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Benserazide on L-DOPA-Derived Extracellular Dopamine Levels  and Aromatic
 

L-Amino Acid Decarboxylase Activity  in the Striatum of  6-Hydroxydopamine-

Lesioned Rats. Tohoku J.Exp.Med.,2003,199(3),149-159――Benserazide is
 

commonly used for Parkinson’s disease in combination with L-DOPA as a periph-
eral aromatic L-amino acid decarboxylase(AADC)inhibitor.However,recent

 
studies using intact animals indicate that benserazide acts also in the central

 
nervous system.We determined the influence of benserazide on the central

 
AADC activity in rats with dopaminergic denervation and observed changes in

 
extracellular dopamine(DA)levels after benserazide and L-DOPA administration.
First,using in vivo microdialysis technique,we measured extracellular DA levels

 
in the striatum of 6-hydroxydopamine(6-OHDA)-lesioned rats treated with benser-
azide and L-DOPA.Second,we measured AADC activity in the striatal tissues

 
after benserazide administration.Although administration of 5,10 and 50 mg/kg

 
benserazide to 6-OHDA-lesioned rats showed an identical increase in exogenous

 
L-DOPA-derived extracellular DA levels,the time to reach the peak DA levels

 
were significantly prolonged by benserazide dose-dependently.The AADC activ-
ity in the denervated striatal tissues showed a significant decrease by 10 mg/kg

 
and 50 mg/kg benserazide.These results suggest that benserazide reduces the

 
central AADC activity in the striatum of rats with nigrostriatal denervation,which

 
leads to changes in the metabolism of exogenous L-DOPA.Central activity of

 
AADC inhibitors should be taken into consideration when they are used both in

 
experimental and clinical studies on Parkinson’s disease.――――aromatic L-
amino acid decarboxylase(AADC);benserazide;L-DOPA;dopamine(DA);6-
OHDA-lesioned rat
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Parkinson’s disease is a common neuro-
degenerative disease characterized by denerva-
tion of nigrostriatal dopaminergic neurons
(Hornykiewicz and Kish 1986).Although a

 
number of new antiparkinsonian agents have

 
been developed,administration of L-3,4-
dihydroxyphenylalanine(L-DOPA),the precur-
sor of dopamine(DA),is still the most effective

 
treatment for Parkinson’s disease(Standaert

 
and Young 1996).
Orally administered L-DOPA exerts an

 
antiparkinsonian effect by the conversion into

 
DA in the brain by aromatic L-amino acid

 
decarboxylase(AADC).Since AADC is abun-
dant in peripheral tissues as well,most of ad-
ministered L-DOPA is converted into DA in

 
those tissues,and only about 1%of L-DOPA can

 
enter the brain(Standaert and Young 1996).In

 
order to prevent the conversion of L-DOPA into

 
DA in the periphery,AADC inhibitors,for

 
instance benserazide or carbidopa,have been

 
used in combination with L-DOPA.Then the

 
dosage of L-DOPA can be reduced,which leads

 
to reductions in undesirable side effects of

 
L-DOPA (Rinne et al.1975;Standaert and

 
Young 1996).These drugs have also been used

 
in experimental studies to enhance the effect of

 
L-DOPA(Abercrombie et al.1990;Maeda et al.
1999;Tanaka et al.1999;Jonkers et al.2000;
Kannari et al.2000,2001;Yamato et al.2001).
It has long been considered that the activity

 
of AADC inhibitors is restricted to the periphery
(Clark et al.1973).Several earlier studies in-
dicated that commonly used AADC inhibitors

 
have no inhibitory activity on central AADC.
For instance,central AADC activity was not

 
inhibited by 100 mg/kg benserazide(Bartholini

 
et al.1967),and 50 mg/kg benserazide did not

 
change extracellular DA levels(Pani et al.1990).
In contrast,however,recent reports suggest the

 
potential central activity of AADC inhibitors:8.
8 mg/kg benserazide inhibited AADC activity in

 
the brain by 25%(Da Prada et al.1987);benser-
azide alone changed the striatal extracellular

