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fluvoxamine, administered by intracerebroventricular (i.c.v.) injection, include
inhibited pain behavior in both formalin-induced acute pain (pb0.05–0.01) and sciatic nerve ligation-
allodynia (pb0.03). A 5-HT1 receptor antagonist (WAY-100635) and a 5-HT2 receptor antagonist (ketanserin),
injected i.c.v., induced hyperalgesia and inhibited fluvoxamine's anti-nociceptive effects. We also investigated
how fluvoxamine affects neural activities in brain areas involved in affectional pain using Fos-like protein
immunohistochemistry. The acute pain and allodynia increased Fos-positive cells in the prefrontal cortex
(PFC), basolateral nucleus (BL) and central nucleus of the amygdala (Ce), indicating that these areas are
involved in pain processing. Fluvoxamine did not block the Fos expression, though it did produce anti-
nociception. Moreover, fluvoxamine alone increased Fos in the BL and PFC. Ketanserin did not decrease the
Fos expression induced by fluvoxamine. The results indicated that 5-HT2 receptor activities participate
minimally in Fos induction by fluvoxamine in the PFC and BL. In contrast, WAY-100635 affected
the Fos expression produced by fluvoxamine. In the portion of the brain with affectional pain pathways,
5-HT1 receptor activities induced anti-nociceptive effects and decreased Fos expression with fluvoxamine,
while 5-HT2 receptor activation affected to anti-nociceptive effects but did not induce Fos expression.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Anti-nociceptive effects of antidepressants on opiate insensitive
intractable pain (Blumer et al., 1980; Evans, 1985; France et al., 1984;
Gordon and Love 2004; Merskey and Hester, 1972; Silverstrini and
Lisciani, 1973) were discovered to have an unpredicted advantage.
Serotonin-selective reuptake inhibitors (SSRI), which are prescribed
for anxiety based on their anxiolytic action (Izumi et al., 2006; Jensen
et al., 1999; Nemoto et al., 2003), have also been used for anti-
nociception in treating inflammatory (Jones et al., 2005; Petitto et al.,
1992; Rani et al., 1996), chronic (Goldstein et al., 2004; Jung et al.,
1997; Taylor and Rowbotham,1996) and neuropathic pain (Mattia and
Coluzzi, 2003; Shimodozono et al., 2002; Sumpton and Moulin, 2001;
Wilson, 1999). We previously reported that 5-HT1A and 5-HT3
antagonists impaired anti-nociceptive effects induced by antidepres-
sants in formalin tests (Zhang et al., 2004a). Acute SSRI administra-
tion increases brain extracellular serotonin (Bundgaard et al., 2006)
and the anti-nociceptive effect of SSRI was considered to be induced
via 5-HT receptor activities (Bonnefont et al., 2005).
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Lesions of prefrontal cortex (PFC) impaired pain conditioned
avoidance responses (Gao et al., 2004), suggesting that the areas related
to pain are responsible for the affectional–emotional componentof pain.
ThePFChasbeen regardedas the centerof themedialpain system(Price,
2000; Vogt, 1993). Human brain imaging analysis by fMRI (Büchel et al.,
2002; Buffington et al., 2005; Rainville et al., 1997) indicated that PFC
neural activities mediate the affectional dimension of pain. The
amygdala also plays a role in pain and fear conditioned avoidance
tests (Gao et al., 2004). In pain processing, nociceptive responses elicited
by peripheral noxious stimulation were modulated by amygdala
stimulation (Mena et al., 1995). The PFC and amygdala have numerous
reciprocal connections (Cassell and Wright, 1986; Bacon et al., 1996;
McDonald, 1998). High frequency stimulation (HFS) delivered to
basolateral amygdala induced long-term potentiation (LTP)-like effects
in the PFC (Maroun and Richter-Levin, 2003). HFS delivered to the
amygdala inhibited nociceptive responses in PFC, suggesting that the
amygdala modulates PFC nociceptive responses (Izawa and Kawakami,
2006). Moreover, SSRIs affect neuronal activities in the PFC (Gronier and
Rasmussen, 2003; Ohashi et al., 2002) and the amygdala (Veening et al.,
1998). These brain areas, both of which participate in pain and emotion,
may be involved in the affectional dimension of pain and both are
possible fluvoxamine target areas.

Nociceptive stimulation induced Fos expressions in various brain
areas, including the PFC (Zhang et al., 2004b) and the amygdala
(Nakagawa et al., 2003). Anti-nociceptive effects of fluvoxamine were
anticipated to block Fos increases in these brain areas. Previous
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Fig. 2. 5-HT receptor antagonists affect anti-nociceptive action of fluvoxamine. Results
of formalin tests. Solid circles: untreated control, Open circles: 6 µg fluvoxamine (i.c.v.).
Open triangles: WAY-100635(5-HT1 receptor antagonist, n=5), Solid triangles:
Ketanserin (5-HT2 receptor antagonist, n=5). 5-HT receptor antagonists reduced anti-
nociceptive effects of fluvoxamine. Hyperalgesia was observed from 20 to 30 min. WAY-
100635 (or Ketanserin) versus fluvoxamine.
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studies found, however, that administration of SSRI alone increased
Fos expression in various brain areas (Morelli et al., 1999) including
the PFC (Jongsma et al., 2002). We attempted to identify the anti-
nociceptive effects of fluvoxamine on Fos expression in the PFC and
amygdala in acute pain and allodynia.

