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Background and Objectives: Minocycline is a second-generation tetracycline with multiple biological effects,
including inhibition of microglial activation. Recently, microglial activation has been implicated in the development of nerve injury–induced neuropathic pain. In this study, the authors examined the effects of continuous
intrathecal minocycline on the development of neuropathic pain and microglial activation induced by L5/6
spinal-nerve ligation in rats.
Methods: Under isoflurane anesthesia, male Sprague-Dawley rats (200-250 g) received right L5/6 spinalnerve ligation and intrathecal catheters connected to an infusion pump. Intrathecal saline or minocycline (2 and
6 g/h) was given continuously after surgery for 7 days (n ⫽ 8 per group). The rat right hind paw withdrawal
threshold to von Frey filament stimuli and withdrawal latency to radiant heat were determined before surgery
and on days 1 to 7 after surgery. Spinal microglial activation was evaluated with OX-42 immunoreactivity on
day 7 after surgery.
Results: Spinal-nerve ligation induced mechanical allodynia and thermal hyperalgesia on the affected hind
paw of saline-treated rats. Intrathecal minocycline (2 and 6 g/h) prevented the development of mechanical
allodynia and thermal hyperalgesia induced by nerve ligation. It also inhibited nerve ligation–induced microglial
activation, as evidenced by decreased OX-42 staining. No obvious histopathologic change was noted after
intrathecal minocycline (6 g/h) infusion.
Conclusions: In this study, the authors demonstrate the preventive effect of continuous intrathecal minocycline on the development of nociceptive behaviors induced by L5/6 spinal-nerve ligation in rats. Further
studies are required to examine if continuous intrathecal minocycline could be used safely in the clinical setting.
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P

eripheral-nerve injury can induce neuropathic
pain, which is characterized by allodynia (pain
caused by a stimulus that does not normally provoke pain) and hyperalgesia (an increased response
to a stimulus that is normally painful). The mechanisms underlying the induction of nerve injury–
induced neuropathic pain remain unclear. Re-

cently, activation of spinal glial cells (astrocyte and
microglia) have been noted to be involved in the
development and maintenance of nerve injury–induced neuropathic pain in animal-pain models.1
Immunohistochemical studies have shown that
spinal glial cells are activated in various animal-pain
models, such as spinal-nerve injury2 and bone-can-
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cer pain3 models. Glial cells are likely activated by a
variety of pain-transmitting substances and prostaglandins (PGs).4 This activation of spinal glial cells is
causally related to the pathologic pain states because pharmacologic inhibition of glial activation
prevents the development of pain.4
Minocycline, a tetracycline-analog antibiotic
commonly used to treat arthritis and acne, has been
found to inhibit microglial activation.5 Recently,
intrathecal minocycline has been reported to reduce formalin-evoked second-phase flinching behavior, prevent carrageenan-induced thermal hyperalgesia, block N-methyl-D-aspartate-induced
hyperalgesia,6 and reverse spinal-cord injury–induced nociceptive behaviors.7 In this study, we examined the effects of continuous intrathecal minocycline on the development of neuropathic pain
and microglial activation induced by L5/6 spinalnerve ligation in rats.

Methods
All experiments conformed to the guidelines of
and were approved by the Animal Care and Use
Committee of Mackay Memorial Hospital, Taipei,
Taiwan.
Animals
All experiments were performed on male SpragueDawley rats (200-250 g). Rats were housed individually in plastic cages with soft bedding at room
temperature (RT) and maintained on a 12-hour
light/12-hour dark cycle, with free access to food
and water.
Surgical Procedures
All the surgical procedures were performed under inhalational anesthesia with isoflurane in 100%
oxygen, induced at 5% and maintained at 2%.
Animals that showed neurologic deficits after surgery were excluded from the study.
L5/6 Spinal-Nerve Ligation
Neuropathic pain was induced following the
methods of Kim and Chung.8 Rats were anesthetized and placed under a microsurgical apparatus in
a prone position. A midline incision was made on
the back, and the right paraspinal muscles were
separated from the spinous processes at the L4-S2
levels. The L6 transverse process was carefully removed, and the L4/5 spinal nerves were identified.
The L5 nerve was tightly ligated with a 6-0 silk
thread. The right L6 spinal nerve was then located
just caudal and medial to the sacroiliac junction and
tightly ligated with a silk thread. For rats in the

