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SUMMARY

Whereas neuroaxially administered clonidine produces analgesia
partially mediated by o;-adrenoceptor-induced augmented synthesis of
nitric oxide (NO), the central mechanisms by which clonidine
produces its antinociceptive effects are still speculative. We used the
tail-flick model of acute pain in mice to further explore the role of NO
in mediating clonidine-induced central analgesia. Cerebroventricular
administration of the following agents was studied: clonidine, L-
arginine (NO precursor), the NO production inhibitor nitro-L-arginine-
methyl ester (L-NAME), the NO antagonist methylene blue (MB), and
nitroglycerine (NO-releasing agent). Analgesic response was achieved
with clonidine and L-arginine. Simultaneous administration of L-
arginine and clonidine produced no additive analgesic effect. Prior
administration of L-NAME or MB partially abolished the clonidine-
induced analgesic effect, whereas nitroglycerine administration did not
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affect it. NO may be involved in the mediation of the central anti-
nociceptive effects of clonidine. Further investigation is necessary to
determine the possible role of NO-promoting agents in analgesia when
co-administered with clonidine.

KEY WORDS

analgesia, clonidine, nitric oxide, arginine, L-NAME, cerebro-
ventricular injection, mouse

INTRODUCTION

o-Agonists have been used by veterinarians for many years in
animal anesthesia and pain relief, but only in the last two decades have
these agents begun to be used in humans for their sedative and
analgesic properties. Clonidine is an a,-adrenoceptor agonist currently
used in general and regional anesthesia, mainly via the epidural or
intrathecal route /1,2/. A link between the aj-adrenergic and cholin-
ergic systems in the spinal cord has been established, by which
acetylcholine in excess is produced in response to oj-adrenergic
stimulation /3/. This in turn stimulates spinal nitric oxide synthase
(NOS) to produce nitric oxide (NO), which mediates antinociception
/3-6/.

In the central nervous system (CNS), a,-adrenergic receptors are
located within brainstem nuclei involved in antinociception /7/.
Although evidence supports a role for a-adrenergic receptor activa-
tion leading to the attenuation of central sympathetic flow as a
possible mechanism of clonidine-mediated analgesia in humans /8/,
the exact mechanism by which clonidine induces central analgesia is
unclear /9,10/.

The present study was designed to further investigate the
involvement of the nitrogen pathway (NO-mediated) in the central
antinociceptive effects of clonidine, administered alone or in
combination with each of the following: L-arginine, an NO precursor;
the NOS inhibitor nitro-L-arginine-methyl ester (L-NAME) /11/;
methylene blue (MB), an inhibitor of soluble guanylyl cyclase, a very
important enzyme on the NO-cyclic GMP (cGMP) pathway /12/; and
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the NO-releasing agent nitroglycerine. We used a noxious thermal
stimulus in the mouse tail-flick model.

MATERIALS AND METHODS
Animals and treatment

The study was approved by the Animal Use and Care Committee
of the Technion Faculty of Medicine. Experiments were performed on
male ICR mice (25 + 2 g) randomly allocated to different groups and
cared for in accordance with national and institutional guidelines.
Animals were housed in plastic cages under normal lighting (lights on
07.00-19.00 h) in a temperature- and humidity-controlled animal
facility where they had free access to food and water in the home cage.

Under light halothane anesthesia, intracerebroventricular (i.c.v.)
injections (1 pl each) were administered as previously described /13/,
approximately 2 mm caudal and 2 mm lateral to bregma at a depth of
3 mm, using a 10-pl Hamilton syringe fitted to a 30-gauge needle with
V1 tubing. Preliminary studies showed that MB dye injected in this
manner reliably produced an i.c.v. injection. Drugs were dissolved in
saline.

Drugs

Drugs injected i.c.v. included clonidine (Rafa Laboratories,
Jerusalem, Israel), L-arginine, MB, and L-NAME (Sigma Chemical
Co., St. Louis, MO, USA), and nitroglycerine (Merck, Darmstadt,
Germany).

Tail-flick assay

Analgesia was determined using the tail-flick technique with a
54°C hot-water bath as a heat source /13,14/. The latency from
thermal stimulus to withdrawal of the tail was measured using a
stopwatch. Before experimental treatments, baseline latencies
following saline injection were determined to the nearest 0.1 s for each
animal. Post-treatment tail-flick latencies were determined at the
indicated times for each experiment, and a maximal latency of 10 s
was used to minimize tissue damage. The latency ratio (LR) was
defined as the ratio between post-injection latency and baseline
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latency. Analgesia was defined quantitatively as at least doubling of
the LR as compared with baseline values for each mouse. We chose to
study the minimal dose producing analgesia, taking into consideration
the planned co-administration set of experiments allowing detection of
a response within the non-injurious 10 s time frame. In order to
achieve 95% analgesic response (EDys) for a given animal, a 1.1-fold
dose of the EDsg was used /15/. Each dose was tested on at least six
mice (each mouse was checked once).

