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ABSTRACT
Prostaglandins (PGs) and their rate-limiting enzymes, cyclooxygenase (COX) isoforms
(COX-1 and COX-2), have important roles in transmission of noxious information. In
the present experiment, we examined the differential analgesic and anti-inflammatory
effects of COX isoform inhibitors, and the distribution of COX isoforms within the
dorsal root ganglia. COX-2 inhibitor, rather than COX-1 preferential inhibitor such as
aspirin significantly attenuated Freund's complete adjuvant (FCA)-induced edema;
however, nimesulide, a selective COX-2 inhibitor, did not alleviate FCA-induced mechanical hyperalgesia, even as aspirin, a preferential COX-1 inhibitor reduced the hyperalgesia. In normal DRG, COX-1 was abundant in neurons, satellite cells and Schwann
cells. COX-2 was rare in neurons, while very strong in satellite cells and in the lining
of blood vessels. In the DRG of the inflammatory state, COX-1 and COX-2 protein
slightly increased after FCA injection, especially in the neuron. However, COX-2 mRNA
was little detected in normal and inflammatory state, whereas COX-1 mRNA in the
ipsilateral DRG increased 6 days after FCA, and COX-1 mRNA in the ipsilateral DRG
in situ was greatly expressed, especially in satellite cells or neurons. The changes of
PGI2 and PGE2, rather than PGF2α in DRG correspond well with the pain behavior. In
conclusion, COX-1 rather than COX-2 in the DRG might play a potential role in
nociceptive transmission of peripheral inflammation.
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INTRODUCTION
The role of cyclooxygenase (COX) and its metabolites, prostaglandins, in the nervous system has
been considered important in nociceptive processing
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(Dirig and Yakch, 1999; Samad et al., 2002). Recently, two distinct isoforms of COX have been
characterized: COX-1 is constitutively expressed in
most tissues throughout the body, whilst COX-2 is
highly inducible in response to inflammation, mitogenic agents such as growth factors, and cytokines
(DuBois et al., 1994; Mitchell et al., 1994). Recently
COX-3, as a COX-1 variant was found (Schwab et
al., 2003). In the central nervous system, COX-2 is
also expressed constitutively, and activated by noxi-
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ous stimuli such as inflammation, thermal stimuli
and chemical stimuli (Beiche et al., 1998). During
peripheral inflammation, COX-2 seems to play a
major role in the rapid production of prostaglandins,
by providing several potential mechanisms for increasing cellular excitability (Ferreira and Lorenzetti,
1996; Ebersberger et al., 1999). The peripheral
inflammation produced marked hyperalgesia, and
also induced COX-2 mRNA expression in the spinal
cord, which was followed by a significant increase
in PGE2 in the spinal cord (Hay et al., 1997;
Beiche et al., 1998). However, in other chronic
inflammatory model, inhibition of COX-1 is more
effective than the selective COX-2 inhibitors at
granulation, vascularity and COX activity (Gilroy et
al., 1998). There is little information on the roles of
COX isoforms in altered pain sensitivity, and on
COX gene expression induced by inflammatory
stimulus, especially in dorsal root ganglia.
In this study, therefore, we used rats to investigate the potential roles of COX isoforms within the
DRG in Freund's complete adjuvant (FCA)-induced
inflammatory pain. Also, we attempted to correlate
changes of COX activity and expression of COX
mRNA in the DRG with the development of inflammatory hyperalgesia. Finally, we assessed the
effects of indomethacin (INDO; non-selective inhibitor), aspirin (ASA; COX-1 preferential inhibitor), nimesulide (NIM; COX-2 selective inhibitor) on behavioral changes such as edema and mechanical
allodynia, COX expression, and COX activity such
as prostaglandins synthesis in the DRG.