sham-operated groups, the right L5 and L6 spinal
nerves were exposed but not ligated.
Intrathecal Catheterization and Implantation of
Infusion Pump
Right after the nerve ligation, intrathecal catheters (PE-10 tubing) were inserted in rats during
isoflurane anesthesia, as described by Yaksh and
Rudy.9 Intrathecal catheters filled with normal saline or minocycline (2 and 6 g/L) were advanced
8.5 cm caudal through an incision in the cisternal
membrane. For continuous intrathecal drug administration, an osmotic infusion pump (ALZET, Cupertino, CA) with a flow rate of 1 L/h was filled
with saline or minocycline (2 and 6 g/L) and
connected to the intrathecal catheter (n ⫽ 8 in each
group). The pump was implanted subcutaneously,
and the neck incision was closed with sutures.
Drugs
Minocycline hydrochloride (molecular weight,
493.9) was purchased from Sigma-Aldrich (St.
Louis, MO) and dissolved in normal saline. The
doses for intrathecal minocycline were selected according to a previous study5 and our preliminary
experiments.
Behavioral Assessment
For each rat, the right hind paw withdrawal
threshold (WT) to von Frey filament test and withdrawal latency (WL) to noxious radiant heat were
determined before surgery (baseline, day 0) and
once daily for 7 postsurgery days. All the behavioral
tests were performed between 10 AM and 3 PM by an
examiner blinded to the treatment groups.
Mechanical Threshold
To quantify mechanical sensitivity of the foot, the
threshold of foot withdrawal in response to normally
innocuous mechanical stimuli was determined by using the von Frey filaments (Stoelting Co., Wood Dale,
IL) and the “up and down” method.10 Each rat was
placed in a transparent plastic dome with a metalmesh floor, which allowed access to the plantar
surface of the hind paw, and was habituated for 30
minutes to this environment. The von Frey hair was
pressed perpendicular to the plantar surface of the
right hind paw with sufficient force to cause slight
buckling and was held for approximately 6 seconds.
A positive response was noted if the right hind paw
was sharply withdrawn. Flinching immediately on
removal of the hair was also considered a positive
response. Each trial was repeated 2 times at approximately 2-minute intervals, and the mean value
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was used as the force to produce withdrawal responses.
Thermal Threshold
The latency of foot withdrawal to noxious heat
stimuli was measured by use of an Analgesia Meter
apparatus (IITC/Life Science Instruments, Woodland Hills, CA). Rats were placed separately on a
temperature-controlled, 3-mm-thick glass floor under which a light box was located. They were habituated to the environment for 30 minutes before
testing. The movable radiant-heat source beneath
the glass floor was focused on the planter surface of
the right hind paw. A cutoff time was set at 20
seconds to avoid tissue damage. Light intensity was
preset to obtain a baseline latency of approximately
10 seconds. Ten WLs were collected with at least
5-minute intervals, and the middle 6 of the 10
latencies were averaged.
Motor Function Assessment
Motor function was evaluated by testing the animals’ ability to ambulate in a normal posture and
observing the righting and placing/stepping reflexes
before the daily nociceptive behavioral assessments.
Immunohistochemistry
To evaluate the microglial activation after surgery, the microglia marker OX-42 staining was performed. After the last behavioral assessment on day
7 after surgery, rats were deeply anesthetized with
sodium pentobarbital (120 mg/kg, i.p.) and perfused intracardially with heparinized normal saline,
followed by 4% paraformaldehyde in phosphatebuffered saline (PBS). The spinal cord around L5
and L6 was removed and post-fixed in the same
fixative at RT for 4 hours. All specimens were cryoprotected in 30% (w/v) sucrose. Spinal cords were
cut transversely by cryostat into 20-m floating
sections. After washing in PBS, followed by PBS
containing 0.3% Triton X-100 (PBST) 10 minutes
twice, sections were treated with 0.3% hydrogen
peroxide in PBST for at least 15 minutes to exhaust
the endogenous hydrogen peroxidase. Nonspecific
binding was blocked by 3% normal goat serum plus
2% bovine serum albumin in PBST for 1 hour.
Sections were incubated at RT overnight with primary mouse monoclonal antibody (anti-OX-42,
1 g/mL; Serotec, Oxford, UK) in PBST plus 3%
normal goat serum. Sections were washed 3 times
for 10 minutes each with PBST, and incubated with
goat anti–mouse biotinylated secondary antibody
(1:1000; Chemicon, Temecula, CA) for 1 hour at
RT. After washing 3 times with PBST, avidin-biotin-
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horseradish peroxidase complex (ABC complex;
Pierce, IL) in PBST was applied in a 1:160 dilution
to floating sections for 1 hour. Antigens were visualized by combining equal volumes of an ammonium nickel sulfate solution (30 mg/mL in 0.1 M
sodium acetate, pH 6.0) and a diaminobenzidine
solution (4 mg/mL in PBS) in the presence of
0.01% hydrogen peroxide. Floating sections were
spread flat on slides, air-dried, rinsed with distilled
water for 1 minute, and dehydrated through an
ethanol gradient (70% once, 95% twice, and 100%
twice) for 1.5 minutes each, and then in xylene for
3 minutes twice. Sections were cover slipped with
Permount mounting medium (Merck, Darmstadt,
Germany). Images were acquired with a DXM1200
digital camera connected to an Eclipse E800 light
microscope (Nikon, Melville, NY).
Microglial Activation Responses
Assessments of microglial responses were performed in 3 sections chosen at random from L5 and
L6 spinal cord of rats. The area of OX-42 immunoreactivity (IR) under 100⫻ magnification was measured in the dorsal horn of spinal cord with a computer-assisted image analysis system (Scion Image,
Frederick, MD). Images of the spinal cord were
digitally captured, with gray scales ranging from 0
to 255, and the number of pixels above a predetermined threshold was automatically counted. The
pixel ratio of right to left dorsal horn was also
calculated.
Hematoxylin and Eosin Staining
To examine the neurotoxicity of intrathecal minocycline, rats received intrathecal infusion of saline (1 L/h) or minocycline (6 g/h) for 7 days
(n ⫽ 6 in each group). After the infusion, rats were
anesthetized and intracardially perfused with 4%
paraformaldehyde. The spinal cords were removed
and fixed in 10% formaldehyde. Transverse sections at 4 different levels of spinal cords (C3-4,
C7-8, T8-9, and L1-2) were embedded in paraffin
and sectioned. The sections (6 m thick) were
stained with hematoxylin and eosin and examined
under light microscopy. Histopathologic changes
were evaluated in a blinded fashion by the senior
pathologist (T.-Y.W.) according to a scoring system
described by Malinovsky et al.11: 0 ⫽ absence of
abnormal cell; 1 ⫽ presence of hemorrhage and
glial cell reaction in several areas; 2 ⫽ presence of
prominent necrosis in the gray matter, widespread
hemorrhage or demyelination, fibrosis, and inflammatory cells.
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Statistical Analysis
All the behavioral data were expressed as mean ⫾
SEM. Two-way analysis of variance (ANOVA) with
post hoc Tukey test was used to compare the behavioral data of different experimental groups. Image-analysis data were compared between groups
with one-way ANOVA with post hoc Bonferroni
test. P ⬍ .05 was considered statistically significant.

