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Abstract

This study aimed to investigate the anti-inflammatory activity of (E)-1-(3,4-dimethoxyphenyl) butadiene (DMPBD), isolated fromZingiber
cassumunar Roxb., using in vivo and in vitro models. The results show that DMPBD dose-dependently inhibited the rat ear edema induced
by ethyl phenylpropiolate (EPP), arachidonic acid (AA) and 12-O-tetradecanoylphorbol 13-acetate (TPA) and it was more potent than any
other standard drugs being used. In EPP-induced edema IC50 of DMPBD and oxyphenbutazone were 21 and 136 nmol per ear, respectively.
The IC50 of DMPBD and phenidone were 60 and 2520 nmol per ear, respectively, in AA-induced edema whereas DMPBD was 11 times more
potent than diclofenac in TPA-induced edema (IC50 = 660 and 7200 pmol per ear, respectively). DMPBD and diclofenac inhibited the rat
paw edema induced by carrageenan but not by platelet activating factor (PAF). In in vitro study DMPBD, aspirin and phenidone inhibited
collagen-induced platelet aggregation with IC50 of 0.35, 0.43 and 0.03 mM, respectively. Whereas IC50 of these agents in ADP, AA and
PAF inductions were 4.85, 3.98 and 1.30 mM; 0.94, 0.13 and 0.04 mM; and 1.14, 6.96 and 2.40 mM, respectively. These results indicate that
DMPBD possesses a potent anti-inflammatory activity through the inhibition of CO and LO pathways and seems to have more prominent
effects on the LO pathway.
© 2003 Published by Elsevier Science Ireland Ltd.
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1. Introduction

In many Asian countries,Zingiber cassumunar Roxb.
(Zingiberaceae) is widely used in folklore remedies as a
single plant or as a component of herbal recipes. Com-
pounds with known chemical structures have been isolated
from Zingiber cassumunar Roxb. Among these the hex-
ane extract seemed to possess a potent anti-inflammatory
activity. Compound D, isolated from the hexane extract,
exhibited a strong inhibitory activity on the edema forma-
tion in carrageenan-induced rat paw edema. In rat pleurisy
model, it exerted markedly inhibitory activity on the ex-
udates formation, the accumulation of leukocytes and the

∗ Corresponding author. Tel.:+66-55-261000-4 Ext 3620;
fax: +66-55-261057.

E-mail address: rattimaj@yahoo.com (R. Jeenapongsa).

prostaglandin-like activity of the exudates (Panthong et al.,
1990).

(E)-1-(3,4-Dimethoxyphenyl) butadiene (DMPBD) was
isolated from the hexane extract ofZingiber cassu-
munar Roxb. by Thailand Institute of Scientific and
Technological Research (TISTR). Its chemical structure
is shown in Fig. 1. Preliminary studies suggested that
DMPBD is an active ingredient of the essential oil derived
from Zingiber cassumunar Roxb. Our in vivo preliminary
study revealed the effect of DMPBD on both cyclooxy-
genase (CO) and lipoxygenase (LO) pathways. Therefore,
this study aimed to characterize the anti-inflammatory
activity of DMPBD using in vivo and in vitro mod-
els. Several inducers and standard drugs were employed
so that possible mechanisms of action of DMPBD on
arachidonic acid (AA) metabolic pathway could be postu-
lated.
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Fig. 1. Chemical structure of (E)-1-(3,4-dimethoxyphenyl) butadiene
(DMPBD).

The in vivo studies were carried using rat ear edema and
rat paw edema models whereas platelet aggregation model
was employed as an in vitro study.

2. Materials and methods

2.1. Animals

Male Sprague–Dawley rats, 50–70 and 120–130 g, were
obtained from the National Laboratory Animal Center of
Mahidol University. Before conducting any studies animals
were acclimatized for 1 week at 24–26◦C with food and
water ad libitum.

