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Abstract

Several intracellular signals are involved in the sexual
dimorphism of chronic pain. Our previous studies
demonstrated that the fat-mass and obesity-associated
protein (FTO), a demethylase of RNA N6-methyladenosine,
in the injured dorsal root ganglion (DRG) contributed to
the development and maintenance of nerve injury-induced
nociceptive hypersensitivity in male rats and male mice.
However, whether these functions of DRG FTO are in a
sex-dependent manner is still unknown. The present study
sought to investigate the effect of intrathecal administration
of a specific FTO inhibitor, meclofenamic acid (MA), on
chronic constriction injury (CCl)-induced nociceptive
hypersensitivity in female rats. Intrathecal injection of MA
attenuated the CCl-induced mechanical allodynia, heat
hyperalgesia, and cold hyperalgesia in both induction and
maintenance periods, without changing acute/basal pain
and locomotor function, in female rats. Intrathecal MA
also blocked the CCl-induced hyperactivations of neurons
and astrocytes in the ipsilateral L4 and L5 dorsal horns of
female rats. Mechanistically, intrathecal MA prevented the
CCl-induced increase in the histone methyltransferase G9a
expression and reversed the G9a-controlled downregulation
of mu-opioid receptor and Kv1.2 proteins in the ipsilateral
L4 and L5 DRGs of female rats. These findings indicate
that the effects of the FTO inhibitor on nerve injury-induced
nociceptive hypersensitivity in female rats are similar to
those in male rats reported previously. Our data also further
confirm the role of DRG FTO in neuropathic pain and
suggest potential clinical application of the FTO inhibitors
for the prevention and treatment of this disorder in both men
and women.
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Introduction

Chronic neuropathic pain, a major public health crisis,
negatively influences the quality of life of approximately
6.9% to 14% of the population in the world [1]. About
600 billion dollars annually are costed on neuropathic
pain-related healthcare and productivity losses in the
United States [2]. Therapeutic management for this
debilitating disorder is highly limited in success, as
current approaches including pharmacological drugs
(e.g., opioids, antidepressants and anticonvulsants) do
not produce sufficient pain relief in most neuropathic
pain patients [3]. Neuropathic pain in clinic is
characterized by spontaneous ongoing pain, allodynia
(pain due to innocuous stimuli) and hyperalgesia
(augmented pain from noxious stimuli). The generation
of these pain hypersensitivities is believed to be related
to nerve injury-induced dysregulation of pain-associated
genes at both transcriptional and translational levels in
the sensory nervous system [4-9]. Thus, elucidating the
mechanisms by which these genes are dysregulated
following nerve injury may open a new door for
neuropathic pain management.

Né-methyladenosine (mPfA) modification of RNA
contributes to neuropathic pain genesis by regulating
the expression of pain-associated genes in the dorsal
root ganglion (DRG) [10-12]. The fat-mass and obesity-
associated protein (FTO), a demethylase, erases mfA
in mMRNA [13]. FTO was expressed exclusively in the
neurons of DRG [11]. The levels of Fto mRNA and FTO
protein were time-dependently increased in the injured
DRG following peripheral nerve injury [11]. Blocking this
increase through DRG microinjection of Fto siRNA or
AAVS5 expressing the FTO-specific guide RNA in male rats
or DRG microinjection of AAV5 expressing Cre in male
Fto™" mice reversed a loss of mPA sites in euchromatic
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histone methyltransferase 2 (Ehmt2) mRNA (encoding
the histone methyltransferase G9a) and destabilized
the nerve injury-induced G9a upregulation in the injury
DRG and mitigated nerve injury-induced nociceptive
hypersensitivities [11]. Mimicking nerve injury-induced
increase of DRG FTO through DRG microinjection of
AAVS5 expressing full-length Fto erased m®A in Ehmt2
MRNA and elevated G9a level in microinjected DRGs and
led to enhanced responses to mechanical, heat and cold
stimuli in naive male rats [11]. Given that G9a is a key
player in the induction and maintenance of neuropathic
pain [6,14-16], FTO likely participates in neuropathic pain
through stabilizing nerve injury-induced upregulation of
G9ain primary sensory neurons [10]. More importantly,
intrathecal injection of two specific FTO inhibitors,
meclofenamic acid (MA) and N-CDPCB, significantly
blocked nerve injury-induced mechanical allodynia,
heat hyperalgesia and spontaneous ongoing nociceptive
responses in both the development and maintenance
periods in male rats [12]. Given that MA is an FDA-
approved nonsteroidal anti-inflammatory drug [17,18],
these findings strongly suggest that FTO inhibitors may
have potential applications for neuropathic pain in the
clinical setting.