Many clinical reports have described depressive symptoms and
chronic pain as often being seen together (Clark and Treisman, 2004;
Lépine and Briley, 2004), though the nature of this relationship
between the two remains unclear. Serotonin and dopamine levels
in the amygdala and PFC rise in response to psychological stress
(Kawahara et al., 1993; Yokoyama et al., 2005). Moreover, anticipatory
anxiety induced by pain involves the PFC (Simpson et al., 2001) and
the amygdala (Narita et al., 2006), suggesting that these brain areas
may be key to elucidating the connection between pain and depression.

2. Methods

2.1. Animals

All experiments conformed to the guidelines for animal care of the
Animal Experiments Committee of Tokyo Women's Medical Univer-
sity. Male Slc–ddY mice (25–30 g, Sankyo Lab Co) were kept on a 12-h
light, 12-h dark cycle under constant temperature and humidity for
one week before the experiments. Experiments were performed
during the light phase of the light–dark cycle.

2.2. Intracerebroventricular (i.c.v.) injection

We used the i.c.v. route to inject a precise dose of fluvoxamine into
the brain. Effects of fluvoxamine on the supra-spinal level can be
clearly observed with i.c.v. injection methods (Fu et al., 2006; Pan
et al., 2007). Direct effects of SSRI on the brain activities, which were
our main interest, would be more conspicuous than other adminis-
tration methods. We detected precisely peak expression of Fos in the
brain by acute i.c.v. injections. The original i.c.v. injection method in
the conscious mouse was reported by Haley in 1957 (Haley and
McCromick, 1957). The procedure did not affect tail-flick responses
(Harris et al., 1975) and has thus been regarded as a useful tool in pain
and other behavioral experiments (Herman, 1975; Laursen and
Belknap, 1986; Pan et al., 2007; Sánchez-Blázquez et al., 1995). We
confirmed that i.c.v. saline injection had no effects on behavior or
Fig. 1. Formalin tests. A fluvoxamine dose of 2 µg (solid squares, n=7), 6 µg (open circles,
n=7) or 12 µg (open squares, n=7) was injected i.c.v. The 6 and 12 µg fluvoxamine doses
clearly reduced pain responses as compared to the control, saline injection (solid
circles). The largest fluvoxamine dose (12 µg) inhibited the first phase of responses
(5 min) as well as the second phase.
motor system prior to these experiments (Zhang et al., 2004a). Drugs
were injected transcutaneously with a micro-syringe (Hamilton, with
a 31 G needle) into the cerebral ventricle (Target point is 2 mm lateral
to the midline, 1.5–2.0 mm posterior to the Bregma) under halothane
anesthesia. The mice recovered from anesthesia and showed normal
behavior within 10 min after injection.

2.3. Drug application

On the day of the experiments, the mice were allowed to move
freely in the observation box for 1 h before injection. Fluvoxamine
(2 µg, 6 µg, 12 µg, n=7 for each group) dissolved 0.9% saline (6 µl) or
6 µl of saline was injected transcutaneously with a micro-syringe into
the cerebral ventricle. Prior to these experiments, we examined the
motor functions of mice under i.c.v. fluvoxamine (6 µg) conditions,
using rota-rod tests (n=10). There were no significant differences
between pre and post-i.c.v. fluvoxamine injections results. Ketanserin
(6 µg in 0.9% saline, SIGMA, n=5) or WAY1000635 (6 µg in 0.9% saline,
Fig. 3. Plantar tests in sciatic nerve ligation-allodynia. Fluvoxamine (i.c.v.) increases
withdrawal duration on plantar tests of both the ligated and the intact side. (n=6),
⁎⁎pb0.01.



Table 1
Number of Fos-positive cells

Groups (n=10) No treatment of control Formalin tests ACF ACF+formalin tests Fluvoxamine Fluvoxamine+formalin tests

Basolateral nucleus amygdala 7.5±0.9 45.2±4.7⁎⁎⁎ 7.6±0.7 45.3±3.4+++ 43.1±3.3⁎⁎⁎ 53.3±4.7+

Central nucleus amygdala 7.1±1.2 14.5±0.93⁎⁎ 10.2±1.2 64±5.4+++ 9.7±1.3 36.3±4.2+++

Prefrontal cortex 10.3±3.1 67.3±2.8⁎⁎⁎ 28.2±0.9⁎⁎⁎ 75.6±4+++ 40.3±3.2⁎⁎⁎ 51.5±3.3+

