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Abstract In this study, the anti-inflammatory effects of a tropolone derivative,
2,5-dihydroxycyclohepta-2,4,6-trienone (AD-4), were investigated. The anti-
inflammatory potency of AD-4 was compared with that of indomethacin in carra-
geenan-induced inflammation models in rats. The effect on vascular permeability
was also determined by hyaluronidase-induced capillary permeability. AD-4
decreased carrageenan-induced paw edema at doses of 3.62 x 102, 7.24 x 102, and
14.48 x 10% umol/kg by 45% (p < 0.001), 79% (p < 0.001), and 83% (p < 0.001),
respectively, compared with the value of 49% (p < 0.001) for indomethacin
(69.8 pmol/kg). Additionally, AD-4 decreased hyaluronidase-induced capillary
permeability significantly. In conclusion, AD-4 was determined to have anti-
inflammatory effects with lower toxicity than indomethacin. Anti-inflammatory
effect of AD-4 may be related to its effects on vascular permeability.
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Introduction

2,5-Dihydroxycyclohepta-2,4,6-trienone (AD-4) (Dastan and Balci, 2006; Mori

et al., 1993) is a tropolone derivative (Fig. 1). Tropolones have an aromatic seven-
membered ring system (Ogata et al., 1999). Tropolones are isolated from plants and
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Fig. 1 Chemical structure of HO
AD-4
O

Ap4 OH
2,5-dihydroxycyclohepta-2,4,6-trienone

bacteria or obtained by synthesis (Arima et al., 2003; Budihas et al., 2005; Choi
et al., 2006; Kitamura et al., 1986; Korth et al., 1982; Morita et al., 2002, 2004a)
and these compounds have chelating capacity with metal ions such as Fe, Cu, and
Zn (Doulias et al., 2004; Miyamato et al., 1998). Tropolones exert various
biological activities due to their interesting ring structure and chelation properties
(Diouf et al., 2002; Doulias et al., 2004). These compounds have been used as
deodorants and natural food additives (food preservatives) (Ogata et al., 1999;
Nakano et al., 2005). Recently, the biological activities of many compounds derived
from tropone and tropolone, used as a starting material have been shown to include
antibacterial, antiviral, antifungal, insecticidal, acaricidal, antitumoral, antiallergic,
antithyroidal, and antioxidant activities (Bagli et al, 1979; Lee et al., 1979;
Miyamato et al., 1998; Morita et al., 2004b). In addition, it was reported that,
p-thujaplicin demonstrated an anti-inflammatory effect (Nakano et al., 2005).
Azulen derivatives, synthesized from tropolone, were shown to inhibit lipid
peroxidation (Rekka er al., 2002). The effects of tropolone derivatives on inhibition
of metaloprotease were also reported (Inamori et al., 1999). The role of
metaloprotease enzyme in inflammation is known. It is known that vascular
dilatation and increased permeability occur in inflammatory area. Role of
hyaluronidase enzyme is known in increased vascular permeability (Houck and
Chang, 1979). It has been determined that there is a parallelism between increased
hyaluronidase enzyme activity and severity of inflammation (Procide et al., 1971).
Carrageenan-induced inflammation model is commonly used to determine anti-
inflammatory effects of new compounds (Demirezer et al., 2006). Vascular
permeability increases in the inflammatory region that occurs after carrageenan
application (Nacife ef al., 2004). So the aim of this study is to investigate the anti-
inflammatory effect of AD-4 on carrageenan-induced paw volume test and also
investigate the effect of AD-4 on increased vascular permeability with hyaluron-
idase test.

Materials and methods

Animals

In this study, male albino Wistar rats (n = 84, 220-230 g) and albino rabbits
(n = 24, 3.5-4.0 kg) were used. These animals were obtained from the Medical

Experimental Research Centre, Ataturk University. Prior to conducting the
experiments, rats and rabbits were housed and fed as separated groups under
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standard conditions at 22°C in the laboratory. Animal experiments were performed
in accordance with the national guidelines for the use and care of laboratory
animals, and were approved by the local animal care committee of Ataturk
University.

Chemicals

Carrageenan and trypan blue stain were obtained from Sigma Chemical Co. (St.
Louis, USA), thiopental sodium was from Abbott (Camopoverde di Aprilia (LT),
Italy), and indomethacin was from Deva (Istanbul, Turkey), hyaluronidase was from
Kiyevskoye predpriyatiye po proizvodstvu Bakteriynih preparatov (Kiev, Ukraine).
Hyaluronidase (hyaluronoglucosaminidase, EC 3.2.1.35) was obtained from bovine
testicles. Its specific activity was 0.64 U/mg.

Synthesis of 2,5-dihydroxycyclohepta-2,4,6-trienone (AD-4)

AD-4 was synthesized in the light of previous literature (Coskun et al., 2007; Dastan
and Balci, 2006; Mori et al., 1993). The synthesis steps are summarized in Fig. 2.
By base-catalyzed rearrangement of the tropone endoperoxide, AD-4 and additive
end products have been synthesized.

