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1 Paeonol was tested for its anti-inflammatory and analgesic effects in a rat model of carrageenan-
evoked thermal hyperalgesia. The possible mechanisms involved in these effects were also investigated.

2 Pre- and post-treatment with paeonol (30, 50 or 100mgkg�1, i.p.) dose-dependently inhibited the
carrageenan-evoked thermal hyperalgesia.

3 Treatment with paeonol dose-dependently inhibited tumour necrosis factor-a (TNF-a) and
interleukin-lb (IL-1b) formation, but enhanced IL-10 production in the rat paw exudates both at the
early (1.5 h) and late phase (4 h) after carrageenan injection. However, inhibition of IL-6 formation by
paeonol was only observed at the late phase.

4 Paeonol dose-dependently decreased the formation of prostaglandin E2 (PGE2) in rat paw
exudates with a greater inhibition at the late phase. However, inhibition of nitrate generation was
observed only during the late phase (at 4 h after carrageenan injection), accompanied by an
attenuation of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) protein
expression in paw tissue.

5 Elevated myeloperoxidase activity, an indicator of neutrophil infiltration, in carrageenan-injected
paws was also dose-dependently reduced in paeonol-treated rats.

6 Our results suggest that the mechanisms by which paeonol exerts its anti-inflammatory and
analgesic effects in this inflammatory model may be associated with decreased production of
proinflammatory cytokines, NO and PGE2 and increased production of IL-10, an anti-inflammatory
cytokine, in carrageenan-injected rat paws. In addition, attenuation of the elevated iNOS and COX-2
protein expression as well as neutrophil infiltration in carrageenan-injected paws may also be involved
in the beneficial effects of paeonol.
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Introduction

The Paeonia species (Paeoniaceae), a traditional Chinese herb,

has been used as an analgesic and anti-inflammatory drug and

also has a beneficial effect in prevention and treatment of

thromboembolic diseases (Zhang et al., 1996). Paeonol (20-
hydroxy-40-methoxyacetophenone), the main active compound
of the radix of Paeonia suffruticosa, has been reported to

inhibit platelet aggregation, thromboxane A2 (Hirai et al.,

1983) and free radical formation (Zhang et al., 1999).

Accordingly, paeonol may be a potential therapeutic agent

for treating inflammation-associated conditions, such as

inflammatory pain.

Thermal hyperalgesia, evoked by carrageenan, results from

the combined effect of proinflammatory cytokines, cycloox-

ygenase (COX) products and sympathomimetic amines

(Nakamura & Ferreira, 1987) and is a model frequently

used to study inflammatory pain. Tumour necrosis factor-a
(TNF-a) was proposed to play an early and crucial role in the
cascade of proinflammatory cytokines and the subsequent

inflammatory processes (Cunha et al., 1992). COX catalyses

the conversion of arachidonic acid to prostaglandin H2, the

precursor of a variety of biological active mediators such as

prostaglandin E2 (PGE2), prostacyclin and thromboxane A2

(Smith et al., 1996). It is well known that overproduction of

inflammatory prostaglandins by the inducible isoform of COX

(COX-2) plays an important pathophysiological role in the

development of inflammatory pain (Vane et al., 1994;

Portanova et al., 1996). The inhibition of thromboxane A2

formation by paeonol (Hirai et al., 1983) suggests that the

beneficial effect of paeonol may be associated with the

suppression of COX pathway.

Nitric oxide (NO) synthesized from l-arginine by the

enzyme, nitric oxide synthase (NOS), is an important mediator

in regulation of cell functions (Moncada et al., 1991). How-

ever, overproduction of NO derived from inducible NOS

(iNOS) activated by proinflammatory cytokines, free radicals

and lipopolysaccharide (LPS) plays an important role in the

pathogenesis of inflammatory diseases (Vane et al., 1994;

Szabó, 1995). Importantly, it has been demonstrated that NO

plays a key role in the development of carrageenan-evoked

thermal hyperalgesia (Salvemini et al., 1996). However, there
*Author for correspondence; E-mail: tcchou@ms5.hinet.net
Advance online publication: 19 June 2003

British Journal of Pharmacology (2003) 139, 1146–1152 & 2003 Nature Publishing Group All rights reserved 0007–1188/03 $25.00

www.nature.com/bjp



are no reports concerning the analgesic effects and the mecha-

nisms of action of paeonol in the inflammatory pain model.