MATERIALS AND METHODS
Induction of inflammation and pre-administration of cyclooxygenase inhibitors
Adult male Sprague Dawley rats weighing approximately 200 gm were used for this experiment.
The following investigations were carried out under
a protocol approved by the Institutional Animal Care
committee, Ajou University. To induce chronic inflammation, Freund's complete adjuvant (FCA, 0.1%
Mycobacterium, Sigma, 100μl 50 mg/kg, dissolved
in saline, pH 7.0) or saline was injected subcutaneously into one side of the hind paw. The animals
were pretreated 30 min before intraplantar injection
of FCA and subsequent doses were administered

once daily with either one of the test drugs or the
corresponding vehicles (7.5% tween80 in saline).
Indomethacin (Sigma) was given in a dose of 1
mg/kg and nimesulide, a selective cyclooxygenase-2
inhibitor, was given in a dose of 5 mg/kg intraperitoneally. Aspirin (Sigma), the COX-1 preferential
inhibitor, was given in a dose of 5 mg/kg intraperitoneally. Indomethacin inhibits murine recombinant
COX-1 (IC50=200 nM) and COX-2 (IC50=50 nM)
(Masferrer et al., 1994); whereas, nimesulide is
5-20 fold selective for COX-2 compared with COX-1
(Tavares et al., 1995).
Behavioral test & measurement of edema
The behavior of the animals was evaluated for 10
days after induction of inflammation. Mechanical
hypersensitivity was measured as the rate of withdrawal frequency using von Frey filaments (1, 2, 3
and 5 mg). Von Frey filaments were applied with
increasing force and a single von Frey filament was
applied ten times to each testing. Von Frey filaments were applied mechanical stimuli 10 times in
each stimulus, from light to strong intensity which
used. Edema was determined by measuring the
paw thickness with a caliper during anesthesia with
inhalation of halothane. The measurement before
induction of inflammation was used as the control.
The behavioral tests were conducted every day 1
hr after drug treatment.
Riboprobe preparation
A full-length mouse COX-1 and COX-2 cDNA
insert was used to generate antisense and sense
riboprobes. COX-1 and COX-2 plasmids were linearized with Sac I and the riboprobes were generated using T7 polymerase and in vitro transcription assay with the DIG RNA Labeling Kit
(Boehringer Mannheim Biochemical, Indianapolis,
IN). Riboprobes were hydrolyzed to 200 base pairs
o
with sodium carbonate at 60 C. Validation of these
riboprobes was assessed in the following way.
Hybridization of DRG sections prepared 6hr after
FCA injection resulted in a discrete pattern of
COX-2 mRNA expression identical to the anatomic
pattern described with previously used radio labeled
oligonucleotide probes prepared for base pairs 1421
∼1460 of rat COX-2 mRNA (Nakayama et al.,
1998). Sense riboprobe was generated using T3
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polymerase with a similar method for antisense
riboprobe. Sense riboprobe generated from this
plasmid did not detect any signal.
In situ hybridization
Animals were sacrificed 2, 4 and 6 hr after
induction of inflammation by FCA, and their DRG
were removed and frozen. 20μm thick frozen coronal
sections were cut on a cryostat and thaw-mounted
onto Probe On plus slides (Fisher Scientific,
Pittsburgh, PA). Sections were frozen at
80oC
until used. Digoxygenin-labeled RNA (DIG-RNA)
probes were used for in situ hybridization.
The sections were fixed with 4% paraformaldehyde
in 0.1 M phosphate buffered saline (PBS) for 10
min, rinsed in PBS and then treated with 0.25%
acetic anhydride in 0.1 M triethanolamine (pH 8.0)
for 10min to reduce nonspecific hybridization of the
probe. The sections were washed twice for 5 min in
2×SSC following dehydration in increasing concentrations of ethanol. After being air dried, the
o
sections were hybridized overnight at 42 C with hybridization buffer (100μl/ each section) containing 5
∼10 ng of digoxygenin-labeled RNA probe. Hybridization buffer was prepared with 40% formamide, 10% dextran sulfate, 1×Denhardt's solution, 10
mM DTT, 1 mg/ml yeast t-RNA and 1 mg/ml
denatured salmon sperm DNA. After hybridization,
each slide was washed twice for 5 min in 2× SSC
o
at 37 C; sections were treated with 20μg/ml RNAse
in NTE (500 mM NaCl, 10 mM Tris-HCl pH 8.0, 1
mM EDTA) for 30 min at 37oC. Then, it was
o
washed twice in 0.1×SSC at 42 C for 30 min and
blocked in 5% normal sheep serum in TBS (100
mM Tris- HCl, pH 7.5, 150 mM NaCl) at room
temperature for 1 hr. Sections were incubated
o
overnight at 4 C with anti-DIG-Fab-AP conjugate
(diluted 1：2,500) (Boehringer Mannheim Biochemical, Indianapolis, IN) in TBS including 5%
normal sheep serum. Sections were washed twice
