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To explore a recently established association
between histaminergic and dopaminergic neu-
ronal phenotypic systems in brain, we deter-
mined the effect of the respective histaminergic
H; receptor agonist and antagonist/inverse ago-
nist, imetit and thioperamide, on L-DOPA -
derived tissue and extracellular dopamine (DA)
and metabolite levels in the striatum of
6-hydroxydopamine (6-OHDA) - lesioned rats
(i.e., parkinsonian rats). We also examined the
influence of histamine H; ligands on L-DOPA
evoked behavioral responses (locomotor activity,
number of rearings, stereotyped behavior and
motor coordination). Using HPLC/ED and in
vivo microdialysis technique, imetit (5 mg/kg,
i.p.) but not thioperamide (5 mg/kg, i.p.) was
shown to attenuate an L-DOPA-evoked (15 mg/
kg, i.p.; carbidopa, 30 min pretreatment) increase
in extracellular DA in the neostriatum of
6-OHDA-lesioned rats. However, both imetit
and thioperamide increased microdialysate lev-
els of DOPAC and HVA, probably by enhancing
intraneuronal DA utilization. As indicated by
neurochemical analysis of the striatum imetit
produced a decrease in tissue DA content. These
findings support the hypothesis that central H;
histaminergic receptors have a modulatory role
in the storage, metabolism and release of DA

derived from exogenous L-DOPA challenge.
Furthermore, evidence from behavioral studies
indicate that histamine H; receptor block mark-
edly improved motor coordination. Conversely,
histamine H; receptor stimulation, being without
effect on motor coordination, enhanced vertical
activity in rats. From the above we conclude that
histamine H; agonism may augment motor dys-
kinesia in Parkinson's disease (PD) patients and
presumably worsen L-DOPA therapy.
Consequently, the histaminergic system repre-
sents a viable target for modulating the effective-
ness of L-DOPA therapy in Parkinson's disease.

Keywords: Histamine Hy receptor; L-DOPA; Dopamine;
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INTRODUCTION

A revolution in the treatment of Parkinson's
disease (PD) occurred with recognition that
L-dihydroxyphenylalanine (L-DOPA), the
metabolic precursor to dopamine (DA), replen-
ishes neuronal DA stores and in this way
improves motor features of PD. Unfortunately,
long-term L-DOPA administration results in
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the emergence of adverse effects and a gradual
loss of'its effectiveness (Widnell, 2005). Therefore,
many studies have been performed to examine
factors that modify L-DOPA metabolism and
biotransformation, as well as agents that affect
L-DOPA derived extracellular DA in the neostria-
tum. Recognition of these factors serves a useful
purpose for better elucidation of mechanisms
underlying the gradual reduction of antiparkinso-
nian effects of L-DOPA, and understanding mech-
anisms of adverse effects linked to L-DOPA or
other dopaminomimetic treatments (Brus et al.,
2003; Kostrzewa et al., 2004; 2005).

In the past 10-15 years, the neuronal histaminer-
gic system in brain has become reasonably well
characterized (Cumming et al., 1991; Pollard et
al., 1993; Brown et al., 2001). Cell bodies of his-
taminergic neurons are located exclusively in the
tuberomammillary nuclei of the hypothalamus and
give rise to widespread projections throughout the
central nervous system, including subcortical
nuclei and cerebral cortex. Four subtypes (H;, H,,
H;, Hy) of histamine receptors are currently rec-
ognized. The histamine H; subtype is the least
defined, although histamine H; receptors are now
known to be predominately located presynapti-
cally, functioning as an autoreceptor that regulates
the synthesis and release of histamine (Arrang et
al., 1988; Sanchez-Lemus and Arias-Montano,
2004). Recently, histaminergic agonists and antag-
onists were shown to modulate DA-derived behav-
ioral responses (Farzin and Attarzadeh, 2000;
Huotari et al., 2000). Histamine Hj receptors are
of major interest, in part, because of the following
reasons:

