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The role of PKA and PKCe pathways in
prostaglandin E2-mediated hypernociception
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Background and purpose: Protein kinase (PK) A and the e isoform of PKC (PKCe) are involved in the development of
hypernociception (increased sensitivity to noxious or innocuous stimuli) in several animal models of acute and persistent
inflammatory pain. The present study evaluated the contribution of PKA and PKCe to the development of prostaglandin E2

(PGE2)-induced mechanical hypernociception.
Experimental approach: Prostaglandin E2-induced mechanical hypernociception was assessed by constant pressure rat paw
test. The activation of PKA or PKCe was evaluated by radioactive enzymic assay in the dorsal root ganglia (DRG) of sensory
neurons from the hind paws.
Key results: Hypernociception induced by PGE2 (100 ng) by intraplantar (i.pl.) injection, was reduced by i.pl. treatment with
inhibitors of PKA [A-kinase-anchoring protein St-Ht31 inhibitor peptide (AKAPI)], PKCe (PKCeI) or adenylyl cyclase. PKA activity
was essential in the early phase of the induction of hypernociception, whereas PKC activity was involved in the maintenance
of the later phase of hypernociception. In the DRG (L4-L5), activity of PKA increased at 30 min after injection of PGE2 but PKC
activity increased only after 180 min. Moreover, i.pl. injection of the catalytic subunit of PKA induced hypernociception which
was markedly reduced by pretreatment with an inhibitor of PKCe, while the hypernociception induced by paw injection of PKCe
agonist was not affected by an inhibitor of PKA (AKAPI).
Conclusions and implications: Taken together, these findings are consistent with the suggestion that PKA activates PKCe,
which is a novel mechanism of interaction between these kinases during the development of PGE2-induced mechanical
hypernociception.
British Journal of Pharmacology (2009) 156, 826–834; doi:10.1111/j.1476-5381.2008.00093.x; published online 13
February 2009
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Abbreviations: AC, adenylyl cyclase; AKAPI, A-kinase-anchoring protein St-Ht31 inhibitor peptide; i.pl., intraplantar; PGE2,
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Introduction

Tissue injury and inflammation are associated with increased
prostanoid synthesis which sensitizes primary sensory
neurons (Martin et al., 1987; Schaible and Schmidt, 1988;
Rueff and Dray, 1993). This sensitization of the nociceptive
neurons in humans results in hyperalgesia (Ferreira, 1972) (an
increased response to a stimulus which is normally painful) or
allodynia (pain from stimuli that are not normally painful).
However, in animal behaviour models of mechanical nocice-
ption, hyperalgesia and allodynia can be distinguished by the
use of apparently different mechanical stimuli, as in the

Randall-Selitto and the electronic von Frey tests. Moreover,
the terms hyperalgesia and allodynia have been developed for
use in clinical practice rather than for experimental work,
physiology or anatomical purposes (see IASP Pain Terminol-
ogy). Therefore, we have used the term hypernociception to
describe the decrease of behavioural nociceptive threshold in
experimental animals.

Mechanical hypernociception induced by prostaglandin E2

(PGE2), assessed by modification of the Randall-Selitto
mechanical test, was linked with increased adenosine 3′,5′-
cyclic monophosphate (cAMP) in neurons (Ferreira and Naka-
mura, 1979). This conclusion was later supported and
extended (Taiwo et al., 1989; Taiwo and Levine, 1991; Ouseph
et al., 1995; Aley and Levine, 1999; Cunha et al., 1999). The
adenylyl cyclase (AC) activator, forskolin or inhibitors of the
phosphodiesterases enhanced the mechanical hypernocicep-
tion induced by PGE2 (Taiwo et al., 1989; Taiwo and Levine,

Correspondence: Sérgio Henrique Ferreira, Faculdade de Medicina de Ribeirão
Preto – USP, Av. Bandeirantes, 3900, Ribeirão Preto, SP, Brazil 14049-900.
E-mail: shferrei@uol.com.br
Received 7 July 2008; revised 29 September 2008; accepted 6 November 2008

