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Abstract. Nitric oxide (NO) in brain has been implicated in neuronal
regulatory processes and in neuropathologies. Previously we showed that NO
modified quinpirole-induced yawning, a behavioral measure of dopamine
(DA) D3 receptor activation in rats. The aim of this study was to characterize
the effect of nitro-L-arginine methyl ester HCl (NAME) and L-arginine HCI1
on reactivity of rats to the DA D1 receptor agonist SKF 38393 and DA D;
antagonist SCH 23390 in intact and neonatal 6-hydroxydopamine
(6-OHDA)-lesioned rats (134 ug of base ICV at 3rd day after birth).
L-arginine HC1 (300 mg/kg IP) increased the oral activity response in
6-OHDA-lesioned rats, like SKF 38393, and induced catalepsy in intact
control rats, like SCH 23390. In contrast, NAME had no effect on oral
activity or catalepsy, but fully attenuated SKF 38393-induced oral activity.
These findings indicate that L-arginine HCI has no apparent effect at the DA
D1 receptor, but that NAME is effective in attenuating a DA D; agonist -
induced effect. Consequently NO may be an intracellular second messenger
for supersensitized receptors associated with DA D1 agonist - induced oral
activity.
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INTRODUCTION

Previously we showed that the nitric oxide (NO)-
donor, L-arginine HCl (ARG), and NO-synthase inhibi-
tor, L-N-nitro-L-arginine methyl ester HCl (NAME),
had opposite effects on quinpirole - induced yawning
(Brus et al. 1996) a behavioral measure of DA D3 recep-
tors activation (Damsma et al. 1993). The aim of this
study was to examine the role of ARG and NAME on re-
activity of central DA D receptors to the DA Dj agonist
1-phenyl-2,3,4-5-tetrahydro-1H-3-benzazepine-7,8-di
ol (SKF 38393) and DA D; antagonist R-7-chloro-8-hy-
droxy-3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-be
nzazepine (SCH 23390). Because D; receptors are
supersensitized in rats lesioned neonatally with 6-hy-
droxydopamine (6-OHDA), both intact and 6-OHDA-
lesioned rats were behaviorally assessed for oral activity
and catalepsy - actions known to be produced by SKF
38393 and SCH 23390, respectively.

METHODS

Wistar albino rats were bred in a home colony and
housed at 22 + 1°C on a light /dark 12 h cycle (light on
at 07 00 h). Rats had free access to rodent food pellets
(Altromin - 1324, Lage, Germany) and water. At 3 days
after birth animals were pretreated with desipramine
HCI (20.0 mg/kg IP, base form; Sigma Chemical Co., St.
Louis, MO), 1 h before bilateral intracerebroventricular
(ICV) injection of 6-OHDA HBr (66.7 Lg base on each
side; Sigma Chemical Co., St. Louis, MO) or saline-as-
corbic acid (0.1%) vehicle. This procedure has been de-
scribed in detail (Kostrzewa and Gong 1991). Rats were
weaned at 21 days. Behavioral experiments were per-
formed on male rats, starting about 3 months after birth.

For assessing oral activity rats were placed inindivid-
ual clear glass chambers in a quiet, well-ventilated and
well-lighted room. After an acclimation period of at least
30 min, saline vehicle 1.0 ml/kg or SKF 38393 HCl in a
dose 0.03, 0.1, 0.3 or 1.0 mg/kg was injected IP. Eachrat
was then observed one at a time, for 1 min every 10 min,
over a 60 min period, beginning 10 min after the last
treatment. Numbers of vacuous chewing movements
were counted by an experienced observer. Each rat was
tested only once a day, and the results were expressed in
the form of dose-response curves. The observed maxi-
mal SKF 38393 effect in 6-OHDA-lesioned rats was 30
to 40 vacuous chewing movements (Brus et al. 1994).
Oral activity in these studies is of the type described in

the paper by Waddington (1990), as spontaneous chew-
ing movements that are not directed toward any physical
material.

ARG HCI (300 mg/kg; Sigma Chemical Co., St.
Louis, MO), NAME (25 mg/kg; Sigma Chemical Co.,
St. Louis, MO) or vehicle was administered IP 10 min
before a single IP injection of SKF 38393 0.1 mg/kg or
vehicle. Numbers of vacuous chewing movements were
counted as previously.

The inclined screen procedure of Iorio et al. (1986)
was used to assess SCH 23390-induced catalepsy, as fol-
lows: ARG 300 mg/kg, NAME 25 mg/kg or saline ve-
hicle 1.0 ml/kg was administered IP 10 min before SCH
23390 HCI 0.5 mg/kg or saline vehicle IP injection.
Thirty minutes later rats were placed in the center of a
25 x 50 cm wire mesh screen (1 cm squares) inclined at
60° from horizontal. The time (in s) taken for each rat to
move any paw at least one screen division was recorded
(up to 60 s). The sum of three measurements taken at 30-
min intervals was defined as catalepsy time.