(a) Histamine H; receptors are presynaptically
located on dopaminergic terminals in mouse stria-
tum, modulating DA release (Schlicker et al.,
1993). Histamine H; receptors also modulate
serotonin, acetylcholine and GABA release (Arias-
Montano et al., 2001; Garcia et al., 1997; Threlfell
et al., 2004). All of these neurotransmitters are
intricately involved in the pathophysiological
responses in PD; also implicated in L-DOPA
action; and markedly dysregulated in basal gan-
glia of PD patients (Gibb, 1997);

(b) There is an increased number of histamine
H; receptors in the striatum of 6-hydroxydop-
amine (6-OHDA) -lesioned rats, and the H; recep-

tor upregulation is prevented by a DA D, receptor
agonist (Ryu et al., 1994; 1996);

(c) Histamine H; receptor agonists modulate D
receptor function, either by strongly inhibiting DA
D, receptor-dependent release of [SH]-GABA
from rat striatum; or through an interaction at the
terminals of GABA neurons (Arias-Montano et
al., 2001); or by modulating cAMP formation in
striatal neurons that possess D, receptors (Sanchez-
Lemus and Arias-Montano, 2004);

(d) Histamine Hy receptor number is highest in
the striatum and globus pallidum of human brain,
exerting a regulatory effect on basal ganglia func-
tion (Martinez-Mir et al., 1990);

(e) Finally, Anichtchik et al. (2001) have shown
that histamine H; receptor mRNA expression in
the striatum, and histamine H; receptor number in
the substantia nigra, are substantially altered in
parkinsonian versus non-parkinsonian brain.

The aforementioned findings indicate a close
association between dopaminergic and histaminer-
gic systems in brain, with the latter modulating
DA synthesis/release/metabolism via Hj recep-
tors. In the present study we explored the possible
role of histamine H; receptors on L-DOPA-induced
behavioral effects (locomotor activity, number of
rearings, stereotyped behavior and motor coordi-
nation) and L-DOPA-derived DA and metabolites
in the striatum of both intact and 6-OHDA-
lesioned rats. Tissue levels of DA were analyzed
as well as in vivo microdialysate levels of DA (i.e.,
extraneuronal origin), for a better understanding
of the interplay of the two neurotransmitter sys-
tems.

MATERIALS AND METHODS

Subjects

Wistar rats were obtained from the University
Animal Department (Katowice, Poland) and were
housed in a well-ventilated room, at 22 + 2°C under
a 12 h light:12 h dark cycle (lights on 7:00 a.m. to
7:00 p.m.), and with free access to food and water.
Rat offspring were weaned at 21 days, and segre-
gated by sex. Only male rats were used in this study.
All procedures, reviewed and approved by the Local
Bioethical Committee for Animal Care, are in accord
with principles and guidelines described in the NIH
booklet Principles of Laboratory Animal Care.
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Neonatal Treatment

At 3 days after birth rats were pretreated with
desipramine HCI (20 mg/kg, i.p., base; 1 h) (Sigma)
and pargyline HCI (50 mg/kg, i.p., salt form; 0.5 h)
(Sigma) and injected bilaterally i.c.v. with 6-OHDA
HBr (66.7 ug base form on each side). This proce-
dure has been described in detail (Kostrzewa and
Gong, 1991). Rats were housed in the condition as
above until 10 weeks for further experiments.