 
DA levels(de Souza Silva et al.1997).There is

 

also evidence that these compounds can pass the
 

blood-brain barrier:carbidopa was detected
 

both in striatal dialysates and striatal tissue
 

homogenates after carbidopa administration
(Kaakkola et al.1992);benserazide was detect-
ed in striatal dialysates(de Souza Silva et al.
1997).Furthermore,the most recent report

 
shows that benserazide decreases central AADC

 
activity(Jonkers et al.2001).However,it has

 
not been demonstrated whether benserazide

 
influences AADC activity in the striatum with

 
nigrostriatal denervation.This issue is clinical-
ly important because potential central activity

 
of AADC inhibitors might modify the effect of

 
L-DOPA in patients with Parkinson’s disease.
In the present study we administered ben-

serazide alone or in combination with L-DOPA
 

to sham-lesioned or dopaminergic denervated
 

rats and measured striatal extracellular DA
 

levels by in vivo microdialysis technique to see
 

the influence of benserazide on endogenous and
 

exogenous(L-DOPA-derived)extracellular DA
 

levels in the striatum.Furthermore,we mea-
sured AADC activity in the striatal tissues

 
obtained from rats with nigrostriatal denerva-
tion to determine whether benserazide exerts an

 
inhibitory effect on AADC activity in the dener-
vated striatum.

MATERIALS AND METHODS
 

Animals and surgical procedures
 

Male Wistar rats(Clea,Tokyo)were
 

housed 1 to 3 per cage in a temperature-
controlled room (around 25°C)with a 12-hour

 
day/night cycle with free access to food and

 
water.All animal experiments followed the

 
Guidelines for Animal Experimentation of our

 
University.The rats weighing 220-250 g were

 
anesthetized with pentobarbital(50 mg/kg,i.p.)
and were mounted in a stereotaxic apparatus

 
with incisor bar set at 3.3 mm below horizontal.
Thirty minutes prior to the local 6-
hydroxydopamine (6-OHDA)injection,they

 
were pretreated with desipramine(25 mg/kg,i.
p.),a potent noradrenaline uptake inhibitor,so
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that adjacent noradrenergic neurons escape

 
from denervation and that only DA neurons

 
undergo denervation.A stainless steel needle
(0.4 mm o.d.)was inserted in the right medial

 
forebrain bundle(4.5 mm posterior to the breg-
ma,1.2 mm right to the sagittal suture,and 7.8

 
mm ventral from the dura surface)(Paxinos and

 
Watson 1986).6-OHDA (8μg/4μl in saline

 
with 0.01% ascorbic acid)was injected over 8

 
minutes and the needle was kept at the same

 
position for more than 4 minutes to prevent

 
leakage.Two weeks later,the rats were chal-
lenged with apomorphine to verify the

 
dopaminergic denervation.They were placed

 
in a stainless bowl(36 cm diameter)and

 
apomorphine(dissolved in saline with 0.1%
ascorbic acid,0.05 mg/kg,s.c.)was injected.
The number of complete rotations to the left
(contralateral to the lesioned side)was counted

 
and the rats turning more than 20 times/5

 
minutes(between 15 minutes and 20 minutes

 
after injection)were regarded as those with

 
extensive dopaminergic denervation.Our pre-
vious study demonstrated that rats that met the

 
above criteria for apomorphine-induced rota-
tions showed more than 99% DA depletion in

 
the striatal tissue(Tanaka et al.1999).In order

 
to make sham-lesioned rats,4μl saline was

 
injected into the right medial forebrain bundle

 
instead of 6-OHDA injection.