Adult male and female albino rabbits weighing 3–5 kg
were supplied by the Department of Animal Science, Faculty
of Agriculture, Kasetsart University, Bangkok, Thailand.

2.2. Materials

DMPBD was supplied by TISTR in the form of white
crystal. Ethyl phenylpropiolate (EPP), AA, 12-O-tetrade-
canoylphorbol 13-acetate (TPA), carrageenan, platelet
activating factor (PAF), oxyphenbutazone, diclofenac,
phenidone, salbutamol, collagen and adenosine diphosphate
(ADP) were obtained from Sigma (St. Louis, MO). All
other solvents and chemicals employed were of analytical
grade. Compounds were prepared as solutions in acetone
(reagent grade) just prior to application.

2.3. In vivo study

2.3.1. Rat ear edema
Ear edema was induced in male Sprague–Dawley rats

weighing 50–70 g, according to the modified method of
Brattsand et al. (1982)andPongprayoon et al. (1991)with
some modifications. The edema was induced by an applica-
tion of a solution of EPP, AA or TPA in acetone at concen-
trations of 5, 10 and 0.02%, respectively. Each solution in
volume of 0.01 ml was applied to each of inner and outer
surfaces of both ears by means of an automatic micropipette.

For ear thickness determination, a dial caliper (no. 7039,
Mitutoyo) was applied to the tip of the ear. In order to
minimize technical variations among measurements, the
same investigator performed the measurements throughout

the experiment. Prior to any treatment, ear thickness was
determined as a basal value. In the EPP- and AA-induced
ear edema, ear thickness was determined at 0.5, 1 and 2 h
and 0.5, 1, 1.5, 2, 3 and 4 h after the treatment, respectively.
In the TPA treated group, the thickness was determined at
2, 4, 6, 8, 10 and 12 h after the TPA application.

Drug was applied simultaneously with EPP or AA.
Oxyphenbutazone or DMPBD was dissolved in the 5% EPP
solution to obtain the final drug concentrations of 0.005,
0.05, 0.5 and 5%. In the AA treatment group, phenidone or
DMPBD was dissolved in 10% AA solution to obtain the
drug concentration of 5%.

In the TPA-induced edema, diclofenac was prepared in
a mixture of ethanol and acetone (4:6) and DMPBD was
prepared in acetone. The solution of diclofenac or DMPBD
was applied on the ear at 1 h after the TPA application.

2.3.2. Rat paw edema
Paw edema was induced in male Sprague–Dawley rats

weighing 120–130 g by subplantar injection of 0.1 ml car-
rageenan or PAF by a modified method described byWinter
et al. (1962)with some modifications.

Carrageenan (1%, w/v) in 0.9% normal saline solution
was injected into the left hind paw. Paw volume was mea-
sured before and at 1, 2, 3, 4, 5 and 6 h after the injection
of carrageenan. Diclofenac or DMPBD was dissolved in
acetone and 0.06 ml of the drug was applied over the upper
and lower surfaces of the injected paw at 1 h after the car-
rageenan injection. Edema volume was determined plethys-
mographically at 1, 2, 3, 4, 5 and 6 h after the treatment.

PAF was dissolved in 0.9% normal saline to obtain a
concentration of 8�g/ml. Diclofenac and DMPBD were
prepared at the same concentration as those used in the study
induced by carrageenan. A solution of salbutamol (5%) was
obtained by dissolving salbutamol in a mixture of methanol
and acetone (1:1). Then 5% salbutamol was diluted with
acetone to give the concentrations of 1, 0.5 and 0.05%.
Drug solutions were applied over the upper and lower sur-
faces of the paw 30 min before the injection of PAF. Edema
volume was determined at 0.5, 1, 1.5, 2 and 3 h after the
PAF injection.