Atthe conclusion of both behavioral studies, rats were
decapitated and brains were dissected. Striatal concen-
trations of DA and its metabolite 3,4-dihydroxyphenyl-
acetic acid (DOPAC) were analyzed by liquid
chromatography with electrochemical detection
(HPLC/EC, Gilson).

Differences between groups were determined by an
analysis of variance (ANOVA), followed by post-
ANOVA test of Neuman-Keuls.

RESULTS

Inrats lesioned as neonates with 6-OHDA, the striatal
content of DA was reduced in adulthood by about 95%,
from 71.1 £ 4.1 (n=7) in controls to 3.3 £ 0.4 (n = 8)
nmol/g (P < 0.001), and striatal content of DOPAC was
reduced from 24.7+ 1.9 (n=7) in controls t0 0.52 +0.10
(n=8) nmol/g (P <0.001).

Challenge doses of SKF 38393 HCI (0.03 to.1.0
mg/kg IP) increased numbers of oral movements in 6-
OHDA-lesioned but not in control rats (Fig. 1). Atan op-
timal dose of SKF 38393 HCI (0.1 mg/kg IP)
6-OHDA-lesioned rats had 30 chewing movements dur-
ing the 60 min observation period. This is comparable in
magnitude to other studies involving SKF 38393-in-
duced oral activity in 6-OHD A-lesioned rats (Kostrzewa
and Gong 1991, Brus et al. 1994).

ARG (300 mg/kg IP) alone produced an increase in
oral activity of 6-OHDA-lesioned rats and did not alter
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Fig. 1. Effect of SKF 38393 on numbers of oral movements
of control (neonatal saline- ascorbic acid, 0.1%; 5 ul ICV on
each side) and neonatal 6 OHDA -lesioned rats (66.7 pg of
6-OHDA base, ICV, on each side). Each group is the mean
(x SEM) of 8 rats. * P<0.05, ** P<0.01, control group vs.
6-OHDA-lesioned group at the same SKF 38393 dose.

the oral activity response to SKF 38393 (Fig. 2). In con-
trast, NAME alone (25 mg/kg IP) reduced the number of
oral movements in intactrats and attenuated SKF 38393-
induced oral activity in lesioned rats (Fig. 2).

Neither NAME alone nor ARG alone altered catalep-
sy time in intact and 6-OHDA - lesioned rats (not
shown). The DA D1 receptor antagonist SCH 23390
substantially increased catalepsy time in intact rats and
was ineffective in 6-OHDA-lesioned rats, as expected
(Fig. 3). Although NAME (25 mg/kg IP) was without ef-
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Fig. 3. Effects of arginine and NAME on SCH 23390-induced
catalepsy in intact and neonatal 6-OHDA-lesioned rats. Ten
minutes before SCH 23390 HCI (0.5 mg/kg IP), rats were
injected IP with L-arginine HC1 (300 mg/kg), L-NAME
(25 mg/kg), or vehicle. Catalepsy time represents the cumu-
lative time (in sec) in three sessions (30 min intervals) for a
rat to move a paw at least one screen division on a wire mesh
screen (25 x 50 cm, 1 cm squares) inclined at 60° from hori-
zontal. Catalepsy was recorded, starting 30 min after SCH
23390 or NaCl vehicle. Maximum catalepsy time is 180 s
(60 s x 3). Each group is the mean of 8 rats. * P<0.005 vs.
NaCl effect in the same group of rats; + P<0.05 vs. SCH 3390
alone in the same group of rats.

fect on SCH 23390-induced catalepsy, ARG pretreat-
ment (300 mg/kg IP) increased the catalepsy time of
SCH 23390 in intact rats. ARG and NAME, like SCH
23390, did not induce catalepsy in 6-OHDA-lesioned rats.

Fig. 2. Effects of arginine and NAME on
SKF 38393-induced oral activity of con-
trol and neonatal 6-OHDA-lesioned
rats. Ten minutes before SKF 38393
HCI1 (0.1 mg/kg IP), rats were injected
IP with L-arginine HCI (300 mg/kg),
L-NAME (25 mg/kg), or vehicle. Oral
activity was observed for 60 min, start-
+ ing 10 min after the last injection. Each
group is the mean (+ SEM) of 8 rats.
*P<0.01, vs. control rats with some
challenge substance. ¢ P<0.01, vs. NaCl
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effect in some group of rats. + P<0.01,
vs. SKF 38393 effect in lesioned rats.
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DISCUSSION

The DA D; complex receptors (D1, Ds) and D, com-
plex receptors (D2, D3, D4) each can display enhanced
sensitivity (reactivity) and density (numbers), and asso-
ciated changes in equilibrium status (Sokoloff et al.
1993). All of these elements are implicated in abnormal
animal behavior and in human neurological and psychia-
tric disorders. An increase in the reactivity of D, recep-
tors is thought to occur in schizophrenia, while an
increase in the reactivity of both D1 and D receptors is
thought to occur in Parkinsons disease and Huntingtons cho-
rea (Calne 1984, Barone et al. 1986, Koller and Herbster
1988).

