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Abstract:

The inhibitory effect of agmatine on electrically induced contractions was studied in vas deferens of Adra 2a transgenic mice lacking
o a-adrenoceptors. Agmatine and clonidine caused a concentration-dependent inhibition of twitches. However, while agmatine
showed a similar pICsg value in control and transgenic mice, the pICsg value for clonidine was about 30-fold lower in knockout
mice. In both strains, yohimbine shifted the curve for clonidine, but not for agmatine, even when a 100-fold higher concentration of
yohimbine was employed. Our results indicate that inhibition by agmatine in mouse vas deferens is not simply due to interactions

with op-adrenoceptors in our experimental conditions.
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Introduction

Agmatine is an endogenous amine with a-adrenergic
and imidazoline ligand properties [8, 20], whose ef-
fects in diverse biological preparations have high-

lighted its putative role as a neurotransmitter or neu-
romodulator [11, 19, 21]. In the rat vas deferens, we
previously showed that agmatine possesses pre- and
post-synaptic effects [9] and that it inhibits the electri-
cally induced twitch contraction in the epididymal
portion of this organ [22]. This effect was ascribed, to
some extension, as an action of the amine on prejunc-
tional o,-adrenoceptors, although it was only partially
reverted by antagonists of prejunctional o,-adrenoce-
ptors [22]. Furthermore, we recently showed that
a nitrergic pathway activated by agmatine might play
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a role in its inhibitory effect, although no definition
was obtained as to whether it resulted from a direct or
an indirect mechanism [6]. Thus, the possibility that
the amine interacts not only with o,-adrenoceptors
but also with other sites is still open to investigation.

The a,-adrenoceptors have been implicated in vari-
ous physiological processes [10]. Multiple o,-adrene-
rgic receptors subtypes (0,4, 0y and o) have been
identified by both pharmacological and molecular ap-
proaches [4, 13, 16]. Knockout mice lacking the
o, a-adrenoceptor, which mediates the response of
several alpha-adrenergic agonists in central and pe-
ripheral nerves [12], have been genetically engi-
neered. Under our point of view, this knockout model
could be a suitable model for further studying the site
of action of agmatine on sympathetic neurotransmis-
sion. Thus, we addressed functional experiments to
investigate whether the prejunctional o,-adrenoce-
ptors might account for the inhibition by the amine in
mouse vas deferens. The vas deferens was submitted
to electrical field stimulation (EFS), and the inhibition
induced by agmatine or by the a,-adrenergic agonist
clonidine [5] was compared.

Materials and Methods

Animals

Knockout mice, lacking a,, adrenoceptors (C57BL/6-
Adra2atmlLel mice, which will be referred to here as
Adra 2a mice) were purchased from The Jackson
Laboratory, USA [13], bred and maintained in our
animal facilities under Specific-Pathogen Free condi-
tions. These animals and their respective normal con-
trols (C57BL/6) were used in the following experi-
ments. All animal procedures were conducted accord-
ing to the “Guidelines for the Ethical care of
Experimental Animals” and were approved by the In-
stitutional Animal Care and Use Committee.

Biological preparation

Mice weighing about 25 g and 3 months old were
killed by ether overdose, and the vasa deferentia were
rapidly removed and dissected out from fat and con-
nective tissues. The vas deferens was suspended in
a 10-ml organ bath with an oxygenated nutrient solu-
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tion kept at 30°C in glass-distilled water with the fol-
lowing composition (mM): NaCl 138, KC1 5.7, CaCl,
1.8, NaHCO; 15, NaH,PO, 0.36, and glucose 5.5 [2].
Tissues were allowed to equilibrate for a 60-min pe-
riod before starting the experiments. During this time
tension was adjusted to a final value of 0.5 g. Contrac-
tions were recorded on a two channel physiograph
(Ugo Basile, Italy) by using isometric transducers
(Ugo Basile, type 7006).

Contractile responses to electrical stimulation

For electrical field stimulation protocols the tissues
were placed between two parallel platinum electrodes
and electrical stimulation was performed with a Grass
S88 stimulator at the following parameters: 0.1 Hz,
80V, 2 ms. At these stimulation parameters the ampli-
tude of contractions (twitch response) was maintained
for at least 2 h. These contractile responses were abol-
ished by 30 nM tetrodotoxin, indicating a nerve-
mediated process (data not shown). After stabilization
of twitches, inhibitory concentration-response curves
were performed for agmatine or clonidine in the
absence or presence of yohimbine (10 nM — 1 uM),
a competitive o,-adrenoceptor antagonist [5], incu-
bated for a 20-min period before initializing the
curves.

Responses were measured as the height of the
twitch contraction in the presence of each agonist
concentration and were expressed as percentage con-
traction of the height of the basal twitch contraction.
The negative logarithm of the concentration of the
agonist inducing 50% of the inhibitory effect (pICs)
and the shift to the right, induced by yohimbine, of the
concentration-response curve of the agonist (log DR)
were calculated as previously described [2, 24].

Expression of data and statistical analysis

All values are expressed as the means + SEM. Differ-
ences were termed significant at p < 0.05. Pharma-
cological parameters were analyzed by Student’s #-test.