The effects of AD-4 on carrageenan-induced inflammatory paw edema in rats

In this series of experiments, anti-inflammatory effect of AD-4 on carrageenan-
induced paw edema was investigated in a total of 30 rats (Suleyman ez al., 2004).
The rats were divided into five groups (n = 6 for each group) prior to initiating the
experiment. AD-4 was administrated by oral gavage to the first, second, and third
groups at doses of 3.62 x 102, 7.24 x 10% and 14.48 x 10* umol/kg, respectively.
Indomethacin (69.8 pmol/kg) was given to the fourth group by the same method.
The anti-inflammatory effect potency of AD-4 was compared with that of
indomethacin. The control group received an equal volume of distilled water.
(The mentioned amounts of drugs were administered in 1 ml distilled water.) One
hour after administration of drugs, carrageenan solution (0.1 ml, 1% w/v in distilled
water) was injected subcutaneously into the plantar surface of the hind paw of all
rats. Before administration of carrageenan, the paw volumes of each animal were
measured with a plethysmometer up to the knee joint. Carrageenan-induced paw
edema was measured five times at 1-h intervals. The anti-inflammatory effects of
AD-4 and indomethacin were determined by comparing with the results of the
control.

Fig. 2 Synthesis of AD-4 OH
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Hyaluronidase-induced capillary permeability test

In this series of experiments, the effects of AD-4 and indomethacin on
hyaluronidase-induced capillary vascular permeability were investigated (Suleyman
et al., 2007a). Twenty-four albino rabbits weighing 3.5-4.0 kg were used for the
experiment. Rabbits were divided into four equal groups and the bilateral abdominal
area of each animal was shaved. The first two groups received 3.62 x 10* and
7.24 x 10 pmol/kg AD-4 orally with the aid of gavage, while 27.9 pmol/kg
indomethacin was given to the third group by identical route. The last group
(control) received the same volume of distilled water.

Hyaluronidase (128 units) was dissolved in 1 ml isotonic NaCl solution and
0.8 ml trypan blue (0.75%) was added to 0.5 ml hyaluronidase solution. One hour
after oral drug administration, 0.1 ml of this mixture was injected subcutaneously
into the shaved area. The appearance of the blue area was measured in mm?, 5 and
30 min after injection. Smaller size of blue area indicates decreased hyaluronidase
enzyme activity and capillary vascular permeability.

Acute toxicity test

Six rats were allocated for each dose to test acute toxicity. AD-4 was administered
at 18.1 x 107, 36.2 x 10%, 54.3 x 10% 57.9 x 10% 61.5 x 107, 65.2 x 10°, and
68.78 x 10> pmol/kg and indomethacin was administered at 69.8 and 139.6 wmol/
kg to different groups of animals using an oral catheter. Survival of the animals was
monitored for 24 h. Acute toxicity was evaluated according to the number of deaths
during this period (Suleyman et al., 2007a).

Statistical analysis

All results were shown as means =+ standard error (SE). One-way analysis of
variance with post hoc least significant difference (LSD) test was used to evaluate
the results; p < 0.05 was accepted as the level of statistical significance.

Results
Carrageenan-induced inflammation test

As seen in Fig. 3, AD-4 decreased carrageenan-induced paw edema at doses of
3.62 x 10%, 7.24 x 10%, and 14.48 x 10* umol/kg by 45% (p < 0.001), 79%
(p < 0.001), and 83% (p < 0.001), respectively, at the third hour after carrageenan
injection. This value was 49% (p < 0.001) for indomethacin. The anti-inflammatory
effect of 3.62 x 10%, 7.24 x 10, and 14.48 x 10° umol/kg AD-4 was 48%
(p < 0.001), 41% (p < 0.001), and 76% (p < 0.001), respectively, at the first hour
after carrageenan injection, and was 52% (p < 0.001), 72% (p < 0.001), and 75%
(p < 0.001) at the second hour after carrageenan injection. At the fourth hour, anti-
inflammatory effect of the same doses of AD-4 was 42% (p < 0.001), 67%
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Fig. 3 Anti-inflammatory effects of AD-4 and indomethacin on carrageenan-induced paw edema in rats.
*Significant at p < 0.05

(p < 0.001), and 75% (p < 0.001). Anti-inflammatory effect of indomethacin at the
first, second, and fourth hours was 50% (p < 0.001), 51% (p < 0.001), and 45%
(p < 0.001).

Hyaluronidase test

Five and 30 min after subcutaneous injection of hyaluronidase enzyme, the areas of
subcutaneous spreading of trypan blue were 288.5 and 498.8 mm?, respectively, in
the control group. In the rabbits receiving indomethacin (27.9 pmol/kg) the
corresponding values were 227 (p < 0.05) and 279.3 mm? (p < 0.01) while the
values in rabbits receiving AD-4 (3.62 x 10% and 7.24 x 10> pmol/kg) were 212.5
(p < 0.05), 196 (p < 0.05), 256 (p < 0.01), and 267.5 mm* (p < 0.01) at 5 and
30 min, respectively (Fig. 4).