Previous studies have demonstrated that several
intracellular signals are involved in the sexual
dimorphism of pain. IL-23 augmented C-fiber-mediated
and blue light-induced spontaneous pain in female,
but not male, mice [19,20]. Resolvins D5 repressed
neuropathic and inflammatory pain in male, but not
female, mice [21]. TLR4 mediated the development of
inflammatory and neuropathic pain in male, but not
female, mice [22-24]. Whether FTO is involved in the
sexual dimorphism of neuropathic pain is unknown. In
the present study, we observed whether the effect of
intrathecal administration of the specific FTO inhibitor
MA on nerve injury-induced nociceptive hypersensitivity
in female rats was similar to that in male rats reported
in our previous study [12].

Materials and Methods

Animal preparation

Female Sprague-Dawley rats weighing 180-250
g were purchased from Charles River Laboratories
and were kept under a 12-h light-dark cycle with
ad-libitum food and water. All animal experimental
procedures were coordinated with ethical guidelines
issued by the National Institutes of Health and the
International Association for the Study of Pain. The
protocols were approved by the Rutgers New Jersey
Medical School Animal Care and Use Committee. All
efforts were committed to minimize the number of
animals used and any subsequent suffering involved. To
reduce the individual variability in behavioral outcome
measurements, animals were randomly assigned to
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experimental groups (n = 6 rats/group) and acclimated
for 1-2 days before behavioral testing. All the
experimenters were blind to the treatment condition.

Neuropathic pain model

A preclinical rat model of CCl-induced neuropathic
pain was carried out as described previously [25-28].
In brief, after the rats were anesthetized with 2%
isoflurane, the unilateral sciatic nerve was exposed and
loosely ligated with 4-0 silk thread at three sites with an
interval of about 1mm proximal to trifurcation of the
sciatic nerve. Sham rats were subjected to sciatic nerve
exposures and isolation without ligation.

Intrathecal catheterization and drug delivery

Intrathecal catheterization was performed following
the procedures described previously [29-31]. Briefly,
the longitudinal incision was made over the spinous
processes of L4 and L5 vertebrae after rats were
completely anesthetized and maintained with 2%
isoflurane. The fascia and superficial muscles around
the spinous processes were dissected to expose
intervertebral space. After the dura was discreetly
punctured by a 22-gauge needle, a polyethylene-10
(PE-10) catheter was implanted into the subarachnoid
space. After the residual of the catheter was fastened to
the surrounding muscles, a subcutaneous dorsal tunnel
to the neck area was performed. The location of the
catheter was validated by administrating 10 pl of 2%
lidocaine 2 days after the operation. The animals that
showed complete paralysis of the tail and bilateral hind
legs within 30 s and complete recovery within 30 min
after lidocaine injection were deemed to be successfully
modeled. These animals without any locomotor
deficit or poor grooming habits 7 days after catheter
implantation were used for further experiments.

The MA (Millipore-Sigma, St. Louis, MO) was
dissolved in 0.01M phosphate-buffered saline (PBS) or
vehicle (0.01M PBS) and was intrathecally injected 30
min before surgery and once daily for 5 consecutive
days after surgery, or once daily for 5 days starting on
postoperative day 9. The volume of intrathecal injection
for MTA or vehicle was 10 pl in total followed by 12 ul
vehicle to flush the catheter. The dosage of the drug
used was based on our previous study on male rats [12].

Behavioral tests

Mechanical, heat, and cold tests as well as locomotor
function tests were performed as described previously
[8,9,30,32-34]. The one-hour interval was given
between two tests.