In vivo brain microdialysis
 

Microdialysis experiments were performed
 

3 to 4 weeks after stereotaxic operation.A
 

stainless steel guide cannula(Eicom,Kyoto)was
 

implanted 2 days before the perfusion experi-
ments.The stereotaxic coordinate was 0.5 mm

 
anterior from bregma,3.0 mm lateral from

 
sagittal suture,and 3.0 mm ventral from dura

 
surface.One day before the perfusion study,
microdialysis probe with 3 mm active mem-
brane was inserted into the right striatum

 
through the guide cannula.Each probe was

 
perfused with artificial Ringer’s solution(Na
147 mM,K 4 mM,Ca 2.3 mM,Cl155.6 mM)

continuously at a constant flow rate of 2μl/
minute.Dialysates were loaded for every 20

 
minutes(40μl),and were injected into the col-
umn for high performance liquid chromatogra-
phy(HPLC)automatically.The mobile phase

 
was consisted of 0.1 M sodium phosphate buffer
(pH 6.0),50 mg/l L-octanesulfonic acid,500 mg/
l NaEDTA,and 20% methanol.Flow rate

 
was set at 230μl/minute.DA was separated

 
on a reverse phase analytical column
(EICOMPAK CA-5 ODS;Eicom,Kyoto;parti-
cle size 5μm,2.1×150 mm)and detected by

 
electrochemical detection system (Eicom,
Kyoto),consisting of an electrochemical cell

 
with a graphite working electrode set at＋450

 
mV v.an Ag/AgCl reference electrode.
Chromatogram peaks were analyzed by means

 
of PowerChrome data recording system(ADIn-
struments,Castle Hill,NSW,Australia)with a

 
computer (iMac, Apple computer Inc.,
Cupertino,CA,USA).Detection limit of the

 
HPLC assay for DA was about 0.1 pg(0.5 fmol)
per sample.

Measurement of  AADC activity
 

AADC activity in the striatum of sham-
lesioned and 6-OHDA-lesioned rats was assessed

 
as previously described with some modifications
(Nagatsu et al.1979).Sixty minutes after ben-
serazide administration,rats were killed by

 
decapitation and the brains were rapidly

 
removed.The sagittal section with 2 mm

 
thickness containing the striatum,between 0.4

 
mm and 1.6 mm from the bregma(Paxinos and

 
Watson 1986),was dissected and placed on ice.
The striatum was punched out from the section

 
as a cylinder with 3.0 mm diameter.The tissue

 
was homogenized in 1 ml 0.25 M sucrose solu-
tion and the homogenates were centrifuged 12

 
000 g for 20 minutes at 4°C.An incubation

 
mixture in a total volume of 400μl contained:
sodium phosphate buffer,pH 7.2 (50 mM);
pyridoxal-5-phosphate(0.01 mM);pargyline(0.1

 
mM);2-mercaptoethanol(1 mM);NaEDTA(0.
1 mM);ascorbic acid(0.17 mM);L-DOPA (0.1
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mM).Fiftyμl of the supernatant was added

 
into this mixture of 50μl.Blank values were

 
determined by substituting water for the L-
DOPA substrate.The incubation was perfor-
med for 20 minutes at 37°C.The reaction was

 
stopped by 300μl of 0.4 mM perchloric acid

 
including 0.02 mM isoproterenol as an internal

 
standard.This mixture was centrifuged for 10

 
minutes at 12 000 g.The supernatant was

 
filtered and stored at－80°C within one week

 
until later assay.The amounts of DA formed

 
in the supernatant were determined by HPLC.
AADC activity was expressed as nmol DA/mg

 
striatum/20 minutes at 37°C.The mobile phase

 
consisted of 0.1 M acetate-citrate buffer(pH 3.9)
containing 160 mg/l L-octanesulfonic acid,10

 
mg/l NaEDTA,and 17% methanol.Flow

 
rate was set at 220μl/minute.DA was separ-
ated on a reverse phase analytical column
(EICOMPAK MA-5 ODS;Eicom,Kyoto parti-
cle size 5μm,2.1×150 mm)and detected by

 
electrochemical detection system (Eicom,
Kyoto),consisting of an electrochemical cell

 
with a graphite working electrode set at＋650

 
mV,v.an Ag/AgCl reference electrode.
Chromatogram peaks were analyzed by means

 
of PowerChrome data recording system(ADIn-
struments,Castle Hill,NSW,Australia)with a

 
computer(Power Macintosh 8100;Apple com-
puter Inc.,Cupertino,CA,USA).Detection

 
limit of the HPLC assay for DA was about 0.1

 
pg(0.5 fmol)per sample.