Study design

We first conducted baseline dose-response analysis for each of the
following drugs: clonidine, L-arginine, L-NAME, MB, and nitro-
glycerine. This provided us with the EDs, for the relevant drugs. After
obtaining the data for each drug alone, we evaluated the effect of co-
administration of clonidine with L-arginine, L-NAME, MB, and
nitroglycerine.

Data analysis

Two-tailed r-test, one-way analysis of variance, and the Bonferroni
post hoc test were used to compare latencies pre- and post-treatment.
A p value <0.05 was considered statistically significant. Data are
presented as means + SEM.

RESULTS
Saline

Single as well as multiple i.c.v. injections of 1 ul saline produced
no change in mouse behavior, i.e. motor activity, or in the results of
the tail-flick assay before as compared with post i.c.v. injection (data
not shown). This proved the lack of effect of the saline vehicle or the
mode of injection. Therefore each animal served as its own control for
the further experiments.

Clonidine (Fig. 1)

In order to determine the dose-response curve (LR vs drug dose),
clonidine was injected in increasing dosages (1-4 ug per mouse). The
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Fig. 1: Dose-response curve for intracerebroventricular injection of clonidine.
* Control group received 1.0 ul saline per mouse (for each point, n = 6,
p <0.001).

calculated analgesic effective dose (EDsp) of clonidine was 3.6 pg per
mouse (LR = 2). In order to achieve 95% analgesic response (EDys)
for a given animal, a 1.1-fold dose of the EDsy (4.0 pug per mouse
which produced an LR of 2.43 as compared with control; n = 7,
p <0.001) was chosen for the rest of the experiments.

L-Arginine (Fig. 2)

In order to determine the dose-response curve, L-arginine was
injected in increasing dosages (10-300 pg per mouse). The calculated
analgesic EDsp was 272 pg per mouse and the calculated EDgs of i.c.v.
injections of L-arginine was 300 pg per mouse, which produced an LR
of 2.13 as compared with control (n = 6, p <0.05). Interestingly,
simultaneous injections of 300 pg per mouse L-arginine with 4 pg per
mouse clonidine resulted in no change in the LR. However, i.c.v.
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Fig. 2: Dose-response curve for intracerebroventricular injection of L-arginine
(for each point, n = 6, p <0.001 compared with control).

injections of L-arginine 15 min before clonidine produced a statisti-
cally significant (n = 6, p <0.05) additive analgesic effect of 1.3-fold at
a dosage of 100 ug per mouse.

L-NAME (Fig. 3)

Lc.v. injection of L-NAME alone (10-200 ug per mouse) did not
produce an analgesic effect (data not shown). In contrast, i.c.v.
injection of L-NAME, at doses of 10 and 50 ug per mouse, 15 min
before clonidine (4 pg per mouse) caused a reduction of 1.75- and
1.86-fold, respectively, in the LR as compared with i.c.v. injection of
clonidine alone (n = 6, p <0.001).
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Fig. 3: Dose-response curve for intracerebroventricular injection of L-NAME (for
each point, n = 6, p <0.001 compared with control).

Methylene blue (Fig. 4)

ILc.v. injection of MB alone (5-50 ug per mouse) did not produce
an analgesic effect (data not shown). Pretreatment with MB (10 and 50
pg/kg) 15 min before clonidine (4 pg per mouse) produced a reduction
in LR of 2.15- and 2.52-fold, respectively, as compared with clonidine
injections alone (n = 6, p <0.01).

Nitroglycerine

I.c.v. injections of nitroglycerine (2-5 pg per mouse), alone or as a
pretreatment 15 min before i.c.v. injection of clonidine (4 pg per
mouse), did not affect LR.

61
Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:14 AM



Vol. 21, No. 1, 2005 Cerebroventricular Injection of Clonidine Causes
Analgesia Mediated by a Nitrogen Pathway

Latency Ratio

clon methyl methyl methyl methyl
4pg/mouse 10pg/mouse 1gugimouse 30pg/mouse 50pg/mouse
+ clon + clon

4pg/mouse 4pg/mouse

Fig. 4: Effect of methylene blue (methyl) on clonidine (clon) analgesia (for each
point, n =6, p <0.01 compared with control).

