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In a previous report(1) it was shown that
following the intravenous administration of
amethopterin  (4-amino-N*°-methyl-pteroyl-
glutamic acid) to normal mice in a single dose
of 0.5 mg/kg, the greater part of the com-
pound was rapidly excreted or metabolized
within approximately 4 hours. The remainder
was found to be concentrated mainly in those
tissues (liver and kidneys) which have been
reported(2) as containing relatively high con-
centrations of folic acid and citrovorum factor.

As a consequence of this observation it was
of interest to determine the persistence of the
antimetabolite in various tissues after the ad-
ministration of amethopterin, by various assay
schemes, and furthermore to establish the
identity of the anti-metabolite.

Materials and methods. The mice used in
this experiment were of the inbred AkR stock,
weighing approximately 20 g. All were young
mice of approximately the same age. Groups

* This investigation was supported by a research
grant from the National Cancer Institute, of the
National Institutes of Health, Public Health Service,
by an institutional grant from the American Cancer
Society, and by funds from the Damon Runyon
Memorial Fund for Cancer Research, the Lasker
Foundation and the Grant Foundation.

¥ Visiting Research Fellow of the British Empire
Cancer Campaign and the American Cancer Society.

1 Research Fellow of the National Cancer Institute.

of mice of different sexes were used. Previous
to and throughout the experiment the mice
were fed the standard Purina Laboratory
Chow diet. For convenience of description
the mice used in this study are divided into 6
groups based on the administration of ametho-
pterin. Group I (31 mice) received ametho-
pterin intraperitoneally at a dose of 3 mg/kg
on alternate days for a total of 3 injections.
Group II (18 mice) received 1 mg/kg on the
above schedule. Group III (10 mice) re-
ceived a single intraperitoneal injection of 3
mg/kg, and Group IV (12 mice) was given
1 mg/kg intravenously on alternate days for
3 injections. Group V (18 mice) was given
amethopterin as for Group I. Seventy-two
hours after the last injection 2 mice were sac-
rificed, and thereafter at daily intervals all the
remaining mice were given citrovorum factor
(CF)$ intraperitoneally at doses ranging from
0.25 to 30.0 mg/kg. Mice were sacrificed
daily 24 hours after last injection of CF. The
procedures employed in obtaining and pre-
paring tissues for assay were those previously
reported (1) and the assay procedure was that
of Burchenal ef al.¢3).

Group VI. For purposes of identification

§ Leucovorin  (Lederle) supplied through the
kindness of Dr. James Ruegsegger, Lederle Labora--
tory Division American Cyanamid Co., Pearl River,
N. Y.
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TABLE I. Concentration of Amethopterin (mvy/g) in the Liver, Kidneys, Spleen and Lungs

AMETHOPTERIN LEVELS IN NORMAL MICE

of Mice

over a 3 Week Period.

Days after last inj.
Group 1 2 3 4 7 10 12 14 17 21
Liver I 338(3) 345(4) 410(3) 303(3) 384(2) —  482(2) 427(2) 268(2) 426(3)
(my/g) II  204(4) — 512(2) —  408(2) 275(2) 432(1) 410(3) —  375(2)
IIT  332(2) 315(2) —  309(1) 330(1) 368(1) — 315(1) —  284(2)
IV 280(2) — 412(2) — —  340(1) 350(1) 387(1) 261(1) 320(1)
Kidneys I 430(1) 453(2) 405(2) 430(1) 279(2) —  327(2) 233(2) 218(2) 238(3)
(my/g) I 380(2) 320(2) — —  331(2) 260(1) —  212(2) — 101(2)
II1 — — —  290(1) 219(1) 231(1) —  156(1) ~—  126(2)
Iv — — — — — — —  285(2) 380(1) 226(1)
‘Spleen I 0(1) 219(2) 140(1) 0(1) 0(2) — 0(2) 0(2) 0(2) 420(1)
(mv/g) 0(1) 0(2)
I 02 — 0(2) — 0(2)  0(1) — 0(3) — 0(2)
I - — — 0(1)  o0(1) 0(1) — 01y — 0(1)
v — — — — — — — 0(2) 630(1) 0(1)
Lungs I 240(1) 80(2) 0(2) 01 0(2) — 0(2) 0(2) 0(2) 150(1)
(my/g) 0(2)
IT 150(1) — 0(2) — 0(2) 0@1) — 0(3) ~— 0(2)
o
o — — — 01y 01 0 — 01y — 0(1)
Iv — — — — — — — 0(2) 475(1) 0(1)
Group I. Amethopterin 3 mg/kg X 3 i.p. alternate days. Group IL. 1 mg/kg X 3 ip. alternate days.

