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Neopterin: Isolation from Human Urine
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A variety of 2-amino-4-hydroxypteridines
with a polyhydroxyalkyl side chain on the 6-
position have been isolated. These are 2-
amino- 4 -hydroxy- 6 - (v-erylhro-V, 2'-dihydroxy-
propyl) pteridine (biopterin) {1,2), (2-amino-
4-hydroxy-6-ptcridinyl) glycerol phosphate ( 3 ) ,
2-amino- 4 -hydroxy- 6 - (p-erythw-V, 2f, 3'-trihy-
droxypropyl) pteridine (neopterin) (4,5), 2-
amino-4-hydroxy-6-(D- or L-threo-l', 2f, 3'-trihy-
droxypropyl pteridine (monapterin) (6,7),
2-amino-4-hydroxy-6-(D- or L-erythro-l',2f,3'-tri-
hydroxypropyl) pteridine (bufochromc) (8)
and a 2-amino-4-hydroxy-6-l', 2?, 3', 4', 5'-penta-
hydroxypentylpteridine derivative (9). Re-
cently, the enzymatic formation of neopterin
and its phosphate from guanosine triphosphate
was demonstrated (10), and the biochemical
significance of biopterin was clarified (11—13).
We wish to report on the isolation from human
urine in a small amount of a compound*
whose properties are consistent with those of
2-amino- 4 -hydroxy- 6 - (D-erythro-l', 2f, 3'-trihy-
droxypropyl) pteridine, i.e., neopterin.

Isolation of Pteridine I—The human adult
male urine was collected at the Defense Forces
in Tokyo and at the Defense Academy in
Yokosuka.

500 liters of the urine was acidified with
hydrochloric acid (pH3), passed through a
Florisil column (10 kg. Florisil) to remove color-
ing materials. The pteridines in the effluent
were absorbed on charcoal (1.2 kg.), which
was then washed with water. The compounds
were then eluted with 2% ammonium hydro-
xide-ethanol (3:1) (8 liters), and the eluate was
evaporated to dryness in vacua. I was separated

* Abbreviated as I in this paper.

from biopterin by the use of a Dowex 1x8
column (9x15cm., HCCV, 200—400mesh;
developer 0.03 M formic acid/ammonia, the
pH value being changed continuously from
9.0 to 7.5). The effluent containing I (25 liters)
was subjected to the purification procedures
using charcoal (15 g.) and a Dowex 1x8 column
(5.5x20 cm., HCOr), as described above.
The effluent containing I (7.5 liters) was made
alkaline with ammonia (pH 9—10) and placed
on a Dowex 1X 8 column (5.5 X10 cm., HCOr);
the compound was adsorbed in a 4.5 cm. band.
The column was washed with water (5 liters)
and then with dilute formic acid (pH2—3).
The eluted solution was neutralized with am-
monia and evaporated to dryness in vacua.
The repeated crystallization of the residue
from water gave faint yellow needles (25 nig.).
50 mg. of the pure substance was obtained
from 1,000 liters of urine in repetition of the
procedures. [a]D'=+38° (c=0.186, in 0.1 #
hydrochloric acid).

Calcd. for
C,H n N s O 4 : C: 42.69, H : 4.38, N: 27.67%

Found: C: 42.82, H : 4.58, N : 27.37%

The ultraviolet and infrared absorption spectra
are given in Figs. 1 and 2.

Permanganate Oxidation of I—One mg. of I
was dissolved in 0.1 N sodium hydroxide.
Saturated potassium permanganate (ca. 0.02
mL) was added until a permanent purple color
persisted. After heating at 90°C for 30 minutes,
excess permanganate was destroyed by addi-
tion of a little alcohol, and the mixture was
filtered through Hyflo-SuperceL The absorp-
tion spectrum of the filtrate corresponded
exactly to that of 2-amino-4-hydroxy-6-car-
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Fio. 2. Infrared absorption spectrum of I.

boxypteridine (14) and the identity of the
oxidation product was confirmed by paper
chomatographic comparison with an authen-
tic sample of the acid.

PeriodaU Oxidation of I (9) (15) (16)—
Method L A solution of I (3.275 mg.) in water
(10 ml., to effect solution a drop of ammonia
was added, pH 7.8) was treated with 10 mL
potassium metaperiodate solution (6.0 mg./ml.
water) at 0°C. At intervals 2 mL aliquots were
withdrawn and the undestroyed periodate was
estimated by titration of the iodine liberated
in boric acid by potassium iodide. With a
molecular weight of 253, the consumption of
periodate=2.9 mole per mole (Fig. 3). The
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Fio. 3. The periodate consumption of I.
pH 7.8, O ; 0.1 N HC1, A ; and the formation

of formic acid: • • '

resulting product was a mixture of 2-amino-4-
hydroxy-6-carboxypteridine and 2-amino-4-
hydroxy-6-formylpteridine as identified. by
chromatography and electrophoresis.

