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Urinary Excretion Studies Following the Administration of Pteroic Acid.

A. L. FRANKLIN, E. L. R. STOKSTAD, AND T. H. JUKES.

From the Lederle Laboratories Division, American Cyanamid Company, Pearl Iiioer, N. Y.

A number of reports have dealt with the
apparent urinary excretion of pteroylglutamic
acid as measured with Lactobacillus casei or
Streptococcus jaecalis R. In normal subjects
on "average diets," the excretion is quite low,
usually in the neighborhood of 4 to 5 flg
daily. The urinary excretion rises following
the administration of a few milligrams of the
pure substance. In one investigation, assays
with S. jaecalis R indicated that from 44 to
57% of an oral dose of 5 mg was excreted in
six hours.'

The name pteroic acid" has been given to
the portion of the pteroylglutamic acid mole­
cule exclusive of glutamic acid, more specific­
ally 4( ((2-amino-4-hydroxy-6-pteridyl)meth­
yl) amino) benzoic acid. It may be synthesized
by condensing p-aminobenzoic acid with a-f3­
dibromopropionaldehyde and 2,4,5-triamino­
o-hydroxypyrimidine.? Pteroic acid can re­
place pteroylglutamic acid in promoting
growth of certain microorganisms, notably
S. jaecalis R, but it is without appreciable
growth-promoting action on L. casei? The
presence of pteroic acid in the urine would
therefore produce a response in the "folic
acid" assay when carried out with S. jaecalis
R but would be without effect if the assay
were carried out with L. casei. No studies
have been reported describing the urinary
excretion of pteroic acid' following its admin­
istration and such an investigation was the
subject of the present study.

Experimental. Pteroic acid was synthesized
as described above* and was obtained in a

1 Jukes, T. H., Franklin, A. L., Stokstad, E. L.
R,and Boehne, J. W., III, J. La·b. cu«. uea.,
1947, 32, 1350.

2 Angier, R. B., Boothe, J. H., Hutchings, B. L.,
Mowat, J. H., Semb, J., Stokstad, E. L. R, Sub­
baRow, Y., Waner, C. W., Cosulich, D. B., Fahrcn­
bach, M. J., Hultquist, M. E., Kuh, E., Northey,
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state of approximately 9010 purity as esti­
mated by chemical assay" and extinction co­
efficient measurements. The compound was
administered as a solution of the monosodium
salt to normal adult male subjects. The urine
was collected under toluene and the samples
were assayed for "folic acid" with S. jaecalis
R4 and for pteroylglutamic acid with L.
casei.' The results are summarized in Table I.

Discussion. Pteroic acid has been found to
stimulate the growth of certain lactic acid
bacteria under conditions in which a response
also occurs to pteroylglutamic acid. In one
class of organisms, typified by L. casei, a
response is produced by pteroylglutamic acid
but not by pteroic acid or p-aminobenzoic
acid. A second class, typified by S. jaecalis R,
responds to pteroylglutamic acid and pteroic
acid, but not to p-aminobenzoic acid. A clue
to the function of pteroic acid in this class
of organisms may be afforded by the observa­
tion" that certain enterococci in "resting cell
suspensions" convert the "S.L.R. factor,"
which is pteroic acid with an added formyl
group," to pteroylglutamic acid. A third type
of organism, exemplified by L. arabinosus
17-58 responds to either pteroylglutamic acid,
pteroic acid, or p-aminobenzoic acid. Studies
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578 URINARY EXCRETION OF PTEROIC ACID

of the relative potencies of these 3 compounds
for L. arabinosus" showed that the first 2 are
less active on a molar basis than is p-amino­
benzoic acid.

In experiments with chicks, pteroic acid"
and p-aminobenzoic acidv'? have been found
ineffective as a replacement for pteroylglu­
tamic acid in the diet. Pteroic acid was ad­
ministered ,11 5 mg daily for 10 days without
effect, to a patient with pernicious anemia in
relapse. The patient subsequently responded
to treatment with 5 mg of pteroylglutamic
acid daily for 6 days.

A study of the urinary excretion of pteroyl­
glutamic acid indicated that about half of
the dose, as estimated by assay with S. faecalis
R, appeared in the urine during 6 hours fol­
lowing the oral administration of 5 mg of the
substance. Similar results were obtained when
intravenous administration was used.! In con­
trast, pteroic acid when fed by mouth did
not appear to be excreted in significant
amounts in the urine, but when it was given
intravenously a considerable proportion of the
administered dose appeared in the urine. This
may indicate that the rate of uptake from
the gastrointestinal tract is low, or, less prob­
ably, that the compound is destroyed in the
tract before being absorbed. The results are
interesting in view of the low solubility of
the monosodium salt of pteroic acid which is
in contrast to the moderate solubility of
sodium pteroylglutamate. At the pH of the
small intestine, the ion formed bv the dis­
sociation of only the carboxyl group would
be the predominant form of pteroic acid.

A possibility to be considered: in the metab-
-"---'--"-_.-~'------'--"'-"--'-'--~_.'--'---"-_.._----~~- -

9 Lillie, R. J., and Briggs, G. M., Poultry Sci~
1947, 26, 289.

10 Unpublished investigations in this laboratory.
11 Spies, T. D., and Stone, R. E., Southern Mea.

•T., 1947,40, 46.

olism of pteroic acid IS its conversion to
pteroylglutamic acid. The respective activ­
ities of the 2 compounds for S. jaecalis Rand
L. casei enable a differential assay to be con­
ducted, especially if pteroic acid is present in
amounts considerably in excess of pteroyl­
glutamic acid. In this investigation, the L.
casei assay value of the urine was very low
following the intravenous administration of
pteroic acid in contrast to the S. faecalis R
assay value. This indicated that the urine
contained predominantly pteroic acid rather
than pteroylglutamic acid. However, a dis­
tinct rise in the L. casei value was observed,
which indicated probable conversion of a
small proportion of the pteroic acid to pter­
oylglutamic acid (Table I).

Summary. 1. Pteroic add was administered
to normal adult human males and the urine
was assayed for "folic acid" with S. faecalis
R and for pteroylglutamic acid with L. casei.
On the basis of the relative response of these
organisms to pteroic acid and pteroylglutamic
acid, the apparent concentration of these
compound's in the urine was determined.

2. The oral administration of from 2 to 10
mg of pteroic acid resulted in only a very
small amount of urinary pteroic acid.

3. Following the intravenous administra­
tion of 2 mg of pteroic acid the microbio­
logical assays of the urine indicated that from
15 to 46 % of the compound was excreted as
pteroic acid and that only about 1% ap­
peared to be converted to pteroylglutamic
acid.

4. The excretion studies indicated that
only a small proportion of an administered
dose of pteroic acid was converted to pteroyl­
glutamic acid and that pteroic acid is poorly
absorbed from the gastrointestinal tract.
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