Asterisks (⁎) represent statistically significant differences from the untreated control value. Crosses (+) represent statistically significant differences from the Fos-positive cell
numbers on preformalin tests. All datawere obtained from 10 animals in each group. Statistical significancewas calculated using ANOVA post-hoc (Fisher PLSD). Data aremean±SEM.
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SIGMA, n=5) +6 µg fluvoxamine (total 6 µl) was injected i.c.v. by the
same methods as described above. After 1 h of observation, the
experiments were performed. At the end of the experiments, the
animals were deeply anesthetized with barbiturate (i.p. 60 mg/kg) for
euthanasia and injected with cresylviolet at the site of the first
injection, in order to evaluate the effects of successive i.c.v. injections.
All data obtained in this study were from mice undergoing successive
injections into the ventricle. Fluvoxamine was provided by Solvay
Pharmaceuticals (Netherlands).

2.4. Formalin test

One hour after injection of a drug or saline, 30 µl of 0.5% formalin
were injected into the plantar portion of the hindpaw. Lifting of the
injected hindpaw was assessed as a noxious sign. Total elevation time
was recorded during a 5 min period. Data were recorded for 50 min
after injection. The mice were placed in a transparent observation box
(23×23×23 cm, Plexiglas) with a mirror, which was set at a 30-degree
angle under the box for the formalin test, for 1 h for each of the three
days prior to the day of the experiment.

2.5. Sciatic nerve ligation, plantar test and Fos

Before the nerve ligation, withdrawal latencies of infrared plantar
stimulation were measured on both sides. We obtained intact control
animal data in advance (n=6, 6 trials for each of the animals). All
withdrawal latencies before nerve ligation were within the control
range. The right side of the sciatic nervewas exposed under anesthesia
(barbiturate i.p. 40 mg/kg) and half of the nerve bundle was ligatured
Fig. 4. Typical Fos expressions in the basolateral nucleus of the amygdala (BL). a and c: untre
test, Bars represent 100 µm, Circles 300 µm, in diameter.
with silk braid. One week after the operation, withdrawal latencies
were obtained from both sides. One hour after fluvoxamine injection,
plantar tests were performed.

2.6. Statistical analysis

Statistical significance was calculated using ANOVA post-hoc
(Fisher PLSD or Scheffé) tests with the appropriate software (Statview,
SAS Institute Inc.). ⁎pb0.05, ⁎⁎pb0.01, ⁎⁎⁎pb0.001 (in the figures).

2.7. Histological examination

We counted the number of Fos-positive cells in the contralateral
basolateral nucleus (BL), PFC and the central nucleus (Ce) (Paxinos and
Franklin, 2001) in six experimental groups for the formalin test
experiments. Sampling areas were circles 300 µm in diameter. The six
groups were (a) untreated control, (b) formalin tests, (c) saline (i.c.v.),
(d) saline (i.c.v.)+ formalin tests, (e) fluvoxamine (i.c.v.) and (f)
fluvoxamine (i.c.v.)+ formalin tests (data were obtained for 10 animals
in each group). For experiments with 5-HT receptor antagonists, there
were 5 animals in each group (WAY-100635+fluvoxamine group and
ketanserin+fluvoxamine group). We also examined Fos expression in
a nerve ligation-allodynia model (n=7 mice). For the allodynia
experiments, we counted Fos-positive cells on both sides. All mice
were perfused with 4% formalin for Fos staining after the tests or 1 h
after injection of the drugs. The brains were left in 10% sucrose over
night and then stored frozen. The frozen brain tissues were sectioned
at 25 µm (Kryostat CM1850, Leica) and incubated with anti-c-Fos
antibody (10,000×, Ab-5, Oncogene, CatnoPC38) over night at 4 °C.
ated control, b and d: formalin test, e: i.c.v. fluvoxamine, f: i.c.v. fluvoxamine+formalin



Table 2
Fluvoxamine alone and 5-HT antagonists

Groups No treatment
of control
(n=10)

Fluvoxamine
(n=10)

Fluvoxamine+
WAY100635
(n=5)

Fluvoxamine+
ketanserin
(n=5)

Basolateral nucleus 7.5±0.9 43.1±3.3 66.2±7⁎⁎ 49.1±4.3
Prefrontal cortex 10.3±3.1 40.3±3.2 103.5±3.6⁎⁎ 50.1±6.5

ANOVA post-hoc (Scheffé) tests, statistical significance between fluvoxamine alone
and 5-HT antagonists **pb0.001, **pb0.01.
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Slices were stained with 0.05% DAB and 0.01% H2O2. Double-staining
with anti-c-Fos antibody and anti-5-TH2 receptor antibody (500×
ImmunoStar, Catno24288) was performed in control (n=5) and
fluvoxamine injected animals (n=5). After Fos staining using the
same methods as described above, slices were incubated with anti-5-
TH2 receptor antibody and stained with Vector SG (Vector Lab).
Double-label immunohistochemistry results were obtained using the
methods of Janusonis and Fite (2001).