2.3.3. Platelet aggregation

2.3.3.1. Preparation of platelet suspension. Blood was
taken from the central ear artery of the rabbits. An aliquot
(9 ml) of blood sample was placed into a polystyrene
tube containing 1 ml of 3.2% (w/v) sodium citrate as an
anti-coagulant. Citrated blood was centrifuged at 160× g

for 10 min and the supernatant was removed as platelet
rich plasma (PRP). The remaining blood was further cen-
trifuged at 4000× g for 10 min to obtain the supernatant
as platelet-poor plasma (PPP). Platelet concentration of the
PRP was adjusted to 3×105 to 5×105/ml by diluting with the
PPP as required. Platelet aggregation tests were performed
during 30 min and 3 h after the blood had been drawn.
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2.3.3.2. Preparation of chemical reagents. Collagen and
ADP were dissolved in distilled water at the concentration
of 10 g/ml and 0.2 mM, respectively. AA was dissolved in
a small volume of absolute ethanol (not higher than 5%
in final concentration) and then adjusted with 0.9% normal
saline to obtain the final concentration of 12.38 mM. PAF
was prepared by evaporating the solution of PAF in chloro-
form under nitrogen gas and reconstitute with normal saline
to achieve a final concentration of 10 mg/ml.

Aspirin was dissolved in distilled water at the concentra-
tions of 1 and 5 mg/ml. Phenidone (1%, w/v) was prepared
by dissolving the drug in propylene glycol (60% in final
concentration) and then the final volume was adjusted with
normal saline. DMPBD was dissolved in propylene glycol
(40% in final concentration) and adjusted the volume with
normal saline.

2.3.3.3. Platelet aggregation study. PRP (450�l) was
placed into siliconized glass cuvettes. The aggregating agent
was added into the stirred platelet suspension to induce
platelet aggregation. When studying the inhibitory effects
of aspirin, phenidone and DMPBD on platelet aggregation
induced by these four agents, the studied compound was
added into the stirred PRP 2 min before the addition of
the aggregating agent. The extent of platelet aggregation
was shown as a percentage of change in light transmission
through the cuvette comparing with that of PPP suspension.
The inhibitory effect was observed as the decrease in light
transmission comparing with that observed in the aggrega-
tion without an inhibitor. Absence of platelet aggregation
was defined by having no changes in light transmission
after the period of 5 min.

3. Results

3.1. DMPBD inhibits ear edema induced by EPP,
AA and TPA

Topical application of 5% EPP produced ear swelling
within 30 min. Erythema was also observed. The maximum
effect of EPP was at 1 h, thereafter the ear swelling decreased

Table 1
Inhibitory effects of DMPBD and standard drugs on rat ear edema and rat paw edema. Data are expressed as IC50 values

IC50

DMPBD Standard drugs

Oxyphenbutazone Phenidone Diclofenac Salbutamol

Ear edema
EPP 21 nmol/ear 136 nmol/ear – – –
AA 60 nmol/ear – 2520 nmol/ear – –
TPA 660 pmol/ear – – 7200 pmol/ear –

Paw edema
Carrageenan 22�mol/paw – – 14�mol/paw –
PAF No effect – – No effect 1.9%

– is non-applicable.

gradually. DMPBD and oxyphenbutazone when applied con-
comitantly with 5% EPP concentration-dependently inhib-
ited the EPP-induced edema formation with IC50 of 21 and
136 nmol per ear, respectively (Table 1). DMPBD was about
six times more potent than oxyphenbutazone.

AA produced a rapid edema formation with a maximum
effect at 30–60 min and the edema then gradually decreased.
DMPBD and phenidone exhibited concentration-related in-
hibitory profile with the maximal activity at 30 min after the
topical administration. DMPBD (IC50 of 60 nmol per ear)
was much more potent than phenidone (IC50 2520 nmol per
ear) in inhibiting AA-induced ear edema in rats.

