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Antihyperalgesic and Side Effects of Intrathecal Clonidine
and Tizanidine in a Rat Model of Neuropathic Pain
Tomoyuki Kawamata, M.D.,* Keiichi Omote, M.D.,† Hiroki Yamamoto, M.D.,‡ Masaki Toriyabe, M.D.,‡
Kohsuke Wada, M.D.,§ Akiyoshi Namiki, M.D.�

Background: Although intrathecal clonidine produces pro-
nounced analgesia, antinociceptive doses of intrathecal
clonidine produce several side effects, including hypotension,
bradycardia, and sedation. Intrathecal tizanidine, another �2-
adrenergic agonist, has provided antinociception without pro-
ducing pronounced hemodynamic changes in animal studies.
However, it has been unclear whether antihyperalgesic doses of
intrathecal clonidine and tizanidine produce hypotension and
bradycardia in a neuropathic pain state. This study was de-
signed to evaluate the antihyperalgesic effects and side effects
of intrathecal clonidine and tizanidine in a rat model of neuro-
pathic pain.

Methods: Male Sprague-Dawley rats were chronically im-
planted with lumbar intrathecal catheters, and the sciatic nerve
was loosely ligated. After 21–28 days after surgery, the rats
received intrathecal clonidine (0.3, 1.0, and 3.0 �g) and tizani-
dine (1.0, 2.0, and 5.0 �g), and the antihyperalgesic effects of
thermal and mechanical stimuli were examined. In addition,
the changes in blood pressure and heart rate, sedation level,
and other side effects after intrathecal administration of drugs
were recorded.

Results: The administration of 3.0 �g intrathecal clonidine or
5.0 �g tizanidine significantly reversed both thermal and me-
chanical hyperalgesia. The administration of 3.0 �g intrathecal
clonidine, but not 5.0 �g tizanidine, significantly decreased
mean blood pressure and heart rate and produced urinary void-
ing. A greater sedative effect was produced by 3.0 �g intrathecal
clonidine than by 5.0 �g tizanidine.

Conclusion: The antihyperalgesic dose of intrathecal
clonidine and the antinociceptive doses produced several side
effects. Intrathecal tizanidine at the dose that reversed hyper-
algesia would be preferable for neuropathic pain management
because of absence of hypotension and bradycardia and lower
incidence of sedation.

WE previously demonstrated that, although antinocicep-
tive doses of intrathecal clonidine resulted in hypoten-
sion and bradycardia in normal animals, tizanidine, an-
other �2-adrenergic agonist, provided antinociception in
a manner similar to that of clonidine without producing
hemodynamic changes.1 However, it has been unknown
whether the antihyperalgesic dose of intrathecal
clonidine produces hypotension, bradycardia, and other
side effects in a rat model of neuropathic pain. There are
only a few studies that have examined the effect of
intrathecal tizanidine on experimental neuropathic

pain.2–4 In these studies, the effect of intrathecal tizani-
dine to mechanical stimuli was examined, but the effect
to heat stimuli was fully understood. In addition, there
has been no study that has examined the hemodynamic
effects and sedative effect at the antihyperalgesic dose.

In this study, we compared intrathecal clonidine with
tizanidine on the antihyperalgesic effects to thermal and
mechanical stimuli and on side effects, including hypo-
tension and bradycardia, in a rat model of neuropathic
pain.

Materials and Methods

The protocol for this study was approved by Sapporo
Medical University Animal Care and Use Committee (Sap-
poro, Japan). Experiments were conducted in male
Sprague-Dawley rats (weight, 180–250 g; Japan SLC,
Hamamatsu, Japan), which were housed individually in a
temperature controlled (21 � 1°C) room with a 12-h
light–dark cycle and which were given free access to
food and water.

