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A Simple Method for Determination of Levels of Amethopterin in Blood 
and Urine." (19154) 
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The marked variation in the amounts of 
amethopterin or other folic acid antagonists 
which different patients can tolerate suggests 
that there may be considerable differences in 
their ability to absorb land metabolize these 
compounds. Swendseid et aZ.( 1) have used 
turbidometric methods to study the excretion 
of aminopterin in leukemic patients. In  order 
to facilitate our studies of the absorption a i d  
excretion of amethopterin, a simpler assay 
method. similar to those used to determine 
levels of penicillin and streptomycin, was de- 
vised. Such la technic is herein described. 

Method. Seventy-five g of Difco Folic Acid 
Assay medium(6), 30 g agar, and 20 pg of 
crystalline pteroylglutamic acid5 are added to 
2,000 ml of distilled water. This is heated to 
dissolve the agar, autoclaved 15 minutes a t  
15 lb pressure, cooled to 45°C in a water bath, 
and inoculated with 2 ml of a 24-hour-old 
broth culture of Strcptococcus faecalis (ATCC 
?So. 8043). -After shaking thoroughly to mix 
the organisnis throughout the media, 20 ml 
aliquots are pipetted into 100 specially 
pressed, flat bottom Petri dishes (Pyrex dishes 
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100 mm diameter, Corning No. 3162) ar- 
ranged on a level surface, and allowed to 
solidify. These plates are then stored in the 
refrigerator at 4°C and used when desired 1 
to 96 hours later. Using a specially purified 
sample of 4-amino-V0-methyl pteroylglu- 
tamic acid (Amethopterin) (7)7, 30 standard 
tubes are prepred containing 5 cc each of a 
solution of the compound at a concentration 
of 1,OQO my/ml. These stock tubes are then 
frozen at -4O"C, and a tube removed every 
3 days when new series of standards are re- 
quired. By diluting this stock solution with 
distilled water, standards containing 10, 20, 
30, 40, 60, 80, 120, and 200 my/ml are pre- 
pared. These standard solutions are stored 
in the cold room at 4°C when not in actual 
use. -4 standard plate is prepared by placing 
4 special filter paper discs, 12.7 mm diameter 
(Schleicher and Schuell penicillin assay discs), 
on the agar, and delivering 0.09 ml of one of 
the various standards to each disc with an 
automatic penicillin pipette. Since the disc 
absorbs moisture rapidly from the agar, it is 
eBentia1 that the solution be delivered to the 
disc immediately after it touches the agar. 
Several plates are made to cover the various 
concentration ranges of the standard. The 
plates are then incubated for 18-24 hours, and 
the diameter of the zone of inhibition read 
with a Bermuda Colony Counter (American 
Optical CQ.), containing an etched glass scale 
graduated in milli,meters for measuring zone 
size. The diameter of the zone is plotted 
against the logarithm of the concentration of 
the drug to give a standard curve. Since the 
concentrations of amethopterin in the urine 
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FIG. 1. Urine amethopterin determination--with 
amethoptcrin standard, 20 mT/ml, and urine dilu- 

tion%. 

FIG.  2. Serum amcthopterin determination. 

specimens obtained during a 24-hour period 
after the oral administration of 5 mg of 
amethopterin usually range from 1 to 8 y/ml, 
considerable dilution is necessary to reach the 
range (20-40 my/ml), a t  which determina- 
tions are most accurate. The usual procedure 
is to use 4 discs per plate to which are added 
0.09 ml portions from a standard ametho- 
pterin solution containing 20 rny/ml, and 
from 1-500, 1-167, and 1-50 dilutions of urine, 
respectively (Fig. 1). One to 3 ml samples 
of blood are collected without (anticoagulant 
at various times after the administration of 

amethopterin to determine the levels in the 
serum. The bloods are allowed to clot, 
rimmed with a wooden applicator stick, cen- 
trifuged, and the serum removed. Full 
strength serum and 1-3 and 1-10 dilutsions of 
this in distilled water are used for most stud- 
ies. By such dilutions, serum levels of from 
10 to 400 my/ml can be determined with 
relative accuracy. As with the urine deter- 
mination, 4 discs are used per plate, onto 
which are pipetted 0.09 ml quantities of an 
amethopterin standard at  20 my/ml and of 
1-1, 1-3, and 1-10 dilutions of serum, respec- 
tively (Fig. 2 ) .  