Drugs and pharmacological manipulations
 

After DA levels became stable(about 3
 

hours after the perfusion)benserazide(5,10,or
 

50 mg/kg)was administrated to sham-lesioned
 

rats.In 6-OHDA-lesioned rats,benserazide(5,
10,or 50 mg/kg)or vehicle was administrated

 
30 minutes prior to L-DOPA injection(50 mg/
kg).6-OHDA hydrobromide, desipramine

 
hydrochloride,apomorphine hydrochloride,L-
DOPA methyl ester hydrochloride,and ben-
serazide hydrochloride were purchased from

 
Sigma(St.Louis,MO,USA).Desipramine,

L-DOPA,and benserazide were dissolved in
 

saline and were immediately administered
 

intraperitoneously.

Data analysis
 

In the experiments using sham-lesioned
 

rats,mean basal level of extracellular DA was
 

determined by averaging values from three
 

consecutive dialysates before benserazide and
 

DA levels were relatively expressed as percent-
ages of the mean basal value(mean±S.E.M.).
Dialysate DA levels in each sample from the

 
striatum of 6-OHDA-lesioned rats were expres-
sed as the mean±S.E.M.fmol/sample(40μl).
The overall effect of treatments on extracel-
lular DA levels was determined by two-way

 
analysis of variance(ANOVA)with repeated

 
measures over time.Changes in extracellular

 
DA levels by benserazide at each time point,the

 
time to reach the peak level of L-DOPA-derived

 
DA,and changes in the cumulative amounts of

 
L-DOPA-derived DA were determined by one-
way ANOVA followed by Tukey’s post-hoc

 
test.

RESULTS
 

Effect of  benserazide on extracellular DA levels
 

in the striatum of  sham-lesioned rats
 

The absolute value of mean basal extracel-
lular DA was 149.3±17.6 fmol/sample in benser-
azide 5 mg/kg group,136.2±20.9 fmol/sample

 
in benserazide 10 mg/kg group,and 108.5±23.9

 
fmol/sample in benserazide 50 mg/kg group
(Fig.1).Two-way ANOVA with repeated

 
measures revealed a significant effect of time
(p＜0.001)and a significant interaction of treat-
ment and time(p＜0.001),but no significant

 
effect of treatment.5 mg/kg and 10 mg/kg

 
benserazide induced a transient decrease in

 
extracellular DA levels followed by a slight

 
increase,both of which did not reach statistical

 
differences as compared with mean basal levels
(one-way ANOVA with repeated measures fol-
lowed by Tukey’s post-hoc test).Extracellular

 
DA levels were significantly decreased by 50
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mg/kg benserazide from 80 minutes to 140
 

minutes,with the lowest value of 57.0 fmol/
sample(53% of basal values)at 100 minutes
(p＜0.01,one-way ANOVA with repeated mea-
sures followed by Tukey’s post-hoc test).

Effect  of  benserazide on basal  and L-DOPA-

induced extracellular DA levels in the striatum
 

of  6-OHDA-lesioned rats
 

Changes in extracellular DA levels derived
 

from exogenously administered L-DOPA by
 

benserazide in the striatum of 6-OHDA-lesioned
 

rats are shown in Fig.2A.The mean extracel-
lular DA levels in the denervated striatum

 
across all the treatment groups were 7.7±1.6

 
fmol/sample(n＝24).Single administration of

 
50 mg/kg L-DOPA(with vehicle pretreatment

 
instead of benserazide)increased extracellular

 
DA levels to a peak value of 44.7±7.5 fmol/
sample at 80 minutes.Pretreatment with ben-

serazide further increased L-DOPA-derived
 

extracellular DA levels,with the highest value
 

of 176.5±42.0 fmol/sample in benserazide 5 mg/
kg group,238.0±46.0 fmol/sample in benser-
azide 10 mg/kg group,and 148.2±29.7 fmol/
sample in benserazide 50 mg/kg group.Two-
way ANOVA with repeated measures revealed