in TBS for 5 min and incubated with detection
buffer (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 50
mM MgCl2) for 10 min. Visualization of the signal
was exposed to the color reaction in 4.5μl NBT
(4-nitroblue-tetrazolium chloride, Amersham, Life
Science, Buckinghamshire, England) and 5μl BCIP
(5-Bromo-4-Chloro-3-indolyl-phosphate, Amersham,
Life Science Buckinghamshire, England) per 1 ml of
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detection buffer until the desired intensity was
reached. Finally, sections were rinsed in distilled
water and mounted on Universal Mount (Research,
Genetics, Huntsville, AL).
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)
mRNAs for COX-1 and COX-2 were detected by
the RT-PCR. Animals were sacrified 6 hr, 1 day or
6 days after Freund's complete adjuvant injection;
their DRG were removed (n=5 each group). Total
RNA was extracted from the samples with easyblue kit (Intron, Korea) and aliquots of total RNA (1
μg) were used in the RT reaction. First strand
cDNA synthesis was performed using 1μg total RNA
and AMV reverse transcriptase (Boehringer Mannheim, Germany). The reaction was performed at
o
o
25 C for 10 min, 42 C for 60 min and heated at
o
97 C for 5min. 2μl from each RT reaction mixture
was used for PCR amplification.
COX-2 primers were forward, 5'-TGCATGTGGCTGTGGATGTCATCAA-3'; reverse, 5'-CACTAAGACAGACCCGTCATCTCCA-3': which resulted in a
PCR product of 583 bp.
COX-1 primers were forward, 5'-ACTCACTCAGTTTGTTGAGTCATTC-3'; reverse, 5'-TTTGATTAGTACTGTAGGGTTAATG-3': which resulted in a
PCR product of 450 bp.
GAPDH primers were forward, 5'-GTGAAGGTCGGTGTGAACGGATTT-3'; reverse, 5'-CACAGTCTTCTGAGTGGCAGTGAT-3': which resulted in a PCR
product of 553 bp.
The PCR reaction was performed with the following
o
o
cycle parameters: COX-2; 94 C, 30 sec; 58 C, 30
sec; 72oC, 90 sec, 38 cycles; and 72oC, 10 min.
o
o
COX-1 and GAPDH; 94 C, 1 min; 60 C, 30 sec;
o
o
72 C, 30 sec, 30 cycles; and 72 C, 10 min. Reaction
products were then separated on a 2% agarose
gel, stained with ethidium bromide, and photographed. The optical density of the bands was
determined by a Gel doc system (Bio-Rad, Hercules, CA). Measurements were normalized to the
optical density of the GAPDH band used as an
internal standard.
Immunocytochemistry
At 1 day after induction of inflammation or sham,
a subset of rats were deeply anesthetized with 50%
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urethane (2 ml/kg) and perfused transcardially with
physiological saline solution for 10 min at 20 ml/min
and then fixed with 4% paraformaldehyde, at a
th
pressure of 100 mmHg. Bilateral lumbar 6 DRG
were extracted and stored overnight in chilled fixative. The next day, tissues were embedded in
paraffin, and sectioned at 10μm semiserially.
Immunocytochemistry was performed using the
LSAB plus kit (DAKO Japan, Kyoto, Japan). The
sections were placed in 3% H2O2 for 10 min,
washed in PBS and incubated in 0.1 M PBS buffer
including 3% normal goat serum, 0.3% Triton X100, and 1% bovine serum albumin (NS-PBST) for
30 min. The sections were incubated for 72 hr at
o
4 C in primary antibody to COX-1 and COX-2
diluted 1：600 in NS-PBST. The sections were then
washed twice in 0.1 M PBS and incubated for 30
min in biotinylated secondary antibody and incubated in the streptavidin-peroxidase solution for
30 min at room temperature. The sections were
washed twice in 0.1 M PBS and antibody reaction
was developed with DAB (Research Genetics,
Huntsville, AL). The sections were washed for 1hr,
dehydrated through gradient ethanol and cleared in
xylene and coverslipped with Permount (Fisher Scientific, Fair Lawn, NJ).
Assay of prostaglandin I2, prostaglandin E2,
and prostaglandin F2α
To ascertain the cyclooxygenase activity, the concentration of prostaglandin (PG) I2, E2 and F2α
were measured at 6 hr, 1 day and 6 days after
injection of FCA using an enzyme immunoassay kit.
After laminectomy to expose the DRG or the spinal
cord, the tissue was dissected in the cold chamber
and immediately frozen in liquid nitrogen. PGs were
isolated from tissue as described (Powell, 1980).
The tissue was weighed and homogenized in PBS
containing 100 mM indomethacin and proteins were
removed by ethanol precipitation. PGs were extracted with methanol and loaded on a C18
Sep-pack (Waters, Milford, Massachusetts). Then,
PGs were eluted with methanol, which was evaporated with N2. Dried PGs were dissolved in
PBS-gel (0.1% gelatin in PBS). PGs were then
determined by enzyme-linked immunoassay according to the manufacturer's manual (Cayman Chemicals, Ann Arbor, MI).