Data were obtained from three slices from each animal and the
mean number of Fos-positive cells in the left hemisphere was
calculated for 10 (or 5) animals from each group. The statistical
significance of differences among the groups was determined using
ANOVA and post-hoc tests (Fisher PLDS).

3. Results

3.1. Anti-nociceptive effects of fluvoxamine

The i.c.v. injection of fluvoxamine (2 µg, 6 µg and 12 µg) attenuated
noxious responses induced by subcutaneous formalin injections as
compared to the saline vehicle (Fig. 1, solid circles). Injection of 6 or
12 µg of fluvoxamine (Fig. 1, open circles and open squares) clearly
attenuated pain behavior at 5, 10 and 15 min (the first phase, pb0.05)
and the late phase was also inhibited at 30, 35, 40, 45, 50 and 55 min
(pb0.05 or 0.01). Even a small dose (2 µg, Fig. 1 solid squares) of
fluvoxamine produced statistically significant inhibitory effects on
pain behavior but only at 10, 35 and 40 min (pb0.05). All subsequent
experiments were performed with 6 µg of fluvoxamine.

3.2. 5-HT receptor subtypes and anti-nociceptive effects of fluvoxamine

5-HT1 and 5-HT2 receptor antagonists blocked anti-nociceptive
effects of fluvoxamine on formalin tests. WAY-100635, a 5-HT1
receptor antagonist, injected i.c.v. with fluvoxamine (6 µg) inhibited
the anti-nociceptive effects of fluvoxamine (Fig. 2). At 20 min (pb0.02
Fig. 5. Double-staining of 5-HT2 receptor and Fos. After fluvoxamine 6 µg (i.c.v.), Fos express
and there were 5-HT2 receptor-positive cells only in the deep layer of the PFC (c). In the BL, 5
also scarcely observed.
versus a single injection of fluvoxamine), 25 min (pb0.05), 30 min
(pb0.01) and 35 min (pb0.05) on formalin tests, WAY-100635
inhibited the anti-nociceptive effects of fluvoxamine. At 20, 25 and
30 min especially, hyperalgesia was observed (pb0.05–0.001, versus
control values). Mice walked restlessly around in the observation
box and frequently reared. Some animals showed rearing behaviors
more than 40 times during the 5 min observation period. Ketanserin,
a 5-HT2 receptor antagonist, also inhibited the anti-nociceptive effects
of fluvoxamine at 15 min (pb0.01), 20 min (pb0.003), 25 min
(pb0.01), 30 min (pb0.005) and 35 min (pb0.03). Ketanserin
produced hyperalgesia at 20 (pb0.01), 25(pb0.01) and 30 (pb0.01)
min on formalin tests, as had WAY-100635. However, ketanserin did
not induce restless behavior.

3.3. Sciatic nerve ligation-allodynia model and fluvoxamine

The mean withdrawal latency for plantar tests in intact animals
was 3.6±0.19 s. One week after sciatic nerve ligation, the mean
withdrawal latency on the ipsilateral side decreased from 3.6±0.2 to
2.3±0.16. Prior to ligation, withdrawal latency on the contralateral
side was 4.6±0.3, not significantly different from the control (3.6±
0.2 s). Fluvoxamine (i.c.v.) significantly increased latency bilaterally
(Fig. 3). The mean latency on the ligated side increased to 3.6±0.3 s
(pb0.001), the same as that of intact animals. Even on the con-
tralateral side, withdrawal latency was significantly increased as
compared to the value of intact animals (6.8±0.34 s, pb0.001).

3.4. Fos-positive cells in the PFC and the amygdala

In three brain areas, Fos-positive cells were observed under control
conditions. Mean numbers of Fos-positive cells in the PFC, BL and Ce
were 10.3±3.1, 7.3±0.9, and 7.1±1.2, respectively (mean±SEM,
Table 1). Formalin tests showed significantly increased Fos expres-
sions in the BL (45.2±4.7, pb0.001), PFC (67.3±2.8, pb0.001) and Ce
(14.5±0.93, pb0.01). Saline (i.c.v.) had no effects on the Fos expression
in formalin tests. Fluvoxamine (i.c.v.) alone increased Fos-positive
cells (Table 1) in the PFC (40.3±3.2, pb0.001) and BL (43.1±3.3,
pb0.001, Fig. 4). WAY-100635 injected with fluvoxamine enhanced
the Fos expression induced by fluvoxamine. Fos-positive cells
increased from 40.3 to 103.5 (pb0.001) in the PFC and from 43.1 to
66.2 (pb0.01) in the BL (Table 2). In contrast, ketanserin with
fluvoxamine had no significant effect on Fos expression in the PFC
(50.1±6.5) or the BL (49.1±4.3). Double-label immunohistochemistry
with anti-c-Fos and anti-5-TH2 receptor antibodies showed a small
number of double-positive neurons in the PFC (Fig. 5a) and BL
ion increased in the PFC (a) and BL (b). Few double-positive cells (arrow) were observed
-HT2 receptor-positive cells (blank arrows) were present but double-positive cells were



