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Nitric oxide (NO) levels were measured in the corpus cavernosum of urethane-anaesthetized
rats by using differential normal pulse voltammetry with carbon fibre microelectrodes coated
with a polymeric porphyrin and a cation exchanger (Nafion). A NO oxidation peak could be
recorded at 650 mV vs.a Ag—AgCl reference electrode every 100 s.

This NO signal was greatly decreased by the NO synthase inhibitor N%-nitro-L-arginine
methyl ester (L-NAME), given by local and systemic routes, and enhanced by the NO
precursor L-arginine. Treatment with L-arginine reversed the effect of L-NAME on the NO
peak.

Both the NO signal and the intracavernosal pressure (ICP) were increased by electrical
stimulation of cavernosal nerves (ESCN). However, the rise in the NO levels long outlived the
rapid return to baseline of the ICP values at the end of nerve stimulation.

The ICP and the NO responses to ESCN were suppressed by local and systemic injections of
L-NAME. Subsequent treatment with L-arginine of L-NAME-treated animals restored the
NO signal to basal levels and the NO response to ESCN. The ICP response to ESCN was
restored only in part by L-arginine.

The observed temporal dissociation between the NO and ICP responses could be accounted
for by several factors, including the buffering of NO by the blood filling the cavernosal spaces
during erection.

These findings indicate that an increased production of NO in the corpora cavernosa is
necessary but not sufficient for maintaining penile erection and suggest a complex
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modulation of the NO—cGMP—cavernosal smooth muscle relaxation cascade.

Nitric oxide (NO) is thought to play an important regulatory
role in penile erection. Several studies have found the
enzymatic activity generating NO (NO synthase; NOS) in
the penile erectile bodies, located in both nerve fibres and
endothelial cells (Burnett et al. 1992; Dail et al. 1995). The
relaxation of cavernous smooth muscle, a prime requirement
for the initiation and maintenance of penile erection (Saenz
de Tejada et al. 1991), is highly susceptible to pharmaco-
logical manipulations of NO.

In organ bath experiments, precontracted cavernosal tissue
strips from various sources, including man, have been
consistently found to relax in response to the addition of
NO releasing substances (Ignarro et al. 1990; Rajfer et al.
1992). On the contrary, both the endothelium-dependent
and the neurogenic relaxation of cavernosal muscle strips
precontracted by a-adrenergic agonists are suppressed by
drugs inhibiting the synthesis or actions of NO, such as NOS
inhibitors, NO scavengers, and soluble guanylate cyclase
inhibitors (Ignarro et al. 1990; Kim et al. 1991; Bush et al.
1992; Holmquist et al. 1992).

In vivo studies on anaesthetized rats and rabbits have also
shown that the erectile responses to the electrical
stimulation of the cavernous nerves (ESCN) can be
prevented by treatments with NOS inhibitors (Holmquist et
al. 1991; Burnett et al. 1992; Mills et al. 1992). Furthermore,
the intracavernosal infusion of NO donors has been found to
induce penile tumescence in dogs (Trigo-Rocha et al. 1993),
cats (Wang et al. 1994), monkeys (Hellstrom et al. 1994) and
humans (Truss et al. 1994).

However, little is known about the actual levels of NO in the
corpora cavernosa and their possible change in the course of
penile erection. This crucial information for understanding
NO dynamics in the penis and its physiological significance
to erectile phenomena has been missing for want of suitable
methodologies.

Recent developments in the field of in vivo electrochemistry
have made possible the direct assessment of NO levels in
living organisms (for review see Malinski & Czuchajowski,
1996). Voltammetry with carbon-based electrodes has long
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been used for the detection in situ of easily oxidizable
neurochemicals, such as the monoamine transmitters and
related substances, in the living brain (for reviews see Mas et
al. 1995; O'Neill et al 1998). With some methodological
modifications similar principles have been applied to the in
vivo assessment of NO levels in various organs such as the
brain (Burlet & Cespuglio, 1997), the heart (Pinsky et al.
1997) and the stomach (Mendez et al. 1997).

As shown in the present report, the in vivo voltammetry
approach can be adapted for monitoring changes in NO
levels in the rat penis in the course of erectile responses to
ESCN and treatments with relevant drugs. This animal
model has proved to be useful in pharmacological and
surgical studies on the neural pathways, transmitters and
hormones involved in penile erection and detumescence (e.g.
Burnett et al. 1992; Mills et al. 1992; Rampin et al. 1994;
Lugg et al. 1996; Reilly et al. 1997a, b).