TPA-induced edema formation was clearly observed at 2 h
after the topical application and reached its maximum effect
at 8 h after the application. DMPBD and diclofenac applied
1 h after TPA application inhibited ear edema with the maxi-
mum activity at 2 h. DMPBD (IC50 of 660 pmol per ear) was
approximately 11 times more potent than diclofenac (IC50
of 7200 pmol per ear) in inhibiting TPA-induced ear edema.

3.2. DMPBD inhibits paw edema induced by carrageenan
but not by PAF

The injection of carrageenan resulted in paw edema within
1 h and the maximum effect was reached at 3 h. This re-
action was inhibited by topical application of diclofenac in
a concentration-dependent fashion with an IC50 at 3 h of
14�mol per paw. The topical application of DMPBD also
showed a concentration-dependent effect with an IC50 at 3 h
of 22�mol per paw.

The subplantar injection of PAF into a rat hind paw rapidly
induced edema formation. The topical application of di-
clofenac or DMPBD showed no significant inhibition on
PAF-induced paw edema. However, salbutamol significantly
inhibited the PAF-induced paw edema in a dose-related man-
ner with IC50 of about 1.9%.

3.3. DMPBD inhibits platelet aggregation induced by
collagen, ADP, AA and PAF

Collagen-induced platelet aggregation in a concentra-
tion-dependent manner with a lag period of 2–3 min.
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Table 2
Inhibitory effects of DMPBD, aspirin and phenidone on platelet aggre-
gation induced by collagen, ADP, AA and PAF

Aggregating agents DMPBD Standard drugs

Aspirin Phenidone

Collagen 0.35 0.43 0.03
ADP 4.85 3.98 1.30
AA 0.94 0.13 0.04
PAF 1.14 6.96 2.40

Data are shown as IC50 (mM) values.

Preincubation of platelets with aspirin, phenidone and
DMPBD inhibited collagen-induced platelet aggregation
with IC50 of 0.43, 0.03 and 0.35 mM, respectively (Table 2).
The lag phases were prolonged by these agents. The inhibi-
tion was concentration-related and among these phenidone
was the most potent inhibitor.

ADP-induced platelet aggregation differently from that
of collagen, in that the lag period was not observed with
ADP. The aggregation was observed immediately after the
addition of ADP solution into the platelet suspension. The
response to ADP increased as ADP concentration was in-
creased. Higher concentrations of aspirin, phenidone and
DMPBD were needed to inhibit platelet aggregation induced
by ADP than those required in the collagen induction. The
IC50 of aspirin, phenidone and DMPBD were 3.98, 1.30 and
4.85 mM, respectively.

Platelet aggregation profile induced by AA was similar
to that induced by ADP. The platelets aggregated immedi-
ately after the addition of the aggregating agents. Aggrega-
tion profiles in the presence of the inhibitors were similar
but it was slightly delayed when DMPBD was used. Aspirin,
phenidone and DMPBD concentration-dependently inhib-
ited AA-induced platelet aggregation with IC50 of 0.13, 0.04
and 0.94 mM, respectively.

Platelet response occurred immediately after the addition
of PAF solution into the stirred PRP suspension. Aspirin,
phenidone and DMPBD inhibited platelet aggregation with
IC50 of 6.96, 2.40 and 1.14 mM, respectively.

4. Discussion

Murine models of inflammation provide a relative system
for studying the physiological and biochemical mechanisms
of anti-inflammatory agents (Jacobson and Jacobs, 1992). In
this study, DMPBD was clearly shown to exert its effects on
all models tested, except in PAF-induced rat paw edema.

DMPBD showed a marked inhibitory activity on EPP-
induced ear edema. This action is more potent than oxyphen-
butazone. Immediately after the application of EPP, the
vascular permeability was increased (Patrick et al., 1987).
The combined actions of kinins and PGs on vascular per-
meability seemed to be involved in the early response to
EPP while increased in inflammatory cells in the tissues

provided a new source of mediators that contributed to the
modulation of the blood flow. The response to EPP dur-
ing the first hour was partially suppressed by pretreatment
with indomethacin, aprotinin and mechlorethamine (Patrick
et al., 1987).