Table 3
Numbers of Fos-positive cells in the allodynia model

Groups
(n=7)

Nerve ligation
ipsi side

Nerve ligation
contra side

Fluvoxamine+Nerve
ligation ipsi side

Fluvoxamine+Nerve
ligation contra side

Basolateral
nucleus

9.2±1.0 24±1.6⁎⁎⁎ 12±0.9 49.83±8.6⁎⁎⁎

Prefrontal
cortex

121.3±6.9 146.4±6.75⁎⁎⁎ 84.1±4.7 147.6±4.6⁎⁎⁎

Asterisks (⁎) represent statistically significant differences between the ipsilateral and
contralateral sides. Statistical significance was calculated using ANOVA post-hoc (Fisher
PLSD) test.
***pb0.001.
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(Fig. 5b). Cells positive only for the 5-TH2 receptor were limited to the
deep layer of the PFC (Fig. 5c). In the BL, in which cells are small and
have a characteristic shape, 5-TH2 receptor-positive cells could be
interneurons.

3.5. Fos expression in sciatic nerve ligation-allodynia

We examined Fos expressions in Fos-positive cells of the BL and
PFC in allodynia model mice. Nerve ligation increased Fos expression
in the contralateral BL (24±1.6, Table 3) as compared to that in the
ipsilateral BL (9.2±1.0, pb0.01). In the PFC, sciatic nerve ligation
bilaterally increased Fos-positive cells. Fluvoxamine did not inhibit
Fos expression in either the PFC (147.6±4.6) or the BL (49.83±8.6,
Table 3).

4. Discussion

4.1. Anti-nociceptive effects of fluvoxamine

All three doses of fluvoxamine induced anti-nociceptive effects.
The 6 and 12 µg fluvoxamine doses produced marked inhibition of
nociceptive responses. The first phase of formalin tests was inhibited
by fluvoxamine, suggesting that fluvoxamine affects pain processing
at the spinal level. Fluvoxamine may activate descending anti-
nociceptive pathways by increasing the brain stem serotonin level.
In allodynia models, fluvoxamine reduced plantar test latencies
bilaterally, indicating effects on chronic (ipsilateral-allodynia) and
acute (contralateral-heat) pain. The results of our behavioral experi-
ments with WAY-100635 and ketanserin support the concept that
SSRI produces 5-HT1 and 5-HT2 receptor mediated anti-nociceptive
effects (Anjaneyulu and Chopra, 2004; Honda et al., 2006). SSRI
increased serotonin levels in the brain (Bundgaard et al., 2006),
thereby altering the effects of fluvoxamine depending on the locations
of 5-HT receptor subtypes in different brain areas.

4.2. Fluvoxamine and Fos

Acute (formalin injection) and chronic (sciatic nerve ligation) pain
stimulation increased Fos expression in the PFC as in our previous
study (Zhang et al., 2004a). In the BL, acute pain increased
extracellular glutamate (Silva and Hernández, 2007), indicating that
nociceptive stimulation elicited neuronal activities in the BL. Both
brain areas, in response to pain, showed induction of Fos expression.
Given the reciprocal projections between the PFC and BL, theses areas
may act synergistically to modify pain.

A high extracellular serotonin concentration produced by fluvox-
amine may activate 5-HT1 receptors. It may also potentiate other 5-HT
receptor subtypes. The overall balance of 5-HT receptor subtype
activities may account for the density of Fos expression. The 5-HT2
receptor antagonist, ketanserin, inhibited behavioral anti-nociceptive
responses, while not changing the number of Fos-positive cells in
the PFC and BL. Double-staining (5-HT2 receptor and Fos antibodies)
immunohistochemical experiments revealed a few double-positive
neurons in the PFC and BL. Fos or 5-HT2 receptor-positive neu-
rons were seen in different layers of the PFC, while staining for Fos
and 5-HT2 receptors differed among BL cell types. These results
revealed 5-HT2 receptors to be minimally, if at all, involved in the
neuronal excitation produced by fluvoxamine, which induced Fos
expression. Fos was expressed bilaterally in allodynia models,
supporting the concept of bilateral receptor fields in the PFC (Sikes
and Vogt, 1992). The contralateral side, however, showed more
projections than the ipsilateral side in our experiments. The density
of Fos expression on the contralateral side of the BL was also clearly
higher than that on the ipsilateral side. Fluvoxamine (i.c.v.) alone
increased Fos in allodynia animals as well as that in intact animals on
the contralateral side of the BL and the bilateral PFC.

