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Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a major rea-
son for stopping or changing anticancer therapy. Among the proposed pathomecha-
nisms underlying CIPN, proinflammatory processes have attracted increasing at-
tention. Here we assessed the role of prostaglandin D, (PGD,) signaling in cisplatin-
induced neuropathic pain.

Methods: CIPN was induced by intraperitoneal administration of cisplatin 2 mg/kg
for 4 consecutive days using adult male Sprague-Dawley rats. PGD, receptor DP1
and/or DP2 antagonists were administered intrathecally and the paw withdrawal
thresholds were measured using von Frey filaments. Spinal expression of DP1, DP2,
hematopoietic PGD synthase (H-PGDS), and lipocalin PGD synthase (L-PGDS) pro-
teins were analyzed by western blotting.

Results: The DP1 and DP2 antagonist AMG 853 and the selective DP2 antagonist
CAY10471, but not the DP1 antagonist MK0524, significantly increased the paw
withdrawal threshold compared to vehicle controls (P = 0.004 and P < 0.001, re-
spectively). Western blotting analyses revealed comparable protein expression lev-
els in DP1 and DP2 in the spinal cord. In the CIPN group the protein expression level
of L-PGDS, but not of H-PGDS, was significantly increased compared to the control
group (P < 0.001).

Conclusions: The findings presented here indicate that enhanced PGD, signaling,
via upregulation of L-PGDS in the spinal cord, contributes to mechanical allodynia
via DP2 receptors in a cisplatin-induced neuropathic pain model in rats, and that
a blockade of DP2 receptor activation may present a novel therapeutic target for
managing CIPN.

Key Words: Chemoradiotherapy; Cisplatin; Hyperalgesia; Inflammation; Lipocalins;
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INTRODUCTION

Chemotherapy-induced peripheral neuropathy (CIPN) is
one of the adverse effects of chemotherapeutic agents used

in cancer treatment, which is often a major reason for stop-
ping or changing anticancer therapy. The incidence of sur-
vivors suffering from these neuropathic pain conditions
is increasing, due to improvements in the success rates
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of these agents in cancer treatment and the consequent
increases in survival rates [1]. The prevalence of CIPN was
reported to be 68.1% in the first month of treatment [2],
and can sometimes cause persistent limitation in quality
of life, even in cases in which the chemotherapy cured the
patient’s cancer [3]. Although treatments for CIPN include
anticonvulsants, such as gabapentin, carbamazepine, or
lamotrigine, and antidepressants, such as tricyclic antide-
pressants or serotonin norepinephrine reuptake inhibitors
[3], these medications provide only partial relief in many
cases, likely because the pathophysiology is not clearly un-
derstood.

Among the proposed pathomechanisms of CIPN, proin-
flammatory processes induced by chemotherapy agents
have attracted increasing attention; this not only destroys
the tumor cells [4] but may also lead to neuroinflamma-
tion, contributing to the development of CIPN. Animal
studies have reported increased levels of cytokines, in-
cluding interleukin (IL)-6, IL-8, IL-1B, and tumor necrosis
factor (TNF)-q, which can sensitize nociceptors [5-7]. A
rat model of CIPN exhibited infiltration of macrophages
in the dorsal root ganglion and activation of microglia
in the spinal dorsal horn [8]. Another study showed that
pretreatment with the microglia/macrophage inhibitor
minocycline prevented paclitaxel-evoked allodynia [9].
Taken together, modulation of the inflammatory response
to chemotherapeutic agents may be a useful target for the
treatment of CIPN.

Prostaglandin D, (PGD,) is the most abundant pros-
taglandin in the brain of rats [10] and humans [11], and
plays important roles in the central nervous system (CNS),
including roles in regulation of the sleep cycle and body
temperature, hormone release, and nociception [12]. Syn-
thesis of PGD, from the product of cyclooxygenase (COX)
activity, prostaglandin H, (PGH,), is catalyzed by two
forms of PGD synthases, hematopoietic (H-PGDS) and
lipocalin-type (L-PGDS) [13]. PGD, is released from cells as
a mediator to act upon a specific membrane receptor (DP1
or DP2) in the neighboring neurons and glia [14]; this re-
lease was reported to increase in response to systemic and
spinal cord inflammatory processes [15], which is a well-
established mechanism of CIPN. Furthermore, intrathecal
administration of PGD, receptor antagonist significantly
attenuated mechanical allodynia in a rat model of spared
nerve injury (SNI) [16]. However, the roles of PGD, signal-
ing in the pathogenesis, and as a potential therapeutic tar-
getin CIPN, have not been investigated.