METHODS

Animals

The experiments were done on Sprague—Dawley rats (250300 g)
reared at the University of La Laguna (ULL) Animal Facility. The
animals were housed three to a cage in a 12 h:12h light—dark
cycle with free access to standard rat chow and tap water. The
experimental procedures complied with national regulations for the
Care and Use of Laboratory Animals and were approved by the
local ethics committee.

Surgical procedures

The animals were anaesthetized with urethane (1 g kg™; 1.2) and
placed on a homeothermic blanket to keep body temperature at
37°C. A polyethylene cannula was inserted into the trachea to
maintain airway patency. The skin covering the penile glans and
shaft was removed and the abdomen was opened by a midline
suprapubic incision to allow access to the cavernous bodies and
nerves, respectively.

The depth of anaesthesia was checked periodically by absence of
the foot withdrawal reflex. No supplementary doses of the
anaesthetic were needed in these studies. At the end of the
experiments the animals were killed with an anaesthetic overdose.

Pressure recordings

To monitor intracavernosal pressure (ICP) a 23-gauge needle was
inserted at mid-length of the penile shaft pointing towards its base.
The arterial pressure (AP) was measured through a carotid line.
The arterial and cavernosal catheters were connected via PE5S0
tubing filled with heparinized saline (200 units ml™) to pressure
transducers (Statham, Model P23Db, Hato Rey, PR, USA). The
amplified signals were digitalized with an acquisition card model
FPC-011 (Flight Tech, Southampton, UK) at a rate of 4s™ and
stored in a PC compatible computer.

Electrostimulation of the cavernosal nerve (ESCN)

The major pelvic ganglion was identified at one side of the
dorsolateral prostate (Quinlan et al. 1989) and used as a landmark
for placing the stimulating electrode on the emerging cavernosal
nerve. The exposed ends (3 mm in length, 2—3 mm apart) of a
bipolar platinum electrode were hooked around the cavernosal
nerve. A square wave stimulator (S48, Grass Instrument Co, West
Warwick, RI, USA) was used to deliver 1 ms pulses of 6 V at
12 Hz for 1 min. These stimulation parameters, based on previous
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descriptions (e.g. Burnett et al. 1992; Mills et al. 1992; Rampin et
al. 1994; Lugg et al. 1996; Reilly et al. 1997a,b), were found to
induce a consistent ICP increase to 40—60% of the mean arterial
pressure levels, thought suitable for assessing experimental
manipulations from which both increasing and decreasing eftects
can be expected. At least 10 min were allowed to elapse between
successive stimulations.

Voltammetric recordings

The electrochemical procedure used derives from the approach first
described by Malinski & Taha (1992). It is based on the catalytic
oxidation of NO on polymeric metalloporphyrins. Differential
normal pulse voltammetry (DNPV) with carbon fibre micro-
electrodes covered with a polymeric porphyrin film and coated with
a perfluorinated polyacid with cation exchange properties (Nafion)
was performed as previously described (Mendez et al. 1997). The
working electrode consisted of a carbon fibre (30 gm in diameter,
500 gm in length) which was covered by electro-deposition, using
differential pulse voltammetry, with a polymeric film of tetrakis
(3-methoxy-4-hydroxyphenyl) porphyrin containing nickel as the
core metal (Interchim, Montlugon, France) and successive dippings
(total time 15 s) into a 5 % solution of Nafion (Aldrich Chemical Co.,
Milwaukee, WI, USA). These electrode coatings are aimed,
respectively, to enhance the NO signal and to exclude interfering
anions such as nitrite (Malinski & Czuchajowski, 1996). The
electrodes thus prepared can detect tissue levels of NO in the
nanomolar range (Malinski & Czuchajowski, 1996; Mendez et al.
1997).

The working electrode was mounted into a telescopic carrier
assembly previously described (see Mas et al. 1995 for construction
details) to allow the insertion into the cavernous bodies. An
attached polymicro tubing allowed the infusion of drugs at the
vicinity of the electrode. The tip of the electrode carrier (0-7 mm in
diameter, 2 mm in length) was inserted through the tunica
albuginea, near the glans, and the microelectrode was extruded
undamaged to the cavernosal space. A standard three-electrode
potentiostat circuit, as commonly used for in vivo voltammetry
recordings (O’Neill et al. 1998), was completed with a reference
electrode (Ag—AgCl) and a counter (or auxiliary) electrode made of
stainless steel, which were attached to nearby abdominal muscles
and kept wet with saline-soaked pads.