In vivo Microdialysis Procedure

Rats were anesthetized with relanium (Polfa) (10
mg/kg, i.p.) and ketamine (Parke-Davis) (80 mg/kg,
1.p.), and placed in a stereotaxic frame. The dermis
overlying the skull was incised, and the dermis was
retracted to expose the skull plate. A small burr hole
was drilled to allow implantation of a dialysis probe
with 4 mm active membrane (ID 75 um, OD 150
um, Polymicron Technologies, USA) into the right
striatum (A +0.7, L +3.0, V -7.0 according to the
Paxinos and Watson stereotaxis atlas). Two stain-
less steel screws were mounted near the probe and
fastened to the skull with dental cement (Duracryl
Plus, Spofa, Praha). On the following day the free
ends of the probe were connected with teflon tubes
and continuously perfused with artificial cerebro-
spinal fluid (Na™ 145 mM, K™ 2.7 mM, Ca2* 1.2
mM, Cl- 151.7 ) at a flow rate of 2.0 wl/min
(Micodialysis pump, Harvard Apparatus Model 22,
GB). Samples were collected every 20 min and
injected directly onto a 3 wm 150x3 mm column
(MD 150/RP-18, ESA, USA), using a mobile phase
consisting of 1.7 mM 1-octanesulfonic acid, 25 uM
EDTA, 100 pl triethylamine/liter, and 10% ace-
tonitrile in 75 mM phosphate buffer at pH 3 and
flow rate of 0.6 ml/min. A guard cell (+250mV),
and flow-through electrochemical cell (E; +250; E,
-175) were used for analysis, with a Coulochem
(ESA, USA) data analysis system to integrate peak
areas of DA, 3,4-dihydroxyphenylacetic acid
(DOPAC), homovanillic acid (HVA) and 5-hydroxy-
indoleacetic acid (5-HIAA) (Takeda et al., 1990;
Brus et al., 2002; Nowak et al.,, 2002). When
dialysate DA levels were constant (approx. 1.5 h
from the start of perfusion), rats were pretreated
with the peripherally-acting DOPA decarboxylase
inhibitor S-carbidopa (12.5 mg/kg, i.p.), 30 min
before L-DOPA challenge (15 mg/kg, i.p.) (control
animals). Other groups of rats were additionally

injected either with imetit (5 mg/kg, i.p.) or thiop-
eramide (5 mg/kg, i.p.), 5 min after S-carbidopa
(i.e., 25 min before L-DOPA challenge).

Tissue Sample Preparation

At the end of microdialysis study (exactly 180 min
after S-carbidopa injection) animals of all tested
groups [lesioned rats treated with L-DOPA (con-
trol), lesioned rats treated with thioperamide and
L-DOPA; and lesioned rats treated with imetit and
L-DOPA] were decapitated. The striatum (from the
left hemisphere) was rapidly dissected and placed
on dry ice, weighed and stored at -70°C, pending
assay. Samples were homogenized for 15-20 sec in
ice-cold trichloracetic acid (0.1 M), containing 0.05
mM ascorbic acid. After centrifugation (5,000g, 5
min), supernatants were filtered through 0.2 um
cellulose membranes (Titan MSF Microspin filters,
Scientific Resources Inc., Eatontown GB) and
supernatants injected onto the HPLC/ED column.
Levels of DA, DOPAC, HVA, 5-HT, 5-HIAA as
well as noradrenaline (NA) were assayed by HPLC/
ED (Magnusson et al., 1980; Nowak et al., 2002).
The composition of the mobile phase was: 75 mM
NaH,PO, (Avocado, Research Chemicals Ltd), 1.7
mM 1-octanesulphonic acid (Avocado, Research
Chemicals Ltd), 5 uM EDTA (Avocado, Research
Chemicals Ltd), 100 ul triethylamine (Sigma),
9.5% acetonitrile (Lab-Scan), pH 3 adjusted with
phosphoric acid (Fluka). The flow rate was main-
tained at 0.7 ml/min, at a temperature of 22°C, and
the oxidation potential was fixed at +700 mV, 10
nA/V sensitivity. Peaks were automatically inte-
grated by universal chromatographic interface
UCI-100 (Dionex, Germany). The instrumentation
included an electrochemical detector (Gilson,
France) model 141 with flow cell, piston pump
model 302 with head 5SC (Gilson), manometric
module model 802 (Gilson), thermostat for STH
595 column (Dionex, Germany), precolumn
Hypersil BDS C18, 10x4 mm, 3 wum (ThermoQuest
GB) and chromatographic column Hypersil BDS
C18, 250x4.6 mm, 3 um (ThermoQuest GB).