The present study was performed to examine the role
of PGD, signaling and the receptor subtype in mechani-
cal allodynia using a cisplatin-induced neuropathic pain
model in rats. In addition, we investigated the expression
patterns of DP1 and DP2, and PGD synthases in the spinal
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cord.

MATERIALS AND METHODS
1. Animals

The experimental protocol was reviewed and approved
by The Institutional Animal Care and Use Committee of
Chonnam National University (IACUC No. CNU IACUC-
H-2018-48). Adult male Sprague-Dawley rats weighing
160-190 g were housed in a room maintained at a constant
temperature (22-23°C) with an alternating 12-hour light/
dark cycle and free access to food and water. An intrathe-
cal catheter was implanted for drug administration for
each animal under sevoflurane anesthesia, as described
previously [17]. Seven days were allowed after the surgery
for recovery.

2. Drugs

The following drugs were used in the experiments:
cisplatin (Tocris Cookson Ltd., Bristol, UK), AMG853
(5-chloro-4-[2-[[(2-chloro-4-cyclopropylphenyl)sulfonyl]
amino]-4-[[(1,1-dimethylethyl)amino]carbonyl|phenoxy]-
2-fluorobenzeneacetic acid; Tocris Cookson Ltd.), MK0524
(5-chloro-4-[2-[[(2-chloro-4-cyclopropylphenyl)sulfonyl]
amino]-4-[[(1,1-dimethylethyl)amino]carbonyl|phenoxy]-
2-fluorobenzeneacetic acid; Cayman Chemical, Ann Ar-
bor, MI), and CAY10471 ((+)-3-[[(4-fluorophenyl)sulfonyl]
methylamino]-1,2,3,4-tetrahydro-9H-carbazole-9-acetic
acid; Cayman Chemical). Cisplatin was diluted in 0.4% di-
methyl sulfoxide (DMSO) in physiological saline immedi-
ately prior to intraperitoneal injection at a final concentra-
tion of 0.2 mg/mL. The other drugs were dissolved in 50%
DMSO. Experimental drugs were administered intrathe-
cally in a volume of 10 uL through the implanted catheter
using a manual gear-operated syringe pump, followed by
an additional 10 pL of the vehicle solution for each drug to
flush the catheter.

3. Behavioral testing

CIPN was induced by intraperitoneal administration of
cisplatin (2 mg/kg/day) once daily for 4 consecutive days
as described previously [18]. The von Frey test was per-
formed to measure the mechanical withdrawal threshold,
at which a positive response was assumed when brisk
withdrawal or flinching of the paw was observed during,
or immediately after, applying one of the filaments with
logarithmically increasing stiffness (0.4, 0.7, 1.2, 2.0, 3.6,
5.5, 8.5, and 15.0 g). Then, the 50% probability paw with-
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drawal threshold (PWT) was calculated using the up and
down method [19]. The cutoff value was 15 g. Only rats
showing mechanical allodynia (50% withdrawal threshold
<4 g) after cisplatin injection were included in this study.

4. Experiment protocol

On the day of the experiment (12 days after CIPN model-
ing), animals were acclimatized in a box with a wire mesh
floor for at least 20 minutes and randomly allocated into
the experimental groups for intrathecal delivery of experi-
mental drug or vehicle solution. Behavioral testing was
carried out by an investigator blinded to the treatments.
To investigate whether PGD, signaling contributes to me-
chanical allodynia, the DP1 and DP2 antagonist, AMG853
(100 or 300 pg, n = 8), was administered. Mechanical with-
drawal thresholds were measured at 15, 30, 60, 90, 120,
150, and 180 minutes after intrathecal administration. To
elucidate the role of the PGD, receptor subtype in PGD,
signaling, the selective DP1 antagonist, MK0524 (100 or
300 pg, n = 7), or DP2 antagonist, CAY10471 (3, 10, or 30 pg,
n = 7), was injected 15 minutes prior to the von Frey test.
The doses of the administered drugs were chosen based
on pilot experiments.