 
a significant effect of time(p＜0.001)and a

 
significant interaction of treatment and time
(p＜0.001),but no significant effect of treatment.
The time to reach the peak level of L-DOPA-
derived extracellular DA was 80 minutes in

 
vehicle group,100 minutes in benserazide 5 mg/
kg and 10 mg/kg group,and 140 minutes in

 
benserazide 50 mg/kg group,and there was a

 
significant prolongation of the peak time in

 
benserazide 50 mg/kg group(p＜0.05,one-way

 
ANOVA followed by Tukey’s post-hoc test).
Cumulative amount of extracellular DA derived

 
from L-DOPA during 320 minutes was 0.23±0.

Fig.1.Effect of benserazide on extracellular DA levels in the striatum of sham-lesioned rats.The
 

data are mean±S.E.M.of each group.Benserazide was injected i.p.at 0 minute.In rats treated
 

with benserazide 5 mg/kg(n＝7)and 10 mg/kg(n＝8),extracellular DA showed a transient
 

decrease followed by a gradual increase,both of which were not statistically significant.
Benserazide 50 mg/kg(n＝6)induced a significant decrease in extracellular DA during 80

 
minutes and 140 minutes(p＜0.05 and p＜0.01,one-way ANOVA followed by Tukey’s

 
post-hoc test),with the lowest value at 100 minutes(53% of basal values,one-way ANOVA

 
followed by Tukey’s post-hoc test).
◯,5 mg/kg;△,10 mg/kg;⃞,50 mg/kg.
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03 pmol in vehicle group,1.03±0.24 pmol in

 
benserazide 5 mg/kg group,1.39±0.25 pmol in

 
benserazide 10 mg/kg group,and 1.11±0.20

 
pmol in benserazide 50 mg/kg group(Fig.2B).

All groups treated with benserazide showed a
 

significant increase as compared with vehicle
 

group(p＜0.05,one-way ANOVA followed by
 

Tukey’s post-hoc test).However,there was no

 

Fig.2.A:Effect of benserazide on basal and L-DOPA-induced extracellular DA levels in the
 

striatum of 6-OHDA-lesioned rats.The data are mean±S.E.M.of each group(n＝6).Benser-
azide and L-DOPA(50 mg/kg)were injected i.p.at 0 minute and 30 minutes,respectively.The

 
time to reach the highest value of L-DOPA-derived extracellular DA was significantly prolonged

 
in benserazide 50 mg/kg group as compared with other groups(one-way ANOVA followed by

 
Tukey’s post-hoc test,p＜0.05).
Benserazide.●,0 mg/kg;▽,5 mg/kg;⃞,10 mg/kg;◯,50 mg/kg.
B:The cumulative amounts of extracellular DA derived from L-DOPA combined with

 
benserazide during 320 minutes in the striatum of 6-OHDA-lesioned rats.All groups treated

 
with benserazide showed a significant increase in the cumulative amounts of extracellular DA
(one-way ANOVA followed by Tukey’s post-hoc test,p＜0.05).However,there was no

 
significant difference between three benserazide treatment groups.
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Fig.3.A:AADC activities in the right striatum from sham-lesioned rats.The animals were killed
 

60 minutes after benserazide injection and the right striatum was assayed for AADC activity.
The data are mean±S.E.M.of each group.Treatment with benserazide 10 mg/kg(n＝8)and 50

 
mg/kg(n＝10)decreased the AADC activity to 72% and 22% of vehicle treatment group(n＝
6),respectively( p＜0.01,one-way ANOVA followed by Tukey’s post-hoc test).There was a

 
significant difference between benserazide 10 mg/kg and 50 mg/kg treatment groups(p＜0.01,
one-way ANOVA followed by Tukey’s post-hoc test).
B:AADC activities in the right striatum from 6-OHDA-lesioned rats.Treatment and

 
AADC assay was the same as that of sham-lesioned rats.The data are mean±S.E.M.of each

 
group.Treatment with benserazide 10 mg/kg(n＝7)and 50 mg/kg(n＝7)decreased the AADC

 
activity to 25% and 12% of vehicle treatment group(n＝7),respectively( p＜0.01,one-way

 
ANOVA followed by Tukey’s post-hoc test).However,there was no significant difference

 
between benserazide 10 mg/kg and 50 mg/kg treatment groups(one-way ANOVA followed by

 
Tukey’s post-hoc test).
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statistical difference between each benserazide

 
treatment group.

