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Abstract: Recently, we observed that central administration of L-arginine attenuated the stress responses of
neonatal chicks by inducing a sedative and hypnotic effect. In addition, L-ormthine, which s produced from
L-arginine in the brain, appeared to interact with L-arginine during a stress response. Several putative
metabolites from L-ormithine, mcluding L-citrulline and D-ornithine, were therefore mvestigated in the present
study. The effects of intracerebroventricular injection of T-ornithine, T-citrulline and D-ornithine were compared
i chicks under an 1solation-induced stress. L-omithine greatly attenuated the stress response and induced
sedative and hypnotic effects. D-ornithine weakly attenuated the stress responses, while L-citrulline had no

effect.
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INTRODUCTION

L-arginine is classified as an essential amino acid
for birds, camivores and young mammals and is a
conditionally essential amino acid for adult humans
Recently, we observed that intracerebroventricular (i.c.v.)
mjection of L-arginine induced sedative and/or hypnotic
effects i chicks exposed to a social solation stress
(Suenaga et al., 2008a). L-Arginine exerts its metabolic
roles through the production of diverse metabolites
including Nitric Oxide (NO), L-ornithine, polyamines,
L-proline, L-glutamate, L-glutamine, creatine and agmatine
(Morris, 2004). Among these metabolites, i.c.v. injections
of L-ormithine (Suenaga ef al, 2008b), L-proline
(Hamasu et al., 2009a, b), L-glutamate (Yamane et al.,
2009b) and L-glutamate had a similar fimction as observed
by i.c.v. injection of L-arginine (Suenaga et al., 2008a), but
the contribution of NO (Suenaga et al., 2008a) and
agmatine was low (Suenaga et al., 2008b).

L-ormthine 15 converted to pro-proliferative
polyamines via ornithine decarboxylase. Polyamines such
as putrescine, spermidine and spermine are small
ubiquitous cationic molecules required for cell growth and

homeostasis (Pegg and McCann, 1982; Tabor and Tabor,
1984). We showed that polyamines, unlike L-ormthine, do
not induce hypnotic effects, whereas only putrescine
caused a sedative effect among three polyamines
(Kurauchi). Other L-ornithine metabolites include
L-citrulline and D-ornithine. Following condensation
with carbamyl phosphate, L-ornithine is converted to
L-citrulline in the omuithine transcarbamylase reaction.
D-Ornithine is produced from L-ornithine through the
action of omithine racemase (EC 5.1.1.12).

There is no information on the contribution of
L-citrulline or D-ormithine on the sedative and hypnotic
effect of L-ornithine. The effect of L-citrulline and
D-ormithine was compared with that of L-ormthine in
neonatal chicks under an acute stressful condition.

MATERIALS AND METHODS

Animals and food: Day-old male layer chicks (Julia;
Murata Hatchery, Fukuoka, Japan) were housed 1 a
wire-meshed cage (50x35%33 cm) in a group (20-25 birds)
at a constant temperature of 304+1°C and continuous light,
until the experimental day. Chicks were the same age and
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housed without an adult. Diet (AX, Toyochashi feed and
mills Co. Ltd., Aichi, Japan) and water were available ad
libitum. On the day of the experiment, chicks, 4-5 days of
age were assigned to treatment groups based on their
body weight m order to produce umform treatment
groups. Experimental procedures followed the guidance
for amimal experiments in faculty of agriculture and in
the graduate course of Kyushu University and the law
(No. 105) and Notification (No. 6) of the Government.

Preparation of drugs: T.-ornithine monchydrochloride
was provided by Kyowa Hakko Bio Co., Ltd. (Tokyo,
Japan). L-citrulline (Sigma, St. Louis, MO, USA)and
D-ormithme monchydrochloride (Wako, Osaka, Japan)
were used in the present study. Drugs were dissolved in
0.85% saline containing a 0.1% evans blue solution.