5. Western blotting

Dorsal halves of rat lumbar 4-6 spinal cord sections were
harvested under anesthesia with sevoflurane, and frozen
in liquid nitrogen. The samples were homogenized in ra-
dioimmunoprecipitation assay lysis buffer, combined with
a phosphatase inhibitor cocktail, and centrifuged at 13,000
rpm for 10 minutes at 4°C. The supernatants were collect-
ed, and protein concentration was measured with a BCA
Protein Assay Kit (Thermo Fisher Scientific, Rockford, IL).
Aliquots of 30 ug of protein from each sample were sub-
jected to 10%-12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and transferred onto polyvinylidene
difluoride membranes at 100 V for 90 minutes. The mem-
branes were blocked with Tris-buffered saline-Tween 20
(TBST) containing 5% non-fat milk for 1 hour at room tem-
perature and incubated overnight at 4°C with the follow-
ing primary antibodies: rabbit polyclonal anti-DP1 (1:200;
Cayman Chemical), rabbit polyclonal anti-DP2 (1:200;
Cayman Chemical), rabbit polyclonal anti-prostaglandin
D synthase (hematopoietic) (1:800; Abcam, Cambridge,
MA), rabbit monoclonal anti-prostaglandin D synthase
(lipocalin) (1:1,000; Abcam), and mouse monoclonal anti-
B-actin (1:2,000; Cell Signaling Technology, Danvers, MA).
Blots were washed with TBST and incubated with horse-
radish peroxidase-conjugated goat anti-rabbit immuno-
globulin G (IgG) (1:3,000; Cell Signaling Technology) or

www.epain.org

horseradish peroxidase-conjugated horse anti-mouse IgG
(1:3,000; Cell Signaling Technology) at room temperature
for 1 hour. The proteins were detected by enhanced che-
miluminescence reagents (Millipore, Bedford, MA) and a
computerized image analysis system (Uvitec, Cambridge,
UK) was used to quantify the intensity of protein bands on
the blots.

6. Statistical analysis

All data are shown as means * standard error of means.
The time-response data are exhibited as the withdrawal
threshold in grams. The dose-response data are quantified
as the area under the time course curves (AUC) for each
dose using the trapezoidal rule, which were analyzed by
one-way analysis of variance (ANOVA) with Bonferroni or
Dunnett’s T3 post hoc test. The changes in protein expres-
sion level in the spinal cord were compared by unpaired t-
tests. In all analyses, P < 0.05 was taken to indicate statisti-
cal significance.

RESULTS

The mechanical PWT decreased significantly after intra-
peritoneal injection of cisplatin for 4 consecutive days.
This characteristic mechanical allodynia persisted for
at least 21 days, as reported previously [18]. The baseline
threshold before experimental drug administration did
not differ among the groups. Intrathecal administration of
AMGS853 significantly increased the PWT. One-way ANO-
VA exhibited a statistically significant difference in the
AUCs among the three groups (F [2,21] = 7.082, P = 0.004).
Post hoc comparisons by the Dunnett’s T3 method showed
that the AUCs of the AMG853 100 and 300 ug groups were
significantly greater than those of vehicle-treated controls
(P = 0.020 and 0.030, respectively, Fig. 1). While intrathe-
cal delivery of MK0524 did not affect pain behavior (Fig.
2), intrathecal CAY10471 significantly increased the PWTs
with an effect lasting up to 180 minutes (Fig. 3). One-way
ANOVA revealed significant differences among groups in
the AUCs of withdrawal threshold (F [3,24] = 23.993, P <
0.001). Post hoc test using Bonferroni correction revealed
that the AUCs of CAY10471-treated rats were significantly
increased compared to the vehicle-treated controls in a
dose-dependent manner (Fig. 3).