Effect of  benserazide on central AADC activity
 

in the striatal  tissues  from sham-lesioned and
 

6-OHDA-lesioned rats
 

AADC activities in the right striatum of
 

sham-lesioned rats are shown in Fig.3A.
AADC activity in vehicle group was 2.35±0.15

 
nmol DA/mg striatum/20 minutes.10 mg/kg

 
benserazide decreased AADC activity to 1.70±
0.10 nmol DA/mg striatum/20 minutes(72% of

 
vehicle group,p＜0.01,one-way ANOVA fol-
lowed by Tukey’s post-hoc test).50 mg/kg

 
benserazide decreased AADC activity to 0.52±
0.04 nmol DA/mg striatum/20 minutes(22% of

 
vehicle group, p＜0.01). There was a

 
significant difference in AADC activity between

 
benserazide 10 mg/kg and 50 mg/kg groups
(p＜0.01).
AADC activities in the right striatum of

 
6-OHDA-lesioned rats are shown in Fig.3B.
AADC activity in vehicle group was 0.97±0.16

 
nmol DA/mg striatum/20 minutes.10 mg/kg

 
benserazide decreased AADC activity to 0.24±
0.04 nmol DA/mg striatum/20 minutes(25% of

 
vehicle group,p＜0.01).50 mg/kg benserazide

 
decreased AADC activity to 0.11±0.02 nmol

 
DA/mg striatum/20 minutes(12% of vehicle

 
group,p＜0.01).There was no statistical dif-
ference between benserazide 10 mg/kg and 50

 
mg/kg groups.

DISCUSSION
 

First,we observed an effect of benserazide
 

on endogenous DA in the striatum of sham-
lesioned rats.Microdialysis study showed a

 
decrease in endogenous extracellular DA levels

 
by 5,10,and 50 mg/kg of benserazide,among

 
which 50 mg/kg displayed a significant

 
decrease.Assay of AADC activity demon-
strated that benserazide dose-dependently de-
creased AADC activity.These data are practi-
cally compatible with the recent study by

 
Jonkers et al.(2001),and reconfirm the notion

 

that AADC inhibitors have central activity in
 

intact animals(Da Prada et al.1987;Kaakkola
 

et al.1992;De Souza Silva et al.1997).Accord-
ing to the results from tissue homogenate

 
studies by Bartholini et al.(1967),estimated

 
amount of benserazide in the brain tissue after

 
50 mg/kg benserazide injection would be about

 
1μM.

In microdialysis study,one may assume
 

that mechanical damage to the brain by probe
 

insertion can destroy the blood-brain barrier,
allowing benserazide to enter the brain and

 
thereby resulting in a reduction of central

 
AADC activity.However,this seems unlikely

 
because previous studies confirmed that the

 
blood-brain barrier is not damaged by probe

 
insertion (Tossman and Ungerstedt 1986;
Benveniste and Huttemeier 1990).
AADC activity in the striatum of 6-OHDA-

lesioned rats was reduced to 41% of that in the
 

sham-lesioned striatum,consistent with the pre-
vious study that AADC activity in the denervat-
ed striatum showed a decrease to 30%(Scarr et

 
al.1994).Given that loss of DA neurons ac-
counted for more than 99%in 6-OHDA-lesioned

 
rats(Tanaka et al.1999),remaining AADC

 
probably exists in components other than DA

 
neurons,and those containing AADC may per-
form the conversion of L-DOPA into DA.In a

 
series of recent studies,we have demonstrated

 
that exogenous L-DOPA-derived DA is mainly

 
stored in and released from serotonergic neur-
ons when nigrostriatal neurons are denervated
(Tanaka et al.1999;Kannari et al.2000,2001).
It is therefore likely that the remaining AADC