Results
All the rats maintained good health and continued to gain weight throughout the experimental
period. No motor dysfunction was observed in rats
that received saline or minocycline.
Minocycline Blocked the Development
of Mechanical Allodynia Induced by
Nerve Ligation
Figure 1 shows the temporal changes of the right
hind paw WT to von Frey filaments. A significant
decrease in WT was observed on postsurgery days 1
to 7 in the Ligation/Saline group as compared with
the Sham/Saline group (P ⬍ .05), indicating the
development of mechanical allodynia. The WTs of
Ligation/Saline group were significantly different

Fig 2. Changes in thermal sensitivity to heat stimuli after
right L5/6 spinal-nerve ligation and the effect of continuous intrathecal administration of minocycline. Note that
the right hind paw withdrawal latency was decreased
progressively in the Ligation/Saline group. Minocycline
(2 and 6 g/h for 7 days) significantly inhibited the
development of ligation-induced thermal hyperalgesia.
Bar above the X-axis represents intrathecal treatment
with saline or minocycline. *P ⬍ .05 vs. Sham/Saline
group; ⴙP ⬍ .05 vs. Ligation/Saline group by two-way
analysis of variance with post hoc Tukey test (n ⫽ 8 in
each group).

from those of Ligation/Minocycline 2 (postsurgery
days 3 to 7) and 6 (postsurgery days 2 to 7) g/h
group (P ⬍ .05). Continuous intrathecal infusion of
minocycline (6 g/h) did not affect the WTs in
sham-operated rats.
Minocycline Blocked the Development
of Thermal Hyperalgesia Induced by
Nerve Ligation

Fig 1. Changes in mechanical sensitivity to von Frey
filaments after right L5/6 spinal-nerve ligation and the
effect of continuous intrathecal administration of minocycline. Note that the right hind paw withdrawal threshold was decreased progressively in the Ligation/Saline
group. Minocycline (2 and 6 g/h for 7 days) significantly
inhibited the development of ligation-induced mechanical allodynia. Bar above the X-axis represents intrathecal
treatment with saline or minocycline. *P ⬍ .05 vs. Sham/
Saline group; ⴙP ⬍ .05 vs. Ligation/Saline group by twoway analysis of variance with post hoc Tukey test (n ⫽ 8
in each group).

