PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 184, 197-200 (1987)
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Abstract. The effect of L-threo-3,4-dihydroxyphenylserine (L-DOPS) on norepinephrine (NE)
levels in plasma and CSF was examined in urethane-anesthetized rats. Intravenous injection of
L-DOPS (0.5, 1, and 10 mg/100 g body wt) raised plasma NE levels in a dose-related manner
whereas CSF NE levels were significantly increased only by the largest dose of L-DOPS. Intra-
cerebroventricular injection of L-DOPS (50 and 250 ug/rat) dose-relatedly raised CSF NE levels
whereas plasma NE levels were slightly increased by a larger dose of L-DOPS. These findings may
indicate that L-DOPS stimulates central noradrenergic mechanisms in the rat although a large

dose of L-DOPS is required for peripheral administration.
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L-Threo-3,4-dihydroxyphenylserine (L-
DOPS) is an unphysiological amino acid
which is converted to natural (—)-norepineph-
rine (NE) in vivo by aromatic L-amino acid
decarboxylase (1, 2). L-DOPS is now available
as a therapeutic reagent for orthostatic hypo-
tension (3, 4) and akinesia of Parkinsonism
(5). However, the effect of L-DOPS on NE lev-
els in the central nervous system (CNS) re-
mains to be fully elucidated. Bartholini et al.
(2) reported that intracerebroventricular (icv)
injection of L-DOPS resulted in an increase in
NE concentrations in the rat cerebrum
whereas intraperitoneal (ip) injection of L-
DOPS failed to change cerebral NE. (+)-L-
Erythro-DOPS, a stereoisomer of L-DOPS,
raised (+)-NE levels in the brain, especially
the caudate nucleus and the hypothalamus,
when it was injected ip in the rat (2). In con-
trast, Cuello et al. (6) found that ip injection
of L-DOPS decreased rather than increased NE
concentrations in the rat hypothalamus. In the
present study, we examined the effect of L-
DOPS injected icv or intravenously (iv) on NE
levels in the plasma and cerebrospinal fluid
(CSF) of rats.

Materials and Methods. Animals. Wistar
strain male rats (Japan Animal Co., Osaka)
weighing 250-300 g were used throughout the
experiments. They were maintained in a tem-
perature (23 + 1°C)- and humidity (50-60%)-
controlled room on a 12-hr dark and 12-hr
light schedule (lights on 0600-1800 hr). Lab-

oratory chow (Oriental Yeast Co., Tokyo) and
tap water were given ad [ibitum.

After overnight fasting, the animals were
anesthetized with urethane (150 mg/100 g
body wt, ip). The test substance or acidified
saline solution as a control was injected into
the lateral ventricle in a volume of 10 ul/rat
or into the exposed jugular vein in a volume
of 100 ul/100 g body wt as previously de-
scribed (7).

Blood samples (0.6 ml) were withdrawn
from the jugular vein immediately before and
10, 20, and 40 min after injection. The plasma
was promptly separated. CSF samples (100 )
were obtained from the rat by suboccipital
puncture with a microsyringe (Ito Co., Tokyo).

Catecholamine assay. Catecholamines in
the plasma and CSF were extracted with alu-
mina, and NE and epinephrine (E) concen-
trations were measured by high-performance
liquid chromatography with electrochemical
detection (HPLC-ECD) using a modification
of the method described previously (8). In
brief, 30 mg alumina, 3 mi of 0.1 M Tris—-HCl
buffer (pH 8.6), 1 mg 3,4-dihydroxybenzil-
amine (DHBA) as an internal standard, 100
ul 5% EDTA-Na-Na,S,0s, and the sample
plasma (400 ul) or CSF (100 ul) were mixed
in a siliconized glass tube. The tube was vig-
orously shaken for 20 min and the alumina
was washed three times with distilled water.
Subsequently, the alumina was applied with
3 ml distilled water to a 0.2-um pore-sized mi-
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crofilter MF-1 (BAS) and centrifuged at 3000
rpm for 5 min for dehydration. Catechol-
amines were eluted from the alumina by 150
ul HCI. Each eluate (100 ul) was applied to a
stainless steel HPLC system (L-4000S, Yana-
gimoto Co., Kyoto) consisting of a single-pis-
ton pump with pulse damper, loop injection
valve, and Yanapak ODS-T reverse-phase
column connected to a thin-layer voltammet-
ric detector (VMD 501, Yanagimoto Co.).

Analysis of plasma catecholamines was
performed with 0.1 M citrate buffer (pH 4.5)
containing 0.15% octane sulfonic acid sodium
salt and 5% methanol at a flow rate of 0.8 ml/
min. Citrate buffer (0.1 M) containing 0.07%
octane sulfonic acid sodium salt was used for
analysis of CSF catecholamines. NE and E
concentrations in the samples were deter-
mined by calculating the ratio of each peak
height to DHBA in the chromatogram. Cat-
echolamine peak was identified by the reten-
tion time of the standard catecholamine. Cat-
echolamine peak was confirmed by the sample
and standard catecholamines having the same
relative current ratio when the applied poten-
tial of the working electrode was changed as
reported by Warnhoff (9). The minimum de-
tectable quantity of NE and E was 70 pg/ml
and the mean recovery was 93%.

Drugs. L-DOPS was obtained from Sumi-
tomo Pharmaceuticals Co. (Osaka, Japan) and
dissolved in physiological saline acidified with
0.1 N HCL

Statistical analysis. Statistical differences
were evaluated by one-way analysis of variance
in combination with Duncan’s new multiple
range test. Student’s ¢ test also was used when
applicable. A P value less than 0.05 was con-
sidered significant.