British Journal of Pharmacology (2009), 156, 826–834
© 2009 The Authors
Journal compilation © 2009 The British Pharmacological Society All rights reserved 0007-1188/09
www.brjpharmacol.org

http://www.brjpharmacol.org
mailto:shferrei@uol.com.br


1991; Ouseph et al., 1995; Cunha et al., 1999; Kassuya et al.,
2007). In primary nociceptive neurons, increased cAMP is
associated with the activation of protein kinase A (PKA) in
vitro and in vivo (Scott, 1991; Beebe, 1994; England et al.,
1996; Liao et al., 1999; Smith et al., 2000; Distler et al., 2003;
Wang et al., 2007). In this context, PKA participates in the
inflammatory hypernociception induced by PGE2 (Malmberg
et al., 1997; Aley and Levine, 1999; Cunha et al., 1999;
Kassuya et al., 2007).

Besides PKA, there is an extensive literature documenting a
role for PKC in nociceptor activation as well as sensitization.
Studies in vitro (Barber and Vasko, 1996; Leng et al., 1996; Di
Castro et al., 2006) demonstrated that phorbol-activated PKC
sensitizes primary nociceptive neurons. In this context, the
hypernociception caused by inflammatory nociceptive
mediators, such as adrenaline, endothelins and bradykinin, is
related to the PKC pathway (Cesare et al. 1999; Khasar et al.,
1999a; Souza et al., 2002; Cunha et al., 2004). In primary
afferent neurons, the e isoform of PKC (PKCe) participates in
inflammatory hypernociception, as selective PKCe inhibitors
reduced hypernociception induced by a variety of nociceptive
stimuli (Khasar et al., 1999b; Dina et al., 2000; 2006; Hucho
et al., 2005; Parada et al., 2005; Summer et al., 2006; Yama-
moto et al., 2006). Furthermore, PKCe was up-regulated in
dorsal root ganglia (DRG) after peripheral administration of
carrageenan (Zhou et al., 2003).

Although the second messenger cascade associated with
PGE2-induced hypernociception involves the participation of
PKA downstream from cAMP, this evidence does not exclude
the participation of PKC in this pathway. Thus, the aim of the
present study was to investigate whether, in mechanical
hypernociception, PKC participates in the PGE2/cAMP/PKA
intracellular signalling pathway in the primary nociceptive
neurons.

Methods

Animals
Animal care and handling procedures were in accordance
with International Association for the Study of Pain guide-
lines for the use of animals in pain research and with the
approval of the Ethics Committee of the School of Medicine
of Ribeirão Preto (University of São Paulo). All efforts were
made to minimize discomfort for the animals. Experiments
were performed with 180 to 200 g male Wistar rats kept in a
12 h light–dark cycle, with controlled humidity (60–80%) and
temperature (22–25°C). Food and water were available ad
libitum. The animals were taken to the testing area at least 1 h
before testing. Each experiment used five rats per group, pre-
viously found to be the minimum number of animals neces-
sary to detect significant variations of the paw nociceptive
sensitivity. All behavioural testing was performed between
9:00 AM and 4:00 PM.

Nociceptive test: constant pressure rat paw test
Nociception was measured in the present study by applying a
constant pressure via a ring-shaped syringe piston (15 mm2)
to the dorsal surface of the hind paw. The piston pressure