The results of our Fos experiments suggest that fluvoxamine may
not directly affect Ce, though the Ce has also been reported to receive
nociceptive projections (Bernard et al., 1996) from lamina I of the
spinal cord (Jasmin et al., 1997). Multi-projections from the Ce to other
brain areas indicate that Ce involvement in the central fear and
anxiety system (Davis, 2001). However, unconditioned stimuli, while
increasing the extracellular serotonin and dopamine levels in the BL,
had no effect on the Ce (Macedo et al., 2005). Increased serotonin
levels produced by fluvoxamine in the BL may also enhance the
neuronal excitability of the Ce, receiving inter-amygdala fibers from
the BL. Thismay explain the increased Fos expression on formalin tests
with i.c.v. fluvoxamine. Saline or fluvoxamine injection may change
cell excitability via dopamine or serotonin levels in the amygdala
(Aggleton and Saunders, 2000) and affect Fos expression in the Ce.
However, more experiments are needed to assess this hypothesis.

References

Aggleton JP, Saunders RC. The amygdala — what's happened in the last decade. In:
Aggleton, JP, editor. The Amygdala. Oxford: Oxford University Press; 2000. p. 1-31.

Anjaneyulu M, Chopra K. Fluoxetine attenuates thermal hyperalgesia through 5-HT1/2
receptors in streptozotocin-induced diabeticmice. Eur J Pharmacol 2004;497:285–92.

Bacon SJ, Headlam AJ, Gabbott PL, Smith AD. Amygdala input to medial prefrontal cortex
(mPFC) in the rat: a light and electron microscope study. Brain Res 1996;720:211–9.

Bernard J, Bester H, Besson J. Involvement of the spino-parabrachio-amygdaloid and
-hypothalamic pathways in the autonomic and affective emotional aspects of pain.
Prog Brain Res 1996;107:243–55.

Blumer D, Heilbronn M, Pedraza E, Pope G. Systematic treatment of chronic pain with
antidepressants. Henry Ford Hosp Med J 1980;28:15–21.

Bonnefont J, Chapuy E, Clottes E, Alloui A, Eschalier A. Spinal 5-HT1A receptors
differentially influence nociceptive processing according to the nature of the noxious
stimulus in rats: effectofWAY-100635ontheantinociceptive activitiesof paracetamol,
venlafaxine and 5-HT. Pain 2005;114:482–90.

Buffington A, Hanlon C, McKeown M. Acute and persistent pain modulation of attention-
related anterior cingulate fMRI activations. Pain 2005;113:172–84.

Bundgaard C, Larsen F, Jørgensen M, Gabrielsson J. Mechanistic model of acute
autoinhibitory feedback action after administration of SSRIs in rats: application to
escitalopram-induced effects on brain serotonin levels. Eur J Pharm Sci
2006;29:394–404.

Büchel C, Bornhovd K, Quante M, Glauche V, Bromm B, Weiller C. Dissociable neural
responses related to pain intensity, stimulus intensity, and stimulus awareness
within the anterior cingulate cortex: a parametric single-trial laser functional
magnetic resonance imaging study. J Neurosci 2002;22:970–6.

Cassell MD, Wright DJ. Topography of projections from the medial prefrontal cortex to
the amygdala in the rat. Brain Res Bull 1986;17:321–33.

Clark M, Treisman G. Perspectives on pain and depression. Adv Psychosom Med
2004;25:1-27.

Davis M. The role of the amygdala in conditioned and unconditioned fear and anxiety.
In: Aggleton JP, editor. Amygdala. Oxford: Oxford Press; 2001. p. 213–88.

Evans W. The use of antidepressants, anticonvulsants and neuroleptic drugs in treating
pain. Indiana Med 1985;78:491–3.

France R, Houpt J, Ellinwood E. Therapeutic effects of antidepressants in chronic pain.
Gen Hosp Psych 1984;6:55–63.

Fu CY, Yang Q, Wang KR, Kong ZQ, Chen Q, Wang R. Rat/mouse hemokinin-1, a
mammalian tachykinin peptide, markedly potentiates the antinociceptive effects of
morphine administered at the peripheral and supraspinal level. Behav Brain Res
2006;170:293–301.

Gao Y, RenW, Zhang Y, ZhaoZ. Contributions of the anterior cingulate cortex and amygdala
to pain- and fear-conditioned place avoidance in rats. Pain 2004;110:343–53.

Goldstein D, Lu Y, Detke M, Hudson J, Iyengar S, Demitrack M. Effects of duloxetine
on painful physical symptoms associated with depression. Psychosomatics
2004;45:17–28.

Gordon D, Love G. Pharmacologic management of neuropathic pain. Pain Manag Nurs
2004;5:19–33.



446 T. Hayashi et al. / Pharmacology, Biochemistry and Behavior 91 (2009) 441–446
Gronier B, Rasmussen K. Electrophysiological effects of acute and chronic olanzapine
and fluoxetine in the rat prefrontal cortex. Neurosci Lett 2003;349:196–200.