Experimental procedure: Drugs were injected 1.c.v. into
the left lateral ventricle of the chicks m a volume of
10 ul. using a microsyringe according to the method of
Davis et al. (1979). The stress and pain suffered by this
method is minimal as described elsewhere (Koutoku et al.,
2005). After injection, chicks were immediately and gently
individually placed into  acrylic  glass chambers
(40%30x20 cm) with paper on the floor for 10 min in a
separate room at a constant temperature of 30°C. They
were deprived of water and diet and spontaneous activity
and vocalizations were recorded. Spontaneous activity
was automatically determined utilizing infrared beam
sensors (N3-AS01; Neuroscience Inc., Tokyo, Japan)
placed about 20 cm above the center of the floor of the
monitoring cage and analyzed by the software DAS-008
(Neuroscience Inc., Tokyo, Japan). The number of
vocalizations were simultaneously recorded and counted
using a computer with Gretchen software (Excla Inc.,
Saitama, Japan). Chick behaviors were recorded by three
video cameras positioned at different directions.
According to the method of van Luijtelaar ef al. (1987),
the recorded chick behaviors were classified into four
categories: wakefulness,  standing/sitting
motionless with eyes oper; standing motionless with
eyes closed; sitting motionless with head drooped
(sleeping posture). The monitoring systems were set in a
separate room to avoid disturbing the animals. Birds were
injected i.c.v. with 0.5 umol of L-omithine, T-citrulline and
D-ornithine. Saline was used as a control.

At the conclusion of the behavioral observations, the
birds were decapitated following an overdose of sodium
pentobarbital. The brains were removed and the location

active

of the Evans Blue dye was confirmed. Data of chicks
without dye in the lateral ventricle were deleted.

Statistical analysis: Data for spontaneous activity and
distress vocalization were statistically analyzed by
repeated measure two-way Analysis of Variance
(ANOVA) and the postures were analyzed by one-way
ANOVA. When significant effects were determined,
comparisons between means were made using Fisher’s
LSD as a post hoc test. Sigmificant differences implied
Pp<0.05. Values are presented as means+SEM. Statistical
analysis was made using a commercially available
package, StatView (1998). All data were first subjected to
Grubs-Smirnov rejection test to elimimate outliers. The
remaimng data were used.

RESULTS

Figure 1 shows, the effect of 1.c.v. myection of
L-ornithine, L-citrulline and D-ornithine on spontaneous
activity (upper panel) and the number of distress
vocalizations (lower panel) in chicks during the 10 min
social separation stress. There was no significant
effect of drugs (F (3,24) = 2.240, p>0.05), time after
injection (F (9,216)=1.001, p=>0.05), or interaction between
drugs and tme (F (27,216) = 0873, p=0.05) on
spontaneous activity. For distress vocalizations, a
significant effect of drugs (F (3,24) = 4.024, p=<0.05) and an
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Fig. 1. (aandb) Effect of 1.cv. myection of L-ormithine,
L-citrulline and D-ormthine on spontaneous
activity (upper panel) and vocalizations (lower
panel) during a 10 min social separation stress in
neonatal chicks. Values are means with SEM. The
number of chicks used in each group was 7
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Fig. 2. Effect of i.c.v. injection of L-ornithine, L-citrulline and D-ornithine on various behaviors of neonatal chicks.
Values are means with SEM. Different letters indicate sigmficant differences at p<<0.05. The number of chicks used

1n each group was 7

interaction between drugs and time (F (27,216) = 1.855,
p<0.01) were detected. No significant (F (9,216) = 1.650,
p>0.05) effect of time was observed. L-ormthine decreased
the numbers of distress vocalizations compared to
L-citrulline. strongly inhibited distress
vocalization through 10 min post-injection whereas the
mhibition caused by D-omithine rapidly disappeared.
Figure 2 shows, the responses within the various

L-ornithine

behavioral categories during the 10 min social separation
stress following the icv. injection of L-ornithine,
L-citrulline or D-ornithine. Significant effects were
observed in active wakefulness (F (3,24) = 4.635, p<0.05)
and sleeping posture (F (3,24) = 4.642, p<0.05), while no
effect was observed n standing/sitting motionless with
eyes open (F (3,24) = 0.598, p>0.05) or standing
motionless with eyes closed (F (3,24) = 1.115, p=0.05).
Time for active wakefulness was significantly (p<t0.05)
decreased by L-ormithine compared to L-citrulline. In
sleeping posture, time for L-orithine was significantly
longer than that for the control or L-citrulline groups.