Voltammetric recordings were made with a microprocessor-
controlled potentiostat system (Bioelectrochemical Analyser, ULL,
Tenerife, Spain). The following DNPV parameters were used:
potential range, —100 to 1000 mV; scan rate, 10 mV s pulse
amplitude, 40 mV; pulse duration, 40 ms; and prepulse duration,
50—120 ms. In these conditions, NO solutions show an oxidation
peak at approximately 650 mV. This signal increases linearly
following the addition of NO. Nitrite, the main metabolite of NO,
has no effect on the voltammogram at concentrations below 0-2 mm,
i.e. well over the physiological range. Likewise, no interference was
found from other relevant substances such as nitrates or hydrogen
peroxide. Freshly prepared solutions of S-nitrosothiols (such as
S-nitroso- N-acetyl-p,L-penicillamine; SNAP) have no effects in the
NO voltammogram initially, although a progressive development of
the 650 mV peak can be observed eventually, indicating the well-
known chemical hydrolysis which these compounds undergo to
release NO. Peroxynitrite does not seem to interfere with the NO
voltammograms either. This is supported by the observation that
3-morpholinosydnonimine ~N-ethylcarbamide (SIN-1) solutions
show no appreciable NO signal. This compound is known to release
both NO and superoxide which react to form peroxynitrite so
rapidly that NO is consumed (Christodoulou et al. 1996).
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NO solutions

Solutions of NO for calibrating the electrodes and in wvivo infusion
were freshly prepared before the experiments. Briefly, phosphate-
buffered saline (PBS) was bubbled with pure nitrogen for 30 min in
a septum-sealed vial and the head space was replaced with
nitrogen. This deoxygenated PBS was then bubbled for 20 min
with gaseous nitric oxide (Air Liquide, Paris) that had been
scrubbed through 5m NaOH and distilled water. The NO
concentration in this solution was 0-17 mmol 17, as determined by
chemiluminescence assay, and remained stable for at least 4 h in
sealed vials. The stock NO solution was serially diluted with
nitrogen-purged PBS in sealed test tubes to the working
concentrations.

Drugs

L-Arginine and NG—nitro—L—arginine methyl ester (L-NAME)
(Sigma Chemical Co) were dissolved in saline. They were injected
systemically (femoral vein) at doses of 25 and 3 mgkg™,
respectively, or given in the corpus cavernosum as a 60 ul infusion
containing 40 um L-arginine or 30 um L-NAME. None of these
compounds had effects on the voltammogram when tested in vitro
at the concentrations used in the present study.

Data analysis

Unless otherwise stated, data are presented as means + s.e.m. The
statistical significance of the changes in the electrochemical or
pressure signals was assessed by analysis of variance (ANOVA) for
repeated measures. When F values were found to be significant at
the P < 0-05 level, post hoc comparisons were made by Dunnett’s
test, using the mean value of the five baseline recordings
immediately preceding the experimental manipulation as the
control group. Comparisons between different treatments were
made by one- or two-way ANOVA and Tukey’s post hoc test.

Figure 1. Voltammograms recorded in the corpus
cavernosum of two urethane-anaesthetized rats
before (BL) and after infusion of different NO
solutions in the vicinity of the electrode (4) and
electrical stimulation of the cavernous nerve
(ESCN) (B)

Traces 1-3 in B are consecutive recordings in the same
animal, at 100 s intervals, following ESCN. It usually
takes 2—3 scans after nerve stimulation for the NO signal
to reach maximal values (in this example, in the second
scan, trace 2); it then decays slowly (trace 3).
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RESULTS

Voltammetric signal

Following the insertion of the microelectrode in the corpus
cavernosum, a small oxidation current could be detected at
approximately 650 mV (range 600—700 mV) (Fig. 1). This
voltage coincides with the oxidation peak found when
placing the electrode in NO solutions. The intracavernosal
infusion of NO solutions in the vicinity of the electrode
increased the NO signal in a dose-related manner (Fig. 1 4).
Similar changes were observed by stimulating the cavernous
nerve (Fig.1B). As can be noticed by comparing these
figures, the half-wave potentials (i.e. the voltage value at
which the maximum peak height is observed) showed some
variation between the different animals. That can be
accounted for by several factors including small differences in
the electrode characteristics, pH, temperature, etc. However,
their stability within the same preparation is remarkable.