The paw withdrawal threshold was defined as the
hind paw withdrawal response to von Frey filament
stimuli (Stoelting Co., Wood Dale, IL) by using the up-
and-down method. Briefly, an individual rat was placed
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in a Plexiglas chamber on an elevated mesh screen. Von
Frey filaments in log increments of force (0.407, 0.692,
1.202, 2.041, 3.63, 5.495, 8.511, 15.14, 26.0g) were
applied to the plantar surface of the ipsilateral and
contralateral hind paws, starting from the 3.63 g von
Frey filament. A positive response was determined as
a quick paw withdrawal with or without shaking. When
a positive response was observed, the next lower force
filament was applied. On the contrary, when a negative
response occurred, the next higher force filament was
used. The test was ended under either one of two
following two situations: 1) A negative response was
achieved with the highest force (26.0 g) and 2) Three
applications were proceeded following the first positive
response. The pattern of response was converted into a
50% von Frey threshold by using the formula described
previously [35,36].

Paw withdrawal latency to noxious heat stimulation
was measured by using a Model 336 Analgesic Meter
(ITC Inc./Life Science Instruments, Woodland Hills,
CA). In brief, an individual rat was placed in a Plexiglas
chamber on a glass plate. A beam of light from the
Model 336 Analgesic Meter was applied to the middle
of the plantar surface of each hind paw through the
glass plate. The light was automatically turned off when
the paw was lifted or withdrawn. The paw withdrawal
latency was calculated as the time between the
beginning of the light beam and paw withdrawal/lift.
Each trial was repeated 3 times at 5 min intervals for
each side. To avoid paw tissue damage, the cutoff time
was set as 20s.

Paw withdrawal latency to noxious cold (0 °C) was
assessed by using a cold aluminum plate, which the
temperature was monitored constantly via a digital
thermometer. The paw withdrawal latency was defined
as the time between the placement of the rat on the
plate and a quick paw jump with or without the paw
flinching/shaking. Each trial was repeated 3 times at 10
min intervals. The cutoff time was set as 60s to prevent
paw damage.

The locomotor function test was carried out after
the above-described behavioral tests and included the
following three reflexes. Placing reflex: The hind limbs
were placed slightly lower than the forelimbs and the
dorsal surfaces of the hind paws were brought into
contact with the edge of a table. Whether the hind paws
were placed on the table surface reflexively or not was
recorded. Grasping reflex: After the rat was placed on
a wire mesh, whether the hind paws grasped the wire
on contact or not was recorded. Righting reflex: When
the rat was placed on its back on a flat surface, whether
it immediately assumed the normal upright position
or not was recorded. Each trial was repeated 5 times
at 5 min intervals and the scores for placing, grasping,
and righting reflexes were recorded according to the
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counts of each normal reflex displayed in five trials.
Additionally, the animal’s general behaviors, including
spontaneous activity were also observed.