Method II. A. solution of I (0.906 mg.) in
O.\ N hydrochloric acid (6mL) was. treated
with a solution of potassium metaperiodate
(9.01 mg.) in water (6 mL) at 0°C. At intervals
2 ml. aliquots were withdrawn and the perio-
date consumptions were determined; the
pteridine consumed 2.0 mole per mole (Fig. 3).
The resulting product was only 2-amino-4-
hydroxy-6-formylpteridine as identified by
chromatography and electrophoresis (Table I)
(18).

Formaldehyde was determined using the
procedure of M c F a d y e n (16). From a
standard curve obtained by oxidation of known
amounts of D, L-serine, a sample of the material
(352.4 ftg.) was estimated to give 40//g. form-
aldehyde: this represents 0.96 mole per mole.

Formic acid was determined as follows:
a solution of I (1.261 mg.) in water (10 mL) was
treated with 10 mL potassium metaperiodate
solution (1.502 mg./ml. water) at 0°C. At inter-
vals 2 ml. of aliquots were withdrawn, and
1 ml. ethylene glycol (0.1%) was added. After
15 minutes formic acid was titrated with 0597
XlO'W sodium hydroxide (phenolphthalein
was used as an indicator); 1.2mole formic
acid per mole was estimated (Fig. 3).
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144 Notes

Acetaldehyde was determined by the pro-
cedure reported by Block and Boi l ing
(77), using the color developed with />-hydro-
xydiphenyl in sulfuric acid. A solution con-
taining ca. 500 fjg. of the substance gave no
color with this reagent.

Microhydrogenation of I—The compound
(0.5 mg.) in sodium hydroxide solution (0.5 ml.,
0.1 A^ was hydrogenated over Adams' catalyst
(1 mg.). Hydrogenation was continued for
32 hours. The catalyst was removed and the
mixture was allowed to stand overnight in air.
Chromatography of the resulting solution
showed that the product is 2-amino-4-hydro-
xypteridine.

Synthesis of 2-Amino-4-hydroxy-6-(p-erythTO-r,
2', 3'-trihydroxypropyl)pUridine—2,4, 5-Triamino-
6-hydroxypyrimidine sulfate (1.6 g.) was con-
densed with D-ribose (1 g.) by the procedure
described by Weygand et al. (18). The
product was once crystallized from water, then
purified by chromatographic method using a
cellulose column(15X 30 cm.; developer :n-butyl
alcohol-ethyl alcohol-water= 4:1:1). The blue-
fluorescent bands were eluted and the eluate
•was evaporated to dryness in vacua. The residue
was purified by the use of a Dowex 1x8 column
(55x30 cm., HCOr, 200—400 mesh) as de-

scribed before (79). The compoundwas ob-
tained in faint yellow needles by crystalliza-
tion from water (60 mg.). [a]D

2"= +38° (c=0.250,
in 0.1 N hydrochloric acid).

Calcd. for

Found:
C: 42.69,
C: 42.51,

H: 4.38,
H: 4.70,

N: 27.67%
N: 27.71%

The sample was dried in vacua at 110°G for
2 hours.

On treatment with potassium metaperio-
date, this material consumed 2 mole per mole
(pH 3), liberated a mole of formic acid and a
mole of formaldehyde and gave 2-amino-4-
hydroxy-6-formylpteridine, as identified by
chromatography and electrophoresis. On
oxidation with permanganate only 2-amino-
4-hydroxy-6-carboxypteridine was obtained.

Comparison of I with Synthetic 2-Amino-4-
hydroxy-6-(D-erythro-r, 2', 3l-trihydToxypropyt)pteri-
dine—The reactions which led to a direct
comparison with synthetic 2-amino-4-hydroxy-
6-(z>-erythro-\', 2,3'-trihydroxypropyl) pteridine
are described above. The ultraviolet and
infrared absorption spectra and optical rota-
tion value of I were identical with those of
the synthetic material (Figs. 1 and 2). The
paper chromatographic comparison of I with

TABLE I

Paper Chromatcgraphy and Eitctrophoresis of Pttridines

The pteridine from urine
KMnOi oxidation product
NalOj oxidation product
2-Amino-4-hydroxypteridine (P)
P-6-(CHOH),CH,OH from u-ribose
P4CHO
P-6-CO.H

I

0.15
0.18
0.36
0.36
0. 15
0.36
0.18

II

0.25
0.15
0.24
0.34
0.25
0.24
0.15

Solvents"

III

0.42
0.40
0.30
0.49
0.42
0.30
0.40

IV

0.68
0.47
0.44
0.53
0.68
0.44
0.47

V

0.64
0.44
0.32
0.46
0.64
0.32
0.44

9

52

8

7

9

8
52

1) Solvents: I=3U-butyl alcohol-acetic acid-water (4:1:1)
II=uo-propyl alcohol-1% ammonia (2:1)

III=j«-butyl alcohol-formic acid-water (8:2:5)
IV=3% ammonium chloride
V=4% sodium citrate

2) Distance (in mm.) to anode after paper electrophoresis at pH 4.65 (sodium acetate buffer) for 90
minutes at 36V/cm.
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the synthetic material is given in Table I.

The authors wish to express their thanks to Prof.
Y. Urushibara, Drs. S. Tsukada and T. Koj6 for
their kind suggestions and encouragements.
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