Figure 2 shows the temporal changes of the right
hind paw WL to heat stimuli. A significant decrease
in WL was observed on postsurgery days 4 to 7 in
the Ligation/Saline group as compared with the
Sham/Saline group (P ⬍ .05), indicating the development of thermal hyperalgesia. The WLs of Ligation/Saline group were significantly different from
those of Ligation/Minocycline 2 (postsurgery days 4
to 7) and 6 (postsurgery days 4 to 7) g/h group
(P ⬍ .05). Continuous intrathecal infusion of minocycline (6 g/h) did not affect the WLs in shamoperated rats.
Minocycline Suppressed the Microglial
Activation Induced by Nerve Ligation
Figure 3 shows the OX-42 IR in the L5/6 spinal
cord 7 days after nerve ligation. In contrast to
sham-operated rats, remarkably OX-42 IR was ob-
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Fig 3. Spinal immunoreactivity to OX-42 after
7-day treatment with continuous intrathecal saline
or minocycline started after right L5/6 spinal-nerve
ligation. A to H: Representative photomicrographs of
OX-42 immunoreactivity
of L5/6 spinal cord of rats
in the sham-operated (A,
B), saline (C, D), and minocycline 2 (E, F) and 6
(G, H) g/h groups. Prominent microglial activation
was observed in the right
side spinal cord of rats in
the saline group. Nerve ligation-induced microglial
activation was remarkably
suppressed by minocycline. 1-8: High power
views of the dorsal horn
insets in A to H, respectively. Scale bar: 600 m
(A, B), 200 m (1, 2).

served in the right L5/6 spinal cord of rats receiving
nerve ligation and saline. The increased OX-42 IR
was prominent not only in dorsal horn (laminae
I-IV) but also in ventral horn (laminae VIII, IX). The
increased OX-42 IR was obviously inhibited in the
L5/6 spinal cord of nerve-ligated rats receiving minocycline (2 and 6 g/h).
Table 1 shows the image analysis data of spinal
OX-42 IR 7 days after nerve ligation. The area of
OX-42 IR was indicated as the number of pixels. In
the Sham/Saline group, the numbers of pixels of

left and right L5 dorsal horn (under 100⫻ magnification) were 24,698 ⫾ 2,879 and 34,212 ⫾ 3,708,
respectively, and the pixel ratio of right to left dorsal
horn was 1.4 ⫾ 0.1. In the Ligation/Saline group,
these values were increased to 41,336 ⫾ 6,738,
122,446 ⫾ 11,509, and 3.0 ⫾ 0.2, respectively,
implicating microglial activation. Minocycline (2
and 6 g/h) dose dependently attenuated the ligation-induced microglial activation in the right L5
dorsal horn, as indicated by the decreased number
of pixels and pixel ratios when compared with the

Table 1. Effect of Continuous Intrathecal Minocycline on Spinal OX-42 Immunoreactivity 7 Days after L5/6
Spinal-Nerve Ligation
Number of Pixels

Pixel Ratio (Right/Left)

Group

Left (L5)

Right (L5)

Left (L6)

Right (L6)