The topical application of TPA onto a rat ear induced
a long-lasting edema formation. The majority of TPA ac-
tions appear to involve or be dependent on AA release and
metabolism (Patrick et al., 1987). At the biochemical level,
cAMP, PGI2, PGE2 and PGF2 are elevated within minutes to
hours after TPA application (Ashendel and Boutwell, 1979;
Furstenberger and Marks, 1980). Phospholipase inhibitor,
CO inhibitors and LO inhibitors as well as corticosteroids
are effective at edema suppression after topical application
of high dose of TPA (Young et al., 1983; Carlson et al.,
1985), confirming a role of AA release and metabolism.
DMPBD, if possessing the same pharmacological effect as
diclofenac, should possess inhibitory activity on the CO
pathway. However, when comparing the IC50 of both com-
pounds in inhibiting TPA-induced ear edema, DMPBD with
IC50 of 660 pmol per ear is more potent than diclofenac.

The topical application of AA provokes a rapid and
intense inflammatory response of the ear. This response
is not affected by CO inhibitors (Young et al., 1983) but
is inhibited by agents that inhibit both CO and LO path-
ways of AA metabolism (Young et al., 1984). It was found
that AA-induced ear edema is predominantly mediated by
leukotriene C4 and other LO products while PGE2 (in the
presence of LTs) acts to facilitate ear swelling (Inoue et al.,
1988). In this study DMPBD and phenidone, a dual CO and
LO inhibitor, inhibited AA-induced ear edema with IC50
of 60 and 2520 nmol per ear, respectively, suggesting that
DMPBD may also acts on the LO pathway.

In the rat paw edema model, carrageenan induces edema
formation in three distinct phases according to the mediators
involved (Di Rosa et al., 1971). The initial phase occurring
during the first hour after subplantar injection of carrageenan
into rat hind paw is mediated by histamine and 5-HT. Af-
ter that the increased vascular permeability in the second
phase is maintained by kinin release up to 2.5 h. Then the
third phase, from 2.5 to 6 h, the mediators involved are PGs
(Di Rosa et al., 1971; Hwang et al., 1986). The biosynthe-
sis of LTs is suggested to be involved in the fourth phase of
carrageenan-induced edema formation (Holsapple and Yim,
1984). All non-steroidal anti-inflammatory drugs (NSAIDs)
are effective in inhibiting edema formation especially in the
late phase in which PGs involves (Niemegeers et al., 1964).
In this study, diclofenac showed the maximum inhibitory
effect on edema formation at 5 h. This corresponds with
the period of PG phase (Di Rosa and Willoughby, 1971).
DMPBD also inhibited edema formation with maximum ac-
tivity at the same period as diclofenac. These results support
the suggestion from the rat ear edema model that DMPBD
may interfere with the CO pathway of AA metabolism.

It has been observed that the injection of PAF into rat hind
paw provokes an inflammatory response characterized by an
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acute edema (Cordeiro et al., 1986). The subplantar injec-
tion of PAF to rat hind paw-induced dose-related edema for-
mation with the maximum response at 1 h (data not shown).
The results are in agreement with the study reported by
Castro-Faria-Neto et al. (1990). In this study, PAF-induced
paw edema was suppressed by�2-adrenergic agonist, salbu-
tamol. It strongly inhibited paw edema while diclofenac and
DMPBD did not, suggesting that DMPBD and diclofenac
do not affect the pathways involved in PAF-induced paw
edema.

