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Effect of intracerebroventricularly (icv) or subcutaneously (sc) injected
L-arginine (L-Arg) on memory was determined using the procedure of pas-
sive avoidance test. Moreover, locomotor and exploratory activity was deter-
mined in rats in an open field test. We found that either the peripheral (sc) or
icv administration of L-Arg significantly prolonged latency time in the pas-
sive avoidance test. This effect appeared at 20–100-fold higher doses in
comparison to such effect of arginine vasopressin (AVP) observed in our
previous study. This memory improving effect was not correlated with the
inhibition of locomotor and exploratory activity. The effect of the lower icv
dose (10 nmoles) of L-Arg was blocked by L-NAME, a non-selective nitric
oxide synthase (NOS) inhibitor. Moreover, the effect of both used doses
(10 and 100 nmoles) of L-Arg was also blocked by S-methylisothiourea
(Mtu), a selective inhibitor of inducible isoform of NOS. On the other hand,
the effect of higher icv dose of L-Arg (100 nmoles) was prevented by 7-ni-
troindazole (7-NI), an inhibitor of neuronal NOS. We conclude that a uni-
form effect of L-Arg on memory is mediated by different isoforms of NOS,
mainly by neuronal and inducible NOS.
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INTRODUCTION

Since the work of de Wied [4, 5], the effect of
arginine vasopressin (AVP) on rat memory has
been extensively investigated [6, 9, 11, 16]. This
peptide evidently improves rat’s memory deter-
mined in a passive avoidance test [4–6, 16]. This
effect is mediated by central V1 receptors [11].
AVP contains an amino acid arginine at the 8th po-
sition of its peptide chain. This amino acid released
from AVP after biological degradation of its pep-
tide chain may be converted to the free radical ni-
tric oxide (NO) now considered as a novel transcel-
lular messenger [17], directly mediating many bio-
logical effects [7, 12] including its effect on the
memory [3, 8, 14, 15, 19] and the synaptic plastic-
ity [1]. The question arises whether amount of NO•

probably produced from AVP-derived L-arginine
(L-Arg) may modulate rat memory. Therefore, the
aim of this study was to determine an effect of
L-Arg, a donor of NO•, on rat memory in a passive
avoidance test, using the same procedures and
equimolar doses of L-Arg as in our previous study
of effects of AVP on memory [11]. Moreover, the
study was undertaken to determine the NO• syn-
thase (NOS) isoforms involved in the NO• produc-
tion during the memory consolidation after L-Arg
administration.

MATERIALS and METHODS

Subjects

Male Wistar rats (160–180 g) obtained from the
animal farm of the Medical University of Silesia
were used in the study. During the experiment,
the animals were kept under standard conditions:
a 12:12 L/D cycle (lights on from 6 a.m. to 6 p.m.),
constant temperature, with free access to standard
food and water.

Surgery

A week before experiments the polyethylene
cannulas were implanted under chloral hydrate an-
algesia (300 mg/kg ip) using the same techniques
as in our previous study [11]. The skin of the skull
was cut and skull bones were uncovered. Polyethyl-
ene cannulas (TOMEL, Tomaszów Mazowiecki,
Poland) were implanted to the right lateral brain
ventricle (icv), according to the following co-
ordinates: a depth of 4 mm from the surface of the

skull, 2 mm to the right from the sagittal suture and
2 mm behind the coronary suture. Cannulas were
attached to the skull bones with dental cement (Du-
racryl, Spofa Dental, Prague, Czech Republic). The
animals which received sc injections of L-Arg did
not require any aditional preparation for experiments.