Group III. 3 mg/kg i.p. single inj. Group IV. 1 mg/kg X 3 intrav. alternate days.

of the inhibitory substance in the liver, a
series of mice was injected intraperitoneally
with amethopterin at a dose of 3 mg/kg.
These animals were sacrificed at 15 hour in-
tervals up to 3 hours, then at 4, 5, 7, 17, 24,
48, 70 hours, 4, 8, and 14 days. Other
mice not in this series were tested up to 8
months after injection. The liver was re-
moved from each animal and treated as pre-
viously mentioned, after which the super-
natant was concentrated iz vacuo to approxi-
mately one ml. As controls for this experi-
ment homogenates of 4 normal livers were
prepared. Amethopterin (0.5 y/g) was added
to the first preparation, methopterin, N*°-
methyl-PGA, (2 y/g) to the second, amino-
pterin, 4-amino-PGA (1 v/g) to the third,
and to the fourth control was added a single
preparation containing the 3 folic acid an-
tagonists in the concentrations given above.
These controls were boiled, clarified, and con-
centrated like the test samples. 10 ul of the
liver concentrates were placed on Eaton-
Dikeman No. 613 paper strips; these strips
were developed for 6-68 hours in 3 different
solvent systems.! After the strips were re-
moved and air dried they were placed on large
Ppyrex plates which contained Difco Folic

Acid Assay agar-plus PGA at 0.5 my/ml seed-
ed with S. faecalis (ATCC 8043). The bioauto-
graphs of the inhibition zones were observed
after an incubation of 16 hours.

Results. Table I shows the concentration
of amethopterin in my/g of wet tissue in the
organs of mice in Groups I-IV. Throughout
the 21-day period mice in all groups showed
the presence of amethopterin in the kidneys
and liver. The levels remained remarkably con-
stant, and the size of the dose bore no rela-
tionship to the amethopterin concentration.
Similar results have been observed previously
(1) following a single intravenous injection of
0.5 mg/kg and also in these experiments with
a single dose of 20 mg/kg.

The serum was of interest in that ametho-
pterin was detectable in all groups throughout
the time of the experiments. The serum levels
of Group I mice are shown in Fig. 1A, and
similar levels were detected in Groups II-IV.

The serum level of amethopterin rose to
significantly higher levels following the ad-

1% K2HPO, aqueous(4)
5% NaCitrate and iso-amyl alcohol(4)
70% Iso-propanol, 10% NH,OH, 20% distilled
water., The paper strips were also buffered
with 0.08 M NasHPO,.
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FIG. 1. Concentration of amethopterin in the serum, liver and kidneys of two groups of miece.

(A) Amethopterin 3 mg/kg X 3 ip., alternate days.

(B) As for (A), followed by daily ip.

inj. of citrovorum factor.

ministration of CF (Fig. 1B). In order to
be assured that the serum was relatively free
of CF, it was not tested for amethopterin in
the majority of instances until 24 hours fol-
lowing the injection of CF. The actual
amount of CF administered did not appear to
bear any relationship to the height of the
amethopterin serum level.

It has been possible to identify the anti-
metabolite which persisted in the mouse liver
and follow its course in a series of mice (Group
VI). A bioautograph of a series of liver sam-
ples and of the clinical amethopterin (paren-
teral preparation) is presented in Fig. 2.
Strip No. 1 shows the separation of amino-
pterin, methopterin and amethopterin, Strip
No. 2 represents the particular sample of clin-
ical amethopterin’ that was injected into this
series of mice. In the liver concentrates
aminopterin was not detected after one hour
and methopterin was present at 7 hours but
not at 17 hours. It is possible that these 2
antifolics were excreted, but it is also possible
that they cannot be detected because folic
acid and CF have approximately the same Rf
values as aminopterin and methopterin re-

T Lederle Lot No. 7-8528.

spectively. Amethopterin was detectable after
14 days, and in another series it could be
identified by chromatography and bioautog-
raphy after 8 months.

Identification of amethopterin in a liver
taken 24 hours after injection is demon-
strated in Fig. 3. Strip 1 shows the 3 spots
representing aminopterin, methopterin, and
amethopterin seen when these compounds were
added to normal liver. Strip 2 shows the
single spot found in liver of a mouse 24 hours
after injection of amethopterin. When ametho-
pterin was added to this liver preparation,
only one spot was noted (Strip 3) but when
methopterin (Strip 4) or aminopterin (Strip
5) was added a second spot appeared in addi-
tion to the original one representing ametho-
pterin, Similar results have been obtained in
the iso-amyl alcohol and K,HPO, systems.

Discussion. The finding of 3 components
in the amethopterin preparations complicates
any metabolic study, but we have attempted
to consider only the amethopterin content of
tissues since neither of the other 2 components
was detectable after 17 hours.