Results. In  an attempt to study the recov- 
ery of amethopterin, 5 mg were added to 
1,000 ml of normal pooled human urine to 
give a concentration of 5 y/ml. This was 
then diluted 1-50, 1-167, and 1-500 and 10 
separate plxtes were set up each containing a 
standard and all 3 dilutions of urine. -4 
standard plate with concentrations of ametho- 
pterin in distilled H20 was set up at the same 
time. Recovery values of from 4.8 to 5.6 
y/ml were obtained. On the basis of this ex- 
periment, the metlhod would appear to have 
an accuracy of t 12 %. A similar experiment 
was doone in which 1 y of amethopterin was 
added to 15 ml of normal serum, giving a con- 
centration of 66.6 my/ml, and 1 y of ametho- 
pterin was added to another 10 ml to give a 
concentration of 100 my/ml in the full 
strength sera. The results on 10 plates of the 
1-3 and 1-10 dilutions of the serum containing 
100 my/ml varied from 81 to 130 my/ml and 
the average of each plate varied from 94 to 
111 my/ml, giving an accuracy of -t-ll%. 
Only the 1-3 dilutions of the serum containing 
66.6 my/ml were within the satisfactory 
range for these determinations. With these 
dilutions on 10 plates, recovery values of 60. 
to 69.670 my/ml were obtained indicating an 
accuracy of ~ 1 0 % ’ .  

Metabolic studies. Fig. 3 shows the levels 
of amethopterin in the serum, and the ex- 
cretion of the drug in the urine after the oral 
administration of 5 mg of amethopterin. Two 
normal adult male volunteers in fasting con- 
dition (no food for 12-14 hours), and one 
normal adult female and 3 males, 3, 3, 2 and 
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2 hours post cibum, were used in these 
studies. In  the fasting adult, serum levels of 
approximately 100 my/ml were attained in 
the first 30 to 60 minutes after ingestion of 
the drug? and there was a rapid fall to below 
detectable levels in from 3 to 7 5  hours. In  
2 of the individuals (No. 5 and No. 6), who 
had eaten heavy breakfasts of bread, cheese? 
and milk 2 hours before the test, there ap- 
peared to be delayed absorption and the serum 
levels rose more slowly, and to a lesser degree. 
These in turn fell more slowly than in the 
fasting individuals (No. 1 and No. 2 ) ,  or in 
those who had eaten less heartily, or in whom 
a longer period had elapsed since the last meal 
( S o .  3 and K.0. 4) .  In  individuals No. 5 and 
Xo. 6 a relatively high level was found 6 
hours after the administration of the drug, but 
in none of the 6 volunteers was any detectable 
amount of the drug present 24 hours after 
ingestion. Similarly, the urinary excretion of 
the drug was delayed in No. 5 and Nu. 6, 
but the total 24-hour excretion in all indi- 
viduals was approximately the same, varying 
from 40 to 57% of the ingested dose. 

Serum levels and urinary excretion after 5 
mg of amethopterin administered orally on 
fasting stomach were compared with the 
values on the same patient obtained after 
intramuscular administration of the same 
amount of amethopterin one week later. NO 
significant difference was apparent between 
the two. 

Fig. 4 shows the serum levels after inges- 
tion of 5 mg amethopterin in a fasting male 
patient with impaired renal function (B.U.N. 
58) contrasted with 2 fasting ,normal males 
of about the same age. In  this patient a 
serum level of 100 my/ml and above persisted 
for the first 6 hours, and detectable amounts 
were present in the serum even 48 hours after 
the ingestion of the drug. 