Effects of NO related drugs on the basal signals

The size of the basal NO signal was increased by the local or
systemic injection of the NO precursor L-arginine and
decreased by the NOS inhibitor L.-NAME (Fig. 2). The intra-
cavernosal injections of vehicle and L-arginine were followed
by a transient decrease in the NO peak lasting 7 min
approximately, then recovering to basal levels in the vehicle-
treated group and above them in the animals given
L-arginine. Such a phenomenon, probably reflecting a
dilution effect, was not observed when these treatments
were given systemically. In the animals treated with
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L-NAME by either route there was a fall of the NO signal,
sharper in those given intracavernous injections, remaining
low thereafter. The suppression of the NO signal induced by
L-NAME was reversed by L-arginine (Fig. 2).

Effects of ESCN

When ESCN was applied to non-treated animals ICP rose
from baseline values of 4 + 1 mmHg up to 49 + 1 mmHg,
falling rapidly to basal levels when the stimulation was
terminated (see example in Fig.3B). The simultaneous

J. Physiol. 516.1

recording of the NO electrochemical signal showed a clear
increase in the first scan obtained after the ESCN, usually
reaching its maximal height in the ensuing 2-3 scans,
followed by a slow decline (Fig. 34, see also Fig. 1 B).

Drug effects on the NO and ICP responses to ESCN

The changes in the basal NO signal induced by L-NAME or
L-arginine treatments given prior to nerve stimulation
(Fig. 4) were similar to those shown in Fig. 2. The response
of the NO signal to ESCN was prevented by intracavernosal
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Figure 2. Effects of intracavernosal (ICI) or intravenous (SYS) injections (dotted lines) of the NO
precursor L-arginine and the NOS inhibitor L-NAME, alone or in combination, on the size of the

NO signal recorded in the corpus cavernosum

Data are means + s.EM.; 7-11 animals per group; * P <0:05 vs. baseline levels. The doses used were as
follows: ICI, a 60 gl infusion of 40 gm L-arginine or 30 um L-NAME; SYS, L-arginine, 25 mg kg_l; SYS,
L-NAME, 3 mg kg™ The initial drop in the voltammetric signal following the ICI of vehicle denotes a

transient dilution effect.
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Figure 4. Effects of pretreatments with L-arginine or L-NAME on the response of the NO
voltammetric signal to ESCN

Data are means + s.E.M.; 6—9 animals per group; * P < 0-05 vs. baseline preinjection levels. See legends to
Figs 2 and 3 for further details.
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and systemic injections of L-NAME (Fig. 4), which also
suppressed the pressure response. The maximal ICP values
found during the stimulation of L-NAME treated animals
were 7+ 1 mmHg for both the intracavernosal and the
systemic routes.

Pretreatment with L-arginine alone had little influence on
both the NO and ICP responses to ESCN. Thus, the changes
in NO following ESCN were not significantly different from

those observed in the vehicle-injected groups (Fig. 4).

Likewise, the maximal ICP values (mmHg) found after
ESCN were 42 + 3 (intracavernosal vehicle), 40 + 4 (intra-
cavernosal L-arginine), 46 +4 (intravenous vehicle) and
48 + 3 (intravenous L-arginine).

However, L-arginine treatment reversed to a large extent
the inhibitory effects of L-NAME given by the same routes
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Figure 5. Effects of L-arginine on the NO signal
recorded before and after ESCN in L.-NAME
pretreated rats

Data are means + s.E.M.; 5 animals per group;

* P < 0:05 vs. baseline preinjection levels. See legends
to Figs 2 and 3 for further details.

on the NO and the ICP responses to nerve stimulation. The
changes in size of the NO peaks recorded after ESCN in the
L-NAME treated animals given additional wL-arginine
(Fig. 5) were fairly similar to those observed in the absence
of L-NAME (Fig. 4). A two-way ANOVA showed no
significant differences between these responses. On the
contrary, the ICP response to ESCN was restored only in
part by L-arginine injections. Thus, the maximal ICP values
found after ESCN in L»L-NAME + v-arginine treated
animals were 224+ 5mmHg and 25+ 5mmHg for the
intracavernosal and systemic routes respectively. They were
significantly different (P <0:01) from those found in the
animals given either vehicle or L-NAME alone by the same
routes (described above).

Figure 6. Size of the NO voltametric signal recorded in

PBS or rat arterial blood immediately after adding NO to
a final concentration of either 2 or 10 gmol 17*

Data are means + s.E.M. of 3 electrodes; * P < 0-01 vs. PBS.