Data analysis
The statistical difference (p＜0.05) between mean
values was determined by one-way analysis of
variance (ANOVA) followed by Tukey's multiple
comparison tests.

RESULTS
Measurement of Edema and Behavior
One hour after administration of Freund's complete
adjuvant (FCA), paw edema and mechanical hyperalgesia were induced which lasted for more than 10
days. FCA-induced paw edema, which began to
increase rapidly at 1 hr compared to the contralateral paw, was marked at 24∼48 hr and
sustained even after 10 days. Nimesulide (a selective COX-2 inhibitor), aspirin (a COX-1 preferential
inhibitor) and indomethacin (a potent COX-1 and
COX-2 nonselective inhibitor) significantly decreased
the edema 1 hr after FCA injection. The next day
edema reached the peak, and 2 days after, nimesulide and indomethacin alleviated the edema
dramatically, whereas aspirin showed little effect.
However, only indomethacin decreased the edema
after 4 days, and after then all inhibitors did not
improve the edema with single injection every day
(Fig. 1).
Mechanical hyperalgesia induced by FCA increased at 1 hr after FCA, reached the peak at 2∼
6 hr, and interestingly subsided at 1 day after
induction. Thereafter the mechanical hypersensitivity
began to increase again, approaching the peak at 6
∼8 days and maintained more than 10 days.
Mechanical hypersensitivity showed from 1 hr after
FCA injection, and at that time the hyperalgesia is
decreased by all inhibitors. However, a selective
COX-2 inhibitor, nimesulide did not decrease the
hypersensitivity after then, whereas aspirin, a preferential COX-1 inhibitor reduced the mechanical
hyperalgesia, measured at 1 hr after injection of
drug. Indomethacin also profoundly reduced the
pain sensation until 6 days (Fig. 1).
COX-1 and COX-2 mRNA expression
In normal DRG, COX-1 mRNA expressed constitutively was prominent in neurons (Fig. 2). COX-2
cleus of the ganglion cells and the drastic enlarged
mRNA in DRG was barely present in situ hydridi-
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Fig. 1. Paw edema and mechanical
allodynia induced by unilateral intraplantar injection FCA injection. Paw
edema significantly increased by
FCA over 10 day period compared
with the vehicle-treated control. Mechanical hypersensitivity represented
as percentage of responses of withdrawal frequency evoked with von
Frey filament. Values were calculated
as mean±SEM; *p＜0.05 when com#
pared with controls, p＜0.05 when
compared with FCA- treated group.