Western blot analysis

Western blot analysis was carried out as described
previously [37-41]. In brief, the ipsilateral L4/5 DRGs and
spinal cord were collected and stored at a -80 °C freezer.
The samples were homogenized in chilled lysis buffer
(10 mM Tris, 5mM MgCl,, 5mM EGTA, 1 mM EDTA,
250 mM sucrose, 1 mM phenylmethylsulfonyl fluoride,
1mM DTT, 40 uM leupeptin, and 1% phosphatase
inhibitor cocktail Il and Il1). After the crude homogenate
was centrifuged at 4 °C for 15 min at 1,000 x g, the
supernatants were collected for cytosolic proteins and
thepelletsfornuclearproteins. Thepelletsweredissolved
in the lysis buffer plus 1.5% SDS and 0.3% Triton-X 100.
After protein concentration was measured, the samples
were heated at 99 °C for 5 min and loaded onto a 4%-
20% precast polyacrylamide gel (Bio-Rad Laboratories).
The proteins were then electrophoretically transferred
onto 0.2 um pore-size nitrocellulose membranes (Bio-
Rad Laboratories). The membranes were blocked with
3% non-fat milk in Tris-buffered saline containing 0.1%
Tween-20 for 1 h and then incubated at 4 °C overnight
with the following primary antibodies. These antibodies
included mouse anti-FTO (1:1,000, Abcam, Cambridge,
MA), rabbit anti-G9a (1:800, Abcam), mouse anti-
Kv1.2 (1:800, NeuroMab, Davis, CA), rabbit anti-MOR
(1:1,000, ImmunoStar, Husson, WI), rabbit anti-
phosphorylated-ERK1/2  (p-ERK1/2; Thr202/Tyr204,
1:1,000, Cell Signaling, Danvers, MA), rabbit anti-ERK1/2
(1:1,000, Cell Signaling), mouse anti-GFAP (1:1,000,
Cell Signaling), rabbit anti-GAPDH (1:2,000, Santa Cruz,
Dallas, TX), or rabbit anti-histone H3 (1:2,000, Cell
Signaling). The proteins were detected by horseradish
peroxidase-conjugated anti-mouse or anti-rabbit
secondary antibody (1:3,000, Jackson ImmunoResearch,
West Grove, PA), developed by Western peroxide
reagent and luminol/enhancer reagent (Clarity Western
ECL Substrate, Bio-Rad, Hercules, CA), and visualized
by ChemiDoc XRS and System with Image Lab software
(Bio-Rad). The intensity of blotting was quantified with
densitometry using Image Lab software (Bio-Rad). The
relative density values from the remaining treated
groups were determined by dividing the optical density
values from these groups by the average value of the
vehicle plus sham groups after each was normalized to
the corresponding histone H3 (for nucleus proteins) or
GAPDH (for cytosolic proteins).

Statistical analysis

The female rats were randomly assigned into various
treated groups. All results were expressed as mean +
S.E.M. All data were statistically analysed by using a
two-way or three-way analysis of variants (ANOVA)
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with repeated measures followed by the post hoc Tukey
method (Sigma Plot 12.5, San Jose, CA). Significance was
set at P < 0.05.

Results

Effect of intrathecal MA on the development of
CCl-induced nociceptive hypersensitivity in female
rats

Our previous study showed that intrathecal
administration of the specific FTO inhibitors significantly
mitigated the development of SNL-induced nociceptive
hypersensitivity in male rats [12]. To examine whether
the FTO inhibitor had the similar effect in the female
rats, we intrathecally administered MA at 20 pg 30
min before CCl or sham surgery and once daily for 5
consecutive days. In line with previous reports [25-
28], CCl led to long-lasting mechanical allodynia, heat
hyperalgesia and cold hyperalgesia on the ipsilateral,
but not contralateral, side in the vehicle-treated CCI
female rats (Figure 1A, Figure 1B, Figure 1C, Figure
1D and Figure 1E). On days 3 and 5 post-CCl, paw
withdrawal thresholds in response to von Frey filament
stimuli and paw withdrawal latencies in response to
heat and cold stimuli were significantly reduced as
compared to those in the vehicle-treated sham rats

(Figure 1A, Figure 1B and Figure 1C). However, these
nociceptive hypersensitivities were alleviated in the
MA-treated CClI female rats (Figure 1A, Figure 1B and
Figure 1C). Paw withdrawal thresholds to mechanical
stimulation were increased by 82% and 108% on days
3 and 5, respectively, post-CCl (Figure 1A) and paw
withdrawal latencies to heat and cold stimuli were
increased by 39% and 30%, respectively, on day 3 post-
CCl and by 49% and 39%, respectively, on day 5 post-
CCl as compared to the vehicle-treated CCl rats at the
corresponding time points (Figure 1B and Figure 1C). As
expected, MA at the dosage used did not change basal
paw withdrawal responses to mechanical, heat and cold
stimuli on the contralateral side of CCl rats and on both
ipsilateral and contralateral sides of sham rats during
the observation period (Figure 1A, Figure 1B, Figure 1C,
Figure 1D and Figure 1E).