Locomotor Activity

At 16 weeks rats were acclimated for >30 min in
plastic cages (48x26x18 cm) with wood chip bed-
ding, in a quiet and well-lighted room. Thereafter
rats were pretreated with the peripherally-acting
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DOPA decarboxylase inhibitor S-carbidopa (12.5
mg/kg, i.p.), 30 min before L-DOPA challenge (15
mg/kg, i.p.) (control animals). Other groups of rats
were additionally injected either with imetit (5 mg/
kg, i.p.) or thioperamide (5 mg/kg, i.p.) (5 min after
S-carbidopa; i.e., 25 min before L-DOPA challenge).
After the last injection rats were individually observed
for locomotor activity (walking, running, grooming,
sniffing, eating and digging); numbers of rearings
were also counted, starting 20 min later, for 10 min
periods, every 20 min until 80 min. Rats were
observed for 40 min in total (Nowak et al., 2005).

Stereotyped Behavior

Rats were individually placed in transparent glass
cages (48x26x36 cm, on fresh wood-chip bedding,
and were allowed to acclimate for 30 min. Then, all
rats were injected with S-carbidopa (12.5 mg/kg,
i.p.), 30 min before L-DOPA challenge (15 mg/kg,
i.p.) (control animals). Other groups of rats were
additionally injected either with imetit (5 mg/kg, i.p.)
or thioperamide (5 mg/kg, i.p.) (5 min after
S-carbidopa; i.e., 25 min before L-DOPA challenge).
Then, every 30 min after the last injection, and up to
90 min, the stereotyped behavior of each rats was
rated by the scoring method of Creese and Iversen on
a scale of 0 - 6, where a score of 6 represented no
stereotyped activity (Creese and Iversen, 1975).

Locomotor Coordination (Rota rod Test)

Ten minutes after saline pretreatment (1.0 ml/keg,
1.p), rats were individually placed on a wooden bar,
3 cm in diameter. The bar circulated longitudinally
four times per minute, and the length of time (in sec)
on the rotating bar was recorded. Any rat remaining
on the bar for 300 sec, was placed back in its cage.
This test was carried out twice more on each rat, with
10 min intervals between tests. The mean time was
calculated for each rat. Then, rats were injected with
S-carbidopa (12.5 mg/kg, i.p.), 30 min before
L-DOPA challenge (15 mg/kg, i.p.). After 10 min, 2
and 3 h motor coordination was examined according
the methods described above.

Because L-DOPA in a dose of 15 mg/kg, i.p. had
an adverse effect on locomotor coordination in
6-OHDA lesioned rats, Hy ligands were not adminis-
tered as an L-DOPA pretreatment. Consequently, for
assessment of locomotor coordination, imetit and
thioperamide were only injected alone in rats.

Data Analysis

Group differences were assessed by an analysis of
variance (ANOVA) and the post-ANOVA test of
Newman-Keuls. A P value <0.05 was taken as the
level of significant difference.
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FIGURE 1 Effect of thioperamide (5.0 mg/kg) and
imetit (5.0 mg/kg) on L-DOPA- (15.0 mg/kg) derived
extracellular DA (a), DOPAC (b), HVA (c) and 5-HIAA
(d) in neostriatum of 6-OHDA-treated rats (n=6). -o-
control, -x- thioperamide, -A- imetit; *p <0.05.
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RESULTS

In vivo Microdialysis Study

The baseline striatal extraneuronal (i.e., microdi-
alysate) level of DA in 6-OHDA lesioned rats of all
examined groups varied between 3.2 - 3.6 pg/20 ul
(FIG. 1a). In the control group, L-DOPA acutely
produced a gradual increase in the microdialysate
DA concentration, up to 160 pg/20 ul in 180 min;
at this time-point, rats were sacrificed for further
examination (catecholamine tissue assay). In rats
pretreated with the histamine Hj receptor agonist
imetit, the L-DOPA-induced increase in microdi-
alysate DA content was less than that seen in the
control group (i.e., saline in place of imetit pretreat-
ment + L-DOPA), at 40, 60, 140-180 min (FIG. 1a).
Conversely, there was no difference in the DA
microdialysate concentration between control rats
and the group that had been pretreated with thiop-
eramide (histamine H; antagonist).