Results

Agmatine inhibited twitch contractions in a dose-
dependent manner in both Adra 2a and C57/BL mice,
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Tab. 1. Drug-receptor parameters for agmatine and clonidine in vas
deferens of knockout (Adra 2a) and control (C57BL/6) mice

Parameters
plCsp value log DR?
C57BL/6 Adra 2a C57BL/6 Adra 2a
Clonidine 105+022 91+022* 1.7+032" 22+027*
Agmatine 3.75+0.08 355+0.04 004+007 011+0.05

"Obtained from the shift induced by yohimbine (107 M, for clonidine
and 107® M, for agmatine). * Significantly lower from the correspond-
ing value for control strain (C57BL/6). ** Significantly higher than the
shift induced on the curves for agmatine

as shown in Figure 1B. Also, the corresponding pICs,
value were not different from each other in both mice
strains (Tab. 1). When clonidine was used instead of
agmatine, it also inhibited the twitch contraction in
a concentration dependent manner, as shown in Fig-
ure 1C. However, the vas deferens of Adra 2a mice
was less sensitive than the respective controls, as indi-
cated by the pICs values that were 1.4 log units lower
(Tab. 1). In addition, clonidine was not able to pro-

duce a complete inhibition of the twitch contractions,
since a mean residual effect was still seen after the
maximum concentration of this agonist (Fig. 1C). The
competitive antagonist yohimbine produced, in both
mouse strains, a rightward shift on the curve for clo-
nidine (Fig. 2B and Tab. 1). However, the curves for
agmatine were practically not shifted by yohimbine,
even though the dose of the antagonist was increased
from 1078 to 107 M (Fig. 2A). A shift of the agmatine
curve was also not observed in the corresponding con-
trols, as judged from the respective log DR values
(Tab. 1), indicating that agmatine was not interacting
with adrenoceptors even in the non-transgenic mice.

Discussion

Our experiments showed a clear difference between
the effects of agmatine and clonidine in vas deferens
from transgenic and control mice, indicating that both
agonists have different mechanisms of action from
each other. Such an observation is supported by the
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Fig. 1. (A) Typical recording of the effects of agmatine on electrically induced contraction in mouse vas deferens. Mean cumulative
concentration-response curves for agmatine (B) and clonidine (C) on electrically induced contractions in vas deferens of control (C57/BL) and
knockout (Adra 2a) mice. Points represent the means + SEM from at least 6 experiments, and are expressed as a percentage of the response in

the absence of the drugs
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Fig. 2. Mean cumulative concentration-response curves for agmatine (A) and clonidine (B) on electrically induced contraction in vas deferens
of knockout (Adra 2a) mice. Experiments were performed in the absence or presence of yohimbine 1078 M (for clonidine) and 107® M (for agma-
tine), after incubation for 20 min. Points represent the mean + SEM from at least 6 experiments, and are expressed as a percentage of the re-

sponse in the absence of drugs

following results: (a) contrary to clonidine, the effect
of agmatine was not altered when the drug was used
in experiments with knockout mice, and (b) contrary
to clonidine, the curves for agmatine were not signifi-
cantly shifted by the competitive antagonist yohimbine.
Since clonidine is a typical a,-adrenoceptor agonist,
it was demonstrated here that the effect of agmatine in
mice vas deferens was not due to interactions with
o-adrenoceptors in our experimental conditions.

The inhibitory effect of clonidine is known to be
due to a reduction of noradrenaline released from
electrically stimulated nerve terminals [23]. In control
mice, the action of clonidine was clearly on the
o, p-adrenoceptors, since a striking reduction of about
1.4 log units was observed for the pICs value for clo-
nidine in knockout animals (Tab. 1). On the other
hand, the fact that clonidine continued to inhibit the
twitches, although with higher doses, indicates that it
might also interact with other subtypes of o,-adren-
oceptors [1]. This is corroborated by the finding that
in the knockout mice the competitive antagonist yo-
himbine continued to cause a shift on the inhibitory
curve for clonidine.

Therefore, it seems that a role for the a,-adrenoce-
ptors on the effects of agmatine in sympathetic neuro-
transmission in vas deferens of rodents is still not un-
covered, although other authors have already de-
scribed agmatine’s capacity for recognizing and
interacting with these receptors. In the epididymal
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end of rat vas deferens we recently suggested a double
mechanism of action for the inhibitory effect by ag-
matine, and the pre-synaptic o,-adrenoceptors did not
seem to account for the majority of the action of the
amine. Nevertheless, agmatine did interact with these
sites, since the amine was able to protect o,-adrenoce-
ptors from the antagonistic action of phenoxybenz-
amine [22]. Moreover, there is the possibility that the
nitrergic route activated by agmatine, which can
account for the inhibitory effect, may result from an
action on the a,-adrenoceptors [3, 6]. Along the same
lines, it has already been observed [18] that agmatine
does not alter the amplitude of electrically-induced con-
tractions although it interacts with o,-adrenoceptors.

Considering the rodent vasa deferentia, the partici-
pation of the a,-adrenoceptors in controlling neuro-
transmission is broadly known [10, 23, 25], and, since
anomalous action by the amine on the a,-adrenoce-
ptors have been previously described [7, 15], we feel
that the effects of agmatine on the sympathetic nerv-
ous system are complex.

Therefore, we conclude that o,-adrenoceptors are
not fundamental for agmatine effects in sympathetic
neurotransmission in mice vas deferens, as we have
previously shown in the vas deferens of rats. Other
mechanisms for the inhibition of neurotransmission
by the amine remain to be investigated, and we think
that imidazoline receptors and/or activation of the
nitrergic route should be studied, since some concerns
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on it have already pointed out, considering the rat vas
deferens [6, 18, 22]. Nevertheless, we feel that spe-
cific attention should be given by the fact that such
complex actions for agmatine on the o,-adrenoce-
ptors, as reported in the present paper, has already
been described by other Authors on the imidazoline
system [14]. Thus, to our knowledge, agmatine still
persists as an intriguing and versatile molecule.
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