Thus, in the present study, we first test whether paeonol

exerts analgesic effects in this model of inflammatory pain,

carrageenan-evoked thermal hyperalgesia in rat paw. Further,

the possible mechanisms of the anti-inflammatory effects of

paeonol are investigated with special focus on the formation of

some important inflammatory mediators such as cytokines,

NO and PGE2, as well as neutrophil infiltration in the sites of

inflammation.

Methods

Animals

Male Sprague–Dawley rats (aged 8–9 weeks), weighing 200–

250 g, purchased from the National Animal Center (Taipei,

Taiwan), were used in this study. The present study was

approved by the local institutional Animal Care and Use

Committee. Animals were housed in a standard environment

and maintained on tap water and rodent food ad libitum

throughout the investigation.

Induction and assessment of carrageenan-evoked thermal
hyperalgesia

To induce a local inflammation, 2mg of l-carrageenan (Sigma,
St Louis, MO, U.S.A. 100 ml of 2% (wv�1) in saline) was

injected subcutaneously into the plantar surface (i.pl.) of the

right hind paw at time zero (T¼ 0). Hyperalgesia was assessed
by placing the hind paw above a radiant heat source and

measuring the paw-withdrawal latency with a non-noxious

heat stimulus, using a commercially available device (7370

Plantar Test, UGO Basile, Comerio, Italy) as previously

described by Hargreaves et al. (1988). The heat source was set

to a low intensity of 20. Paw-withdrawal latencies were

determined both in carrageenan-injured and -uninjured (con-

tralateral) left hind paws. The paw-withdrawal latencies were

evaluated every 30min for 240min, starting 60min after

carrageenan injection and the baseline latencies were assessed

at 40min before carrageenan injection (T¼�40). Each test

was calculated as a mean of three repeated measurements.

Each rat was used once and immediately killed according to

the experimental protocol given below.

Drug treatment

Paeonol was purchased from Wako Chemicals (Osaka, Japan)

and was dissolved in dimethyl sulphoxide (DMSO). Paeonol

(30, 50 or 100mg kg�1, i.p.), vehicle (DMSO) or ibuprofen

(50mg kg�1, i.p.) (Sigma, St Louis, MO, U.S.A.) delivered in a

volume of 0.2ml (i.p.) was injected at 30min (T¼�30) before
or 165min (T¼ 165) after carrageenan injection. The vehicle
(i.p.)-treated and the saline (i.pl.)-injected rats acted as the

control group. Each group comprised six rats.

Measurement of cytokines in paw exudates

To obtain paw exudates, rats were stunned by a blow to the

head and killed by exsanguination. Then, each hind paw

was cut at the level of the calcaneus bone and centrifuged

at 400� g for 15min at 41C to collect the exudate (oedema

fluid). The levels of TNF-a, IL-10, IL-1b and IL-6 in paw

exudates at 1.5 or 4 h after carrageenan injection were

measured by using enzyme immunoassay (EIA) kits for the

corresponding rat cytokines (Genzyme Corporation, Cam-

bridge, U.S.A.).

Measurement of nitrate and PGE2 concentration in paw
exudates

Concentrations of nitrate and PGE2 were determined in paw

exudates collected as above, 1.5 or 4 h after carrageenan

injection. Nitrate measured in paw exudates is the total of

nitrite and nitrate concentrations. In this method, nitrite and

nitrate were reduced to NO by adding a reducing agent (0.8%

VCl3 in 1m HCl). Then, the NO was drawn into a Sievers

Nitric Oxide Analyzer (Sievers 280 NOA, Sievers, Boulder,

CO, U.S.A.), as we have previously described (Chou et al.,

2001).

Nitrate concentration was calculated by comparison with a

standard solution of sodium nitrate (Sigma, St Louis, MO,

U.S.A.). The levels of PGE2 were measured by the rat EIA kit

(Genzyme Corporation, Cambridge, U.S.A.).