(20 mm Hg) was measured by a sphygmomanometer con-
nected to the source of compressed air (Ferreira et al., 1978).
The end point of the mechanical nociception is a typical
behavioural reaction (freezing) characterized by a combina-
tion of signs: a brief apnoea, retraction of the head and fore-
paws and reduction in the escape movements from the
position imposed by the experimental situation. Usually, the
apnoea is associated with successive waves of muscular
tremor. The latency of the freezing reaction is measured
before (control reaction time at zero time) and at different
times after intraplantar (i.pl.) administration of the tested
substance in the same paws. The reduction of the latency
obtained by subtracting the value of latency at a given time
point from the value at zero time (31.5 � 0.1 s, n = 50) quan-
tified the intensity of mechanical hypernociception (Ferreira
et al., 1978). In this test, local or systemic pretreatment with
steroidal and non-steroidal anti-inflammatory drugs reduces
the intensity of hypernociception by inflammatory stimuli
(carrageenan, endotoxin, cytokines/chemokines) but does
not affect hypernociception induced by directly sensitizing
mediators like PGE2 or dopamine (Nakamura and Ferreira,
1987; Cunha et al., 1991; 1992; Lorenzetti et al., 2002). Thus
this test, using a constant pressure as mechanical nociceptive
stimulus, allows the measurement of variations of nociceptive
behaviour.

Determination of PKA and PKC activity in DRG
Rats were given a lethal overdose of sodium pentobarbital and
the L4 and L5 DRG removed. These samples were frozen on
dry ice and homogenized (Homogeneizador Kont). The PKA
and PKC activity was measured using a commercial kit
(protein kinase A assay kit, protein kinase C assay kit, Calbio-
chem) according to the manufacturer’s instructions. Assays
were only carried out using the DRG (L4-L5) ipsilateral to the
hind paws receiving the i.pl. injection of PGE2 (100 ng per
paw) or N6,2′-O-dibutyryladenosine 3′:5′-cyclic monophos-
phate (db-cAMP) (100 mg per paw), removed at 30 or 180 min
after injection. The assay is based on the reaction of the
enzyme sample with a biotinylated peptide substrate and
g32P-ATP, and is expressed as pmoles of phosphate incorpo-
rated per minute.

Effect of drug treatments
To investigate the involvement of cAMP, PKA or PKCe in
hypernociception induced by PGE2 (100 ng; Ferreira and
Nakamura, 1979) or db-cAMP (100 mg; Ferreira and Naka-
mura, 1979), the animals were pretreated with subcutaneous
i.pl. injections into the same (ipsilateral) paw. Note all i.pl.
treatments are shown as the dose per paw. Pretreatment with
inhibitors of AC (SQ22536; 3-27 mg), of PKA [A-kinase-
anchoring protein St-Ht31 inhibitor peptide (AKAPI); 0.03-
0.3 mg] or of PKCe (PKCeI, 1-9 mg) was given 5 min before the
i.pl. injection of PGE2 or db-cAMP. The participation of PKA or
PKCe in later phases of PGE2 or db-cAMP-induced hypernoci-
ception was assessed by post-treatment (30 or 90 min) with
AKAPI (0.3 mg) or PKCeI (9 mg). To investigate if PKA or PKCe
had intrinsic hypernociceptive effects, the animals were
injected with the catalytic subunit of PKA (PKAcs 0.3–9 U) or
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pseudo receptor octapeptide for activated PKCe, a specific
agonist of PKCe (YeRACK 0.3-9 mg; Dorn et al., 1999). To
determine if PKA was able to activate PKCe, the animals were
pretreated with inhibitor AKAPI (0.3 mg) or PKCe (PKCeI, 9 mg)
30 min before the PKAcs (1 U) or the specific agonist of PKCe
(YeRACK 1 mg). In the present study, all hypernociceptive
stimuli (PGE2, db-cAMP, YeRACK and PKAcs) or antagonists
used were given by subcutaneous injection into the hind paw.

Data analysis
Results are presented as means � SEM for groups of five
animals. Analysis of variance (one-way ANOVA) was used, fol-
lowed by the Bonferroni test. The level of significance was set
at P < 0.05. The dose–response relationships for SQ22536,
AKAPI and PKCeI were analysed by non-linear regression.