Western blotting analysis showed comparable expres-
sion levels of DP1 and DP2 protein between the spinal cord
samples harvested from the cisplatin-treated animals and
vehicle-treated controls (Fig. 4A, B). In the CIPN group,
the level of L-PGDS protein expression, but not that of H-
PGDS, was significantly increased compared to the control
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Fig. 1. (A) Time-response and (B) dose-response data showing the effects of the DP1 and DP2 antagonist, AMG853, on the hind paw withdrawal re-
sponse in cisplatin-treated rats. Data are presented as the mechanical withdrawal thresholds in grams or the area under the time course curve (AUC) for
the withdrawal threshold. Each line or bar represents the mean + standard error of mean of 8 rats. BL: baseline value. °P < 0.05 compared to the vehicle
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Fig. 2. (A) Time-response and (B) dose-response data showing the effects of the DP1 antagonist, MK0524, on the hind paw withdrawal response in
cisplatin-treated rats. Data are presented as the mechanical withdrawal thresholds in grams or the area under the time course curve (AUC) for the with-
drawal threshold. Each line or bar represents the mean + standard error of mean of 7 rats. BL: baseline value.

group (P < 0.001, Fig. 4C, D).

DISCUSSION

This study was performed to evaluate the role of spinal
cord PGD, signaling in CIPN. Blockade of DP2, but not
DP], relieved mechanical allodynia, and expression of the
receptor protein was confirmed in the spinal cord of the
animals. This speculation was further supported by the
increased expression level of L-PGDS protein, which serves
as the main mediator in catalyzing the conversion of PGH,
to PGD, in the CNS [20]. These findings indicate that aug-
mented PGD, signaling in the spinal cord contributes to
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mechanical allodynia via DP2 in the cisplatin-induced
neuropathic pain model in rats, and that modification of
this pathway may present a novel therapeutic target in
CIPN.

PGD, has been shown to act in the peripheral tissue in
relation to vasodilatation, bronchoconstriction, inhibition
of platelet aggregation, and allergic reactions [21]. Many
PGD, receptor antagonists are currently under clinical
investigation for the treatment of allergic diseases and
asthma [22]. A recent phase 2 clinical trial of the PGD, re-
ceptor antagonist, fevipiprant, showed promising results
in asthma patients [23,24]. In the CNS, PGD, is the most
abundant prostaglandin released from neuronal and non-
neuronal cells, including glia and invading immune cells
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Fig. 4. Expression of (A) DP1 and (B) DP2, (C) hematopoietic prostaglandin synthase (H-PGDS), and (D) lipocalin prostaglandin synthase (L-PGDS) protein
by western blotting analyses (optical density [OD]) in the spinal cord of vehicle-treated (control) or cisplatin-treated (chemotherapy-induced peripheral
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[13]. PGD, participates in the induction of non-rapid eye
movement sleep and plays a regulatory role in the control
of body temperature, hormone release, and pain process-
ing [12]. Two types of PGD, receptors, DP1 and DP2, are
known, both of which are expressed in the spinal cord [16].
DP1 stimulates adenylyl cyclase and leads to an increase in
cyclic adenosine monophosphate ((AMP) concentration,
while DP2 decreases cAMP and increases intracellular
calcium [25]. The findings of the present study were con-
sistent with previous reports in different animal models of
pain. Minami et al. [26] reported that intrathecal injection
of PGD, provoked hyperalgesia and allodynia. In the rat
SNI model, mechanical allodynia was attenuated by intra-
thecal DP2 antagonist but not DP1 antagonist [16]. Taken
together, these observations indicate that PGD, has a pro-
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nociceptive role in pain processing via DP2 in the spinal
cord.

Biosynthesis of PGD, is catalyzed by two synthases,
H-PGDS and L-PGDS. H-PGDS is characterized as the
spleen-type PGDS acting in a glutathione (GSH)-dependent
manner for the synthesis of PGD, in the peripheral tis-
sues, while L-PGDS is known as the lipocalin-type or GSH-
independent PGDS and is expressed primarily in the CNS,
heart, kidney, testis, and lung [12]. L-PGDS is one of the
major proteins in cerebrospinal fluid [13], and radioim-
munoassay and western blotting analyses confirmed the
presence of L-PGDS and PGD, in the lumbar spinal cord
of rats [27,28]. A systemic endotoxin-induced inflamma-
tory response in the spinal cord, which was verified by
increased spinal TNF-a and IL-13 mRNA, enhanced the
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expression of L-PGDS protein in the spinal cord [15]. Fur-
thermore, the same study demonstrated increased release
of PGD, in an in vitro superfusion chamber study using
the spinal cord from the endotoxin-treated animals. These
findings suggested that enhanced biosynthesis of PGD,
can be induced by upregulation of L-PGDS in the spinal
cord by systemic inflammation. Notably, the activation of
the immune system and the development of neuroinflam-
matory processes in the spinal cord are hallmarks of CIPN
independent of the mechanism of action of chemothera-
peutic agents [3,29].