L5

Sham/Saline
Ligation/Saline
Minocycline
(2 g/h)†
Minocycline
(6 g/h)†

24,698 ⫾ 2,879
41,336 ⫾ 6,738

34,212 ⫾ 3,708
122,446 ⫾ 11,509*

20,290 ⫾ 2,400
31,068 ⫾ 5,574

27,129 ⫾ 3,152
97,279 ⫾ 8,121*

1.4 ⫾ 0.1
3.0 ⫾ 0.2*

1.3 ⫾ 0.2
3.1 ⫾ 0.2*

29,294 ⫾ 2,428

58,553 ⫾ 5,345‡

24,546 ⫾ 2,231

46,791 ⫾ 5,320§

2.0 ⫾ 0.1㛳§

1.9 ⫾ 0.1㛳§

21,051 ⫾ 2,569

27,825 ⫾ 3,943§

17,385 ⫾ 2,233

22,541 ⫾ 3,349§

1.3 ⫾ 0.1§¶

1.3 ⫾ 0.1§¶

Values are mean ⫾ SEM.
*P ⬍ .001 vs. Sham/Saline group.
†Both groups also received right L5/6 spinal-nerve ligation.
‡P ⬍ .05.
§P ⬍ .001 vs. Ligation/Saline group.
㛳P ⬍ .01.
¶P ⬍ .01 vs. Minocycline (2 g/h) group by one-way analysis of variance with post hoc Bonferroni test.

L6

214

Regional Anesthesia and Pain Medicine Vol. 32 No. 3 May–June 2007

Fig 4. Photomicrographs showing the hematoxylin and eosin staining of spinal-cord sections obtained from L1-2 levels
of rats receiving continuous intrathecal infusion of saline 1 L/h (A) or minocycline 6 g/h (B) for 7 days. Both
demonstrated similar histologic features of intact white and gray matter. 1 to 6: High-power views of the insets in A and
B. No hemorrhage, glial-cell reaction, inflammatory cells, or necrosis is noted in either saline-treated or minocyclinetreated group. Scale bar: 500 m (A, B), 20 m (1-6).

Ligation/Saline group. Similar effects of nerve ligation and minocycline treatment on the number of
pixels and pixel ratios were also observed in the L6
dorsal horn.
Minocycline Induced No Obvious
Histopathologic Change in Spinal Cord
Figure 4 shows the hematoxylin and eosin staining of L1-2 spinal cord sections from rats receiving
saline or minocycline (6 g/h) for 7 days. Spinal
sections of all rats demonstrated normal histologic
appearance. Under microscopic examinations, no
gliosis, demyelination, fibrosis, inflammation, hemorrhage, or necrosis was found at all 4 different
levels of spinal cords (C3-4, C7-8, T8-9, and L1-2).
According to the scoring system described by Malinovsky et al.,11 all were scored at 0.

Discussion
The L5/6 spinal-nerve ligation model is a classic
nerve injury–induced neuropathic pain model developed by Kim and Chung8 and usually takes 7
days for the full development of nerve injury–induced mechanical allodynia and thermal hyperalgesia. In this study, we found chronic intrathecal
infusion of minocycline (2 and 6 g/h), started after
spinal-nerve ligation and for 7 consecutive days,
prevented the development of mechanical allodynia and thermal hyperalgesia in rats, except for
the first few days. Minocycline also inhibited the
microglial activation induced by nerve ligation. Our
findings support the idea that microglia activation
plays an important role in the development of
nerve injury–induced neuropathic pain. No obvious
neurotoxicity was observed after chronic intrathecal infusion of minocycline (6 g/h). Continuous