Note the change in scale.
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DISCUSSION

The present data show that an oxidation current similar to
that found in NO solutions, both in vitro and infused into
the penis, can be monitored at relatively short intervals in
the corpora cavernosa of living animals. The electrochemical
signal also responded in a predictable manner to pharmaco-
logical interventions having well-known stimulatory
(L-arginine) and inhibitory (L-NAME) effects on NO
production. Furthermore, this signal increased following
stimulation of the cavernous nerve concurrently with the
ICP rise, even though there were differences in the duration
of these responses (discussed below). As pointed out in the
Methods section, other relevant compounds such as nitrite,
nitrate, hydrogen peroxide, peroxynitrites or S-nitrosothiols
do not seem to interfere significantly with the NO oxidation
current measured at 650 mV. Therefore, by meeting many
of the criteria commonly accepted for the identification of in
vivo voltammetry signals (e.g. Stamford, 1991; O’Neill et al.
1998) it can be reasonably concluded that the 650 mV
oxidation peak found in the rat corpus cavernosum
corresponds to NO.

The findings on ICP changes induced by ESCN agree
generally with previous reports using comparable protocols
(e.g. Burnett et al. 1992; Mills et al. 1992; Rampin et al.
1994; Reilly et al. 1997a). In the present study they were
associated with similar effects on the NO signal, although
with a different time course. Whereas the change in ICP
followed closely the nerve stimulation, the NO electro-
chemical signal reached maximum values after ESCN had
ended and remained elevated for minutes
afterwards. According to the concept of NO as a main
mediator of the cavernous smooth muscle relaxation
underlying penile erection, an increase in NO levels could be
expected before the ICP change. In fact, the present
findings do not necessarily contradict that view. Since NO is
rapidly and irreversibly ‘trapped’ by haemoglobin (Archer,
1993; Gow & Stamler, 1998), an initial NO rise would be
buffered by the blood entering the cavernous lacunar spaces
during erection. This phenomenon is illustrated by the
substantial decrease in the voltammetric signals observed
when NO solutions are added to blood as compared with
PBS (Fig. 6). It is therefore plausible that the NO levels at
which the target smooth muscle cells are exposed during
nerve stimulation are much higher than those measured
with the intracavernosal sensor. The dilution of NO in the
expanded erectile tissue could also limit the rise of its
electrochemical signal. Probably, when the blood is drained
out of the corpora at detumescence, the NO signal is no
longer attenuated by the above factors and can reach
maximum levels.

several

The half-life of NO in biological systems is not known
precisely, but according to most estimates is in the order of
seconds (see Wood & Garthwaite, 1994 and references
therein). Thus, the persistence of high NO electrochemical
signals for more than 10 min after finishing the ESCN,
when the concomitant rise in ICP had long vanished,
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suggests an increased release of NO outliving the neural
erectogenic signals. One possibility is that the activation of
NOS enzyme activity could extend beyond the end of nerve
stimulation. This interpretation is consistent with the
observations by Lugg et al. (1996) in castrated rats. These
authors reported increased NOS activity in the penises
excised at the peak of the erectile response to nerve
stimulation as well as 5 min after its termination. It is also
possible that some of the post-erection rise in NO levels
could be due to its release from protein S-nitrosothiols
formed during the stimulation-induced increase in NO
levels. It has been proposed that NO can be ‘stabilized’ by
attaching to these molecules as S-nitrosothiol groups, and it
is believed that they can mediate some of the vascular
actions of NO (Stamler et al. 1992), although whether that
involves the release of NO is controversial. As pointed out in
the Methods section, in witro testing of low-molecular
weight S-nitrosothiols, such as SNAP, shows an initial
absence of electrochemical signals followed some minutes
later by an increasing NO peak. This phenomenon,
indicative of the release of NO from S-nitrosothiols, is
accelerated in vivo.

Whatever the mechanism(s) underlying the observed post-
ESCN increase in NO levels in the cavernous bodies, the
present data show that they remained elevated when the
erectile responses had subsided. These finding suggests that
simply a high concentration of NO in the cavernosal tissue is
not sufficient for sustaining the erectile response.

The above interpretation is also supported by
pharmacological evidence from in wivo rat preparations
fairly similar to the one used in the present study. Thus,
whereas NOS inhibitors have been consistently found to
block the ICP response to cavernosal nerve stimulation (e.g.
Burnett et al. 1992; Reilly et al. 1997b; and the present
data), the infusion of NO donors such as nitroglycerine
(Mills et al. 1992), sodium nitroprusside (Reilly et al.
1997a,b) or L-arginine (Reilly et al. 1997b; this study) does
not increase or prolong it substantially. Likewise, in the
treatment of erectile dysfunction in humans, the intra-
cavernosal injection of NO donors has shown poorer results
than other vasoactive substances such as prostaglandin E1
(Porst, 1993; Wegner et al. 1995).