Previous investigations examining the dorsal horn of
CIPN animals reported glial hyperactivation, increased
microglial expression, and increased proinflammatory cy-
tokines, such as TNF-¢ and IL-1, in the spinal cord [7,30].
Glial cells strongly affect neuronal signaling by releasing
proinflammatory cytokines, which may, in turn, lead to
enhanced excitability of neurons [31]. Therefore, cisplatin-
produced proinflammatory processes in the present study
may have induced the upregulation of spinal L-PGDS pro-
tein expression, which can increase PGD, biosynthesis. In
addition to participating in PGD, synthesis, L-PGDS func-
tions as a binding protein, possibly acting as an intercel-
lular carrier protein to bring PGD, to the receptor, which
may also increase its elimination half-life [32].

The present study had several limitations. First, the
role of the upstream pathway of PGD, synthesis in CIPN
remains to be established. Selective or nonselective inhi-
bition of COX by celecoxib, aspirin, or ibuprofen, which
blocks the formation of a substrate of L-PGDS, failed to
show antinociceptive effects once allodynia had been es-
tablished [33]. However, when given at the time of admin-
istration of a chemotherapeutic agent with the potential
for CIPN, indomethacin and celecoxib suppressed hyper-
algesia [34]. Spinal expression of COX-2 and prostaglandin
E, synthase increased rapidly with a peak level 4-6 hours
after application of endotoxin, while that of L-PGDS was
delayed beginning 24 hours after systemic endotoxin-
induced inflammation and continued for 48 hours [32].
These observations suggest that each component partici-
pating in the biosynthesis of prostaglandins may play a
different role during the time course of the development
and maintenance of CIPN. Second, there was no sig-
nificant change in the expression levels of DP1 and DP2
protein in CIPN animals compared to the control group.
Therefore, investigation of alteration in the DP2 receptor
function will be necessary to further elucidate the down-
stream pathway of PGD, signaling. Third, we did not in-
vestigate the anatomical location of the L-PGDS and PGD,
receptor expression in the spinal cord. Although this issue
was not elucidated in this study, it has been suggested that
the expression of L-PGDS is increased prominently in non-
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neuronal cells and that of PGD, receptors are confined to
neurons of the spinal cord, including lamina I and II, fol-
lowing exposure to systemic inflammation [32].

In conclusion, the results presented here indicated that
intrathecally administered DP2 antagonist significantly
attenuated cisplatin-induced mechanical allodynia, in-
dicating that PGD, signaling contributes to mechanical
allodynia in CIPN via DP2 in the spinal cord. The dem-
onstration of spinal expression of DP1 and DP2 and the
upregulation of spinal L-PGDS which raises the possibility
of enhanced biosynthesis of PGD, in the spinal cord fur-
ther supported the role of PGD, in CIPN. We suggest that a
blockade of DP2 receptor activation may serve as a poten-
tial therapeutic target for managing CIPN.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

FUNDING

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (NRF-
2018R1D1A3B07050259).

ORCID

Yaqun Li, https://orcid.org/0000-0002-3073-0165

Woong Mo Kim, https://orcid.org/0000-0002-3523-7468
Seung Hoon Kim, https://orcid.org/0000-0003-0579-6522
Hyun Eung You, https://orcid.org/0000-0002-3307-8563
Dong Ho Kang, https://orcid.org/0000-0002-5299-6861
Hyung Gon Lee, https://orcid.org/0000-0003-4898-4355
Jeong Il Choi, https://orcid.org/0000-0002-3571-2599
Myung Ha Yoon, https://orcid.org/0000-0002-9962-0255

REFERENCES

1. Miltenburg NC, Boogerd W. Chemotherapy-induced neu-
ropathy: a comprehensive survey. Cancer Treat Rev 2014; 40:
872-82.