Drugs and reagents
The pseudo receptor for activated PKCe octapeptide (YeRACK;
Dorn et al., 1999) and PKCeV1–2 peptide (a selective PKCe
inhibitor; Gray et al., 1997) were obtained from SynPep Corp
(Dublin, CA, USA). SQ22536 was obtained from Biomol (Aley
and Levine, 1999). The PKAcs was obtained from Calbiochem
(La Jolla, CA, USA). PGE2 and db-cAMP (Taiwo et al., 1989;
Taiwo and Levine, 1991; Ouseph et al., 1995) were obtained
from Sigma (St Louis, MO, USA). InCELLlect® AKAPI (Moita
et al., 2002; Parada et al., 2005) was obtained from Promega
Corp (Madison, WI, USA). The stock solution of PGE2

(1 mg·mL-1) was prepared in 10% ethanol, and additional dilu-
tions were made in physiological saline (0.9% NaCl), yielding
a final concentration of ethanol of less than 1%. All other
drugs were dissolved directly in saline. Protein kinase A assay
kit and protein kinase C assay kit were from Calbiochem.

Results

PKA and PKCe participate in the PGE2-activated, cAMP second
messenger cascade in primary afferent neurons
The results presented in Figure 1 show that subcutaneous i.pl.
pretreatment with an inhibitor of AC (SQ22536; 3, 9 and
27 mg; ID50: 4.01 mg; Figure 1A) or of PKA (AKAPI; 0.03, 0.1
and 0.3 mg; ID50: 0.22 mg; Figure 1B) prevented PGE2-induced
hypernociception in a dose-dependent manner. The PKCe
inhibitor (PKCeI; 1, 3 and 9 mg; ID50: 2.6 mg; Figure 1C) pre-
vented in a dose-dependent manner the hypernociception
induced by PGE2. Pretreatment with PKCeI (9 mg), or AKAPI
(0.3 mg), but not with the AC inhibitor SQ22536 (27 mg),
inhibited the hypernociception induced by db-cAMP (100 mg,
Figure 1D). It should be stressed that SQ22536 (27 mg,
Figure 1A), AKAPI (0.3 mg, Figure 1B) or PKCeI (9 mg,
Figure 1C) at the highest doses used here had no nociceptive
effect when given alone into normal paws.

Differential time effects of PKA and PKC inhibitors on the
hypernociception induced by PGE2 or db-cAMP
Treatment with inhibitors of PKA (AKAPI, 0.3 mg) or PKCe
(PKCeI, 9 mg), either before or 30 min after the i.pl. injection

of PGE2 (100 ng) or db-cAMP (100 mg), reduced the mechani-
cal hypernociception. However, later post-treatment (90 min
after PGE2 or db-cAMP i.pl. injection) with AKAPI was inef-
fective but similar treatment with PKCeI clearly reduced
mechanical hypernociception. Together, these results suggest
that PKA activity is essential only in the early phase of the
establishment of hypernociception, whereas PKC activity is
involved in the maintenance of later phases of hypernocice-
ption. In support of this suggestion, the radioactive assay for
PKA activity in ipsilateral DRG (L4-L5) was increased at
30 min, but not 180 min after paw injection of PGE2

(Figure 2B) or db-cAMP (Figure 3B). However, the PKC activity
was enhanced much later, mainly at 180 min after i.pl. injec-
tion of PGE2 (Figure 2D) or db-cAMP (Figure 3D).

PKA activates PKCe during PGE2-induced hypernociception
We also investigated whether the hypernociception induced
by a PKAcs depends on PKCe activation, and whether the
hypernociceptive activity of yeRACK depends on PKA activa-
tion. Both PKAcs (0.3, 1, 3 and 9 U; ED50: 1.31 U; Figure 4A)
and yeRACK (0.3, 1, 3 and 9 mg; ED50: 1.67 mg; Figure 4B) given
alone induced dose-dependent mechanical hypernociception.
Pretreatment (30 min before) with the inhibitor of PKCe (9 mg)
significantly inhibited the hypernociception induced by
PKAcs (1 U; Figure 4C). In contrast, the PKA inhibitor AKAPI
(0.3 mg) given 30 min before the administration of yeRACK
(1 mg) did not change the hypernociceptive effect (Figure 4D).
These results are compatible with the proposition that PKA
activates PKCe during PGE2-induced hypernociception.

