex 
Supernatant dispersed from the chamber into a clean test 
tube 
Determination of radioactivity by gamma counter 

temperature. The buffer used throughout the procedure was 
0.1 M NaC1, 0.05 M potassium phosphate, pH 7.4, containing 
0.1% gelatin. The protocol for the assay procedure is shown in 
Table 1. The reagents were added in the order indicated and 
drawn into the assay chambers (syringes), which could then be 
mixed in a Vortex after inserting the entire syringe into a clean 
13 x 100 mm test tube. The original sample tube was rinsed 
with 400 ~tl buffer, which was then drawn into the syringe as 
well. Any air inadvertently drawn into the syringe was 
squeezed out of the inverted chamber. The solutions were 
intermittently mixed in a Vortex for 40 min. The supernatant 
was squeezed into a clean test tube for determination of the 
radioactivity of each sample. 

Standard Curve. The concentration of MTX in an unknown 
sample is determined by the degree to which it displaces the 
binding of the tracer to the hydrogel antiserum powder. The 
standard curve is obtained by plotting [1-(B/B0)] x 100 as a 
function of the concentration of unlabeled MTX where: B = 
(sample count - blank) and B0 = (zero count - blank). 

Assay of  M T X  in Baboon Serum. A 25-kg female baboon 
(Papio anubis) was given a 100 mg IV bolus injection of MTX. 
Six blood samples were collected from a femoral vein during 
the subsequent 25 h. Methotrexate serum concentrations were 
determined simultaneously by the HEMA-ant ibody 
(HEMA-AB)  method and by the competitive enzyme method. 
Two, three, and four 10-fold dilutions were prepared for each 
serum sample. This series of dilutions covers variations 
through the range of drug concentrations obtained during 
MTX therapy. Samples were stored at - 4  ° C if not assayed 
within 24 h of collection. 

Results 

To construct a HEMA-antiserum hydrogel that would opti- 
mally bind specific radiolabeled antigen, H E M A  monomer 
was polymerized in the presence of an aqueous phase 
containing antiserum. Maximum binding of tracer to powder 
was obtained for a given concentration of antiserum when the 
ratio of monomer to aqueous phase was 1 : 1. This formula 
was routinely used in the preparation of all HEMA-antiserum 
powders as described above. 
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Fig. 1. Specific binding of tracer to HEMA-AB and control 

8 0 '  

40  

+ 

/ 
+ /  

/ 

+ ~ 

0 60  1 2 0  

T I M E  ( m i n u t e s )  

Fig. 2. Binding of antigen to HEMA-AB as a function of time 
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Fig. 3. Binding of MTX to HEMA-AB as a function of the quantity of 
powder. (+) standard assay; (*) assay with 0.25 ng unlabeled 
MTX/ml 

Binding of a constant amount of tracer to a series of 
powders containing increasingly dilute antiserum decreased as 
illustrated in Fig. 1. Hydrogels prepared with non-immunized 
rabbit serum did not bind MTX to any significant degree. 

The kinetics of MTX binding to the hydrogel-antiserum 
powders was examined. Approximately 65 % of the tracer was 
bound in 40 min (Fig. 2). This incubation time was chosen for 
all assay procedures. 
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Fig. 4. Standard curve of a routine MTX assay using 2.5ms 
HEMA-AB powder 
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Fig. 5. Plasma clearance of MTX determined by the HEMA-AB 
RIA 
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Fig. 6. Plasma (MTX) determined by the HEMA-AB RIA and the 
competitive enzyme technique 

The quantity of powder required for maximum sensitivity 
of the assay was also determined. Varying quantities of powder 
were placed into separate syringes. The assay was carried out 
as above, except that 0.25 ng unlabeled MTX/cm 3 was added to 
each assay tube. The results were then compared with those 
obtained when the entire series was performed with labeled 
MTX present, as shown in Fig. 3. Maximum assay sensitivity 
will be obtained at that concentration of powder for which the 

inhibited curve is displaced approximately 50%. A powder 
concentration of 2.5 mg/ml was therefore routinely used for all 
assay procedures. A standard curve of a routine HEMA-an- 
tiserum RIA utilizing 2.5 mg powder is shown in Fig. 4. 

The plasma clearance of MTX was determined in the 
baboon by measuring drug concentrations with the 
HEMA-AB assay (Fig. 5). Following the initial distribution 
phase, two phases of disappearance were obtained, as 
previously described [4]. A comparison between the 
HEMA-AB assay and the competitive enzyme method was 
performed in the baboon serum samples. Methotrexate 
concentrations determined for each sample were plotted 
against those obtained by the competitive assay. Analysis of 
variance revealed no significant difference in the concentration 
range studied (10-5-10 -9 M). 

Discuss ion  

Numerous methods for solid-phase RIA have been reported 
for a variety of hormone and drug antigens• These have 
included the utilization of plastic test tubes and discs, agarose 
and plastic beads, porous glass, and polyacrylamide gels [13, 
14]. In the present RIA the controlled entrapment of 
antiserum into a hydrogel matrix proved to be simple, 
inexpensive, and stable. In addition, the hydrogel is not toxic 
or dangerous to prepare• 

The utility of the HEMA-hydrogel as a solid phase appears 
to be related to the porosity of its polymeric form. The porosity 
of hydrogels is dependent upon both the kinetics of polymer- 
ization and the concentration of cross-linking agent (divinyl- 
benzene)• Polymerization conditions described above pro- 
vided the optimal HEMA-AB hydrogel for use in RIA. 

A shortcoming of many solid-phase techniques is the 
inability to control antibody binding to the solid phase. By 
polymerizing monomeric HEMA in the presence of diluted 
antiserum of known concentrations one can entrap antibodies 
in a controlled manner. This allows for long-term stability of 
the antibody and accurate dispensing of the material. The 
specificity of the HEMA-AB is dependent upon the antibody 
specificity, as no appreciable binding of tracer occurred to 
control serum powders. A recent evaluation of current assay 
techniques for serum MTX found no significant differences 
between results obtained from enzyme immunoassay and from 
RIA [3]. The simplification of the specific and sensitive RIA 
technique appears desirable• 

The MTX HEMA-antiserum RIA has proved to be 
reliable and reproducible. Because the antibodies are entrap- 
ped less than 1 h is required for incubation, and any 
centrifugation steps are eliminated. Precise timing is less 
critical and dozens of samples may be assayed simultaneously 
with the results available within i h. With few modifications 
and the incorporation of different antisera, this method could 
be readily adaptable for determination of a variety of antigens. 
Expensive laboratory equipment is not required for this 
technique and the practical simplicity of the assay procedure 
will prove to be useful in the clinical laboratory• 
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