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(Methioprim) ."t (25205) 
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(Introduced by Charles A. Nichol) 
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Amethopterin-resistant mutants of BucilZus 
subtilis and mutants o i  Escherichici coli resis- 
tant to purine antagonists show increased sen- 
sitivity to the inhibitory effect of methioprim 
( 2 - methylthio - 4-amino-S-hydroxymethylpy- 
rimidine) when compared to the parent organ- 
isms, i.e., collateral sensitivity ( 1 ) .  Significant 
growth suppression of subcutaneous tumors 
(Ehrlich carcinoma, clone 2 and Rrebs) is also 
observed with this compound ( 2 ) .  Further- 
more, chromatography of urine from dogs and 
rats receiving methioprim reveals, in both 
cases, the excretion of an additional ultra- 
violet-absorbing substance with anti-bacterial 
activity similar to methioprimt . The present 
study reports that rat liver readily metabolizes 
methioprim to a t  least 3 products. 

Materials and methods. R a t  liver incuba- 
tions. Adult male Sprague-Daw1e:y rats were 
sacrificed by decapitation. Liver,s were im- 
mediately excised and placed in chilled bath 
of Rrebs phosphate buffer, pH 7.4(3). Slices 
weighing 70-100 mg were cut with a Stadie- 
Riggs microtome. Three slices were placed in 
each 20 ml beaker with 3 ml of Kxebs buffer 
solution to which methioprim (20 pmoles/ml) 
was added. The buffer-substrate mixtures and 
control beakers were incubated under atmos- 
phere of 957% 02-5% COa at  36.5"C with con- 
stant shaking in Dubnoff metabolic incubator. 

* This investigation was supported, in. part, by re- 
search grant from Nat. Cancer Inst., U.S.P.H.S. 

t A preliminary report was presented a t  annual 
meeting of Amer. Assn. for Cancer Research, Chicago, 
Apr. 1 2 ,  1957. 

R. Guthrie, unpublished data. 

At end of 5 hours, the reaction was stopped 
and protein precipitated by rapidly heating in 
boiling water bath for 5 minutes followed by 
cooling. The supernatant fluid was collected 
by centrifugation for analysis of metabolic 
products. Aliquots of supernatants of incu- 
bation mixtures and controls were applied to 
large sheets of Whatman 3 MM paper and 
ascending chromatograms were developed. 
Initial separation of components of incubation 
mixtures was carried out using top layer of 
solvent prepared by mixing n-butyl alcohol 
(500 ml) : water (500 ml) ; glacial acetic acid 
( 16 ml) . Chromatograms were examined for 
metabolic products by using ultraviolet light, 
and various spray reagents and by bioauto- 
graphic technic using microbiological assay 
described below. Microbiological assay. Me- 
thioprim and some closely related compounds 
suppress growth of amethopterin-resistant mu- 
tants of BacilZus subtilis to a greater extent 
than the parent strain ( 1). Such compounds 
have no effect on growth of these strains when 
2 - methyl-4-amino-5-aminomethylpyrimidine 
(the pyrimidine moiety of thiamine) is pres- 
ent in growth medium. For routine purposes, 
an agar-diff usion method and a chemically- 
defined medium(4) were used. An amethop- 
terin-resistant mutant of Bacillus subtilis, des- 
ignated as strain 605 lJA, was homogeneously 
seeded into medium with and without a sup- 
plement of 2 -methyl-4-amino- S-aminomethyl- 
pyrimidine. Similar platings of the parent B. 
subtilis 6051 were also made. Either paper 
discs impregnated with test solutions or strips 
of paper chromatograms were placed on the 
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surface of assay plates and incubated at 25°C 
up to 3 days. Zones of inhibition were noted. 
Presence of methioprim (concentrations as  
low as lop7 M can be detected) or similar com- 
pounds may be ascertained easily by charac- 
teristics described above. Chemicals. 2- 
Rlethylthio-4-amino-5-formylpyrimidine was 
prepared by the methcd of Okuda and Price 
( 5 ) , 2-thio-4-amino-5-pyrimidinecarboxylic 
acid and 2-methylthio-4-amino-5-pyrimidine- 
carboxylic acid by the method of Ulbricht and 
Price ( 6 ) .  2-Methylthio-4-hydrosy-S-hydroxy- 
methylpyrimidine was prepared by reduction 
of corresponding carbethoxypyrimidine with 
lithium aluminum hydride in ether. The yield 
in this solvent was low; however, recently, 
Hoover( 7 )  reported synthesis of this com- 
pound in good yield by use of dimethyl ether 
of diethyleneglycol as solvent. 2-Methylsul- 
fonyl-4-amino-5-formylpyrimidine was pre- 
pared by the method of Nairn (8) .  2-Thio-4- 
amino-5-hydrosymethylpyrimidine and me- 
thioprim were kindly supplied by Dr.  Stanton 
Harris and Dr.  James Sprague: Alerck and c'o. 
The other compounds were obtained from cam- 
mercial sources. 