Western blot analysis of iNOS and COX-2

Soft tissues were removed from individual rat paws and

homogenized in a solution containing 10mm CHAPS, 1mm

phenylmethylsulphonyl fluoride (PMSF), 5 mgml�1 aprotinin,
1mm pepstatin and 10mm leupeptin. The homogenates were

centrifuged at 12,000� g for 20min, and 50mg of protein from
the supernatants was then separated on 10% sodium

dodecylsulphate–polyacrylamide gel and transferred to poly-

vinylidene difluoride membranes (Millipore, MA, U.S.A.).

Following transfer, the membrane was blocked for 2 h at room

temperature with 5% skim milk in Tris-buffered saline-Tween

(TBST; 20mm Tris, 500mm NaCl, pH 7.5, 0.1% Tween 20).

The membranes were then incubated with mouse monoclonal

anti-iNOS (1 : 1000 dilution, Transduction Lab., Lexington,

KY, U.S.A.) or anti-COX-2 (1 : 1000 dilution, Transduction

Laboratories, Lexington, KY, U.S.A.) antibody in 5% skim

milk in TBST for 2 h at room temperature. The membranes

were washed three times with TBST at room temperature and

then incubated with a 1 : 2000 dilution of anti-mouse IgG

secondary antibody conjugated to horseradish peroxidase

(Sigma, St Louis, MO, U.S.A.) in 2.5% skim milk in TBST

for 1 h at room temperature. The membranes were washed

three times and the immunoreactive proteins were detected by

enhanced chemiluminescence (ECL) using hyperfilm and ECL

reagent (Amersham International plc., Buckinghamshire,

U.K.). The relative optical density of bands was quantified

by densitometric scanning of the Western blots using Image-

pro plus software.

Myeloperoxidase activity assay in paw tissue

At 4 h after injection of carrageenan, rats were killed and the

tissues of carrageenan-injected paws were removed, using a

scalpel. Each sample of paw tissue was washed with sterile

normal saline, blotted dry, weighed and homogenized in ice-

cold 0.5% hexadecyltrimethylammonium bromide (HTAB) in

50mm phosphate buffer (pH¼ 6.0, 5ml HTABg tissue�1) on
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ice using a homogenizer (Pro model 200, Monroe, CT, U.S.A.)

at a setting of 4 for 10 s. The resulting homogenate was

sonicated and then centrifuged at 15,000� g for 15min at 41C.

Protein in the resulting supernatant was determined by using

dye-binding assay (Bio-Rad) with bovine serum albumin as a

standard. For myeloperoxidase (MPO) assay, samples of the

supernatant were mixed with assay buffer (1 : 30, vv�1) and

read at 460 nm. The assay buffer consisted of 100mm

potassium phosphate, pH 6.0, 0.083ml H2O2 (Sigma; 30%

stock diluted 1 : 1000) and 0.834ml o-dianisidine hydrochloride

(Sigma; 10mgml�1). MPO activity was calculated as the

change in absorbance (DA) at 460 nm over 1min and expressed

as DA460min
�1mg protein�1.

Statistical analysis

Data were expressed as mean7s.e.m. All results were analysed

by one-way ANOVA followed by a multiple comparison test

(Scheffe test). A P-value of less than 0.05 was considered

statistically significant.

Results

Inhibition of the hyperalgesic response to carrageenan by
paeonol

Baseline latencies for all experimental groups before carragee-

nan injection were similar with a basal withdrawal latency

of 21.570.4 s. Contralateral left (carrageenan-uninjected)

hind paw-withdrawal latencies remained constant at basal

levels for the entire experiment. Injection of carrageenan

(2mg paw�1, i.pl.) evoked a thermal hyperalgesia with a

significant decrease in withdrawal latencies that began

from 60min, after carrageenan injection, and reached the

lowest value of 3.870.6 s at 3 h after carrageenan injection.

Administration of paeonol (30–100mg kg�1, i.p.), either

30min before or 165min after carrageenan injection, signifi-

cantly inhibited carrageenan-evoked thermal hyperalgesia

(Po0.01 vs vehicle-treated and carrageenan-injected rats) in

a dose-dependent manner (Figure 1). Pre- or post-treatment

with the same dose (50mgkg�1, i.p.) of paeonol or ibuprofen, a

known nonsteroidal anti-inflammatory drug, had a similar

analgesic effect.