intrathecal infusion of minocycline may be a promising therapeutic intervention to prevent nerve injury–induced neuropathy.
Since the potential therapeutic effects of minocycline in the central nervous system were reported,5
several studies have been conducted to demonstrate the antinociceptive activity of minocycline.
Raghavendra et al.12 first reported that repeated
intraperitoneal injection of minocycline (10 to
40 mg/kg), beginning 1 hour before nerve transection, prevented the development of L5 spinal-nerve
transection–induced mechanical hyperalgesia and
allodynia. In the mice sciatic-nerve ligation model,
repeated intrathecal injection of minocycline (1
nmol) blocked the development of nociceptive behaviors, when given before nerve ligation and once
a day for 7 days.13 Recently, repeated intraperitoneal injection of minocycline (5 to 40 mg/kg) was
shown to reverse nerve injury–induced mechanical
allodynia and thermal hyperalgesia in rat chronic
constriction–injury models, when given before surgery and for the next 14 days.14 Compared with
these previous studies,12-14 we found the preventive
effect of continuous intrathecal minocycline given
after the L5/6 spinal-nerve ligation. Because of the
systemic side effects of minocycline, such as dizziness, vertigo, hyperpigmentation, lupus-like syndrome, and some gastrointestinal events,15 the intrathecal route may be considered as an alternative
route of drug administration to avoid these systemic
side effects. In this study, we did not observe obvious sensory and motor dysfunction or spinal-cord
histopathologic changes in the rats receiving continuous intrathecal infusion of minocycline at the
dose of 6 g/h for 7 days. This finding suggests that
intrathecal minocycline may be used safely in clin-
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ical settings, but further formal neurotoxicity testing is necessary.
After peripheral-nerve injury, the neurotransmitters (glutamate, substance P, and ATP) released
from central terminals of primary sensory neurons
may activate spinal microglia and lead to the production and release of pronociceptive mediators,
such as interleukin (IL)-1␤, tumor necrosis factor
(TNF)-␣, PGE2, and ATP, from activated microglia.4
These mediators could facilitate pain processing by
enhancing either presynaptic release of neurotransmitters or postsynaptic excitability.4 Several lines of
evidence have suggested that activated microglia
play an important role in the initiation phase of
nerve injury–induced neuropathic pain. In the sciatic-inflammatory and chronic-constriction pain
models, minocycline prevented the development of
allodynia but had no effects on established allodynia, which suggests a more important role of
microglial activation in the initiation phase than in
the maintaining phase of neuropathic pain.16 The
expressions of phosphorylated p38 and extracellular signal-regulated kinase of microglia in spinal
dorsal horn are highly enhanced 1 to 3 days after
spinal-nerve ligation, both of which contribute to
the development of nerve injury–induced neuropathic pain.17 Furthermore, a single intrathecal injection of activated microglia, but not astrocyte, has
been found to induce thermal hyperalgesia or tactile allodynia in naive animals.13
In various animal-pain models, the antinociceptive effects of minocycline were associated with its
ability to inhibit tissue injury or inflammation-induced microglial activation.6,16 In this study, we
observed the suppressive effect of intrathecal minocycline on the microglial activation induced by L5/6
spinal-nerve ligation. Taken together, our data further support the emerging role of microglial activation as a contributing factor in the development of
nerve injury–induced pain. On the other hand,
Hains and Waxman7 found that intrathecal injection of minocycline (100 g), starting 4 weeks
after injury and twice daily, can reverse contusion
injury–induced nociceptive behaviors and activated
phenotype of microglial cells in a spinal-cord contusion injury model. Their data suggest an important role for activated microglia in the maintenance
of chronic central pain after spinal-cord injury.
In addition to inhibiting microglial activation, minocycline has also been reported to reduce cyclooxygenase-2 (COX-2) and PGE2 in brain-ischemia
models.5 Preemptive treatment with intraperitoneal
minocycline has been shown to inhibit spinal expression of IL-1␤, IL-6, and TNF-␣ in the L5 spinalnerve transection model.12 In a pain model induced
by intrathecal injection of human immunodefi-
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ciency virus-1 gp120, the antiallodynic effects of
intrathecal minocycline were associated with attenuated mRNA expression of IL-1␤, TNF-␣, and reduced IL-1␤ and TNF-␣ levels in cerebrospinal
fluid.16 Because COX-2,18 PGE2,19 IL-1␤ , TNF–␣,20
and IL-614 have all been implicated in the genesis of
nerve injury–induced neuropathic pain, the inhibitory effects of minocycline on these proinflammatory mediators may contribute to its analgesic activity observed in this study.
An important sequela of nerve injury is apoptosis
of neurons in the peripheral and central nervous
system.21 Peripheral-nerve injury has been noted to
decrease dorsal horn levels of the ␥-aminobutyric
acid (GABA) synthesizing enzyme and induce neuronal apoptosis, both of which could reduce presynaptic GABA levels and promote a loss of GABAergic
inhibition in the dorsal horn.22 Chronic constriction
of sciatic nerve can also lead to a decrease in laminae I-III neuron number and increased mRNA expression of apoptotic genes.23 These studies suggest
that apoptosis may play an important role in the
development or maintenance of nerve injury–induced pain. Because minocycline has been reported
to inhibit caspase expression24 and caspase-dependent cell death,25 whether the antiapoptotic action
of minocycline is involved in the preventive effect
observed in this study remains to be elucidated.
In conclusion, the present study demonstrates
that continuous intrathecal infusion of minocycline
can prevent the development of L5/6 spinal-nerve
ligation–induced mechanical allodynia and thermal
hyperalgesia in rats. To our knowledge, this study is
the first to examine the effect of continuous intrathecal minocycline in the L5/6 spinal-nerve ligation
pain model. Our results support the newly emerging role of microglial activation as a contributing
factor in the development of nerve injury–induced
pain and may provide a new strategy for the prevention of nerve injury–induced neuropathy in
clinical settings.
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