Reszdts. Initial chromatograms of incuba- 
tion mixtures revealed 4 new components des- 
ignated as follows according to behavior under 
ultraviolet light: Compcnent I ,  Rf 0.95- 
fluorescent; Component 11, Rf 0.82-ultra- 
violet-absorbing ; Component 111, Rf 0.7 5- 
fluorescent; and Component IV, Rf 0.25- 
ultraviolet-absorbing. Components I, I1 and 
IV inhibited the assay organism B .  subtilis 
605 1/A. n'hen amounts of methiopriin 
equivalent to incubation concentrations were 
chromatographed as a control, an ultraviolet- 
absorbing contaminant was observed with the 
same Rf  value as Component I\T. The nature 
of this compound will be discussed below. -4s 
measured microbiologically 25-30% of me- 
thioprim was metabolized. 

I so l~ t ion  and identification of metabolic 
products. Component  I :  This compound ap- 
pears in low yield and has not been identified. 
It does not react with ninhydrin or dihydro- 
pyrimidine spray reagents. Its Rf value and/ 
or ultraviolet spectrum differs from all the fol- 
lowing compounds : 2-thio-4-arnino-5-pyrimi- 
dinecarboxylic acid, 2-methylthio-4-amino- 

TABLE 1. Comparison of Component I1 with Syn-  
thetie 2-Methylthio-4-amino-5-formylpyrimidine. 

Synthetic Product isolated 
compound from incubations 

Sulf ur  
Melting point 
Nit rogcri 
-11.P. of scniicarba- 

T i i f  r a  1w1 spec truril 
and lilt i x v i  olet 
spec truiii 

Molar extinction 
coeff. 

Rf valuest 

ZOllC' 

Positive Positive 
192 uncorr 192-93 uncorr 
Positive Positive 
272 uncorr 270-72 uncorr 

111 both czises n o  ciiacrrniblc 
difference 

Both 1.14 X l o 4  at 316 nifi 

I n  both cases no discernible 

Inhibitory" Inhibitory" 
difference 

' MicrolJiological assay : Inhibits B. subtilis 
Growth inhibition reversed by 2-meth>ri- (iOT,l/A. 

~-;lniiiio-5-:iiiiiiioiiict~iylpyrimiciiliiie. 

1 .  11-butyl aleohol-glacial 
ac  e t ic ac id-w a t er 

2. e t  hallol--NH,OH 
3. n-propyl alcohol-water 

i Solvents (see text for  ratios) 

Rf = 0.82 
Rf = 0.79 
Rf z 0.85 

pyrimidine, 2-methylthio-4-amino-5-methyl- 
pyrimidine, 2-thio-4-amino-5-hydroxymethyl- 
pyrimidine, 2-methylsulfonyl-4-amino-5-for- 
mq'lpyrimidine, 2-methylthio-4-hydroxy-5-hy- 
drosymethylpyrimidine, uracil, 5-hydroxyme- 
thyluracil, cytosine, and 5-hydroxymethyl- 
cytosine. 