Inhibition of cytokine formation by paeonol

Elevated levels of TNF-a and IL-10 in paw exudates were

observed both at the early (1.5 h) and late phase (4 h) after

injection of carrageenan. Administration of paeonol 30min

prior to carrageenan injection dose-dependently inhibited the

increased level of TNF-a, but further enhanced that of IL-10,
both at the early and late phase compared with that of vehicle-

treated and carrageenan-injected rats (Figure 2). Concentra-

tions of IL-1b and IL-6 in paw exudates were increased at

1.5 h, and then further increased at 4 h after injection of

carrageenan. Administration of paeonol dose-dependently

attenuated the level of IL-1b both at the early and late phases,
but only inhibited levels of IL-6 at the late phase after

carrageenan injection (Figure 3).

Inhibition of nitrate and PGE2 formation by paeonol

The intraplantar injection of carrageenan in rats led to a time-

dependent, increased production of nitrate and PGE2 in the

paw exudates. Administration of paeonol 30min before

carrageenan injection dose-dependently inhibited PGE2 pro-

duction both at early and late phases after carrageenan

injection, but inhibition of nitrate levels in paw exudate was

observed only at the late phase (Figure 4).

Inhibition of iNOS and COX-2 protein expression in paw
tissue by paeonol

In control rat paws, iNOS and COX-2 protein were barely

detectable, but 4 h after carrageenan, the expression of iNOS

and COX-2 protein in paw tissue was markedly increased.

When paeonol was administered, expression of iNOS and

Figure 1 Effect of paeonol on carrageenan-evoked paw thermal
hyperalgesia. Paeonol (30, 50 or 100mgkg�1, i.p.), vehicle (DMSO,
i.p.) or ibuprofen (50mgkg�1, i.p.) was administered 30min before
(a) or 165min after (b) carrageenan (2mgpaw�1, i.pl.) injection.
Paw-withdrawal latencies were assessed for both the carrageenan-
injected and uninjected (contralateral, contra) hind paws of each rat
at specific time. The vehicle (i.p.)-treated and saline (i.pl.)-injected
rats acted as the control group. *Po0.05, **Po0.01 vs vehicle-
treated and carrageenan-injected group (n¼ 6 in each group).
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COX-2 protein in carrageenan-injected paws was dose-

dependently attenuated (Figure 5).

Inhibition of MPO activity in paw tissue by paeonol

The MPO activity of paw tissue was significantly increased at

4 h after injection of carrageenan. This effect was dose-

dependently depressed in rats pretreated with paeonol

(Figure 6).

Discussion

Injection of the inflammatory agent, carrageenan, in the rat

hind paws is a model frequently employed to study inflamma-

tion and evaluate the anti-inflammatory activity of various

compounds. Previous studies in this model have led to the

proposal of the following sequence of events. First, carragee-

nan stimulates the release of TNF-a, which, in turn, (1) induces
IL-1b and IL-6, thus stimulating the production of COX

products, and (2) induces another cytokine, IL-8, thus

stimulating the local production of sympathetic amines

(Nakamura & Ferreira, 1987; Ferreira et al., 1993). Thus, a

cascade of cytokine release preceded the release of COX

products and sympathomimetic amines. An early and crucial

role, in this cascade of proinflammatory cytokines, was

proposed for TNF-a. This suggestion was confirmed by the
fact that injection of antiserum neutralizing endogenous TNF-

a markedly decreased the response to carrageenan (Cunha

et al., 1992). In contrast to the proinflammatory cytokines,

some ‘antagonist cytokines’ such as IL-10 produced by murine

Th2 lymphocytes and monocytes, have been reported to have

an inhibitory effect on the production of proinflammatory

cytokines produced by murine Th1 lymphocytes (Fiorentino

et al., 1989; Oswald et al., 1992). In addition, IL-10 can also

induce the formation of IL-1 receptor antagonist (IL-1ra),

another anti-inflammatory cytokine (Howard & O’Garra,

1992; Jenkins et al., 1994). Injection of a monoclonal antibody

to mouse IL-10 potentiated carrageenan- and TNF-a-evoked
inflammatory pain (Poole et al., 1995), suggesting that IL-10

may have a therapeutic potential in acute and chronic

inflammatory diseases.