Apparatus and procedure

The procedure of passive avoidance was used to
evaluate effects of the injected drugs on memory.
We used a method of de Wied [4] in the same way
as in our previous paper [11]. A passive avoidance
test was performed in a dodge tester (COTM,
Bia³ystok, Poland). The apparatus consisted of two
chambers connected with a door. The walls of one
chamber were black with no light source available.
The other chamber was illuminated with a lamp
suspended from the ceiling. The experiments were
performed at least 7 days after icv implantation of
cannulas. The experiment consisted of three ses-
sions performed on three consecutive days. On the
first day, animals were adapted for 2 min to the
dark chamber and then moved into the bright
chamber and allowed to pass back into the dark,
preferred chamber and to stay in it for another 2 min.
The latency time from placing the animal in the
bright compartment to its escape into the dark com-
partment of the apparatus was measured. The se-
cond session was carried out after 24 h. It consisted
of three identical trials as in previous day, but after
the third trial a 10 s electric foot shock was deli-
vered (AC current, 50 Hz, 0.5 mA). The studied
substances were injected icv or sc 10 s after this
aversive stimulus. On the third day of the experi-
ment, only one trial was performed in the same way
as on the previous two days. The latency time from
placing the animal in the bright compartment to its
escape into the dark chamber was measured. The
maximum latency time was set at 300 s. Moreover,
the open field test according to Janssen et al. [10]
was performed on other groups to evaluate the ef-
fect of the same doses of L-Arg on their locomotor
and exploratory activity. A number of ambulations,
peeping, rearing, grooming episodes and defeca-
tions was counted in 3-min periods 15 min, 30 min
and 24 h after the injections. At the end of experi-
ments, the rats were killed by chloral hydrate over-
dosing (600 mg/kg ip) and visual inspection of the
placement of cannulas in the right brain ventricle
was made after icv injections of Indian ink solution.
The following drugs were used: chloral hydrate
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(POCH Gliwice, Poland); L-arginine (L-Arg) and
N

�
-nitro-L-arginine methyl ester (L-NAME) (Sig-

ma Chemical Co., USA), S-methylisothiourea he-
misulfate (Mtu) and 7-nitroindazole (7-NI) (RBI,
Natick, MA, USA).

The experimental protocol was approved by the
local Ethics Committee of the Medical University
of Silesia (NN-1-014/95).

Statistical analysis

The mean latency of passive avoidance as well
as a number of episodes recorded in an open field
test for each group were subjected to the analysis of
variance (ANOVA) and the post-hoc Dunnett’s test
(significance at p < 0.05).

RESULTS

Sc injections of L-Arg at a dose of 500 nmo-
les/kg (0.1 mg/kg) significantly prolonged the la-
tency time, while two lower doses of 5 and 50 nmo-
les/kg (1 and 10.5 �g/kg, respectively) were with-
out any significant effect. Pretreatment with 7-NI
(25mg/kg ip) prevented the effect of the highest
dose of L-Arg (Fig. 1A), while L-NAME (50
mg/kg ip) did not block the effect of this dose of
L-Arg (Fig. 1B). Two icv doses of L-Arg 10 and
100 nmoles (2.1 and 21 �g, respectively) induced
similar increase in latency (Fig. 2) while lower icv
doses of L-Arg (10 pmoles and 0.5 nmole) did not
change latency in the passive avoidance test (Fig. 2).
The effect of both icv doses of L-Arg (10 and 100
nmoles) was blocked by equimolar doses of Mtu
injected 15 min before L-Arg (Fig. 4). On the other
hand, the effect of lower dose of L-Arg (10 nmoles)
was blocked by equimolar dose of L-NAME (Fig.
3), while 7-NI inhibited only the effect of a higher
dose of L-Arg (100 nmoles icv) but did not change
the effect of its lower dose (Fig. 5). L-Arg injected
icv at a dose of 10 nmoles significantly decreased
the number of ambulations and peepings when
measured 15 and 30 min after the injection (Fig. 6),
but did not change rat behavior determined by the
open field test 24 h after the icv injection of L-Arg
at the doses of 10 and 100 nmoles (Fig. 7).