Component  I I :  This component was eluted 
from initial chromatograms with 95% ethanol 
and purified further by successive ascending 
chromatography in ethanol( 1) : 1N NH40H 
( 1 ) , and then n-propyl alcohol (1 ) : water ( 1). 
Purified Component I1 was recrystallized from 
absolute ethanol, On the basis of series of 
tests listed in Table I, i t  was concluded that 
Component I1 was identical to 2-methylthio- 
4-amino- 5 -f ormylpyrimidine. 

Component 111: Isolation of this compound 
was achieved with identical procedure used 
for component 11. Table I1 shows compara- 
tive tests made with 2-methylthio-4-amino-S- 
pyrimidinecarboxylic acid. It was concluded 
that component I11 and 2-methylthio-4-amino- 
5-pyrimidinecarboxylic acid were identical. 

Component ZV: This compound was also 
eluted from initial chromatograms with 95y0 
ethanol and purified by successive ascending 
chrolmatography with n-butyl alcohol satu- 
rated with water, and then n-propyl alcohol 
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(6)  : HCl(2 ) : water ( 2  ) . The properties of this 
material are listed in Table 111. Several stock 
samples of methioprim contained a small con- 
centration of an ultraviolet-absorbing con- 
taminant with an Rf value similar to Com- 
ponent IV. After reviewing the method for 
preparation of rnethioprim( 6) it was shown 
that the contaminant was formed in the re- 
duction of corresponding carbethoxypyrimi- 
dine to methioprim with lithimum aluminum 
hydride. Purification of this yellow-colored, 
toluene-insoluble substance by chromato- 
graphy on a cellulose column eluted using top 
layer of a mixture of n-butyl alcohol (5001 
ml) : glacial acetic acid ( 16 ml) : water (500 
ml) and analysis has led to the conclusion 
that it is an aluminum containing derivative of 
methioprim arising from incomplete hydroly- 
sis of the reduction intermediate. The prop- 
erties of this material are also listed in Table 
111. 

Discussiorz. The present data demonstrate 
that the metabolism of methioprim by rat liver 
slices involves an oxidation of the S-hydroxy- 
methyl group to 5-formyl and 5-carboxylic 
acid derivatives as  well as an unidentified 
ultraviolet-absorbing material. This sequence 
is shown in the following diagram: 

Despite precise knowledge as to the nature of 
the unidentified product, i t  does not appear to 
be a decarboxylated or deaminated derivative 
of 2 -me thy1 thio-4-amino- 5 -pyrimidinecarbox- 
ylic acid. 

The catabolism in the rat of nucleic acid py- 

TABLE 11. Coinparisoil of Clorupoiieiit I11 with 
Synthetic 2 -Methylthio-4-aniino-5-pyrimidinecar- 

?)oxylic acid. 

Splithetic Product isolated 
co~npouncl from incubations 

Sulfur 
hTi t r og en 
Neltiitg poiiit 
Ultrariolet spec- 

Ultraviolet iiature 
Rf values t 

trum 

Xicrol~iological 
assay* 

Positive Positive 
> Y  Y ?  

220-30 d ~ . $  219-228 dec.: 
T n  both cases n o  discernible dif- 

Fluorescent Fluorescent 
In both cases no discernible dif- 

Negative Negative 

ference 

ference 

* Microbiological assay: No inhibition of B. szrh- 

t Solvents (see text for ratios) 
tilis 6051 or B. subtilis 6051/A. 