 
mainly consists in serotonergic neurons(Arai et

 
al.1996).
Our present data that AADC activity was

 
reduced by benserazide in the striatum of 6-
OHDA-lesioned rats suggest that benserazide

 
has central activity not only in the intact

 
striatum but also in the striatum with nigro-
striatal denervation.As described above,
because dopaminergic neurons that contain a

 
large proportion of AADC are denervated in
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these rats,it is conceivable that benserazide

 
reduces AADC activity in non-dopaminergic

 
components,probably in serotonergic neurons.
The present microdialysis study revealed

 
that L-DOPA-derived extracellular DA in the

 
striatum of 6-OHDA-lesioned rats was increased

 
by pretreatment with benserazide.The

 
increase in extracellular DA is due to inhibition

 
of peripheral AADC activity by benserazide,
which enhances bioavailability of L-DOPA in

 
the striatum.However,the extent of increase

 
was rather smaller by the treatment with higher

 
dose of benserazide(50 mg/kg)than lower dose
(10 mg/kg).In addition,the time to reach the

 
peak value was prolonged by 50 mg/kg ben-
serazide.It should be noted that L-DOPA-
derived extracellular DA levels are determined

 
both by peripheral and central actions of benser-
azide,which exert opposite effects.As the

 
dose of the drug is increased,the ratio of central

 
to peripheral effects would become greater,
resulting in a reduction of DA levels and a delay

 
in L-DOPA metabolism.Practically,higher dose

 
of benserazide(50 mg/kg)has often been used in

 
experimental studies(Abercrombie et al.1990;
Maeda et al.1999;Tanaka et al.1999;Jonkers

 
et al.2000;Kannari et al.2000,2001;Yamato et

 
al.2001).The present results demonstrate that

 
central effect of benserazide cannot be ignored

 
when higher dose of benserazide is administer-
ed.
We obtained the largest increase in L-

DOPA-derived extracellular DA when 10 mg/
kg benserazide was pretreated.This is com-
patible with the conclusion from the clinical

 
observations that the optimal ratio of L-DOPA:
benserazide is about 4:1(Rinne et al.1975;
Yokochi et al.1979).Administration of 10 mg/
kg benserazide corresponding to 50 mg/kg L-
DOPA may yield a good balance between

 
peripheral and central effect on AADC activity

 
to obtain the maximal extracellular DA concen-
tration.
With 50 mg/kg benserazide pretreatment,

the peak level of L-DOPA-derived extracellular

 

DA was relatively small,but in the later time
 

course,the decline of extracellular DA levels
 

was not so steep as that observed in other
 

groups with lower dose benserazide pretreat-
ment.Thus,higher dose of benserazide in-
duced more stable and sustained extracellular

 
DA levels.Clinically,a rapid increase and a

 
rapid decrease of DA concentration in the

 
striatum are considered one of the causes of

 
adverse effects of long-term L-DOPA medica-
tion,such as dyskinesia and wearing-off
(Marsden and Parkes 1977;Obeso et al.2000).
Therefore,high dose of benserazide could pre-
vent or reduce the side effects of L-DOPA by

 
inhibiting rapid changes in L-DOPA-derived

 
extracellular DA concentration.Until now,
little attention has been paid to AADC regard-
ing the drug therapy of Parkinson’s disease.
Indeed AADC is not likely to play a major role

 
in normal conditions,but under large increases

 
in central L-DOPA levels and in the presence of

 
the lowered AADC levels secondary to nigro-
striatal denervation,it is possible that AADC

 
becomes rate-limiting on L-DOPA metabolism
(Berry et al.1996).Importance of AADC

 
should be re-evaluated.
In conclusion,we demonstrated that benser-

azide inhibits central AADC activity in the
 

striatum with dopaminergic denervation and
 

affects the metabolism of exogenously adminis-
tered L-DOPA.Central effect of benserazide

 
should be considered when it is administered

 
both in animal experiments and in patients with

 
Parkinson’s disease.
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