Discussion. A thorough discussion of the 
advantages and disadvantages of the disc 
method for antibiotic assay has been given by 
Loo et a l . ( S ) .  The advantages of this par- 
ticular technic over the turbidometric tube 
method for the assay of amethopterin are: 
( 1 )  that absolute sterility of blood and urine 
samples is not required, ( 2 )  that colored or 
cloudy solutions or suspensions do not inter- 
fere with the accuracy of the test, and (3) 
that very small blood and urine samples can 
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be used if desired, 0.5 ml serum being ade- 
quate for duplicate determinations. It is 
probably true that the accuracy achieved by 
this technic is somewhat less than that at- 
tained by aturbidometric assay methods when 
clear solutions are being tested, but this plate 
technic compares favorably with similar peni- 
cillin assay methods using either discs or cups. 
Replicate determinations will considerably in- 
crease *the accuracy of this technic. 

In  the serum of a patient who has been 
given amethopterin, all that can be said with 
certainty at  present is that this technic detects 
a substance with growth inhibitory properties 
for Streptococcus faecalis similar to those of 
amethopterin. Probably this is the unchanged 
amethopterin, but it is possible that it may be 
a metabolite of that drug. rather than ametho- 
pterin itself. Chromatographic studies to de- 
termine the actual identity of this inhibitory 
substance are in progress at the present time. 

The maintenance of a high level of ametho- 
pterin in the serum for the first 6 hours, and 
the presence of the drug in the serum 24 and 
48 ahours after ingestion in a patient with im- 
paired renal function, gives a physiologic 
basis to the clinical finding that relatively 
small repeated doses of this compound are 
likely to cause severe toxic manifestations in 
such patients (8). 

Preliminary results here reported suggest 
that the condition of the stomach (fasting, 
post cibum) may have considerable effect on 
the rate of the absorption of ingested ametho- 
pterin, but has little effect on eventual absorp- 
tion as revealed by total 24-hour excretion of 
the drug. 

-4lthough in the one patient studied there 
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was very little difference between the oraI 
(fasting), and the intramuscular routes, it 
seems probable that for the most accurate 
metabolic studies zn intravenous injection of 
t,he drug on a weight basis would be preferable. 
hletabolic studies by such a technic on pa- 
tients with acute leukemia are in progress at 
the present time in the hopes of elucidating 
the mechanisms of the natural and acquired 
resistance of this disease to amethopterin. 

( I )  -4 simple disc technic has 
been devised for determining concentrations 
of amethopterin in blood and urine. ( 2 )  This 
test has an accuracy which compares favor- 
ably with similar assay methods for anti- 
biotics. ( 3 )  Amethopterin appeared in the 
blood and urine in detectable amounts 15 to 
30 minutes after the ingestion of a 5 mg dose 
on a fasting stomach by 2 normal individuals, 
and 30 to 60 minutes after ingestion at  the 
same dose by 4 normal non-fasting indi- 
viduals. In  some of the 6 it was still detecta- 
ble at  6 hours, but in none after 24 hours. 
(4 )  Six normal adults excreted 40 to 577% of 
the ingested dose in the urine within 24 hours. 
(5) In one patient little difference in serum 
levels or total excretion could be demonstrated 
whether the drug was given by the oral or 
intramuscular route. ( 6 )  In  a patient with 
impaired renal function, higher initial serum 
levels were obtained and detectable amounts 
were present in the blood serum 45 hours 
after ingestion of amethopterin. 

Summary. 

.4ddendum. Since this paper was submit- 
ted, further studies have shown that by de- 
creasing the final concentration of crystalline 
pteroylglutamic acid in the medium from 10 
m-i/ml to 1 my/ml a considerable increase in 
the sensitivity of the technic may be attained. 
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