Effect of intrathecal MA on the maintenance of
CCl-induced nociceptive hypersensitivity in female
rats

The role of FTO inhibitor in the maintenance of CCI-
induced nociceptive hypersensitivity in female rats was
also examined. MA at 20 ug was intrathecally injected
once daily for 5 consecutive days beginning on day 9
post-surgery, at this point, CCl-induced mechanical
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Figure 1: Effect of intrathecal pre-administration of meclofenamic acid (MA) on the development of CCl-induced nociceptive
hypersensitivity in female rats. 20 ug MA (dissolved in 0.01 M PBS) or vehicle (0.01 M PBS) was intrathecally (i.th)
administrated starting 30 min before CCI or sham surgery and once daily for 5 days after surgery. Paw withdrawal threshold
(PTW) to mechanical stimulation (A and D) and paw withdrawal latency (PWL) to heat (B and E) and cold (C) stimuli on the
ipsilateral (A-C) and contralateral (D and E) sides were carried out one day before surgery and on days 3 and 5 post-surgery.
n = 6 female rats/group. Three-way ANOVA with repeated measures followed by post hoc Tukey test.

“P < 0.01 versus the vehicle-treated CCIl female rats at the corresponding time points.

Transl Perioper & Pain Med 2022; 9 (4)

DOI: 10.31480/2330-4871/163 e Page 481 e



DOI: 10.31480/2330-4871/163

allodynia, heat hyperalgesia and cold hyperalgesia were
fully developed [25-28]. Intrathecal MA produced the
increases in paw withdrawal threshold to mechanical
stimuli by 97% and 92% on day 12 and 14 post-CCl,
respectively, (Figure 2A) and in paw withdrawal
latencies to heat and cold stimuli by 43% and 35%,
respectively, on day 12 post-CCl and by 40% and 31%,
respectively, on day 14 post-CCl, as compared to those
in the vehicle-treated CCl rats at the corresponding time
points (Figure 2B and Figure 2C). Expectedly, intrathecal
MA did not alter basal responses to mechanical, heat
and cold stimuli on the contralateral side of CCl female
rats and on both sides of sham female rats on days 12
and 14 post-surgery (Figure 2A, Figure 2B, Figure 2C,
Figure 2D and Figure 2E).

Effect of intrathecal MA on the CCl-induced
neuronal and astrocyte hyperactivation in spinal
cord dorsal horn of female rats

In the dorsal horn, peripheral nerve injury triggered
neuronal and astrocyte hyperactivation evidenced
by the increases in the levels of phosphorylation of
extracellular signal-regulated kinase 1/2 (p-ERK1/2) and
glial fibrillary acidic protein (GFAP), respectively [25-28].
To further confirm the effect of intrathecal MA on CCI-
induced behaviors, we observed whether intrathecal

MA at 20 pg impacted the CCl-induced increases of
p-ERK1/2 and GFAP in the dorsal horn. In line with
previous studies [25-28], the amounts of p-ERK1/2
and GFAP were remarkably increased in the ipsilateral
L4/5 dorsal horn of vehicle-treated CCl female rats on
day 14 post-surgery (Figure 3A and Figure 3B). These
increases were abolished in the MA-treated CCl female
rats (Figure 3A and Figure 3B). Intrathecal MA did not
alter the basal expression of p-ERK1/2 or GFAP the
ipsilateral L4/5 dorsal horn of sham female rats and of
total ERK1/2 in either MA- or vehicle-treated CCl/sham
female rats (Figure 3A and Figure 3B).

Effect of intrathecal MA on the CCl-induced
increase of G9a and decrease of Mu opioid
receptor and K 1.2 in injured DRG of female rats

