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Neurotoxicity of intrathecal injections of
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Abstract

To investigate the neurotoxicity of intrathecal injections of dexmedetomidine, Sprague-Dawley rats
were intrathecally injected with dexmedetomidine at doses of 0.75, 1.50 and 3.00 pg/kg into the

spinal dorsal horn. We found that c-Fos expression in the rat spinal dorsal horn peaked at 7 hours
following the 3.00 pg/kg dexmedetomidine injection, while the levels of c-Fos expression following

0.75 and 1.50 ug/kg dexmedetomidine were similar to those in the spinal dorsal horn of normal rats.

At 48 hours following administration, the level of c-Fos expression was similar to normal levels. In
addition, the intrathecal injections of dexmedetomidine increased paw withdrawal mechanical
thresholds and prolonged thermal tail flick latencies. These results indicate that dexmedetomidine
has pronounced antinociceptive effects. However, dexmedetomidine appears to have neurotoxic
effects in the spinal cord because it increased c-Fos expression in the spinal dorsal horn within 7

hours following administration.
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Research Highlights

Intrathecal injection of dexmedetomidine at a high dose (3.00 ug/kg) engendered antinociceptive
effects and induced c-Fos expression in the spinal dorsal horn of rats.

INTRODUCTION

Dexmedetomidine is a novel and highly
selective a, adrenergic receptor agonist,
which has eight times higher affinity for
a,-adrenergic receptors than clonidine!*..
Dexmedetomidine offers beneficial phar-
macological properties and provides
dose-dependent sedation, analgesia,
sympatholysis, and it does not induce res-
piratory depression®?. Intrathecal and
epidural administration of dexmedetomi-
dine in combination with anesthetic drugs
like lidocaine can prolong motor block-
ade. However, epidural administration of
dexmedetomidine may have a harmful ef-
fect on the myelin sheath. It remains un-

known whether intrathecal injections of
dexmedetomidine have toxic effects on the
spinal cord.

The analgesic effects of dexmedetomidine
are achieved through activation of a-2A re-
ceptors in the spinal dorsal horn!* &7,
Therefore, in the present study, we hy-
pothesized that intrathecal injections of
dexmedetomidine may activate a-2A re-
ceptors and elicit analgesia. However,
whether dexmedetomidine is neurotoxic to
the spinal cord remains to be fully eluci-
dated™ ®". c-Fos is the protein of the pro-
to-oncogene c-fos and is expressed after
noxious stimuli. Therefore, it has been ex-
tensively used as a marker for the neural
activation following tissue injuries and no-
ciception in the spinal cord®®. In the
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present study, we assessed the neurotoxicity of intra-
thecal injections of dexmedetomidine by determining
c-Fos expression in the spinal dorsal horn.

RESULTS

Quantitative analysis of experimental animals

A total of 60 Sprague-Dawley rats were equally and
randomly assigned to a control group (no intervention), a
saline group (intrathecal injection with 10 pL normal sa-
line), or three groups that received different doses of
dexmedetomidine (intrathecal injection with 10 uL of 0.75,
1.50, 3.00 pg/kg of dexmedetomidine). All 60 rats were
included in the final analysis.

Effects of intrathecal injection of dexmedetomidine
on lumbar spinal c-Fos expression

c-Fos expression was induced in the neuronal nuclei of
the lumbar spinal cord. It was primarily distributed to the
dorsal horn of gray matter and central canal, especially in
the lamina | and Il, and also in the other laminas of gray
matter. In contrast, c-Fos was scarcely expressed in the

white matter (Figure 1).

The density of the positive neuronal nuclei in the dorsal
horn, where c-Fos was primarily expressed, was ana-
lyzed (x 100). c-Fos expression ranged from little to none
in the spinal cord of the control rats. 7 or 24 hours after
intrathecal injections of dexmedetomidine the level of
c-Fos expression was the highest in the animals that
received 3.00 pg/kg of dexmedetomidine (P < 0.05). In
contrast, c-Fos levels were not significantly different in
the animals in the other four groups. However, no signif-
icant differences were observed among groups 48 hours
after the dexmedetomidine administrations (Table 1).

