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which, although only 0.4 percent of what 
might have been expected on the as- 
sumption of equal body distribution, still 

Peripherally Administered Reduced Pterins Do Enter the Brain were sufficient to increase whole-brain 
biopterin levels by a factor of 2 (Table 1). 

Abstract. The content of tetrahydrobiopterin in rat brain was doubled by peripher- Analysis of the state of reduction of the 
ally administered tetrahydrobiopterin, with the natural 1 diastereoisomer more accumulated pterin by differential oxida- 
effective than the unnatural d configuration. The model pteridine, 6-methyltetrahy- tion demonstrated that more than 95 
dropterin was ten times more eficient than tetrahydrobiopterin in crossing the blood- percent remained in the fully reduced, 
brain barrier, and striatal concentrations of 6-methyltetrahydropterin remained tetrahydro form (8). 
elevated for 2 hours, declining with a half-lge of 3 hours. While no evidence for a The chemical reduction of biopterin 
speciJFic uptake mechanism for concentrating 6-methyltetrahydropterin in cells introduces an asymmetric center at posi- 
containing tetrahydrobiopterin was detected, the pterin was found in its presumed tion 6 of the pterin ring, producing two 
site of action, the nerve terminal. Replacement therapy with reduced pterins may diastereoisomers that can be resolved 
therefore be effective in the treatment of the neurological disorders associated with into the natural 1 and unnatural d isomers 
the variant forms of hyperphenylalaninemia that result from defects in the biosynthe- (9). Since the pterin-dependent monoox- 
sis or metabolism of tetrahydrobiopterin within the central nervous system. ygenases exhibit different properties in 

the presence of the separate diastereo- 
A hyperphenylalaninemia in which omatic amino acid decarboxylase inhibi- isomers (9, lo), we investigated whether 

neurological disorders persist despite di- tion (5, 6) .  Although administration of these isomers might also differ in their 
etary control of phenylalanine levels has BH4 might also appear to be a reasonable ability to cross the blood-brain barrier. 
been described (I). This condition, therapy (2), the reports that the blood- Following preparative isolation of the 
which is produced by defects in the brain barrier is impermeable to peripher- diastereoisomers of BH4 (reduced in this 
phenylalanine hydroxylase system other ally administered BH4 (7) made it seem laboratory and composed of a 60:40 mix- 
than in phenylalanine hydroxylase itself, unlikely that this treatment would pre- ture of 1 to 4 (9), 0.08 ymole per gram of 
is characterized by a deficiency of dihy- vent the neurological damage that char- body weight of either isomer was inject- 
dropteridine reductase (2) or by a defect acterizes these diseases. We now report ed intraperitoneally, and the BH4 con- 
in the biopterin biosynthetic pathway that reduced pterins administered pe- tent of the brain was determined (Table 
leading to a deficiency of tetrahydro- ripherally in relatively large doses do 1).  Although the natural 1 isomer was 
biopterin (BH4) (3). Because the reduc- 
tase and BH4 are also necessary for the 
activity of tyrosine and tryptophan hy- Table 1. Entry of peripherally administered tetrahydrobiopterin and its diastereoisomers into 
droxylases (4, this condition is further rat brain. Male Sprague-Dawley rats were injected intraperitoneally with dl-tetrahydrobiopterin 
characterized by a lack of catechol- (60 percent I isomer) or the isolated diastereoisomers, dissolved in 1 percent ascorbic acid, pH 

amines and serotonin in the peripheral 7.0. Control animals received ascorbic acid alone. Values of biopterin accumulated are 
expressed as means i- standard deviation (S.D.) and represent accumulations above control 

and central nervous systems (5). The levels (0.486 0.03 1 nmole/g). 
variant forms of hyperphenylalaninemia 
are currently treated by restriction of Dose Biopterin 
phenylalanine intake and administration Treatment 

(wole/g)  
N accumulated 

(nmolelg) 
of dopa and 5-hydroxytryptophan, the 
hydroxylated amino acid precursors of dl-Tetrahydrobiopt,erin 0.10 12 0.466 -+ 0.028 
catecholamines and serotonin, respec- l-Tetrahydrobiopterin 0.08 6 0.412 + 0.064 

d-Tetrahydrobiopterin tively, in conjunction with peripheral ar- 0.08 6 0.258 k 0.043 
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Table 2. Entry of peripherally administered 6-methyltetrahydropterin into rat brain. Male 
Sprague-Dawley rats were injected intraperitoneally with 6-methyltetrahydropterin (0.10 
pmolelg) dissolved in 1 percent ascorbic acid, pH 7.0. In separate experiments, the distributions 
of biopterin and 6-methylpterin among subfractions of the crude mitochondria1 fraction (P2) of 
striatum were determined (12). Data are expressed as means k S.D. and are presented as 
nanomoles per gram of starting material. The P2B fraction contains predominantly nerve 
endings (synaptosomes). N.D., not detected. 