In this study the microdialysate level of DA
metabolites was also analyzed. The baseline striatal
extraneuronal (i.e., microdialysate) level of DOPAC
in 6-OHDA lesioned rats of all examined groups
varied between 65.3 - 75.7 pg/20 ul (FIG. 1b).
L-DOPA gradually elevated the DOPAC microdi-
alysate concentration in all three groups, with the
highest response observed at 80 min. The peak
DOPAC concentration was higher in rats that had
been pretreated with imetit, versus the control
group (P <0.05 at 60, 80 and 100 min). Thioperamide
increased the DOPAC microdialysate level to a
greater extent versus controls (P <0.05 at 100 and
160 min), but to a lesser extent versus imetit (FIG.
1b). Similar data were obtained with HVA. The
extraneuronal concentration of HVA in baseline
samples varied between 87.4 - 98.3 pg/20 ul (FIG.
1¢c). L-DOPA challenge increased HVA in all groups,
but to the greatest extent in rats pretreated with
imetit (P <0.05 at 60 to 120 min) (FIG. 1c).The
5-HIA A microdialysate concentration did not differ
between control and imetit pretreated animals (FIG.
1d). Thioperamide slightly increased the 5-HIAA
level in comparison to the control (P <0.05 at 80
and 180 min).

Tissue Assay
At 150 min after L-DOPA injection, the DA striatal
content was 376.9 ng/g, while DOPAC and HVA

were, respectively, 155.9 and 529.6 ng/g (FIG. 2a).
Imetit (5 mg/kg, i.p.), 10 minutes before L-DOPA
injection, significantly reduced DA and DOPAC
contents to 50-60% of control. The HVA level was
also greatly diminished by imetit to 298.7 ng/g, but
because of a high standard error, data were not sig-
nificantly different between groups. Thioperamide
was without effect (FIG. 2a).

Neither imetit nor thioperamide influenced neo-
striatal NA, 5-HT and 5-HIAA contents (FIG. 2b).

Locomotor Activity

Twenty min after L-DOPA injection (15 mg/kg, i.p.)
locomotor activity in the control group was 119 +
24 sec. Neither imetit nor thioperamide modified
this effect; locomotor activity after imetit pretreat-
ment was 139 £ 27 sec, and after thioperamide
pretreatment 101 £+ 11 sec. After 40 min, a marked
increase in locomotor activity was observed in all
tested groups; 509 + 37 sec (control); 452 & 35 sec
(imetit) and 523 + 24 sec (thioperamide), respec-
tively. A similar effect was seen at subsequent inter-
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FIGURE 2  Effect of thioperamide (5.0 mg/kg) and
imetit (5.0 mg/kg) on L-DOPA- (15.0 mg/kg) induced
alterations in neostriatal levels of DA, DOPAC, HVA,
NA (a) and 5-HT and 5-HIAA (b) in 6-OHDA-lesioned
rats (n=6). (clear bar) L-DOPA, (light shaded bar)
L-DOPA + thioperamide, (dark shaded bar) L-DOPA +
imetit; *p <0.05.
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vals, although at 90 min there was an attenuation in
locomotor activity in rats injected with imetit ver-
sus controls (i.e., rats injected only with L-DOPA)
(FIG. 3).

To assess vertical activity of rats simultaneous
with locomotor activity, the number of rearings
were counted. As shown in FIG. 4, numbers of rear-
ings in control and thioperamide groups were simi-
lar, while imetit as a pretreatment to L-DOPA
enhanced vertical activity at 40, 60 and 80 min (P
<0.05) (FIG. 4).

Stereotyped Behavior

Thirty min after L-DOPA, rats from the control
group exhibited stereotypic reactions (e.g., stereo-
typed walking, climbing). Then, compulsive move-
ments (stereotyped sniffing and climbing in the
same place) gradually increased, peaking at 90 min
of observation. Rats injected with thioperamide and
L-DOPA demonstrated a similar pattern of behavior
in comparison to control animals (L-DOPA alone).
In the imetit + L-DOPA group stereotyped behavior
was far less pronounced (P <0.05) at all times)
(FIG. 5).
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FIGURE 3  Effect of thioperamide (5.0 mg/kg) and
imetit (5.0 mg/kg) on L-DOPA- (15.0 mg/kg) evoked
locomotor activity in 6-OHDA-treated rats (n=8). (clear
bar) L-DOPA, (light shaded bar) L-DOPA + thioper-
amide, (dark shaded bar) L-DOPA + imetit; *p <0.05.
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FIGURE 4 Effect of thioperamide (5.0 mg/kg) and

imetit (5.0 mg/kg) on L-DOPA- (15.0 mg/kg) evoked
number of rearings in 6-OHDA -treated rats (n=8). Rest
of legend as in figure 3.