DISCUSSION

The tail-flick model enables measurement of the time needed for
heat-inflicted pain to be sensed and reacted upon by the animal. Using
this model and i.c.v. injections, we found that centrally administered
clonidine produced substantial analgesia that was additively affected
at some dosages of L-arginine and significantly attenuated when the
NO antagonists L-NAME or MB were co-administered.

NO is a small gaseous molecule produced as a free radical with
short-term activity in the CNS, where it acts as a non-adrenergic, non-
cholinergic neurotransmitter /16/. NO has been identified as an
important modulator of neuronal function, responsible in part for
communication between neural cells, control of neuronal develop-
ment, and synaptic plasticity of the CNS /17/. NO may also be
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involved in mechanisms of consciousness and anesthesia as well as in
nociceptive processes /16,18/.

NO-dependent mechanisms have already been shown to be
involved in the sedative effect of clonidine /19/, as well as in its spinal
antinociceptive effects /20/. Clonidine is capable of releasing NO by
activation of a;-adrenoceptors on the endothelial surface /21/ and also
in the spinal cord /22/. Therefore, we hypothesized that drugs involved
in NO metabolism or in its mechanism of action might modulate the
analgesic effect of clonidine in the CNS via its NO-related pathways.

Adrenergic mechanisms of analgesia have been explored for nearly
100 years, starting with a report on the analgesic effect of epinephrine
when administered intrathecally /23/. This effect is now known
to occur secondarily to oy-adrenoceptor stimulation /9/. The oy-
adrenoceptor, a peptide traversing the cell membrane, can react with
extracellular ligands to initiate a cascade of events leading to a physio-
logical outcome. The cytoplasmic portion of the a;-adrenoceptor
interacts with the G-protein system, providing a means for signal
transduction and the stimulation of several effector systems /2/. The
traditional explanation for clonidine-mediated supraspinal analgesia is
its ability to inhibit central sympathetic outflow. However, recent
evidence suggests that the central antinociceptive effect produced by
oz-adrenoceptor agonists may be due in part to their ability to release
acetylcholine /20/, which stimulates nicotinic and muscarinic receptors
/24-26/ to liberate NO /22,27/, known to be involved in central
antinociception /28/. A similar mechanism has been reported regard-
ing the spinal effects of clonidine, in which NO in increased
concentrations was found in microdialysate samples from the dorsal
horn of sheep spinal cord following clonidine administration /15/.
Another study showed that spinal NO played an important role in the
anti-allodynic effect of intrathecal clonidine in a rat model of
neuropathic pain /6/.

L-Arginine and its modulatory effects on chronic pain perception
were shown experimentally by Duarte ef al. /29/. We chose to pre-
administer L-arginine and other nitrogen-related drugs following the
findings by Kawabata et al. /30/, who demonstrated in a tail-flick
model in mice that the maximal analgesic effect of intravenously
administered L-arginine occurred 10-20 min after injection. It is
assumed that the process by which NO is produced from L-arginine is
not immediate and therefore needs time and energy. Hence, only

63

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:14 AM



Vol. 21, No. 1, 2005 Cerebroventricular Injection of Clonidine Causes
Analgesia Mediated by a Nitrogen Pathway

pretreatment with L-arginine produced an additive analgesic effect,
whereas co-injection of L-arginine and clonidine did not change the
analgesic effect of clonidine in a significant way.

L-NAME suppresses the activity of NOS and prevents the
generation of NO. Our results, namely the attenuation of clonidine-
induced analgesia by L-NAME, are in accordance with those of Lothe
et al. /31/, who reported that antinociception from subarachnoid
clonidine is blocked by the NOS inhibitor N-methyl-L-arginine in
sheep. We would have expected a significant analgesic effect
produced by injections of nitroglycerine, in view of the anticipated rise
of NO concentration, since nitrovasodilators such as nitroglycerine
and nitroprusside are NO donors /32/. However, no increased anal-
gesic effect was observed following nitroglycerine treatment. This
might be explicable by the low concentrations of nitroglycerine used.
We did not use higher doses because, due to safety considerations
/11,21/, we were unable to obtain higher concentrations of nitro-
glycerine. Pretreatment with MB reduced the analgesic effect of
clonidine, as it probably acts as an NO scavenger and also competes
with NO for the active binding site on soluble guanylyl cyclase
(resulting in less production of cGMP) /12,29/.

Future trends in pain management involve multidrug regimens,
including ay-adrenoceptors agonists. The latter, however, possess
substantial side effects, e.g. bradycardia, hypotension, and sedation
/10/. In this regard, incorporation of NO-promoting agents into the
analgesic regimen might contribute to the reduction of the dose of
clonidine while maintaining analgesic potency. This subject must be
further tested.
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