Haley T, McCormick W. Pharmacological effects produced by intracerebral injection of
drugs in the conscious mouse. Br J Pharmacol Chemother 1957;12:12–5.

Harris RA, Loh HH,Way EL. Effects of divalent cations, cation chelators and an ionophore
on morphine analgesia and tolerance. J Pharmacol Exp Ther 1975;195:488–98.

Herman ZS. Behavioural changes induced in conscious mice by intracerebroventricular
injection of catecholamines, acetylcholine and 5-hydroxytryptamine. Br J Pharmacol
1975;55:351–8.

Honda M, Uchida K, Tanabe M, Ono H. Fluvoxamine, a selective serotonin reuptake
inhibitor, exerts its antiallodynic effects on neuropathic pain in mice via 5-HT2A/2C
receptors. Neuropharmacology 2006;51:866–72.

Izawa Y, Kawakami Y. Prolonged depression of nociceptive response in the prefrontal
cortex with high frequency stimulation of the amygdala. Neurosci Res 2006;55:190.

Izumi T, Inoue T, Kitaichi Y, Nakagawa S, Koyama T. Target brain sites of the anxiolytic
effect of citalopram, a selective serotonin reuptake inhibitor. Eur J Pharmacol
2006;534:129–32.

Janusonis S, Fite KV. Diurnal variation of c-Fos expression in subdivisions of the dorsal
raphe nucleus of the Mongolian gerbil (Meriones unguiculatus). J Comp Neurol
2001;440:31–42.

JasminL, BurkeyA, Card J, BasbaumA. Transneuronal labeling of a nociceptive pathway, the
spino-(trigemino-)parabrachio-amygdaloid, in the rat. J Neurosci 1997;17:3751–65.

Jensen J, Jessop D, Harbuz M, Mørk A, Sánchez C, Mikkelsen J. Acute and long-term
treatments with the selective serotonin reuptake inhibitor citaloprammodulate the
HPA axis activity at different levels in male rats. J Neuroendocrinol 1999;11:465–71.

Jones C, Peters S, Shannon H. Efficacy of duloxetine, a potent and balanced serotonergic
and noradrenergic reuptake inhibitor, in inflammatory and acute pain models in
rodents. J Pharmacol Exp Ther 2005;312:726–32.

Jongsma M, Sebens J, Bosker F, Korf J. Effect of 5-HT1A receptor-mediated serotonin
augmentation on Fos immunoreactivity in rat brain. Eur J Pharmacol 2002;455:109–15.

Jung A, Staiger T, Sullivan M. The efficacy of selective serotonin reuptake inhibitors for
the management of chronic pain. J Gen Intern Med 1997;12:384–9.

Kawahara H, Yoshida M, Yokoo H, Nishi M, Tanaka M. Psychological stress increases
serotonin release in the rat amygdala and prefrontal cortex assessed by in vivo
microdialysis. Neurosci Lett 1993;162:81–4.

Laursen SE, Belknap JK. Intracerebroventricular injections in mice. Some methodolo-
gical refinements. J Pharmacol Methods 1986;16:355–7.

Lépine J, Briley M. The epidemiology of pain in depression. Hum Psychopharmacol
2004;19(Suppl 1):S3-7.

Macedo C,Martinez R, de Souza SilvaM, BrandãoM. Increases in extracellular levels of 5-HT
anddopamine in thebasolateral, butnot in the central, nucleusof amygdala induced by
aversive stimulation of the inferior colliculus. Eur J Neurosci 2005;21:1131–8.

Maroun M, Richter-Levin G. Exposure to acute stress blocks the induction of long-term
potentiation of the amygdala-prefrontal cortex pathway in vivo. J Neurosci
2003;23:4406–9.

Mattia C, Coluzzi F. Antidepressants in chronic neuropathic pain. Mini Rev Med Chem
2003;3:773–84.

McDonald A. Cortical pathways to the mammalian amygdala. Prog Neurobiol
1998;55:257–332.

Mena N, Mathur R, Nayar U. Amygdalar involvement in pain. Indian J Physiol Pharmacol
1995;39:339–46.

Merskey H, Hester R. The treatment of chronic pain with psychotropic drugs. Postgrad
Med J 1972;48:594–8.

Morelli M, Pinna A, Ruiu S, Del ZompoM. Induction of Fos-like-immunoreactivity in the
central extended amygdala by antidepressant drugs. Synapse 1999;31:1–4.

Nakagawa T, Katsuya A, Tanimoto S, Yamamoto J, Yamauchi Y, MinamiM, et al. Differential
patterns of c-fos mRNA expression in the amygdaloid nuclei induced by chemical
somatic and visceral noxious stimuli in rats. Neurosci Lett 2003;344:197–200.
Narita M, Kaneko C, Miyoshi K, Nagumo Y, Kuzumaki N, Nakajima M, et al. Chronic pain
induces anxiety with concomitant changes in opioidergic function in the amygdala.
Neuropsychopharmacology 2006;31:739–50.