The platelet aggregation study represents an attempt
to explore the effects of DMPBD on AA metabolism in
platelet, since AA metabolites, PGs and thromboxane A2
(TBA2) are involved in the platelet aggregation. The ef-
fects of the anti-platelet aggregating agents, aspirin and
phenidone, on collagen-induced platelet aggregation pro-
duced characteristics similarly to that reported in the pre-
vious study (Karniguian et al., 1990). Collagen-induced
platelet aggregation in a concentration-related fashion and
a lag phase was observed before the aggregation occurred.
The earlier study suggested that the lag phase is the time
that is needed for collagen to activate phosphatidylinosi-
tol 4,5-diphosphate-specific phospholipase C (Karniguian
et al., 1990).

The results are in agreement with the previous stud-
ies that aspirin could inhibit collagen-induced aggregation
(O’Brien, 1968; Kuster and Frolich, 1986). Phenidone, a
CO and LO inhibitor, was slightly more potent than as-
pirin. In this study, phenidone was the most potent inhibitor
of collagen-induced platelet aggregation. Regarding the
greater potent anti-aggregating effects of phenidone com-
pared to aspirin, it may be postulated that LTs, which are
synthesized via the LO pathway, may also be involved in
the platelet aggregation. DMPBD may affect both CO and
LO pathways but it is less potent than phenidone in the
collagen-induced aggregation.

NSAIDs including aspirin are reported to be effective in-
hibitors of ADP-induced platelet aggregation (Zucker and
Peterson, 1968; Chars et al., 1977). In this study, phenidone
seemed to have a higher potency than aspirin and DMPBD.
This observation suggests that both CO and LO pathways
are involved in the activity of ADP and DMPBD may exert
its inhibitory effect on these pathways.

In the AA-induced platelet aggregation, AA is converted
to endoperoxides and thromboxanes by platelets and these
compounds are further responsible for platelet aggregation
(Kinlough-Rathbone et al., 1976). Aspirin, phenidone and
DMPBD inhibited the effect of AA on platelets but with
different potency. Phenidone and aspirin were more potent
than DMPBD (Table 1). Based on the action of aspirin and
phenidone, it may be postulated that DMPBD may affect
the common pathways of anti-platelet aggregation with that
of aspirin and phenidone, possibly CO and LO pathways.

PAF-induced platelet aggregation accompanies with the
increase in inositol phosphate metabolism (Dhar et al.,
1990). When binding to its receptors, PAF activates phos-

pholipase C and phosphorylation of several proteins occurs
(Dhar et al., 1990). TXA2, an AA metabolic product, is not
found to be important in the mechanism of PAF-induced
aggregation (McCulloch and Vandongen, 1990). Aspirin
and other NSAIDs do not affect this response (Kuster and
Frolich, 1986). In this study, DMPBD strongly inhibited
platelet response to PAF with IC50 of 1.14 mM. Aspirin
and phenidone also inhibited aggregation with lower po-
tency than DMPBD (Table 1). Aspirin was effective only
at much higher concentration than those of DMPBD and
phenidone. This may suggest that the effects of aspirin on
PAF action may occur via pathways other than CO inhibitor
and DMPBD may also affect pathways other than the CO
and LO pathways in PAF-induced aggregation.

The results obtained from the in vivo models of inflamma-
tion suggest that DMPBD exerts a clear anti-inflammatory
effect. The differences in the potency of DMPBD in in-
hibiting platelet aggregation induced by each inducer point
out the specificity of DMPBD on the pathways involved in
platelet aggregation. The in vivo data suggest that DMPBD
may inhibit CO and LO activities and seems to have more
prominent effects on the LO pathway. However, further stud-
ies should be performed to explore the activities of DMPBD
on the enzymatic levels of the inflammation before any final
conclusion can be made.

This study is the first to demonstrate that DMPBD is a
unique topically active anti-inflammatory agent. Possibly it
is a modulator of AA metabolism having activities on both
CO and LO enzymes. It has a potential for local therapeutic
applications in inflammatory diseases. A drug development
program should be systematically initiated to determine the
possibility of making this compound a new pharmacological
agent for the treatment of inflammatory disorders.
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