We examined whether intrathecal MA affected
the FTO-mediated downstream signal G9a and G9a-
controlled mu-opioid receptor (MOR) and K1.2 in
injured DRG of female rats following CCl. Consistent
with the previous work [14,15], CCl produced significant
increases in the levels of G9a two isoforms (short and
long) and reductions in the amounts of MOR and Kv1.2
in the ipsilateral L4/5 DRGs on day 14 post-CCl in the
vehicle-treated rats (Figure 4A and Figure 4B). These
alternations were markedly blocked by intrathecal
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Figure 2: Effect of intrathecal post-administration of meclofenamic acid (MA) on the maintenance of CCl-induced nociceptive
hypersensitivity in female rats. 20 ug MA or vehicle (0.01 M PBS) was intrathecally (i.th.) administrated once daily for 5 days
starting on day 9 post-surgery. Paw withdrawal threshold (PTW) to mechanical stimulation (A and D) and paw withdrawal
latency (PWL) to heat (B and E) and cold (C) stimuli on the ipsilateral (A-C) and contralateral (D and E) sides were performed
one day before surgery, prior to MA or vehicle administration on day 9 post-surgery and on days 12 and 14 post-surgery. n
= 6 female rats/group. Three-way ANOVA with repeated measures followed by post hoc Tukey test.
“P < 0.01 versus the vehicle-treated CCl female rats at the corresponding time points.
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Figure 3: Effect of intrathecal post-administration of meclofenamic acid (MA) on the CCl-induced hyperactivation in spinal
cord dorsal horn neurons and astrocytes on the ipsilateral side in female rats. Levels of phosphorylated extracellular signal-
regulated kinase 1 and 2 (p-ERK1/2, a marker of neuronal hyperactivation), total ERK1/2, and glial fibrillary acidic protein
(GFAP, a marker of astrocyte hyperactivation) in the ipsilateral lumbar 4/5 dorsal horn on day 14 post-CCl or sham surgery.
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was set as a loading control. Representative Western blots (A) and
a summary of densitometric analysis (B). n = 3 biological repeats (3 rats)/group.

P < 0.05 or “P < 0.01 by two-way ANOVA followed by post hoc Tukey test.
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Figure 4: Effect of intrathecal post-administration of meclofenamic acid (MA) on the CCl-induced upregulation of G9a and
downregulation of mu-opioid receptor (MOR) and K 1.2 in the injured DRGs. L: Long isoform. S: Short isoform. Levels of
FTO, two isoforms of G9a, MOR, and K 1.2 proteins in the ipsilateral lumbar 4/5 DRGs on day 14 post-CCl or sham surgery.
H3 was set as a loading control for nuclear fraction and GAPDH for cytosolic/membrane fraction. Representative Western
blots (A) and a summary of densitometric analysis (B). n = 3 biological repeats (6 rats)/group.

P <0.050r "P < 0.01 by two-way ANOVA followed by post hoc Tukey test.
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MA at 20 pg (Figure 4A and Figure 4B). As expected,
intrathecal MA did not impact the CCl-induced increase
in the level of FTO in the ipsilateral L4/5 DRGs on day
14 post-CCl and basal levels of FTO, G9a two isoforms,
MOR and Kv1.2 in the ipsilateral L4/5 DRGs on day 14
post-sham surgery (Figure 4A and Figure 4B).

Effect of intrathecal MA on locomotor function in
female rats

To exclude the possibility that MA antinociceptive
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effect was attributed to impairing locomotor activity, we
finally examined locomotor activities including grasping,
placing, and righting reflexes in the injected female rats.
Either MA- or vehicle-treated female rats exhibited
normal placing, grasping and righting reflexes post-
CCl or sham surgery (Table 1). Additionally, no treated
female rats displayed convulsions and hypermobility.
General behaviors including gait and spontaneous
activity are normal in all treated female rats.
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Table 1: Locomotor function.

Treated groups | Placing Grasping Righting
Sham + vehicle 5(0) 5(0) 5(0)
Sham + MA 5(0) 5(0) 5(0)
CCI + vehicle 5(0) 5(0) 5(0)
CCl+ MA 5(0) 5(0) 5(0)

MA: Meclofenamic acid. n = 6 rats per group. 5 trials. Mean (SEM)

Discussion

The present work proved that intrathecal
administration of the FTO inhibitor MA significantly
alleviated the induction and maintenance of the CCI-
induced mechanical allodynia, heat hyperalgesia
and cold hyperalgesia and blocked the CCl-induced
hyperactivation of neurons and astrocytes in spinal cord
dorsal horn in the female rats. This administration also
attenuated the CCl-induced increase in G9a expression
and reversed the CCl-induced downregulation of MOR
and Kv1.2 in the injured DRG of female rats. It appears
that MA effects on nerve injury-induced nociceptive
hypersensitivity in female rats are similar to those in
male rats reported previously [12]. Our findings also
further confirmed an important role of DRG FTO in the
peripheral mechanisms underlying neuropathic pain.