Nemoto H, Toda H, Nakajima T, Hosokawa S, Okada Y, Yamamoto K, et al. Fluvoxamine
modulates pain sensation and affective processing of pain in human brain.
Neuroreport 2003;14:791–7.

Ohashi S, Matsumoto M, Otani H, Mori K, Togashi H, Ueno K, et al. Changes in synaptic
plasticity in the rat hippocampo-medial prefrontal cortex pathway induced by
repeated treatments with fluvoxamine. Brain Res 2002;949:131–8.

Pan W, Hsuchou H, Kastin AJ. Nesfatin-1 crosses the blood-brain barrier without
saturation. Peptides 2007;28:2223–8.

Paxinos G, Franklin KBJ. The Mouse Brain in Stereotaxic Coordinates. 2nd ed. San Diego:
Academic Press; 2001.

Petitto J, Mundle L, Nagy B, Evans D, Golden R. Improvement of arthritis with fluoxetine.
Psychosomatics 1992;33:338–41.

Price D. Psychological and neural mechanisms of the affective dimension of pain.
Science 2000;288:1769–72.

Rainville P, Duncan G, Price D, Carrier B, Bushnell M. Pain affect encoded in human
anterior cingulate but not somatosensory cortex. Science 1997;277:968–71.

Rani P, Naidu M, Prasad V, Rao T, Shobha J. An evaluation of antidepressants in
rheumatic pain conditions. Anesth Analg 1996;83:371–5.

Shimodozono M, Kawahira K, Kamishita T, Ogata A, Tohgo S, Tanaka N. Reduction of
central poststroke pain with the selective serotonin reuptake inhibitor fluvox-
amine. Int J Neurosci 2002;112:1173–81.

Sikes R, Vogt B. Nociceptive neurons in area 24 of rabbit cingulate cortex. J Neurophysiol
1992;68:1720–32.

Silva E, Hernández L. Extracellular aminoacids in the amygdala and nucleus accumbens
in the rat during acute pain. Invest Clin 2007;48:213–24.

Silverstrini B, Lisciani R. Pharmacology of trazodone. Curr Ther Res Clin Exp
1973;15:749–54.

Simpson JJ, Drevets W, Snyder A, Gusnard D, Raichle M. Emotion-induced changes in
human medial prefrontal cortex: II. During anticipatory anxiety. Proc Natl Acad Sci
U S A 2001;98:688–93.

Sumpton J, Moulin D. Treatment of neuropathic pain with venlafaxine. Ann
Pharmacother 2001;35:557–9.

Sánchez-Blázquez P, García-España A, Garzón J. In vivo injection of antisense
oligodeoxynucleotides to G alpha subunits and supraspinal analgesia evoked by
mu and delta opioid agonists. J Pharmacol Exp Ther 1995;275:1590–6.

Taylor K, Rowbotham M. Venlafaxine hydrochloride and chronic pain. West J Med
1996;165:147–8.

Veening J, Coolen L, Spooren W, Joosten H, van Oorschot R, Mos J, et al. Patterns of c-fos
expression induced by fluvoxamine are different after acute vs. chronic oral
administration. Eur Neuropsychopharmacol 1998;8:213–26.

Vogt BA. Anterior Cingulated Cortex and the Medial Pain System. Boston: Birkhauser;
1993.

Wilson R. The use of low-dose trazodone in the treatment of painful diabetic
neuropathy. J Am Podiatr Med Assoc 1999;89:468–71.

Yokoyama M, Suzuki E, Sato T, Maruta S, Watanabe S, Miyaoka H. Amygdalic levels of
dopamine and serotonin rise upon exposure to conditioned fear stress without
elevation of glutamate. Neurosci Lett 2005;379:37–41.

Zhang R, Nagata T, Hayashi T, Miyata M, Kawakami Y. Intracerebroventricular injection
of trazodone produces 5-HT receptor subtype mediated anti-nociception at the
supraspinal and spinal levels. Eur Neuropsychopharmacol 2004a;14:419–24.

Zhang R, Tomida M, Katayama Y, Kawakami Y. Response durations encode nociceptive
stimulus intensity in the ratmedial prefrontal cortex. Neuroscience 2004b;125:777–85.


	Intracerebroventricular fluvoxamine administration inhibited pain behavior but increased Fos ex.....
	Introduction
	Methods
	Animals
	Intracerebroventricular (i.c.v.) injection
	Drug application
	Formalin test
	Sciatic nerve ligation, plantar test and Fos
	Statistical analysis
	Histological examination

	Results
	Anti-nociceptive effects of fluvoxamine
	5-HT receptor subtypes and anti-nociceptive effects of fluvoxamine
	Sciatic nerve ligation-allodynia model and fluvoxamine
	Fos-positive cells in the PFC and the amygdala
	Fos expression in sciatic nerve ligation-allodynia

	Discussion
	Anti-nociceptive effects of fluvoxamine
	Fluvoxamine and Fos

	References