DISCUSSION

Suenaga et al. (2008b) concluded that T.-ornithine,
produced by arginase from L-arginine in the brain, mainly
plays an important role in the sedative and hypnotic
effects of L-argimne observed during a stress response.

However, L-ornithine 1s further metabolized to L-citrulline
and D-ormithine. Accordingly to clarify the contribution
of L-ornithine metabolites on the sedative and hypnotic
effect of L-ornithine, we compared the effect of
L-ornithine, L-citrulline and D-ornithine in the present
study.

First, there 1s an mfluence of the optic isomerism. For
instance, L-serine might be converted to the enantiomer
D-serine by serine racemase, which was purified from the
mammalian brain (Konno, 2003; Wolosker et al., 1999).
D-serine 1s present in the bramn of several vertebrate
species including carp, frog, mice, rat and chick
(Nagata et al, 1994) and is in particularly high
concentration in the mammalian brain where it acts as an
endogenous ligand for an N-Methyl-D-Aspatate (NMDA)
receptor-related glycine site (Contreras, 1990). According
to Asechi et al. (2006), the i.c.v. injection of L-serine and
its derivatives, including glycine and L-cysteine, mduced
sedative and hypnotic effects under isolation-induced
stress in neonatal chicks. However, D-serine did not show
any effects.

Recently, it was demonstrated that L-serine induces
sedative and hypnotic effects by enhancing inhibitory
neurctransmission via GABA, receptors (Shigemi ef al.,
2008). This fact implies that the optic isomerism alters the
receptor, at which each amimo acid acts. This was the case
for proline, since L-and D-prolme differentially induce
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sedative and hypnotic effects through NMDA and
glycine receptors, respectively (Hamasu e al., 2009b). On
the other hand, the optic 1somerism influenced the
efficacy for the sedative and hypnotic effect. The 1.c.v.
injection of L- and D-cysteine decreased both distress
vocalization and spontaneous activity induced by
isolation (Yamane et al., 2009a). However, the two
cysteme 1somers induced different behaviors. L-cysteine
increased sleep-like behavior, while D-cysteine caused
abnormal behavior including syncope as well as sleep-like
behavior. In the present study, the hypnotic effect of
D-ormthine was weaker than that of L-ormithine. To the
researchers lnowledge, the presence of D-ornithine
and/or omithine racemase in the brain has been unclear.
Therefore, sedation and hypnosis induced by ormthine
was mainly regulated by the L-form.

Second, L-citrulline is made from L-ornithine and
carbamoyl phosphate in one of the central reactions in the
urea cycle. Tt is also produced, from arginine as a
by-product of the reaction catalyzed by NO Synthase
(NOS) farmily. L-argimne 15 first oxidized mto N-hydroxyl-
arginine, which is then further oxidized to citrulline
concomitant with the release of nitric oxide. In the
latter case, the 1.c.v. injection of L-argimne had no effect
on NO x (NO, + NO,) concentration, an index of NO
production, at various brain sites (Suenaga et al., 2008a).
These results suggest that the contribution of NO
generation via NOS may be low in the sedative and
hypnotic actions of L-arginine. In other words, the effect
of L-argimne was not associated with the production of
L-citrulline through the NO pathway. In the former case,
we have not confirmed that central L-citrulline
concentration  increased after mjection of
L-ormithine, but we confirmed that 1c.v. mjection of
L-argimine dose-dependently mncreased brain L-omithine
levels (Suenaga efal., 2008b). In their study, however,
L-citrulline levels were increased by L-arginine but this
effect was not significant (F (2,17) = 1.570, p=0.05). In the
present study, no sedative and hypnotic effects were
confirmed in L-citrulline. Accordingly, if L-citrulline was
produced from L-ornithine, it was not involved with the
sedative and hypnotic effect. Kurauchi found that
polyamines, which are metabolites of I.-ornithine had no
hypnotic effect. Among putrescine, spermidine and
spermine, only putrescine caused the sedative effects.
Therefore, taken together, IL-ornithine, but not its
metabolites, is a major regulator for sedation and
hypnosis m the brain.

LC.V.

CONCLUSION

Tt appears that T.-ornithine, but not its metabolites, is
a major regulator in the brain for sedation and hypnosis.
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