In the present study, we first demonstrate that pre- or post-

treatment with paeonol significantly inhibits carrageenan-

evoked thermal hyperalgesia, indicating that paeonol is a

potent preventive and therapeutic agent for inflammatory

Figure 2 Effect of paeonol on TNF-a and IL-10 formation in
carrageenan-injected paws. Paeonol (30, 50 or 100mg kg�1, i.p.) was
administered 30min before carrageenan injection. At 1.5 h (a) or 4 h
(b) after the carrageenan injection, the paw exudates were collected
for TNF-a and IL-10 measurement, using EIA kits. The vehicle
(i.p.)-treated and saline (i.pl.)-injected rats acted as the control
group. *Po0.05, **Po0.01, #Po0.001 vs vehicle-treated and
carrageenan-injected group (n¼ 6 in each group).

Figure 3 Inhibition by paeonol of IL-6 and IL-1b formation in
carrageenan-injected paws. Paeonol (30, 50 or 100mg kg�1, i.p.) was
administered 30min before carrageenan injection and 1.5 h (a) or 4 h
(b) later, the paw exudates were collected for IL-6 and IL-1b
measurement using EIA kits. The vehicle (i.p.)-treated and saline
(i.pl.)-injected rats acted as the control group. *Po0.05, **Po0.01,
#Po0.001 vs vehicle-treated and carrageenan-injected group (n¼ 6
in each group).

Figure 4 Inhibition by paeonol of nitrate and PGE2 formation in
carrageenan-injected paws. Paeonol (30, 50 or 100mgkg�1, i.p.) was
administered 30min before carrageenan injection and 1.5 h (a) or 4 h
(b) later, the paw exudates were collected for nitrate and PGE2
measurement. The vehicle (i.p.)-treated and saline (i.pl.)-injected rats
acted as the control group. *Po0.05, **Po0.01, #Po0.001 vs
vehicle-treated and carrageenan-injected group (n¼ 6 in each
group).
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pain. In addition, paeonol time- and dose-dependently inhibits

the formation of proinflammatory cytokines, including TNF-

a, IL-1b and IL-6, but enhances the production of IL-10 in

carrageenan-injected paws, thus resulting in an overall

attenuation of the proinflammatory/anti-inflammatory cyto-

kine ratio, which may contribute to its anti-inflammatory and

analgesic effects.

Many studies have demonstrated that overproduction of

NO and inflammatory prostaglandins such as PGE2, mainly

via iNOS and COX-2, respectively, plays an important

pathophysiological role in the development of inflammatory

hyperalgesia and oedema induced by carrageenan (Ialenti et al.,

1992; Meller et al., 1994; Dirig et al., 1998; Nantel et al., 1999).

The overproduction of PGE2 induced by bradykinin or

cytokines may sensitize pain fibres, which in turn causes a

peripherally mediated hyperalgesia (Cunha et al., 1992;

Ferreira et al., 1993). Systemic administration of conventional

COX-2 inhibitors or PGE2 monoclonal antibodies significantly

attenuates the carrageenan-induced inflammatory hyperalgesia

(Masferrer et al., 1994; Portanova et al., 1996; Zhang et al.,

1997; Dirig et al., 1998), further indicating that overproduction

of PGE2 derived from COX-2 plays a critical role in the

generation and maintenance of inflammatory pain. Our results

showed the inhibition of PGE2 overproduction and of elevated

COX-2 protein expression by paeonol in carrageenan-injected

paws and these effects may also be involved in the anti-

inflammatory action of paeonol.