Effects of intrathecal injection of dexmedetomidine
on rat behaviors

Paw withdrawal mechanical threshold (PWMT)
Baseline measures of the PWMT in left hind paw were
similar among all of the groups. Compared with baseline
measurements, the PWMTs of the subjects in each group
rose significantly 30 minutes after intrathecal injections of
dexmedetomidine (P < 0.05), and they were significantly
higher than the control and saline-treated subjects (P <
0.05).

Control

DEX1, 2, 3: Dexmedetomidine at 0.75, 1.50 and 3.00 pg/kg.

Saline DEX1

Figure 1 c-Fos expression in the dorsal horn of animals from each group (immunohistochemical staining, x 100).

The positive neuronal nuclei in the dotted line were quantified by their density. The positive neuronal nuclei were significantly
increased 7 and 24 hours after injection in animals in the DEX3 group compared with the animals in the control and saline groups.

DEX2 DEX3
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Table 1 Influence of DEX on c-Fos expression (100-fold field of view) in the dorsal horn of rats

Time after injection (hour) Control Saline DEX1 DEX2 DEX3
7 3.39+0.39 3.48+0.45 3.88+0.43 4.01+0.72 4.33+0.83%
24 3.19+0.46 3.42+0.25 3.85+0.32 3.81+0.31 4.66+0.66"
48 3.33+0.24 3.39+0.36 3.67+0.55 3.42+0.25 3.66+0.73

3.00 pg/kg.

c-Fos expression in the dorsal horn was measured by immunohistochemical staining. The values represent the number of positive neuronal
nuclei in every 250 thousand pixels. P < 0.05, vs. control and saline groups; °P < 0.05, vs. control, saline, DEX1 and DEX2 groups. The data are
expressed as mean + SD in four rats randomly selected at each time point from each group. DEX1, 2, 3: Dexmedetomidine at 0.75, 1.50 and

Moreover, the PWMTs were greater in the animals that
received 3.00 pg/kg of dexmedetomidine compared with
those that received the other doses of dexmedetomidine
(P < 0.05). There were no significant differences between
the animals that received the lower doses of
dexmedetomidine (Table 2).

Table 2 Effects of intrathecal injections of DEX on paw
withdrawal mechanical thresholds (g)

Group Baseline 30 minutes after administration
Control 2.23+0.90 2.67+1.03
Saline 2.13+0.96 3.00+1.05
DEX1 3.00£1.10 7.00£1.15%°
DEX2 1.80+0.31 7.67+0.82%
DEX3 1.83+0.29 9.67+1.51%°

2P < 0.05, vs. baseline; bp < 0.05, vs. control and saline groups;
°P < 0.05, vs. DEX1 and DEX2 groups. The data are expressed as
mean + SD in 12 rats randomly selected at each time point from
each group. DEX1, 2, 3: Dexmedetomidine at 0.75, 1.50 and

3.00 pg/kg.

DISCUSSION

Thermal tail flick latency (TFL)

Baseline TFLs were not significantly different among the
animals in the different groups. Sixty minutes after intra-
thecal injection of dexmedetomidine, the latencies of the
animals that received each dose of dexmedetomidine
were longer than at baseline (P < 0.05) and longer than
the latencies in the control and saline-treated animals
(P < 0.05). In particular, TFLs were the longest in the
animals that received 3.00 pg/kg of dexmedetomidine
(Table 3).

Table 3 Effects of intrathecal injections of DEX on thermal
tail flick latencies (second)

Group Baseline 60 minutes after administration
Control 6.44+0.67 6.94+1.06
Saline 7.29+0.86 7.12+2.18
DEX1 6.96+0.92 11.83+1.71°
DEX2 7.57+0.64 12.53+2.35%
DEX3 7.15+1.13 15.59+1.98%

3P < 0.05, vs. baseline; °P < 0.05, vs. control and saline groups;
°P < 0.05, vs. DEX1 and DEX2 groups. The data are expressed as
mean * SD in 12 rats randomly selected at each time point from
each group. DEX1, 2, 3: Dexmedetomidine at 0.75, 1.50 and

3.00 pg/kg.