Discussion

Enhanced sensitivity to nociceptive stimuli is one of the char-
acteristics of the inflammatory response and results from an
increase in the excitability of primary nociceptive neurons.
There is substantial experimental evidence demonstrating
that PGs, among other mediators (sympathetic amines, endot-
helins, 5-hydroxytryptamine (5-HT), adenosine and cytok-
ines) sensitize the primary nociceptive neurons to innocuous
mechanical (Handwerker and Neher, 1976; Pateromichelakis
and Rood, 1982; Schaible and Schmidt, 1988; Mizumura et al.,
1993; Moriyama et al., 2005) and chemical stimuli (Nicol and
Cui, 1994; Smith et al., 2000). This sensitization is referred in
the present study as hypernociception, thus avoiding the use
of terms like hyperalgesia or allodynia, because they describe
an aggregate of characteristic human pathological nociceptive
symptoms (see IASP Pain Terminology).

It is now well established that inflammatory hypernocice-
ption, such as induced by PGE2, depends on activation of
signalling pathways, which require neuronal activation of
PKA in neurons, downstream of the second messenger cAMP
(Ferreira and Nakamura, 1979; Taiwo and Levine, 1990; 1991;
1992; Taiwo et al., 1992; Wang et al., 1996; Aley and Levine,
1999; Cunha et al., 1999; Kassuya et al., 2007). Moreover,
there are a great number of studies suggesting that the PKC
pathway also participates in nociceptor sensitization, induced
by nociceptive mediators, such as adrenaline, endothelins
and bradykinin, as well as by more general inflammatory
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stimuli such as carrageenan and formalin (Cesare et al. 1999;
Khasar et al., 1999b; Souza et al., 2002; Cunha et al., 2004).
Furthermore, PKCe is the isoform involved in nociceptor sen-
sitization, as the mechanical nociception induced by carrag-
eenan or formalin-induced nociceptive behaviour were
reduced by treatment with inhibitors of PKCe (Khasar et al.,
1999a; Sweitzer et al., 2004). Further, long-lasting hypernoci-

ception induced by PGE2, in paws previously primed by car-
rageenan or TNFa, was associated with activation of neuronal
PKCe (Aley et al., 2000; Parada et al., 2003; 2005).

In the present study, we confirmed that the treatment with
cAMP or PKA inhibitors (Figure 1) prevents PGE2-induced
hypernociception, as already described (Taiwo and Levine,
1990; 1992; Aley and Levine, 1999; Parada et al., 2005;
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Kassuya et al., 2007). In addition, we found that inhibition of
the PKCe prevented PGE2 or db-cAMP-induced hypernocice-
ption. These results suggest that an increase in cAMP levels is
necessary for the activation of PKCe (directly or indirectly) for
the induction of PGE2 hypernociception. Further, the activa-
tion of PKA downstream from cAMP was involved in the
onset of hypernociception, mainly in the initial 30 min. After
that, a continuous PKCe activity was required for the devel-
opment of hypernociception induced by PGE2. As we have
shown, in contrast with PKA, PKCe inhibitors significantly

reduced the hypernociception induced by PGE2 (Figure 2A,C)
or db-cAMP (Figure 3A,C), by either early (30 min after) or
later (90 min after) post-treatment. Together, these results
suggest that PKA activity is essential in the early phase of the
establishment of hypernociception, whereas PKC activity is
involved in the maintenance of later phases of hypernocice-
ption. To support this suggestion, we investigated the activi-
ties of PKA and PKCe in the cell bodies of the DRG neurons
after PGE2 and db-cAMP injection in the rat paws, assuming
that they reflect biochemical events occurring at peripheral