Surgical Procedures
All surgical procedures were performed under general

anesthesia (3% isoflurane in oxygen). A polyethylene
intrathecal catheter (PE-10; Clay Adams, NJ) was inserted
15 mm cephalad into the lumbar subarachnoid space at
the L4–L5 intervertebrae, with the tip of the catheter
located near the lumbar enlargement of the spinal cord
to administer the drug intrathecally.1 The catheter was
tunneled subcutaneously and externalized through the
skin in the neck region. The volume of dead space of the
intrathecal catheter was 15 �l. In the experiments, we
used only animals that showed normal behavior and
motor function and that showed complete paralysis of
the tail and bilateral hind legs after administration of
2% lidocaine, 10 �l, through the intrathecal catheter.
Seven days after intrathecal catheter implantation,
chronic constriction injury (CCI) was created as previ-
ously described.5 Briefly, under general anesthesia, the
left common sciatic nerve was exposed at the mid-thigh
level. Four ligatures were loosely tied in approximately
1.0-mm intervals around the nerve just proximal to the
trifurcation with 4-0 chromic gut suture. The wound was
then closed.

Behavioral Study
Behavioral testings were performed before CCI and

21–28 days after CCI when hyperalgesia had been estab-
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lished.5 Thermal nociceptive testing was conducted us-
ing an analgesimeter (Plantar test 7370; Ugo Basile, Ita-
ly). Radiant heat was applied on the plantar surface of
each hind paw. The thermal nociceptive threshold was
evaluated as paw withdrawal latency (PWL) from the
heat source. Bulb intensity was adjusted so that the basal
PWL was 9–11 s before CCI. Cutoff time was 20 s to
avoid tissue damage. To examine the effect of intrathecal
clonidine and tizanidine on thermal hyperalgesia, the
rats received intrathecal clonidine (0.3, 1.0, or 3.0 �g) or
tizanidine (1.0, 2.0, or 5.0 �g).

Mechanical hyperalgesia was assessed using a 5.07-g
von Frey filament (111 mN) before CCI and before and
20 min after intrathecal drug administration. Animals
were placed on a wire mesh platform and allowed to
acclimate to their surroundings for a minimum of 30 min
before testing. The filament was applied to the point of
bending 10 times on the plantar surface of both hind
paws, and the number of vigorous responses was record-
ed.6 Data were expressed as percent response fre-
quency. The rats received 3.0 �g intrathecal clonidine or
5.0 �g tizanidine.

To examine the sedative effect of intrathecal clonidine
and tizanidine, the intensity of sedation was assessed at
10-min intervals using our modification of the scale pro-
posed by Dowlatshahi and Yaksh.7 This scale consists of
five contents as follows: 0 � normal behavior, alert to
the environment, standing or grooming; 1 � sitting qui-
etly, sometimes standing or grooming; 2 � sitting qui-
etly, no spontaneous movement, but moved if touched;
3 � no spontaneous movement, did not move when
touched; 4 � loss of righting reflex, unresponsive.
Scores were totaled over 60 min after drug administra-
tion (maximum score � 24; minimum score � 0).

Blood Pressure and Heart Rate Measurement
In some neuropathic rats, a polyethylene catheter was

placed in the left carotid artery under general anesthesia
to examine the effects of intrathecal drug administration
on blood pressure and heart rate. After the recovery

period of 2 h, blood pressure was monitored and re-
corded before and after the administration of 3.0 �g
intrathecal clonidine or 5.0 �g tizanidine during an
awake, briefly restrained condition. Systolic and diastolic
arterial pressures and heart rate were recorded, and
mean arterial pressure was calculated.

Drugs
Clonidine and tizanidine were purchased from Sigma

(St. Louis, MO) and Sandoz (East Hanover, NJ), respec-
tively. Intrathecal drug administration was accomplished
using a microinjection syringe (Hamilton, Reno, NV)
connected to the intrathecal catheter in awake, briefly
restrained rats. Intrathecal drug administration was per-
formed manually over a 10-s period in a single injection
volume of 10 �l followed by a flush of 15 �l physiologic
saline.

Statistical Analysis
Paw withdrawal latencies, blood pressure, and heart

rate were represented as mean � SD. Sedation scores
were represented as median (range). The frequency of
vigorous responses was expressed as a percentage:
(number of vigorous responses/number of total trials) �
100. Changes in the frequency of vigorous responses to
mechanical stimuli were analyzed using a paired t test.
Changes in blood pressure and heart rate and changes in
PWLs to the heat stimuli were analyzed using one-way
analysis of variance followed by Dunnett test within a
single group. Sedation scores were analyzed using the
Mann–Whitney U test. A P value less than 0.05 was
considered to be statistically significant.