Motor Coordination (Rota rod Test)

Coordination time in 6-OHDA lesioned rats after
saline injection was approximately 35 sec; L-DOPA
(15 mg/kg i.p.) acutely shortened time on the rod in
the 2nd and 3rd h after administration (P <0.05).
Imetit was without effect in this regard, while thi-
operamide prolonged the time each rat managed to
stay on the rotating bar, in comparison to saline
alone (P <0.05 in 2 and 3 h) (FIG. 6).
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FIGURE 5  Effect of thioperamide (5.0 mg/kg) and
imetit (5.0 mg/kg) on L-DOPA- (15.0 mg/kg) evoked
stereotyped behavior in 6-OHDA-treated rats (n=8). -o-
L-DOPA, -x- L-DOPA + thioperamide, -A- L-DOPA +
imetit; *p <0.05 (L-DOPA / L-DOPA-+imetit); *p <0.05
(L-DOPA / L-DOPA + thioperamide).
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FIGURE 6 Effect of L-DOPA (15.0 mg/kg), thioper-
amide (5.0 mg/kg) and imetit (5.0 mg/kg) on motor
coordination in 6-OHDA-treated rats (n=6). (clear bar)
Motor coordination after saline injection; (light shaded
bar) Motor coordination 10 min after L-DOPA, thioper-
amide, or imetit; (mid shaded bar) Motor coordination 2
h after L-DOPA, thioperamide, or imetit; (dark shaded
bar) Motor coordination 3 h after L-DOPA, thioper-
amide, or imetit; *p <0.05.
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DISCUSSION

The present study demonstrates that the histamine
Hj; agonist imetit but not the histamine H; antago-
nist thioperamide, attenuates an L-DOPA-induced
increase in extracellular DA in the neostriatum of
6-OHDA lesioned animals. However, both hista-
mine Hj ligands (thioperamide to a far less extent)
increased DOPAC and HVA microdialysate con-
centrations, probably by enhancing intraneuronal
DA utilization. In behavioral tests we demonstrat-
ed that imetit diminished stereotyped behavior but
increased vertical activity in rats, being without
effect on motor coordination. Conversely, thioper-
amide did not affect locomotor "components" but
markedly improved motor coordination.

Methodological Consideration

In the present work, two highly selective Hj
ligands were used, imetit which is a full ago-
nist, with approximately 60-times greater in
vivo and in vitro potency than histamine and
with 4-times greater potency than (R)-a-
methylhistamine (Garbarg et al., 1992); and
thioperamide, a potent and specific histamine
Hjreceptorantagonist/inverse agonist (Ganellin
et al., 1995; Wieland et al., 2001). Based on
earlier findings, both Hj ligands (in a dose
range of 0.2-10 mg/kg) influence behavioral
responses evoked by dopamine receptor stimu-
lation in rats and mice (Clapham and Kilpatrick,
1994; Perez-Garcia et al., 1999; Farzin and
Attarzadeh, 2000; Garcia-Ramirez et al., 2004).
In the present study we tested an intermediate
dose (5 mg/kg) of each ligand.

Among the manifold Parkinson's disease ani-
mal models that have been introduced (Moore
et al.,2005; Ossowska et al., 2005), the neona-
tal 6-OHDA-lesioned rat in the present study is
posed as a near-ideal model of severe
Parkinson's disease. This is due to the non-
lethality of the procedure, profound destruc-
tion of nigrostriatal dopaminergic fibers, near-
total DA-denervation of striatum, and repro-
ducibility. As previously demonstrated, onto-
genetic 6-OHDA treatment is associated with
reliably marked reduction in adulthood levels
of striatal DA (~99%), DOPAC (~98%) and
HVA (~98%) (Kostrzewa et al., 2006).