Therefore,  whereas an  overwhelming body of
pharmacological evidence indicates that the production of
NO in the erectile bodies is needed for the development of
penile erection, it does not seem so clear that the persistence
of elevated NO levels would suffice for maintaining it. There
are several possible explanations for this discrepancy. One
comes from the fact that NO, even if essential for erection, is
not the only transmitter in the erectile nerves (for review
see Sjostrand & Klinge, 1995). Thus, it could be that the
observed erectile response to nerve stimulation involves
some additional co-mediator(s) being rapidly cleared upon
termination of ESCN. Another possibility is that the
nitrergic system in the present studies and those cited in the
preceding paragraph was supramaximally stimulated. In
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such case, neither the persistently elevated NO levels derived
from endogenous sources following nerve stimulation nor
the administration of exogenous NO donors would enhance
the response of the effector smooth muscle. It should be
noted that the nerve stimulation parameters used in this
and the preceding studies were chosen on the basis of
eliciting consistent ICP responses in the anaesthetized rat.
However, the physiological firing pattern of the erectile
nerves is not known (Sjostrand & Klinge, 1995).

The main mechanism for the erectogenic action of NO is
thought to involve the stimulation of soluble guanylate
cyclase in the target smooth muscle cells. The resulting
increase in cGMP levels would relax the muscle fibres via the
decrease in intracellular Ca® (see Burnett, 1995, for review).
The success of type 5 phosphodiesterase inhibitors, which
extend the life of ¢cGMP, in enhancing penile erection
(Boolell et al. 1996) lends further support to this concept.
Nevertheless, it should be kept in mind that there are
c¢GMP-mediated vasodilation mechanisms not requiring NO
(e.g. Rapoport, 1986). They also can be present in the penis;
recent pharmacological studies using a rat preparation
similar to the present work have suggested an additional
pathway for the erectile response involving c¢GMP but
independent of NO (Reilly et al. 1997a). Furthermore,
changes in ¢cGMP levels have been found dissociated from
the vasodilatation responses in some experiments (Ignarro et
al. 1984). All these data indicate complex relationships
between the levels of NO and ¢cGMP and the relaxation of
smooth muscle in blood vessels and the -cavernosal
trabeculae. Probably, a variety of modulatory mechanisms
operate at different steps of the NO—cGMP—smooth muscle
relaxation cascade. This could explain that an increased
level of NO is not necessarily accompanied by a relaxation
(i.e. erection) response.

The assessment of NO levels in the penis in vivo has been
previously attempted by indirect means. Thus, nitrite and
nitrate levels have been measured in the blood drawn from
the cavernous bodies of human subjects undergoing erections,
although no changes were found in these metabolites (Moriel
et al. 1993). This is not surprising considering that the
nitrites and nitrates found in biological fluids derive from a
wide variety of sources, and can easily mask the
contribution of locally produced NO.

The present report is the first demonstration of a direct
assessment of NO levels in the penis of animals undergoing
changes in ICP thought to mimic physiological erections.
The voltammetric technique used in this study (DNPV) was
chosen because it allows a clearer identification of electro-
chemical signals (O'Neill et al. 1998), even at the cost of a
relatively slow sampling rate. It is unlikely that with such
wide-range scanning techniques the recording speed will be
increased far beyond the 100s interval used in these
experiments. That could be improved by using the much
faster chronoamperometric approach which requires, however,
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a most accurate characterization of the electrochemical
signals. Ongoing studies in our laboratory indicate that both
techniques can be combined advantageously.

Regardless of their sampling rate, the in wivo
electrochemistry procedures for monitoring NO levels share
the constraint that the recordings must be interrupted at
the time of the electrical field stimulation, since the applied
current will mask the relatively weak electrochemical signals.
That could be avoided by using alternative methods based
on different principles. At present, NO can be measured in
vitro by a variety of methodologies such as electron para-
magnetic resonance spectroscopy, chemiluminescence assay,
and methaemoglobin spectrophotometry (Archer, 1993). It
is likely that some of these approaches, especially the last
one, could be adapted in the future for the detection of this
important, yet elusive, messenger molecule in tissues of
living animals. Such methodological developments, as with
the in vivo voltammetry approach shown by the present
report, could provide valuable tools for elucidating the
physiological role of NO in various aspects of reproductive
behaviour.
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