Fig. 2. COX-1 mRNA in situ hybridization in DRG during FCAinduced inflammation. FCA was injected into one side of the paw and
the ipsilateral and contralateral sides
of DRG from two different rats (A
and B) were examined. COX-1
mRNA was constitutively expressed
in normal and the contralateral side
of DRG. After FCA injection, COX-1
mRNA in the ipsilateral DRG increased in the neurons and the glial
cells.
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zation. COX-1 mRNA in in situ hybridization in
ganglion, which consisted of a little dispersed nuprocess of the satellite cells in some animals (Fig.
2). In PCR, COX-1 mRNA in inflammatory state
was increased significantly after 6 days when the
injected side and the contralateral side of DRG
were compared, whilst the COX-2 mRNA was little

Fig. 3. Expression of COX-1 and COX-2 mRNA in the lumbar 5
∼6th following unilateral FCA injection on the left side of the
paw. Total RNA was isolated at 6 hr, 1 day, and 6days after
FCA injection. Levels of COX-1 and COX-2 mRNA expression
were determined using RT-PCR technique, resulting in products
of 453 bp and 583 bp. The ipsilateral/contralateral ratio of COX-1
and COX-2 mRNA values, which were corrected for GAPDH,
expressed as mean±SEM; *p＜0.05 when compared with control
(n=7). CTL: Vehicle-treated, FCA: FCA-treated.

changed (Fig. 3).
COX-1 and COX-2 immunohistochemistry
In DRG, COX-1 was expressed in the cytoplasm
of neurons and glial cells, while COX-2 was expressed relatively in glial cells around neurons (Fig.
4). The immunoreactivities were also variable according to individuals, and so the changes were
evaluated between ipsilateral and contralateral sides
of DRG. FCA increased the expression of COX-2 in
the ipsilateral DRG, especially in the cytoplasm and
nuclei of neurons, compared to the contralateral
side. COX-1 in the ipsilateral side of DRG, where
almost all neurons had immunopositivity in the
resting control state, did not change distinctively in
the number of immunoreactive neurons. However,
the immunoreactive density of COX-1 in the ipsilateral DRG increase at 1 day of FCA injection,
compared to the contralateral side (Fig. 5).
Prostaglandins in DRG
After FCA injection, 6-keto PGF1α, stable PGI2
metabolite, increased 6 hr, tended to recover the
next day, and raised again at 6days, which showed
the similar pattern changes of pain behavior. PGE2
also increased 6 days after FCA injection, but PGF2α
did not change at those points. At 6 hr and 6 days
after inflammatory induction, the level of PGE2 and
6-keto PGF1α increased, while at 1 day, when the
pain behavior was not prominent, the PGs level did
not change. The 6-keto PGF1α level in DRG closely
correlated to the extent of FCA-induced mechanical
allodynia, though the absolute level of 6-keto PGF1α
was much smaller than that of PGE2. Treatment of
aspirin decreased profoundly the level of 6-keto
PGF1α 6 days after FCA, however, nimesulide did

Fig. 4. COX-1 and COX-2 immunocytochemistry in the normal DRG.
COX-1 was constitutively expressed
in the neuron, satellite cell and
Schwann cells ensheathing the axon.
COX-2 was expressed mainly in the
satellite cells and the endothelial
cells lining the vessels.
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Fig. 5. COX-1 and COX-2 immunocytochemistry of the DRG in the
inflammatory state. After injection of
FCA into the unilateral paw, COX-1
protein increased in the neurons and
the glial cells and COX-2 slightly
increased in the neurons compared
with the contralateral side of DRG.

not decrease the level as well as aspirin (Fig. 6),
which suggested the PGI2 might be released
through an activity of COX-1 rather than COX-2.