It has been noted that in normal volunteers

(3) and in leukemic patients(5,6) variable
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range used in these experiments the mouse
could rapidly eliminate within 24 hours all
the amethopterin in excess of a threshold
amount which is retained in the liver and
kidneys. The effects of very large doses of
amethopterin on tissue retention were not
studied, as it was considered desirable to keep
the dosage below the range which produces
toxic manifestations(7) and within the chemo-
therapeutic range(8).

Although small quantities of amethopterin

were found to be frequently present in the
serum, there was little indication that any
was being metabolized or excreted after the
first 48 hours. Urine samples taken on sev-
eral occasions at the time of sacrificing failed
to show the presence of amethopterin.
6 | - In keeping with the hypothesis that anti-
metabolites function by excluding a structur-
7] . INCHES
s 3 3 . 7.8 9
AMINOPTERIN METHOPTERIN  AMETHOPTERIN
s | . T controL :.
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FIG. 2. Bioautographs of strips from alkaline
iso-propanol system on S. faecalis (8043). T
Strip 1. 10 4l of control liver concentrate which
contained amethopterin, methopterin,
and aminopterin (see text).
Strip 2. 100 my of amethopterin, Lederle Lot s | ‘

No. 7-8528.

10 ul of liver concentrates following administration
of amethopterin (3 mg/kg).
Strip 3. After 1 hr
Rl
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4
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8
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amounts of amethopterin or aminopterin can-
not be accounted for by renal excretion alone.

It was evident from the experiments re-
ported here that a relatively high concentra-
tion of amethopterin persists in tissues of the
normal mouse for a period of 3 weeks and in
one instance as long as 8 months in the liver.
Moreover, it appeared that within the dosage

FIG. 3. Bioautographs of strips from alkaline
iso-propanol system on S. faecalis (8043).
Strip1. 10 xl nlh* 4+ 0.5 ~/g amethopterin
{eontrol).

15 4l nlh. + 2 4/g methopterin (con-
trol).

10 pl nlh. 41 4/g aminopterin (con-
trol).

10 ul Le.* 24 hr after inj. of amethop-
terin (3 mg/kg).

10 gl le. 24 hr after inj. of amethop-
terin (3 mg/kg) -+ 10 xl amethopterin
control.

10 yxl le. 24 hr after inj. of amethop-
terin (3 mg/kg) 4+ 15 yul methopterin
control.

10 4l le. 24 bhr after inj. of amethop-
terin (3 mg/kg) + 10 4l aminopterin
control.

Strip 2.

Strip 3.

Strip 4.

Strip 3.

* n.L.h. — normal liver homogenate; l.c. = liver
concentrate.
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ally related metabolite from combination with
its enzyme(9) and thus preventing the forma-
tion of an enzyme substrate complex, it is
probable that the amethopterin retained for
such long periods of time is incorporated up
to a relatively constant concentration in en-
zymes ordinarily associated with folic acid and
CF, and any excess is rapidly excreted.

Summary. 1. Amethopterin given parenter-
ally in various doses to normal mice resulted
in the retention of a more or less constant
amount of amethopterin in the liver for a
period of at least 3 weeks. A decrease in the
kidney concentration of amethopterin was
noted. 2. CFat doses ranging from 0.5 to 30
mg/kg intraperitoneally failed to have any
detectable effect 24 hours later on the concen-
tration of amethopterin in the liver and kid-
neys, but caused a significant rise in the serum
level of amethopterin. 3. The inhibitory sub-
stance present in the mouse liver 24 hours to
14 days after the administration of ametho-
pterin has the same Rf value as amethopterin
in 3 different solvent systems, and is therefore
considered to be amethopterin.

We wish to acknowledge the technical assistance

A Colorimetric Method for Hyaluronic Acid Estimation.*
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of Mrs. Elizabeth Robinson Hollands and the valu-
able assistance of Mr. V. M. Doctor in the chroma-
tographic differentiation of amethopterin and methop-
terin.
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Several methods are available for the quan-
titative measurement of hyaluronic acid. The
material can be precipitated, purified, dried
and weighed. The viscosity of its aqueous
solutions can be measured, although this
property varies, depending upon the amount
of depolymerization that occurs during isola-
tion and purification(1). The observation
that hyaluronic acid forms an insoluble com-
plex with protein at or near pH 4.0 led to the
development of the turbidimetric test for
hyaluronic acid(2). Although this technique

* This work was supported in part by a grant from
the U. S. Public Health Service.

has been widely employed and is currently
used (with or without modification) for the
measurement of hyaluronidase activity(3-6),
the necessity for measuring the optical density
of a suspension in which turbidity is increas-
ing with time is a limitation. Under test
conditions ordinarily employed turbidity
formation proceeds rapidly at first and then
at a decreasing rate for 10 to 20 minutes. The
time elapsing between the addition of the
reagents and the measurement of optical
density must therefore be carefully controlled.
Furthermore, when large amounts of poly-
saccharide are present flocculation may occur.
The optical density then increases at first