Motor Coordination and pro-Dyskinetic Effect
of Histamine H3 Receptor Stimulation

in 6-OHDA-Lesioned Rats

Because neither histamine H; receptor agonism nor
antagonism directly affected locomotor activity in
the present study, histaminergic H; receptors appear
to influence locomotor activity primarily via their
modulatory effect on dopaminergic system function
(Perez-Garcia et al., 1999). In this vein, Clapham
and Kilpatric (1994) showed that thioperamide
reduced amphetamine-induced locomotor activity
in the mouse. This observation is in agreement with
others (Toyota et al., 2002). However, in the pres-
ent study L-DOPA-evoked locomotor activity was
not affected by either imetit or thioperamide pre-
treatments. This apparent discrepancy may be
related to use of L-DOPA (DA precursor) which
enhances DA synthesis, in contrast to amphetamine
which evokes DA release. Also, in the present study
a rat model of severe parkinsonism was engaged.
The important finding is that imetit, injected prior
to L-DOPA, significantly enhanced vertical activity
in 40, 60 and 80 min of observation (FIG. 4).
Johnston et al. (2005) demonstrated that drugs that
have previously been found to reduce L-DOPA
induced dyskinesia in parkinsonian primates and
PD patients without compromising the anti-parkin-
sonian efficacy of L-DOPA, dose-dependently
reduce vertical components of activity when co-
administered with L-DOPA in reserpine-treated rats
(DA depleted animals). Our findings coupled with
these latter findings, imply that histamine H; recep-
tors are likely to augment motor dyskinesia in
L-DOPA-treated PD patients. This observation is
also in agreement with our recently published data
(Nowak et al., 2006a).

The histamine Hj receptor antagonist thioper-
amide alone improved motor coordination in the
rota-rod test while imetit was without effect (FIG.
6). Moreover, the high dose of L-DOPA (15 mg/kg,
1.p.) in the current study perturbed motor coordina-
tion of rats, probably by evoking stereotyped
behavior. Interestingly, Song et al. (2006) demon-
strated that microinjection of histamine into the
cerebellar interpositus nucleus remarkably increased
time that animals balanced steadily on the rota-rod.
In addition, administration of the selective hista-
mine H, receptor antagonist ranitidine considerably
decreased animal endurance on the rota-rod, but the
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selective histamine H; receptor antagonist triproli-
dine had no effect. Although these results are seem-
ingly inconsistent with our data, the above authors
1) did not investigate histamine H; receptor ligands,
i1) did not employ parkinsonian rat, and iii) focally
injected into the cerebellum.

Stereotyped Behavior
in 6-OHDA-Lesioned Rats
Farzin and Attarzadeh (2000) found that imetit
diminished while thioperamide potentiated apo-
morphine-induced licking behavior in mice. There
are only sparse data concerning a role for histamine
H; receptors in L-DOPA effects. Huotari et al.
(2000) found that the histamine Hy receptor ago-
nist, R-a-methylhistamine, reduced contralateral
L-DOPA-induced circling in rats with a unilateral
lesion of nigrostriatal fibers (a model of hemipar-
kinsonism). However, less clear was the effect of
thioperamide on rat behavior. This is in line with
our data, as we demonstrated imetit significantly
attenuated stereotyped behavior evoked by L-DOPA
administration; the thioperamide effect was also
less clear, but in general this substance did not
affect the examined parameter (FIG. 5).
Garcia-Ramirez et al. (2004) also determined that
in rats with a 6-OHDA lesion of either substantia
nigra pars compacta or medial forebrain bundle,
apomorphine-induced contralateral turning was
reduced by intranigral imetit, an effect prevented by
systemic thioperamide administration. It is com-
monly accepted that drugs that diminished stereo-
typed behavior (evoked by dopaminomimetics) do
so by reducing dopaminergic transmission.
Therefore, based on the above data and our own
observation it is reasonable to conclude that hista-
mine Hy receptor stimulation may counteract the
effectiveness of L-DOPA therapy.