The DA D; agonist SKF 38393 is known to induce
oral activity inintact rats (Rosengarten et al. 1983, 1986)
and to have enhanced effect inrats DA-denervated in on-
togeny with 6-OHDA (Kostrzewa and Gong 1991,
Kostrzewa and Hamdi 1991, Brus et al. 1994). A change
in second messenger production is suspect as a mechan-
ism underlying DA receptor supersensitivity, because
binding indices of DA receptors (i.e., Bmax and Kg) are
unaltered when DA supersensitivity is produced (Breese
et al. 1987, Hamdi and Kostrzewa 1991, Brus et al.
1994). The current study replicates previous findings on
SKF 38393 and extends this by showing that NO modi-
fication alters reactivity of D1 receptors.

In the current study the NO donor ARG induced oral
activity in DA-lesioned rats and the effect was not en-
hanced by co-treatment with SKF 38393. The NO syn-
thase inhibitor NAME had little effect alone, but
completely attenuated SKF 38393-induced oral activity.
In one study (Pogun et al. 1994) but not in others (Zhu
and Luo 1992, Lonart et al. 1993) NO inhibited DA re-
lease in the striatum of rats, and inhibited DA uptake into
striatal synaptosomes without altering amphetamine-in-
duced DA release in the nucleus accumbens in vitro
(Pogunetal. 1994). Other studies similarly implicate NO
in DA neurotransmission in striatum (Lin et al. 1995).
Previously, we found that NO modulated quinpirole-in-
duced yawning behavior, an indicator of central DA D3
receptor activation (Brus et al. 1996). Others have found
that peripheral and central administration of NAME and
N-monomethyl-L-arginine (NMMA), another NO syn-
thase inhibitor, prevents apomorphine-induced yawning
behavior in rats (Melis and Argiolas 1993).

The major finding in the current study is that the NO
synthase inhibitor NAME, while lacking an effect alone,
potently attenuated SKF 38393-induced oral activity in

intact and in 6-OHDA-lesioned rats. Because SKF
38393 induces oral activity in rats via an action of DA
Dj receptors, it appears that NAME attenuated reactivity
or sensitivity of DA D1 receptors. Because NAME did
not have an effect of its own on catalepsy, nor alter cata-
lepsy time following administration of the DA D1 recep-
tor antagonist SCH 23390, the effect of NAME at the Dy
receptor was apparently related to agonist interaction
with the receptor, or possibly to second messenger pro-
duction, or to events beyond those in neurons on which
D1 receptors reside.

The NO donor ARG alone potently induced oral ac-
tivity in 6-OHDA-lesioned rats, to a level 50% greater
than was found with the DA D; agonist SKF 38393.
However, SKF 38393 did not have an additive effect
with ARG. The 5-HT, agonist m-chlorophenylpip-
erazine (Gongand Kostrzewa 1992, Brus et al. 1994) and
the muscarine agonist pilocarpine (Kostrzewa and Neely
1993) each capably produce oral activity responses that
are 50 to 100% greater than is found after SKF 38393.

ARG lacked an effect alone on catalepsy but enhanced
SCH 23390-induced catalepsy. This finding, in conjunc-
tion with the observed induction of oral activity by ARG
in 6-OHDA-lesioned rats, suggests that ARG must exert
its effect at a site other than the D receptor, for, a sub-
stance cannot act simultaneously as a potent agonist and
antagonist. It is more likely that ARG acts in several
messenger production or on the relevant neural circuitry
downstream from neurons with D; receptors.

It may be unsettling at first that an NO donor and NO
synthase inhibitor are prepared to act at different sites as-
sociated with DA Di-mediated behavioral responses.
However, NAME would tend to lower NO, and it is quite
conceivable that this effect would attenuate D1 agonist
effects. In contrast, ARG generates NO. It is less likely
that additioned cellular NO would add to an effect if ade-
quate NO were already present. For these reasons
NAME might be producing greater effects at sites asso-
ciated with the Dj receptor.

The major conclusion for this study is that NO is a
likely candidate second messenger for DA D receptors,
analogous to its role for DA D3 receptors, and that NO
appears to be associated with DA receptor supersensiti-
zation.
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