Results

The mean basal PWL was 9.8 � 1.1 s before CCI. On
the 21–28 days after CCI, the mean PWL in the affected
paw was significantly reduced to 5.4 � 0.7 s. Figure 1, A
shows the antihyperalgesic effect to thermal stimuli of

Fig. 1. Antithermal hyperalgesic effects of
intrathecal clonidine and tizanidine. (A)
Time course of the withdrawal latencies to
noxious heat stimuli after 3.0 �g intrathe-
cal clonidine (open squares) and 5.0 �g
tizanidine (solid squares) (n � 7 for each
drug). (B) Dose–response effect of intrathe-
cal clonidine (n � 6–8 for each dose). Pre
� withdrawal latency before intrathecal
drug administration; before CCI � with-
drawal latency before the nerve ligation.
Data are presented as mean � SD. * and #
indicate significant difference from with-
drawal latency before intrathecal clonidine
and tizanidine administration, respectively
(P < 0.05). ** indicates significant differ-
ence from the withdrawal latency before
intrathecal drug administration (the value
at pre) (P < 0.05).
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3.0 �g intrathecal clonidine and 5.0 �g intrathecal tiza-
nidine. The administration of 3.0 �g intrathecal
clonidine and 5.0 �g tizanidine significantly prolonged
the shortened PWL and reversed to the basal PWL level.
The maximum antihyperalgesic effect of 3.0 �g intrathe-
cal clonidine was observed 20–30 min after the injec-
tion, and that of intrathecal tizanidine was observed
10–20 min after injection. Figure 1, B shows the dose–
response curve of the antihyperalgesic effect to thermal
stimuli of intrathecal clonidine and tizanidine. Adminis-
tering 1.0 �g clonidine tended to prolong the shortened
PWL, but this was not statistically significant. Adminis-
tering 2.0 �g tizanidine also tended to prolong the short-
ened PWL, but this was not statistically significant.

During mechanical testing, although the rats did not
show any response to a 5.07-g von Frey filament before
CCI, percent response frequency increased to 80 � 8
and 80 � 10% before intrathecal clonidine and tizanidine
administration, respectively, on days 21–28 after CCI.
Administering 3.0 �g intrathecal clonidine and 5.0 �g
tizanidine significantly reduced percent response fre-
quency to 20 � 11 and 30 � 12%, respectively.

Before intrathecal drug administration, the sedation
scores were 1 in all tested rats. After the administration
of 3.0 �g intrathecal clonidine and 5.0 �g tizanidine, the
ranges of the scores at each time point were 1–3 and
1–2, respectively. The total sedation score for 60 min
after intrathecal clonidine was 12.5 (range, 11–14) and
was significantly higher than that after intrathecal tizani-
dine (8 [7–8]). In the rats that received 3.0 �g intrathe-
cal clonidine but not 5.0 �g tizanidine, urinary voiding
was observed.

Figure 2, A shows the effects of 3.0 �g intrathecal
clonidine and 5.0 �g tizanidine on mean arterial blood
pressure. The baseline mean arterial blood pressures
were 128.2 � 14.4 and 123.3 � 8.6 mmHg before
intrathecal clonidine and tizanidine, respectively, and
were not significant different between the two groups.
Clonidine but not tizanidine significantly decreased

mean arterial blood pressure 10–30 min after the intra-
thecal injection, compared with the predrug baseline
value. The baseline heart rates were 415.0 � 10.2 and
408.5 � 9.8 beats/min before intrathecal clonidine and
tizanidine, respectively, and were not significantly differ-
ent between the two groups. Clonidine but not tizani-
dine also significantly decreased heart rate 10–30 min
after intrathecal injection (fig. 2, B).

Discussion

The current study showed that intrathecal clonidine
and tizanidine reversed thermal and mechanical hyper-
algesia in a CCI model. Intrathecal clonidine but not
tizanidine decreased mean blood pressure and heart rate
at the doses that produced comparative antihyperalgesic
effects. In addition, intrathecal clonidine caused urinary
voiding and produced a more profound sedative effect
compared with intrathecal tizanidine.