Histamine H; Receptor Ligands and Striatal
DA, DOPA and HVA. Microdialysis Study.
Behavioral findings are in agreement with the
microdialysis data presented in this paper, showing
that histamine Hj; receptor agonism reduces
L-DOPA-derived DA in extraneurnonal striatum
and in striatal tissue.

Maeda et al. (1999) showed that the DA D, ago-
nist quinpirole dose-dependently (0.01-3 mg/kg
s.c.) suppressed DA release both in the intact and

DA-denervated striatum. However, in denervated
striatum, L-DOPA-derived DA release was not
affected by quinpirole pretreatment - suggesting
that in the largely DA-denervated striatum, regu-
lation by presynaptic DA D, receptors is still
operative on endogenous DA release but not on
release of DA derived from exogenously adminis-
tered L-DOPA. If DA D, autoreceptors have
minimal modulatory influence over L-DOPA-
associated DA release - the cardinal mechanism
regulating this process - it would be rather doubt-
ful that diminished DA release into an extraneu-
ronal space following histamine Hy agonist treat-
ment is mediated by presynaptic histamine Hj
receptors located on the near-totally destroyed
DA terminals. Additionally, in other recently pub-
lished studies (Nowak ef al., 2006a) we showed
that neither activation nor block of histamine Hj
receptors modifies endogenous DA release in the
neostriatum of 6-OHDA lesioned animals.
Nevertheless, one must be cognizant that in vivo
metabolism of L-DOPA to DA may occur in non-
dopaminergic neurons. Based on our previous
data, it appeared that 5-HT neuronal phenotypes
could be involved in L-DOPA metabolism to DA
(Johnston et al., 2005; Nowak et al., 2006b;
Kostrzewa et al.,, 2007). Also, Tanaka et al
(1999) showed that exogenously administered
L-DOPA is converted into DA in serotonergic ter-
minals and thereafter released into the extracel-
lular space. Furthermore, Kannari et al. (2001)
established that such release is controlled by
5-HT; 5 but not 5-HT g receptors. 5-HT 5 recep-
tor activation attenuates L-DOPA-derived DA in
the microdialysate. According to our results, nei-
ther imetit nor thioperamide influenced 5-HT and
5-HIAA tissue levels as well as microdialysate
5-HIAA level in the neostriatum. Unfortunately
we were not able to determine 5-HT content in the
striatal microdialysate. Threlfell et al. (2004),
however, did report that the histamine H; agonist
imepip inhibited evoked 5-HT release by up to
60% in substantia nigra pars reticulate - in intact
rats. Although 5-HT and 5-HIAA were not affect-
ed by histamine Hs ligands (in our study) we can
not discount the possibility that serotoninergic
nerves are associated with H; receptor-mediated
effects. Further studies with a 5-HT,; 4 antagonist
would help to elucidate this problem.
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Histamine H; Receptor Ligands and Striatal
DA, DOPAC and HVA Level. Tissue Study.

In the present study, only imetit suppressed DA,
DOPAC and HVA striatal tissue levels of rats
acutely treated with L-DOPA. Conversely, an
increase in DOPAC and HVA levels was observed
in microdialysates after imetit pretreatment. The
increase in intraneuronal DA metabolism induced
by imetit pretreatment (and assessed by DOPAC
and HVA microdialysate concentrations) may reflect
"a wash out" effect.

CONCLUSION

The present study is believed to be the first to show
that histamine H; receptor modulation substantially
influences neostriatal DA metabolism after L-DOPA
treatment of parkinsonian rats. Furthermore, behav-
ioral data suggest that histamine H5 receptor stimu-
lation may augment motor dyskinesia (an occur-
rence often seen in L-DOPA treated patients) and
simultaneously reduce effectiveness of L-DOPA
therapy. In contrast, histamine Hj receptor block-
ade may contribute to improvement of some motor
complication occurring in PD patients.

Summing up, the present results provide insight
into the association between histamine Hj receptors
in L-DOPA effects in PD, and implicate H; recep-
tors as a therapeutic target in the PD.
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