Previous studies have demonstrated that several
intracellular signals participate in chronic pain including
neuropathic pain in a sex-dependent manner. An
early report showed that spinal microglial TLR4
signaling mediated the lipopolysaccharide-induced
tactile allodynia, the complete Freund's adjuvant-
induced inflammatory pain and spared nerve injury-
induced neuropathic pain in male, but not female,
mice [22]. This phenomenon was further confirmed by
subsequent studies from other groups [23,24,42]. IL-23
in macrophage signaling induced significantly greater
p38 phosphorylation, a marker of nociceptor activation,
in DRGs of female than male mice and enhanced
C-fiber-mediated and blue light-induced spontaneous
pain in female, but not male, mice [19,20]. Resolvins D5
repressed neuropathic and inflammatory pain in male,
but not female, mice likely through targeting immune
cells (e.g., macrophages) in DRG [21]. These studies
may uncover the role of neuroimmune interaction
to mediate pain states in a sex-specific fashion.
Interestingly, recent works showed that the deletion
of TLR4 protected both male and female mice from the
development of cisplatin-induced polyneuropathy [43].
TLR4 in sensory neurons mediated the induction of nerve
injury-induced mechanical hypersensitivity in female
mice [44]. These findings suggest that it is necessary
to discern sex-specific differences in distinct cell types
and various models of chronic pain. The present study
demonstrated that intrathecal administration of the
FTO inhibitor produced a similar antinociceptive effect

Transl Perioper & Pain Med 2022; 9 (4)

on nerve injury-induced neuropathic pain in female
rats as compared to that in male rats reported in our
previous study [12]. However, whether the role of FTO
in other chronic pain models has sexual dimorphism is
unknown and remains to be further investigated.

FTO in the injured DRG neurons plays a key role in
the induction and maintenance of neuropathic pain.
FTO is expressed in DRG neurons [11]. Peripheral nerve
injury upregulated the expression of Fto mRNA and
FTO protein in the injured DRG of male rats and male
mice [11]. Consistently, the present study revealed an
increase in the level of FTO protein in the ipsilateral
L4/5 DRGs of female rats following CCI. Blocking the
nerve injury-induced FTO upregulation in the injured
DRG rescued the nerve injury-induced m®A loss in Ehmt2
mRNA, attenuated the nerve injury-induced increase of
G9a and reversed the G9a-controlled reductions of MOR
and Kv1.2 in the injured DRG of male rats and male mice
[11]. Blocking this upregulation also alleviated nerve
injury-induced nociceptive hypersensitivity during the
development and maintenance periods in male rats and
male mice [11]. Moreover, intrathecal administration of
specific FTO inhibitors not only blocked the spinal nerve
ligation (SNL)-induced increase of G9a and rescued
the SNL-induced reductions of MOR and Kv1.2 in the
ipsilateral L5 DRG but also mitigated the SNL-induced
the development and maintenance of nociceptive
hypersensitivity in male rats [12]. Similar results were
seen in the female rats after CCl in the present study.
Given that G9a is the critical instigator in neuropathic
pain genesis [10-12], our findings indicate that DRG
FTO contributes to neuropathic pain through stabilizing
nerve injury-induced G9a increase in the primary
sensory neurons in a sex-independent manner.

Conclusions

The current study proved that intrathecal
administration of the FTO inhibitor MA produced
an anti-nociceptive effect during both development
and maintenance periods of CCl-induced nociceptive
hypersensitivity, without altering acute/basal pain and
locomotor activity, in female rats. These effects were
similartothose in male rats after SNL reported previously
[12]. Given MA is an FDA-approved nonsteroidal anti-
inflammatory drug [17,18], our findings strongly suggest
that the FTO inhibitors may have clinical application for
neuropathic pain managements.
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