Intrathecal administration of dexmedetomidine can inhibit
C fiber-evoked responses and slow ventral root potentials
in spinal dorsal horn neurons™. Dexmedetomidine exerts
spinal antinociception™ by releasing norepinephrine. This
released norepinephrine acts on the a-2A adrenoceptors
in the presynaptic and postsynaptic membrane to increase
norepinephrine levels in the cerebrospinal fluid, induce
acetylcholine release, and elicit synthesis and release of
nitrous oxide™™. Generally, the antinociceptive effects
of intrathecal administration of dexmedetomidine were
dose-dependent™ ™. The strongest analgesic effects
were engendered by the 3.00 ug/kg dose of dexmedeto-
midine, whereas there were no significant differences
between the lower doses.

Since a-2A adrenoceptors are mainly in the postsynaptic
membrane of the dorsal horn™®, and c-Fos is mainly
expressed in the dorsal horn of spinal cord, it is ex-
pressed only in nuclei. c-Fos is sparsely expressed un-
der normal conditions, but its expression is increased
when there are insults to the spinal cord. Moreover, the
level of c-Fos expression is positively correlated with the
magnitude of the insult™”. Thus, it is believed to be a
valid index of neurotoxicity. Hayashi et al "® found that
the rate, frequency, and magnitude of c-fos expression
depended on different stimulation factors. A previous
study showed that c-Fos protein expression peaks be-
tween 7 and 24 hours after intrathecal injections. There-
fore, in the present study, we selected 7, 24 and 48
hours as the observation time. Our findings suggest that
dexmedetomidine had antinociceptive effects and indu-
ceed c-Fos expression in the dorsal horn. Moreover, the
peak dose and time point of these effects were  3.00
pg/kg and between 7 and 24 hours, respectively. This
suggests that lower doses of dexmedetomidine did not
harm the spinal cord, whereas 3.00 ug/kg of dexmede-
tomidine did harm the spinal cord.

In summary, intrathecal injections of dexmedetomidine at
low doses (0.75 and 1.50 pg/kg) can relieve pain without
engendering neurotoxicity, whereas a large dose of
dexmedetomidine (3.00 pg/kg) can induce strong anti-
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nociceptive effects but significantly increased c-Fos ex-
pression in the dorsal horn within 7 hours of administra-
tion.

MATERIALS AND METHODS

Design
A randomized, controlled, animal experiment.

Time and setting

The experiment was performed at the Laboratory of
Anesthesiology, Renmin Hospital of Wuhan University,
China from November 2009 to July 2010.

Materials

A total of 60 male, specific pathogen-free Spra-
gue-Dawley rats, weighing 180-220 g, were provided by
the Institute of Laboratory Animal Science, Tongji Medi-
cal College, Huazhong University of Science and Tech-
nology, China (license No. SCXK (E) 2004- 0007). All
rats were housed under constant temperature (20 + 2°C)
and with 12-hour light/dark cycles. They were allowed
free access to water and food. The animal protocol
complied with the Guidance Suggestions for the Care
and Use of Laboratory Animals, issued by the Ministry of
Science and Technology of China in 2006,

Methods

Catheter placement

Animals were intraperitoneally anesthetized using

300 mg/kg chloral hydrate. The hair on their waist was
shaved and scrubbed with 10% povidone iodine. A 2-cm
longitudinal incision was made along the lumbar verte-
brae. Connective tissues and the paraspinal muscles
were dissected, and the Ls¢ lumbar gap was found. A
23G needle was used to cut out the gap and a PE10 tube
(0.25 mm ID, polyeurethane, 10 cm; AniLab software and
instruments Co. Ltd, Ningbo, China) was inserted. The
tube was snugly slipped into the gap measuring about

4 cm, and then the free edge of the catheter was placed
in the subcutaneous tunnel and blocked by fire/?®#
(supplementary Figure 1 online). The catheter was sub-
sequently fixed to the skin, and the incision was sutured.
10 yL of 2% lidocaine was intrathecally injected 72 hours
later. We accepted that the catheter was correctly placed
if the rat lost sensory and motor function after a lidocaine
administration®",

Dexmedetomidine administration

Three days after the catheter placement, the animals in
the control group received no intervention, and the ani-
mals in the saline group and dexmedetomidine groups
received intrathecal injections with 10 uL normal saline or
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0.75, 1.50, or 3.00 pg/kg of dexmedetomidine (Hengrei
Co. Ltd., Lianyungang, China).