2. Seretny M, Currie GL, Sena ES, Ramnarine S, Grant R, Ma-
cLeod MR, et al. Incidence, prevalence, and predictors of
chemotherapy-induced peripheral neuropathy: a systematic
review and meta-analysis. Pain 2014; 155: 2461-70.

3. Starobova H, Vetter I. Pathophysiology of chemotherapy-

https://doi.org/10.3344/kjp.2021.34.1.27



PGD, signaling in CIPN

33

10.

11.

12.

13.

14.

15.

16.

17.

induced peripheral neuropathy. Front Mol Neurosci 2017; 10:
174.

. Zitvogel L, Apetoh L, Ghiringhelli F, Kroemer G. Immuno-

logical aspects of cancer chemotherapy. Nat Rev Immunol
2008; 8: 59-73.

. Wang XM, Lehky TJ, Brell JM, Dorsey SG. Discovering cyto-

kines as targets for chemotherapy-induced painful periph-
eral neuropathy. Cytokine 2012; 59: 3-9.

. Loprinzi CL, Maddocks-Christianson K, Wolf SL, Rao RD,

Dyck P], Mantyh P, et al. The Paclitaxel acute pain syndrome:
sensitization of nociceptors as the putative mechanism.
Cancer ] 2007; 13: 399-403.

. Janes K, Wahlman C, Little JW, Doyle T, Tosh DK, Jacobson

KA, et al. Spinal neuroimmune activation is independent of
T-cell infiltration and attenuated by A3 adenosine receptor
agonists in a model of oxaliplatin-induced peripheral neu-
ropathy. Brain Behav Immun 2015; 44: 91-9.

. Peters CM, Jimenez-Andrade JM, Jonas BM, Sevcik MA,

Koewler NJ, Ghilardi JR, et al. Intravenous paclitaxel admin-
istration in the rat induces a peripheral sensory neuropathy
characterized by macrophage infiltration and injury to sen-
sory neurons and their supporting cells. Exp Neurol 2007;
203:42-54.

. Liu CC, Lu N, Cui Y, Yang T, Zhao ZQ, Xin WJ, et al. Preven-

tion of paclitaxel-induced allodynia by minocycline: effect
on loss of peripheral nerve fibers and infiltration of macro-
phages in rats. Mol Pain 2010; 6: 76.

Narumiya S, Ogorochi T, Nakao K, Hayaishi O. Prostaglan-
din D2 in rat brain, spinal cord and pituitary: basal level and
regional distribution. Life Sci 1982; 31: 2093-103.

Ogorochi T, Narumiya S, Mizuno N, Yamashita K, Miyazaki
H, Hayaishi O. Regional distribution of prostaglandins D2,
E2, and F2 alpha and related enzymes in postmortem human
brain. ] Neurochem 1984; 43: 71-82.

Joo M, Sadikot RT. PGD synthase and PGD2 in immune res-
posne. Mediators Inflamm 2012; 2012: 503128.

Jang Y, Kim M, Hwang SW. Molecular mechanisms underly-
ing the actions of arachidonic acid-derived prostaglandins
on peripheral nociception. ] Neuroinflammation 2020; 17:
30.

Vanegas H, Schaible HG. Prostaglandins and cyclooxygen-
ases [correction of cycloxygenases] in the spinal cord. Prog
Neurobiol 2001; 64: 327-63.

Grill M, Peskar BA, Schuligoi R, Amann R. Systemic inflam-
mation induces COX-2 mediated prostaglandin D2 biosyn-
thesis in mice spinal cord. Neuropharmacology 2006; 50:
165-73.

Kanda H, Kobayashi K, Yamanaka H, Noguchi K. COX-1-de-
pendent prostaglandin D2 in microglia contributes to neuro-
pathic pain via DP2 receptor in spinal neurons. Glia 2013; 61:
943-56.

Koh GH, Song H, Kim SH, Yoon MH, Lim KJ, Oh SH, et al. Ef-

www.epain.org

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

fect of sec-O-glucosylhamaudol on mechanical allodynia in
a rat model of postoperative pain. Korean J Pain 2019; 32: 87-
96.