DISCUSSION

The results presented here indicate that either
peripheral (sc), or icv administration of L-Arg sig-
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Fig. 1. Effect of L-Arg injected sc on memory in the passive
avoidance test. The results are presented as means ± SE. * Sig-
nificance vs. control group at p < 0.05, # significance vs. L-Arg
(500 nmoles)-treated group at p < 0.05
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Fig. 2. Influence of icv injection of L-Arginine on latency time
in passive avoidance test in rats. The results are presented as
means ± SE. * Significance vs. control group at p < 0.05
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field test 15 and 30 min after icv injection. The results are
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nificantly prolonged latency time in the passive

avoidance test. It means that L-Arg improves mem-

ory consolidation and learning. Similar significant

effect of AVP was previously observed in our labo-

ratory after both sc and icv injections [11]. How-

ever, AVP was more active as it induced significant

effect at a 20-fold lower icv dose of 0.5 nmole and

a 100-fold lower sc dose of 5 nmoles/kg [11], while

in the present study the effective L-Arg doses were

10 nmoles icv and 500 nmoles/kg sc respectively.

Effects of AVP on memory are due to stimulation

of the central vasopressin V1 receptors [5, 11]. The

results of the present study indicate that doses of

L-Arg equivalent to active AVP doses (5–50 nmoles/

kg sc and 1 nmole icv) were without any effect.

Thus, it is possible to conclude that L-Arg released

in the brain after degradation of injected AVP is not

involved in the mechanism of memory effects of

AVP. A similar conclusion was previously pre-

sented by Jakimowicz et al. [9] as neither the L-Arg,

nor the L-NAME administration evidently influ-

enced an effect of AVP on rat active avoidance re-

sponse [9]. On the other hand, higher L-Arg doses

exert significant effect on memory. Like in our

present study, Telegdy and Kokavszky have also

found that L-Arg injected icv prolonged the latency

time of the passive avoidance in a dose-dependent
manner and concluded that it improved consolida-
tion but not retrieval of memory in rats [19]. Qiang
et al. [15] demonstrated that icv injection of L-
NAME 30 min before each training impaired learn-
ing and memory in rats determined in two tests:
passive avoidance test and Morris water maze test.
Wiœniewski and Ho³y [21] demonstrated that ad-
ministration of sodium nitroprusside, exogenous
NO• donor improved the retrieval and consolida-
tion of passive avoidance reaction in rats.

L-Arg-induced prolongation of latency time of
a passive avoidance is not correlated with the inhi-
bition of locomotor and exploratory activity as in
the time period analogous to the time when passive
avoidance reaction was measured (24 h) no signifi-
cant changes in both behavior forms were observed
in comparison to control group. Evident inhibitory
effect of L-Arg was transient and present only 15
and 30 min after the L-Arg administration. The re-
sults of our experiments indicate that L-Arg effect
on memory was blocked not only by L-NAME,
a non-selective antagonist of neuronal and endothe-
lial NOSs (nNOS and eNOS), but also by Mtu, an
inhibitor of the inducible isoform of NOS (iNOS)
[18] as well as by 7-NI, an inhibitor of nNOS [13,
20]. Thus, the results of the present study indicate
also that different NOS isoforms are involved in the
process of conversion of L-Arg to NO•, which
modulates neuronal plasticity and memory in rats.
The involvement of iNOS or nNOS depends on the
applied dose of L-Arg. The effect of the lower dose
of L-Arg (10 nmoles, icv) was blocked by L-NAME,
while nNOS inhibitor (7-NI) antagonized the effect
of the higher doses of L-Arg (either 100 nmoles icv
or 500 nmoles/kg sc). Thus, we proved that the ef-
fect of at least higher doses of L-Arg on memory
was mediated by nNOS. Moreover, the effect of
both used doses of L-Arg (10 and 100 nmoles icv)
was mediated by iNOS.

Thus, the results of the study presented here in-
dicate that the uniform memory consolidation im-
proving effect of L-Arg is in fact more compli-
cated, as the different NOS isoforms are involved
in the conversion of this amino acid to NO• in the
rat brain. In addition, it is not possible to exclude
that the effect of L-Arg on memory may be medi-
ated by AVP itself. It has been found by Cao and
Shen that icv L-Arg injection, but at a much higher
dose of 1 mg (5740 nmoles), stimulates AVP re-
lease and this effect is mediated by cGMP [2].
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However, we have not found any data that the
doses of L-Arg similar to the doses used in the
present study (10–100 nmoles icv) may stimulate
AVP release.
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