Results. Intravenous injection of L-DOPS
(0.5, 1, and 10 mg/100 g body wt) resulted in
a dose-related increase in plasma NE with a
peak value at 10-20 min after the injection
(Fig. 1). The mean + SE peak plasma NE levels
after L-DOPS injection were 3.6 + 0.1, 5.4
+ 1.0, and 74.7 £ 20.7 ng/ml, respectively.
Acid saline injection, the control substance,
did not change plasma NE levels, with mean
peak values of 0.6 = 0.1 ng/ml. Plasma E levels
were not significantly changed by iv injection
of L-DOPS.

Intracerebroventricular injection of L-
DOPS (250 pug/rat) caused a slight but signif-

1L-DOPS INCREASES CSF NE LEVELS IN RATS

E
?, 2|V
o L-DOPS 1 mg
£ 1 ,/g,__«:':iosm
a A — % 10mg
= Lo Saline
& 9 . .
0 10 20 40
L- DOPS 10mg
100 I
-
€
I
=
w
=
1mg
g o
14l A\‘,\I
i o
a 0.5mg
Saline
40
Time{min)

FiG. 1. Effect of iv injection of L-DOPS on plasma NE
and E levels in urethane-anesthetized rats. L-DOPS was
injected into the external jugular vein in doses of 0.5, 1,
and 10 mg/100 g body wt. Acidified saline solution (100
u1/100 g body wt) was injected iv in a control group. Mean
(+SE) values of five to seven rats are shown. **P < 0.01
vs saline control; *P < 0.05 vs lower doses.

icant increase in plasma NE levels, with a peak
value at 10 min after the injection compared
with acidified saline (mean + SE: 1.7 + 0.2
ng/ml vs 0.7 + 0.1 ng/ml, P < 0.05) (Fig. 2).
A lower dose of L-DOPS (50 ug/rat) injected
icv did not change plasma NE levels. Plasma
E levels were not affected by icv injection of
L-DOPS.

Intraventricular injection of L-DOPS (50
and 250 ug/rat) caused a dose-related rise in
NE levels in the CSF obtained 40 min after
the injection and the mean + SE values were
3.3 + 0.5 and 11.6 + 2.9 ng/ml, respectively
(P < 0.01 vs saline control 1.3 £ 0.2 ng/ml)
(Fig. 3). Intravenous injection of L-DOPS (10
mg/100 g body wt) also caused a slight but
significant increase in CSF NE levels (2.2 + 0.2
ng/ml vs saline control 1.5 + 0.2 ng/ml, P
< 0.05). CSF NE levels were not significantly
changed by iv injection of lower doses of L-
DOPS (0.5 and 1 mg/100 g body wt). CSF E
levels were not detectable in these animals.
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Discussion. In the present study, we first
demonstrated that iv injection of L-DOPS
rapidly raised plasma NE levels in anesthetized
rats. These findings are in the line with pre-
vious reports which indicated that L-DOPS is
converted to natural NE by aromatic L-amino
acid decarboxylase (1, 2). We further dem-
onstrated that CSF NE levels were significantly
raised by icv injection of a much smaller dose
of L-DOPS (50 ug/rat). Although NE levels in
the brain tissue were not measured in the
present study, an increase in the CSF levels of
NE might lead to an increase in the uptake of
NE into nerve terminals, resulting in an in-
crease in the concentration of NE in nerve ter-
minals. It is possible, therefore, that L-DOPS
is converted to NE and stimulates noradren-
ergic mechanisms not only in the periphery
but also in the brain of the rat.

We showed that iv injection of the largest
dose of L-DOPS examined (10 mg/100 g body
wt) yielded a slight but significant increase in
CSF NE levels. The relative low levels of NE
in the CSF, following iv injection of L-DOPS,
could be explained by (i) poor penetration of
L-DOPS across the blood-brain barrier, (ii)
rapid conversion of L-DOPS to NE in the pe-
riphery and poor penetration of NE across the
blood-brain barrier, (iii) conversion of L-
DOPS to NE followed by rapid catabolism of
NE in the brain, or (iv) conversion of L-DOPS
to NE in the brain followed by a rapid uptake
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FIG. 2. Effect of icv injection of L-DOPS on plasma NE
and E levels in urethane-anesthetized rats. L-DOPS was
injected into the lateral ventricle in a dose of 50 and 250
ug/rat. Acidified saline solution (10 ul/rat) was injected in
a control group. *P < 0.05 vs saline control.
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FI1G. 3. Effect of L-DOPS injected iv or icv on CSF NE
levels in urethane-anesthetized rats. L-DOPS was injected
iv in doses of 0.5, 1, and 10 mg/100 g body wt or icv in
doses of 50 and 250 ug/rat. CSF samples were obtained
40 min after the injection. *P < 0.05 vs saline control and
lower doses.

of NE into nerve terminals. Creveling et al.
(10) reported that approximately 0.3% of the
radioactivity of DL-threo-erythro-DOPS-'“C,
a radiolabeled analog of L-DOPS, was taken
rapidly in the mouse brain to form NE-"*C
after iv injection and that the level of labeled
NE decreased slowly with detectable amounts
after 3 hr. However, further studies are re-
quired to conclude that L-DOPS crosses the
blood-brain barrier poorly.

L-DOPS is now used therapeutically (3-5).
We demonstrated that icv injection of L-DOPS
raises the level of NE in the CSF without al-
tering the plasma levels of NE. These findings
may indicate that central administration of L.-
DOPS could be considered for the purpose of
increasing NE activity in the central nervous
system.
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