DISCUSSION
In Freund's complete adjuvant (FCA)-induced inflammatory model, chronic pain lasts for several
weeks and develops neuropathic changes such as
mechanical allodynia and hyperalgesia due to
changed sensitivity of nociception (Ma and Woolf,
1996; Basbaum and Woolf, 1999). These changes
have been explained as the increased sensitivity of
nociceptor and nociceptive transmission of primary
afferents and the spinal cord, which are not only
the pure nociceptive pathway but also the target of
neuronal plasticity or degenerative changes (Andrew
and Greespan, 1999; Millan, 1999). The nociceptive
modulation is related to changed sodium and potassium channel (Black et al., 2004; Dai et al., 2004),
excitatory amino acids, neuropeptides such as
substance P and CGRP (Inoue et al., 1999), and
increased intracellular calcium by activation of
phospholipase, which eventually activates PKC or
NOS (Millan, 1999; Morioka et al., 2002). In addition,

Ca2＋ dependent protein kinase influences the
expression of nuclear transcription factor or immediate early gene, and increased intracellular
calcium induces activation of PLA2 and release of
arachidonic acid, which increase the production of
prostaglandin through COX.
Prostaglandins are derived from neuronal and
nonneuronal cell pools. COX-1 expressed constitutively, generates prostaglandins for maintaining
the normal physiological function, while inducible
COX-2 generates huge quantities of prostaglandins
in pathological conditions. In seizures, cerebral ischemia or Alzheimer's disease related to inflammation, COX-2 was markedly induced, therefore
increased prostaglandins such as PGE2, PGD2, and
PGF2α (Chen et al., 1995; Lukiw and Bazan, 1997;
Baik et al., 1999). In the normal brain, COX-2 was
expressed constitutively and also associated with
neuronal excitability such as synaptic excitation
(Adams et al., 1996). The inducible COX-2 expression might act as the immediate early gene and
is thought to be an important modulatory factor of
the nociceptive transmission (Hay and Belleroche,
1997; Hay et al., 1997; Zhao et al., 2000). In nociceptive transmission, rofecoxib, a selective COX-2
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Fig. 6. Changes in level of prostaglandin I2, E2, and F2α in the
DRG after FCA injection. Values are shown as mean±SEM. *p
＜0.05 when compared with vehicle-treated control group, #p
＜0.05 when compared with FCA-treated group.

inhibitor did not reduce neuropathic hyperalgesia,
but significantly reduced the inflammatory hypersensitivity (Broom et al., 2004). In other neuropathic
injury model, the treatment of a COX-2 inhibitor
was effective only in early treatment (Schafers et
al., 2004). The COX-3, a variant of COX-1 is
recently known, and the function of COX-3 in the
nociceptive processes including inflammatory pain
remains to be clarified (Schwab et al., 2003).
The role of prostaglandin in transmission of
nociceptive information was well known, especially
in the sensitization of nociceptors (Cohen and Perl,
1988). In peripheral inflammation, COX-2 mRNA
and the release of PGI2 and PGE2 in the spinal