Brain region N Biopterin 
(nmolelg) 

6-Methylpterin 
(nmolelg) 

Whole brain 4 
Hypothalamus 6 
Striatum 6 

PZ fraction 
PzA (myelin) 
PzB (nerve endings) 
PzC (mitochondria) 

Hippocampus 6 
Frontal cortex 6 
Cerebellum 6 

0.509 2 0.064 
1.84 ? 0.17 
0.979 2 0.131 
0.254 
N.D. 
0.231 
N.D. 
0.315 k 0.029 
0.292 k 0.038 
0.163 0.026 

5.37 2 0.51 
5.00 k 0.41 
3.27 ? 0.49 
0.631 
N.D. 
0.510 
0.082 
3.41 k 0.50 
4.02 k 0.36 
4.80 2 1.12 

found to be 60 percent more effective 
than the d isomer in entering the brain, 
further analysis showed that whole- 
blood concentrations of the natural iso- 
mer were also greater, perhaps account- 
ing for the distinction. 

Solubility in lipid is a major determin- 
ing factor in a compound's capacity to 
cross the blood-brain barrier (11). We 
therefore investigated this capacity for 
6-methyltetrahydropterin (6MPH4), a 
model pteridine that at the 6-position has 
a relatively lipophilic methyl group rath- 
er than the dihydroxypropyl side chain 
of biopterin and that also serves quite 
well as a cofactor for pterin-dependent 
enzymes (4). 

Administration of 6MPH4 (0.10 ymolel 
g) demonstrated that this pterin entered 
the brain approximately ten times more 
efficiently than did an equal dose of BH4 
(Table 2), even though at 90 minutes the 
blood levels of BH4 (25 to 30 nmolelml) 
were actually higher than the levels of 
6MPH4 (20 to 25 nmolelml). A regional 
brain analysis of endogenous BH4 and 
accumulated 6MPH4 was performed to 
determine if a specific uptake mecha- 
nism exists for concentrating 6MPH4 in 
cells containing BH4 (Table 2). The ho- 
mogeneous distribution of the model 
pteridine, which did not correlate with 
the heterogeneous distribution of BH4, 
suggests that no such mechanism exists. 
However, analysis of the subcellular dis- 
tributions of endogenous BH4 and 
6MPH4 accumulated by the striatum (Ta- 
ble 2) showed the compounds to be pres- 
ent in the fraction containing isolated 
nerve endings, and therefore the pterin- 
dependent enzymes tyrosine and trypto- 
phan hydroxylases (12, 13). 

Whole-blood levels of the pterin de- 
clined dramatically with time after intra- 
peritoneal injection of 6MPH4 (0.11 
ymolelg), displaying a half-life of only 
0.7 hour (Fig. 1). Despite the extremely 

rapid decrease in blood levels, striatal 
6MPH4 content was maximal between 
0.5 and 2 hours and had a half-life of 3 
hours. At no time were striatal levels of 
BH4 altered, suggesting that no displace- 
ment of endogenous pteridine occurred. 
Enzymatic analysis demonstrated that 
over 85 percent of striatal 6MPH4 re- 
mained in the fully reduced tetrahydro 
form 2 hours after injection (3). 

Administration of reduced pterins, 
particularly of 6MPH4, may be effective 
in preventing the neurological disorders 
associated with the variant forms of 
hyperphenylalaninemia. Although low 
doses of BH4 decrease blood levels of 
phenylalanine in patients with variant 

Time after injection (hours) 

Fig. 1. Time course of entry of 6-methyltetra- 
hydropterin into blood and striatum and clear- 
ance of 6-methyltetrahydropterin by blood 
and striatum. Male Sprague-Dawley rats were 
given intraperitoneal injections of 6-methyl- 
tetrahydropterin (0.11 pmoleig dissolved in 1 
percent ascorbic acid, pH 7.0). At various 
times after injection, animals received an 
overdose of barbiturate, blood was collected 
from the heart, which was then perfused with 
50 ml of phosphate-buffered saline, pH 7.4; 
the brains were removed and striata were 
dissected. The 6-methylpterin content in 
blood (0) and striatum (@) and the biopterin 
content of striatum (0) were determined. 
Values are means 2 standard deviation. 

forms of hyperphenylalaninemia (5, 14), 
there is no evidence that significant 
amounts of BH4 enter the brain or that 
the neuropathology associated with hy- 
perphenylalaninemia can be prevented 
when low doses of BH4 are given. In 
contrast, our demonstration that pterins 
such as 6MPH4, and even BH4 when 
given at a proper dose, do elevate pterin 
concentrations in the brain suggests that 
pterin administration might be an effec- 
tive therapy for these diseases. Adminis- 
tration of tetrahydropterins might also 
provide a pharmacological technique for 
increasing the biosynthesis of catechol- 
amines and serotonin in the brain and 
periphery and could therefore be useful 
in the treatment of disorders resulting 
from deficits in biogenic amine biosyn- 
thesis. 
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