Lin H, Heo BH, Yoon MH. A new rat model of cisplatin-
induced neuropathic pain. Korean J Pain 2015; 28: 236-43.
Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL.
Quantitative assessment of tactile allodynia in the rat paw. J
Neurosci Methods 1994; 53: 55-63.

Ujihara M, Urade Y, Eguchi N, Hayashi H, Ikai K, Hayaishi
O. Prostaglandin D2 formation and characterization of its
synthetases in various tissues of adult rats. Arch Biochem
Biophys 1988; 260: 521-31.

Matsuoka T, Hirata M, Tanaka H, Takahashi Y, Murata T, Ka-
bashima K, et al. Prostaglandin D2 as a mediator of allergic
asthma. Science 2000; 287: 2013-7.

Santus P, Radovanovic D. Prostaglandin D2 receptor antago-
nists in early development as potential therapeutic options
for asthma. Expert Opin Investig Drugs 2016; 25: 1083-92.
Saunders R, Kaul H, Berair R, Gonem S, Singapuri A, Sutcliffe
AJ, et al. DP, antagonism reduces airway smooth muscle
mass in asthma by decreasing eosinophilia and myofibro-
blast recruitment. Sci Transl Med 2019; 11: eaa06451.

Gonem S, Berair R, Singapuri A, Hartley R, Laurencin MFM,
Bacher G, et al. Fevipiprant, a prostaglandin D2 receptor 2
antagonist, in patients with persistent eosinophilic asthma:
a single-centre, randomised, double-blind, parallel-group,
placebo-controlled trial. Lancet Respir Med 2016; 4: 699-707.
Hirata M, Kakizuka A, Aizawa M, Ushikubi F, Narumiya
S. Molecular characterization of a mouse prostaglandin D
receptor and functional expression of the cloned gene. Proc
Natl Acad Sci U S A 1994; 91: 11192-6.

Minami T, Uda R, Horiguchi S, Ito S, Hyodo M, Hayaishi O.
Allodynia evoked by intrathecal administration of prosta-
glandin E2 to conscious mice. Pain 1994; 57: 217-23.
Willingale HL, Gardiner NJ, McLymont N, Giblett S, Grubb
BD. Prostanoids synthesized by cyclo-oxygenase isoforms in
rat spinal cord and their contribution to the development of
neuronal hyperexcitability. Br ] Pharmacol 1997; 122: 1593-
604.

Schuligoi R, Ulcar R, Peskar BA, Amann R. Effect of endo-
toxin treatment on the expression of cyclooxygenase-2 and
prostaglandin synthases in spinal cord, dorsal root ganglia,
and skin of rats. Neuroscience 2003; 116: 1043-52.

Yoon SY, Robinson CR, Zhang H, Dougherty PM. Spinal as-
trocyte gap junctions contribute to oxaliplatin-induced me-
chanical hypersensitivity. ] Pain 2013; 14: 205-14.

Di Cesare Mannelli L, Pacini A, Bonaccini L, Zanardelli M,
Mello T, Ghelardini C. Morphologic features and glial activa-
tion in rat oxaliplatin-dependent neuropathic pain. J Pain
2013; 14: 1585-600.

Watkins LR, Milligan ED, Maier SF. Glial proinflammatory
cytokines mediate exaggerated pain states: implications for

Korean J Pain 2021;34(1):27-34



34 Li, etal

clinical pain. Adv Exp Med Biol 2003; 521: 1-21. Attenuation of mechanical allodynia by clinically utilized
32. Grill M, Heinemann A, Hoefler G, Peskar BA, Schuligoi R. Ef- drugs in a rat chemotherapy-induced neuropathic pain

fect of endotoxin treatment on the expression and localiza- model. Pain 2004; 110: 56-63.

tion of spinal cyclooxygenase, prostaglandin synthases, and 34. Bujalska M, Gumutka SW. Effect of cyclooxygenase and ni-

PGD2 receptors. ] Neurochem 2008; 104: 1345-57. tric oxide synthase inhibitors on vincristine induced hyper-
33. Lynch JJ 3rd, Wade CL, Zhong CM, Mikusa JP, Honore P. algesia in rats. Pharmacol Rep 2008; 60: 735-41.

Korean J Pain 2021;34(1):27-34 https://doi.org/10.3344/kjp.2021.34.1.27