cord were increased (Hay et al., 1997). The spinal
administration of prostaglandins induced hyperalgesia to noxious stimuli and allodynia to innocuous stimuli (Minami et al., 1994). However, the
mechanisms underlying prostaglandin-induced nociception are unclear. One possibility is that prostaglandins may enhance the release of glutamate and
substance P from the primary afferent terminals. In
addition, arachidonic acid and leukotrienes, via an
influence upon protein kinase activity in primary
afferent terminals, may retrogradely enhance glutamate/substance P release (Collins and Davies,
1998). The hyperalgesic agents such as PGE2,
serotonin, and adenosine modulate TTX-resistant
＋
Na current in sensory neurons (Gold, 1999), and
capsaicin-receptors in sensory neurons may be activated by arachidonic metabolites such as products
of lipoxygenase (Hwang et al., 2000).
In the present study, the changes of both PGI2
and PGE2 level in the DRG correlated well with the
pain behavior; interestingly, PGI2 increased at the
initial time even though it was by a small amount.
However, PGF2α in DRG could not respond to
chronic inflammatory pain state. It is generally
thought that PGE2 is the principal pro-inflammatory
prostanoid (Mitchell et al., 1994). Prostanoid EP
receptor on sensory neurons has been identified
generally as potential therapeutic targets. From
recent reports, PGE2 and PGF2α sensitize nociceptors and capsaicin-sensitive neurons (Junger and
Sorkin, 2000). Superfusion of lumbar spinal cord of
normal animals with artificial CSF and subsequent
radioimmunoassay revealed the presence of PGD2
＜PGE2, but not PGI2 or PGF2α (Willingale et al.,
1997). However, IP prostanoid receptor has also
been demonstrated as being important in the induction of edema and pain behavior from transgenic mice lacking the IP receptor (Murata et al.,
1997; Omana-Zapata et al., 2001).
In DRG, the distribution of COX isoforms has not
been appeared much in the literature. Chopra et al.
(2000) reported that COX-1 immunolabelling in rat
DRG is almost exclusively restricted to small
diameter DRG and is extensively colocalized with
calcitonin gene-related peptide and isolectin B4.
These results suggest that production of prostaglandin through COX-1 may be important for nociceptor
function. In the present study, COX-1mRNA and
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protein were abundantly expressed in the ganglia,
satellite cells and Schwann cells of normal DRG,
whereas COX-2 was expressed very weakly in
satellite cells and Schwann cells. COX-1 mRNA of
ipsilateral DRG induced by intraplantar injection of
FCA increased compared to the contralateral side
in in situ hybridization and PCR. In in situ hybridization, COX-1 mRNA in DRG increased after
peripheral inflammation, in particular in the neurons
and glial cells, and the mRNA extended into the
cytoplasm of neurons and glial cells. The immunoreactivity of COX-1 protein in neurons and
surrounding glial cells of ipsilateral DRG slightly
increased compared to the contralateral DRG.
COX-1 may be an important target for the control
of nociception. In COX isozyme-deficient mice, the
COX-1-null and COX-1-deficient mice groups showed
less nociception on hot plate test and stretching by
acetic acid (Ballou et al., 2000). In COX-2-null and
COX-2-deficient mice, there were no changes in the
reaction time of hot plate test. Thus, prostaglandins
made by COX-1 seem to be mainly involved in pain
transmission. The question whether the COX-1 or
COX-2 is more important in pain transmission might
not be solved in the experiment of knockout mice.
Because there is the possibility that another COX
isoform may be compensated in COX-deficient
mice, that is, the expression of COX-1 or its activity
can be elevated in COX-2-null mice (Ballou et al.,
2000). In also this study, there were the compensations of COX isoforms in the DRG, where showed
strongly expressed COX-1 and concomitantly weakly
expressed COX-2, and the reverse did.
In the present experiment, COX-2 mRNA in the
DRG was very weak at resting conditions and after
induction of inflammation COX-2 mRNA in DRG did
not change. In contrast, COX-2 mRNA in the spinal
cord is increased by peripheral inflammation, spinal
cord injury model and neuropathic pain model
(Ichitani et al., 1997; Resnick et al., 1998; Zhao et
al., 2000) as well. Recently, Maihofner et al. (2000)
reported that COX-2, which was bound in the
membranes of the nucleus and endoplasmic reticulum, was expressed in the motor neurons in
resting state, and that peripheral inflammation
extended to several dorsal neurons of the spinal
cord.
In the present study, COX-2 inhibitors reduced
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more FCA-induced edema rather than aspirin,
whereas this COX-1 inhibitor also reduced FCAinduced hyperalgesia rather than COX-2 inhibitor.
COX-1 gene expression increased by inflammation
in DRG suggested the role of nociceptive transmission after inflammation. In particular, the satellite
cells and Schwann cells in DRG or the glial cells
ensheathing the axon might play important roles in
modulation of pain through COX activity. The precise mechanism and detailed roles of prostaglandins and COX isoforms including COX-3 in the
nervous system still remain to be further investigated.
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