PGE2

PGE2 control

AKAPI 5 min before PGE 2 B PKA

i.pl. injection

-5 min        30 min            90 min
↓
0h                1h                   2h                     3h

   Time of measurement of hypernociception

10

15

AKAPI 30 min after PGE 2

AKAPI 90 min after PGE 2

A

* *

0.4

0.630 min after 180 min after

#

Δ  
re

a
c
tio

n
 t
im

e
, 
(s

)
p
m

o
le

s
 

1 2 3
0

5

*
* *

0.0

0.2

PGE2 control

PKCεI 5 min before PGE 2

PKC 30 i ft PGE

C D
30 min after 180 min after

PKC

R
N

O
C

IC
E

P
T

IO
N

,
Δ o

f p
h
o
s
p
h
a
te

 in
c

5

10

15

PKCεΙ 30 min after PGE2

PKCεΙ 90 min after PGE2

*

*

* 0.01

0.02

#

E
N

S
IT

Y
 O

F
 H

Y
P

E
R

c
o
rp

o
ra

te
d
 m

in
-1

1 2 3
0

5

Time (h)

*
*

*

0.00
Saline    PGE2              Saline     PGE2

IN
T

E

Figure 2 Time-dependence of the inhibitory effect of pre- or post-treatments with PKA (A) or PKC (C) inhibitors upon PGE2-induced
hypernociception. Note all i.pl. treatments are shown as the dose per paw. Panels (B) and (D) show the PKA and PKC activities in DRG (L4-L5)
of rats injected i.pl. with PGE2 (100 ng). (A) AKAPI (0.3 mg) or (C) PKCeI (9 mg) was administered 5 min before or 30 or 90 min after i.pl.
injection of PGE2 (100 ng). Inhibitors of PKA or PKC were given at the times indicated by the short arrows. The intensity of hypernociception
was determined 1, 2 or 3 h after i.pl. injection of PGE2. Inserted above panel (A) is a diagram showing the schedule of treatments and
hypernociception determinations. The activities of PKA (B) and PKC (D) were evaluated in DRG (L4-L5) of the rats 30 or 180 min after i.pl.
injection of saline (50 mL) or PGE2 (100 ng) and expressed as pmoles of phosphate incorporated min-1. The data are the means � SEM of five
animals per group in panels (A) and (C) and mean � SEM of three animals per group in panels (B) and (D). *P < 0.05 compared with
PGE2-control rats. #P < 0.05 compared with rats injected with saline (one-way ANOVA followed by Bonferroni). AKAPI, A-kinase anchoring
protein St-Ht31 inhibitor peptide; DRG, dorsal root ganglia; i.pl., intraplantar; PGE2, prostaglandin E2; PKA, protein kinase A; PKC, protein kinase
C; PKCe, e isoform of protein kinase C; PKCeI, PKCeV1–2 peptide, a selective PKCe inhibitor.

Role of cAMP/PKCe in PGE2 hypernociception
830 D Sachs et al

British Journal of Pharmacology (2009) 156 826–834



terminations of sensory neurons. In fact, PKA activity
increased in ipsilateral DRG (L4-L5) mainly in the early phase
(30 min after the PGE or db-cAMP injection) and returned to
basal levels 180 min after (Figures 2B and 3B). Although the
kinetics of PKA activity induced by PGE2 and db-cAMP were
similar, the enzyme activity at 30 min after PGE2 injection
was higher that that induced by db-cAMP. Experiments using
different doses of these mediators might explain this differ-