Behavioral test

PWMT: The PWMT was determined both before (base-
line) and 30 minutes after drug administration. Before the
tests, the rats were placed in a clear PlantarVon Frey™
plexiglass box (Stoelting, WoodDale, IL, USA) with a wire
mesh floor. Twelve rats were tested in each group. After
approximately 20 minutes of habituation, an ascending
series of mechanical stimuli of von Frey filaments with
logarithmically incremental stiffness (1.4, 2.0, 4.0, 8.0,
10.0, 12.0 and 15.0 g) were applied to the plantar surface
of the left hind paw!??. A positive response was defined
as withdrawal from the Von Frey filament. Confirmation
of the threshold was tested by examining the filament
above and below the withdrawal response!® ??% Each
rat was tested three times with an interval of 5 minutes
between each application. A decrease in the mechanical
withdrawal threshold was interpreted as mechanical
hyperalgesia®.

TFL: The test was conducted in a quiet, dimly lit room
with an ambient temperature of 20 + 2°C. The rats were
marked with a pen on the tail about 1/3 of the length from
the tip. A light beam was focused on this marked site.
The radiant heat tail flick latency was tested at baseline
and 60 minutes after the intrathecal injections. Each rat
was tested three times with an interval of 5 minutes be-
tween each application. The average of these three tests
was used to calculate the TFL?*?®. To prevent tissue
damage, the exposure time was limited to less than 20
seconds.

Sample preparation

Four rats in each group were intraperitoneally anesthe-
tized using 300 mg/kg chloral hydrate 7, 24, or 48 hours
after the behavioral tests. Then, transcardial perfusion
was applied with a 4% paraformaldehyde solution (pH
7.6; 500 mL). The entire spinal cord in each rat was re-
moved from its spinal column and fixed overnight using a
4% paraformaldehyde solution at 4°C. After fixation, the
spinal cords were cryoprotected in 30% sucrose for a
minimum of 24 hours'. A series of 25 pm coronal sec-
tions from these lumbar spinal cords were cut with a
freezing microtome (Leica, Germany). Free-floating sec-
tions from each rat were stored in cold 0.1 M PBS and
then processed to detect c-Fos protein expression.

Immunohistochemistry for density of Fos-positive
cells

Immunohistochemical staining was performed using the
strept-avidin-biotin peroxidase method. Sections were
incubated in 3% H,O, solution for 15 minutes and rinsed
twice in 0.1 M PBS. Then they were incubated in 5%
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BSA confining liquid for 30 minutes at room temperature,
incubated into a polyclonal rabbit anti-c-Fos (Boster
Biotechnology Co., Ltd., Wuhan, China) at a 1:50 dilution
overnight at 4°C, washed three times in PBS for

5 minutes each, placed into biotinylated goat anti-rabbit
IgG (ready-to-use kit; Boster Biotechnology Co., Ltd.),
and incubated for 2 hours at 20°C. Afterwards, they were
again washed three times in PBS for 5 minutes each and
placed into a strept-avidin-biotin complex (ready-to-use
kit; Boster Biotechnology Co., Ltd.) for an hour at 20°C.
Following three PBS rinses, they were incubated in a
0.05% 3,3’-diaminobenzidine solution until the desired
levels of staining were reached. The reaction was ter-
minated with a PBS rinse. The positively stained nuclei
could be clearly seen under microscopic visualization at
400 x magnification. Sections were then mounted onto
the slides with a gelatine solution. They were then left to
air dry at room temperature before being dehydrated
through serial applications starting with alcohol and
proceeding to histolene. They were then placed under a
coverslip with DPX™ 2> %1, Five sections were randomly
selected from each rat, analyzed with a microscope
(Olympus, Tokyo, Japan), and photographed with a digi-
tal camera. The images were analyzed using Image Pro
Plus 6.0. The density of positive c-Fos-like immunoreac-
tive cells was quantified (points/area).

Statistical analysis

Statistical analyses were performed using GraphPad
prism 5.0 (GraphPad Software, San Diego, CA, USA).
The data are expressed as mean + SD, with the excep-
tion of the TFL data, which were calculated as the aver-
age of three replicates and are expressed as mean *
SEM. Differences were evaluated using a two-way
analysis of variance, followed by a Stu-
dent-Newman-Keuls test. P values of less than 0.05
were considered to be statistically significant.
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