It has been suggested that another important mediator, NO,

produced by constitutive NOS (cNOS) is involved in the

development of inflammation at the early phase and NO

produced by iNOS is involved in the maintenance of the

carrageenan-evoked inflammatory response at the later phase

(Salvemini et al., 1996). Peripheral or central administration of

NOS inhibitors inhibited carrageenan-induced hyperalgesia in

rats (Babbedge et al., 1993; Salvemini et al., 1996). Our results

demonstrate that paeonol has an inhibitory effect on nitrate

production at the late phase (4 h) (when iNOS activity is

activated) but not that at the early phase (1.5 h) in

carrageenan-treated paw exudates. This observation is in

agreement with inhibition of the expression of iNOS protein

in carrageenan-injected paws, indicating that paeonol may be

an iNOS inhibitor. Furthermore, NO stimulates the COX

pathway, resulting in an enhanced production of proinflam-

matory prostaglandins (Salvemini et al., 1993; Sautebin et al.,

1995). Simultaneously, NO reacting with superoxide anion to

form peroxynitrite (ONOO�), a potent oxidizing molecule

capable of eliciting lipid peroxidation, may cause serious

cellular damage (Beckman et al., 1990). These findings suggest

that during inflammatory responses, overproduction of NO

may exert multiple cytotoxic effects. The dual inhibition of

paeonol on NO and PGE2 overproduction accompanied by

inhibition of elevated iNOS and COX-2 protein expression is

possibly due to paeonol’s initial attenuation of the formation

of proinflammatory cytokine.

Figure 5 Effect of paeonol on COX-2 and iNOS protein expression in carrageenan-injected paws. Paeonol (30, 50 or 100mgkg�1,
i.p.) was administered 30min before carrageenan injection. At 4 h after injection of carrageenan, paws were removed. COX-2 and
iNOS protein expression in paw tissue was detected by Western blot analysis, using b-actin as the internal control. One of four
experiments, with similar results, is shown (top). In the lower half, the results of densitometric analyses, normalized with respect to
b-actin, using a bioimaging analyzer are presented. The vehicle (i.p.)-treated and saline (i.pl.)-injected rats acted as control group.

Figure 6 Effect of paeonol on MPO activity in carrageenan-
injected paws. Paeonol (30, 50 or 100mgkg�1, i.p.) was administered
30min before carrageenan injection. Paw tissue was removed for
determination of MPO activity, 4 h after injection of carrageenan.
**Po0.01, #Po0.001 vs vehicle-treated and carrageenan-injected
group (n¼ 6 in each group).
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Activated neutrophils infiltrating sites of inflammation are

an important source of oxygen-derived free radicals and many

proinflammatory mediators, which in turn causes inflamma-

tory reactions (Fantone & Ward, 1982; Salvemini et al., 1996).

In our experiments, paeonol significantly decreased the

elevated MPO activity (an indicator of neutrophil infiltration)

(Bradley et al., 1982) in inflamed paws, suggesting that

inhibition of neutrophil infiltration may be another mechan-

ism by which paeonol achieves its anti-inflammatory effect. It

has been reported that cytokine production at an inflamma-

tory site may lead to the induction of particular enzymes and

receptors for inflammatory mediators including eicosanoids,

which may subsequently act to cooperate with other mediators

to enhance inflammation (Oh-ishi et al., 1986; Movat et al.,

1987). Simultaneously, prostaglandins also modulate cytokine

production and phosphoinositide turnover via different

prostaglandin E (EP) receptors including EP1, EP2, EP3 and

EP4 receptors (Coleman et al., 1987; Ushikubi et al., 1995).

Furthermore, it has been reported that PGE2 regulates

production of proinflammatory and anti-inflammatory cyto-

kines predominately through EP2 and EP4 receptors in

inflammatory macrophages (Shinomiya et al., 2001). However,

we do not know if the beneficial effects of paeonol are

mediated via the EP receptors and this possibility needs further

investigation.

In summary, our results first demonstrated that paeonol

exhibited potent analgesic effects on carrageenan-evoked

thermal hyperalgesia. Furthermore, we propose that the

possible mechanisms by which paeonol exerts its anti-

inflammatory and analgesic effects include the inhibition of

the cascade of proinflammatory cytokines and of the over-

production of NO and PGE2. Other possibilities are an

increase in the anti-inflammatory cytokine, IL-10, and

inhibition of neutrophil infiltration and of the elevated

expression of iNOS and COX-2 protein in carrageenan-

injected paws.
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