In our results, intrathecal tizanidine and clonidine re-
versed both thermal and mechanical hyperalgesia. We
evaluated mechanical hyperalgesia by the number of
vigorous responses to repeated application of the von
Frey filament (111 mN).6 However, because the re-
sponse frequency to the filament resulted in no with-
drawal response in normal animals, the mechanical stim-
ulus we used may be innocuous rather than noxious.
Therefore, an increased rate of vigorous responses to the
von Frey filament after CCI observed in the current study
may represent mechanical allodynia. Similar to the an-
tinociceptive potency, the antihyperalgesic potency of
clonidine was likely to be greater than that of tizanidine
in the current study. Leiphart et al.2 reported that intra-
thecal tizanidine had no effect on thermal hyperalgesia
to noxious heat stimuli in a CCI model. Interestingly,
intrathecal tizanidine had no effect on withdrawal la-
tency to noxious heat stimuli in sham-operated or non-
operated rats and the tail-flick test in nonoperated rats in

Fig. 2. Changes in mean arterial blood
pressure and heart rate. (A) Time course
of mean arterial blood pressure after 3.0
�g intrathecal clonidine (open squares)
and 5.0 �g tizanidine (solid squares). (B)
Time course of heart rate after 3.0 �g
intrathecal clonidine (open squares) and
5.0 �g tizanidine (solid squares). * indi-
cates a significant difference from the
value before intrathecal drug administra-
tion (the value at time 0) (P < 0.05) (n �
6 for each drug).
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their study. However, several investigators have shown
intrathecal tizanidine-induced antinociceptive effects to
noxious thermal stimuli through the activation of �2-
adrenergic receptors.1,8,9

In the current study, the antihyperalgesic dose of 3.0
�g intrathecal clonidine was associated with side effects,
including hypotension, bradycardia, sedation, and uri-
nary voiding. The hypotensive effect of intrathecal
clonidine would be caused by the inhibition of sympa-
thetic outflow at sympathetic preganglionic neurons in
the intermediolateral cell column of the spinal cord10

and the supraspinal effects via systemic absorption.11 In
addition, higher doses of intrathecal clonidine increase
blood pressure as a result of direct action at peripheral
�2-adrenergic receptors.10 Clonidine also decreases
heart rate by acting at peripheral and supraspinal sites
that produce sympathetic inhibition and parasympa-
thetic stimulation.12,13 Sedation and urinary voiding ob-
served in the current study also reflect systemic effects
of clonidine. Experimental data show that the sedative–
hypnotic effect of �2-adrenergic agonists is caused by
actions primarily in the locus ceruleus.14 �2-Adrenergic
agonist-induced diuresis is involved in the direct action
on the juxtaglomerular apparatus15 and the release of
arterial natriuretic factor.16 On the other hand, in the
rats that received 5.0 �g intrathecal tizanidine, which
produced antihyperalgesic effects comparable with
those seen with 3.0 �g clonidine, only very light seda-
tion was observed. Hypotension, bradycardia, and appar-
ent urinary voiding were not observed. The difference in
the incidence of side effects between clonidine and
tizanidine may be caused by the lipophilicity of these
drugs. Clonidine has a higher lipophilicity than tizani-
dine.17 Because of the high lipophilicity of clonidine,
intrathecally administered clonidine is well absorbed sys-
temically. A lower incidence of the side effects of intra-
thecal tizanidine may reflect that intrathecally adminis-
tered tizanidine poorly diffuses to the intermediolateral
cell column, which is deeper from the spinal cord sur-
face than the substantia gelatinosa, and is poorly ab-
sorbed into the systemic circulation because of its low
lipophilicity. However, higher doses of intrathecal tiza-
nidine produce hypotensive effects.9

Taken together with the experimental data previously
reported, intrathecal clonidine, at not only the antinoci-
ceptive dose but also at the antihyperalgesic dose, pro-
duces hypotension, bradycardia, and other side effects
caused by systemic absorption, whereas intrathecal tiza-
nidine does not. This evidence may show the superiority

of intrathecal tizanidine, compared with clonidine, in
human neuropathic pain management. In the current
study, we performed the experiment in animals because
clinically available tizanidine solution for intrathecal ad-
ministration has not been developed. Intrathecal tizani-
dine has already been shown to have no neurotoxicity.18

Our results would also encourage the development of
clinically available tizanidine solution for epidural and/or
intrathecal administration and a clinical trial of intrathe-
cal tizanidine in the clinical setting, especially during a
neuropathic pain state.
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