ence. The increase in PKC activity, however, was low when
PKA levels were maximal and maximal when the PKA levels
returned to the base line (Figures 2D and 3D). These results
are in line with the assumption that PKC activation is down-
stream to the activation of PKA. Zhou et al. (2003) demon-
strated that in paw inflammation induced by carrageenan, in
which there is a significant activation of PKCe in the DRG,
these kinases are synthesized and transcribed in the soma and
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30 or 180 min after intraplantar injection of saline (50 mL) or db-cAMP (100 mg) and expressed as pmoles of phosphate incorporated min-1.
The data are the means � SEM of five animals per group in panels (A) and (C) and means � SEM of three animals per group in panels (B) and
(D). *P < 0.05 compared with db-cAMP-control rats treated with saline. #P < 0.05 compared with rats injected with saline (one-way ANOVA
followed by Bonferroni). AKAPI, A-kinase anchoring protein St-Ht31 inhibitor peptide; db-cAMP, N6,2′-O-dibutyryladenosine 3′ : 5′-cyclic
monophosphate; DRG, dorsal root ganglia; i.pl., intraplantar; PKA, protein kinase A; PKC, protein kinase C; PKCe, e isoform of protein kinase
C; PKCeI, PKCeV1–2 peptide, a selective PKCe inhibitor.
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delivered to the nerve terminals by axonal transport. Finally,
the PKCe inhibitor significantly reduced hypernociception
induced by the PKAcs (Figure 4C). Nevertheless, the PKA
inhibitor AKAPI did not change the hypernociceptive effect of
yeRACK (Figure 4D), thus supporting the suggestion that
hypernociceptive effect induced by a PKAcs depends on PKCe
activity. Hypernociception induced by PGE2 did not cause
variations in PKA and PKC activities in the paw tissues, prob-

ably because the nociceptive neurons constitute a relatively
small portion of the total tissue of the paw (data not shown).

Besides, PKA and PKC and other kinases or factors such as
(c-Jun N-terminalkinase (JNK), extracellular-regulated kinase,
mitogen-activated protein kinases or cAMP-activated guanine
exchange factor (Epac), all participate in the inflammatory
response. Nevertheless, in acute mechanical hyperalgesia,
PKCe and PKA (PGE2)-mediated hyperalgesia was indepen-
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dent of extracellular signal-regulated kinase (MEK) activity
(Aley et al., 2001). Further, JNK inhibition did not inhibit
PGE2-induced mechanical allodynia (Kassuya et al., 2007).
Additionally, p38 and JNK, are activated by the peripheral
injection of PGE2 and cause paw oedema in mice but no
nociceptive behaviours (Claudino et al., 2006). For this
reason, we also did not evaluate the participation of those
intracellular pathways in the inflammatory sensitization.
There is an alternative mechanism by which cAMP might lead
to activation of PKCe. The Epac can induce PKCe transloca-
tion via phospholipase C or D in DRG neurons (Hucho et al.,
2005). However, the Epac activator (CPTOMe) did not induce
mechanical hypernociception in our behavioural test (data
not shown).

We did not address the mechanism underlying PKA/PKC
crosstalk in the present study. However, there is evidence
pointing to a role for PKA in the activation and translocation
of PKC. In fact, activation of dopamine D1 receptors, known
to couple to Gas, increases PKC activity and translocation in
LTK cells (Yu et al., 1996). In addiction, Huang et al. (2001)
demonstrated that PKCz is a key downstream component of a
PKA-dependent, anti-apoptotic signalling pathway activated
by a G protein-coupled receptor. Recently, Yao et al. (2008)
demonstrated that activation of PKA by Sp-cAMPS (PKA acti-
vator) was sufficient to induce activity and translocation of
PKCe.

In conclusion, the present study shows that both PKA and
PKCe participate in acute mechanical hypernociception
downstream from PGE2 receptor activation and suggest that
PKA may activate PKCe. Thus, our results describe a novel
signalling pathway, in addition to the usual cAMP/PKA
pathway, in mechanical hypernociception induced by PGE2.
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