1. n-hu ty l  alcohol--glacial 
acetic acid-water Rf z 0.75 

Rf z 0.32 
Rf = 0.60 

2. e t hanol-N€I,O H 
3 .  11-propyl alcohol-water 

$ Uncorr. 

rimidines, uracil and thymine, has been shown 
by several investigators(9,10,11) to proceed 
v ia  reduction to Corresponding dihydropyrimi- 
dines prior to ring cleavage yielding beta-ala- 
nine and beta-aminoisobutyric acid respec- 
tively. Existence of an oxidative mechanism 
was substantiated by the observation that in- 
cubation of radiothymine with rat liver slices 
also gave rise to 5-hydroxymethyluracil and 
uracil-5-carboxylic acid ( 1 2 ) .  The oxidative 
metabolism of uracil and thymine in microor- 
ganisms has been reported in a soil bacterium 
to involve only a limited attack of the 6-C 
TABLE 111. Coinlxwison of Component I V  with 
Inipurity Isolated from Stock 2-Methylthio-4- 

amino-5-hydroxymethylpyrimicline. 

Synthetic Product isolated 
compound from incubations 

Sulfur 
Lithium 
Aluminuin 
M. P. 

Acidity and 
basicity 

so r 1) ti o n 
rl trsviolet  ab- 

.1N HC1 

. l N  NaOH 
Trentment wit11 

Pli ysical na tiire 
warn1 acid 

Positive Positive 
Negative Negative 
Positive Xot determined 
200-210 dee 200-210 clec 

Ampho tmic Ampho teric 
uncorr uncoir 

Max 245-250 nip Max 245-250 n1.u 
Max 284 mp 
Yields mcthio- Not determined 

Hygroscopic Not isolated as 

Max 284 mp 

prim 

n solid 
_______ - _-^I___ I I___~- - -  
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position of the pyrimidine ring( 13). Others 
( 14,15) have obtained barbituric acid from 
uracil oxidation by strains of Nocardia, Cory- 
nebacteria, and Mycobacteria. 

The biological oxidation of the hydroxyme- 
thy1 group to an acid is not limited to pyrimi- 
dines. Pyridoxine is converted to 4-pyridoxic 
ac id( l6)  and other data implies that panto- 
thenyl alcohol gives rise to pantothenic acid 

I t  is of interest to note that the magnitude 
of antibacterial activity as measured in this 
study declines in sequence with the oxidation 
of methioprim i.e. -CH20H > -CHO > 
C'OOH (inactive). 

Sz1712 i i z a r ~ .  Rat liver slices convert methio- 
prim to 2 -methyl thio-4-amino- j-formyIpyrimi- 
dine ant 1 2 -met h y 1 t h i o- 4 -am in o - 5 - p y r i m i d i n e - 
carboxylic acid. Another unidentified ultra- 
violet-absorbing material is also produced. 
The antibacterial activity of methioprim is 
greater than the 5-C'HO derivative. whereas 
the 5-COOH derivative is inactive. 
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Experimental pyelonephritis has generally 
been produced by methods involving intra- or 
estra-renal obstruction to the Aow of urine 
with subsequent injection of bacteria into the 
blood stream. Ureteral ligation( l , 2  ) . electro- 
cauterization(3), renal massage (4) ,  or the 
scars of antecedent staphylococcal infection 
( 5 )  have resulted in the localization of bac- 
teria in the traumatized kidney with subse- 
quent development of acute pyelonephritis. 
In  addition, S.  aureus in rabbits and mice( 6) .  

*Aided by grants from Nat. Inst. of Health, 
U.S.P.H.S., and Massachusetts Heart Assn. 

t Fellow of W. K. Mellogg Fn. 

P .  uemginosa  in mice( 7 ) ,  S. jecalis in rats 
(8 )  and c'. renale in mice(9) have, after in- 
travenous injection, produced infections of 
kidney in the absence of induced urinary ob- 
struction. The experimental models involving 
obstruction and hematogenous dissemination 
have been widely studied. In  the absence of 
a clear demonstration that infection of the 
kidney may ascend directly from the bladder, 
the concept has become increasingly accepted 
that the hematogenous route is the principal 
one for the spread of infection to the kidneys, 
although many investigators have indicated 
the lack of definitive experimental informa- 