Acute toxicity

None of the rats receiving AD-4 orally at the doses of 18.1 x 10% 36.2 x 10%, and
54.3 x 10% pmol/kg died during the 24-h time period. However, some of the animals
receiving AD-4 at the doses of 57.92 x 102, 61.54 x 10% and 65.16 x 10* umol/kg
died. Sixteen percent of rats that received the 57.92 x 10° umol/kg dose of AD-4
died. While death was observed in 33% of the 61.54 x 10> umol/kg group, this rate
was 66% in the 65.16 x 10 umol/kg group. All animals that received
68.78 x 10? pmol/kg AD-4 died. There was no observable functional difference in
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Fig. 4 Effects of AD-4 and indomethacin on hyaluronidase-induced capillary permeability in rabbits.
*Significant at p < 0.05
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Fig. 5 Acute toxic effects of AD-4 on rats. LDs, value for AD-4 determined as 64.44 x 10% pmol/kg
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the 18.1 x 10? and 36.2 x 10 pmol/kg AD-4 groups. However, the rats in the
54.3 x 10% pmol/kg AD-4 group were more inactive when compared with those in the
18.1 x 10*and 36.2 x 10> umol/kg AD-4 groups. The rats in this group drank water
between times (did not eat). Also they were positioned close to one another. The rats
that received 57.92 x 10? umol/kg AD-4 were much more inactive and silent. Their
drinking frequency was lower than the rats in the 54.30 x 10* pmol/kg group. The
posture of the rats in the 61.54 x 10* pmol/kg AD-4 group was worse when compared
with others. Twelve hours after drug administration death was observed among the rats
of the 65.16 x 10% and 68.78 x 10? pmol/kg AD-4 groups. In the group of rats that
received a dose of 69.8 pmol/kg of indomethacin, no deaths were observed, while all
of the rats receiving indomethacin at a dose of 139.6 pmol/kg died. It was determined
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that the 50% lethal dose (LD5q) value of AD-4 is 64.44 x 10? pmol/kg (Fig. 5). These
results demonstrate that toxicity of indomethacin is higher than that of AD-4.

Discussion

In the present study, the effect of AD-4 on inflammation was investigated by
observation of carrageenan-induced paw edema. In addition, the effect of AD-4 on
capillary permeability was investigated using a hyaluronidase-induced test in
rabbits.

The results of our experiments showed that AD-4 significantly inhibited
carrageenan-induced paw edema at all doses used. The anti-inflammatory effect
of AD-4 increased in a dose-dependent manner. The anti-inflammatory effect of
AD-4 in all doses studied was accepted as statistically significant. Doses of
7.24 x 10> and 14.48 x 10* pmol/kg of AD-4 were more effective than the
69.8 umol/kg dose of indomethacin. Doses of 7.24 x 10% and 14.48 x 10* umol/
kg of AD-4 significantly inhibited carrageenan-induced paw edema in rats during
the first 3 h following administration, while the 3.62 x 10? umol/kg dose of AD-4
was only found to be effective at the third hour of the test. The anti-inflammatory
effect of indomethacin was found to be effective after the second hour of
carrageenan inflammation. These results demonstrated that AD-4 inhibited both
early and late phases of carrageenan inflammation at doses of 7.24 x 10* and
14.48 x 10% pmol/kg. A carrageenan-induced inflammatory reaction is known to
exhibit an early and a late phase (Gupta et al., 2003). The early phase is associated
with histamine, serotonin, and bradykinin, while occurrence of the late phase
depends on prostaglandin release (Marzocco et al., 2004). All phases of
inflammation have been inhibited by AD-4 administration.

The anti-inflammatory effect of AD-4 (at doses of 7.24 x 10*> and
14.48 x 10% pmol/kg) on carrageenan-induced inflammation in both phases of
the inflammatory reaction may result from its inhibitory effect on histamine,
serotonin, bradykinin, and prostaglandin release. In addition, the ineffectiveness of
AD-4 (at 3.62 x 10* umol/kg dose) in the early phase may result from the lack of
inhibition of early-phase mediators. Indomethacin was used in the experiment at a
69.8 umol/kg dose because this dose of indomethacin is more potent against
carrageenan-induced inflammation when compared with lower doses (Suleyman
et al., 2004). Indomethacin exhibits an anti-inflammatory effect by the inhibition of
histamine, serotonin, bradykinin, and prostaglandin synthesis like other nonsteroidal
anti-inflammatory drugs (Suleyman et al., 1999, 2007b).

The mechanism of the anti-inflammatory effect of AD-4 has not been reported in
the literature. However, tropolone derivatives have been reported to inhibit
lipoxygenase, which has a role in inflammation in vitro (Suzuki et al., 2000). The
results of our experiments and others published in the literature show that AD-4
possesses anti-inflammatory effect via inflammation mediators.

In a second series of experiments, effects of AD-4 and indomethacin on
hyaluronidase-induced capillary permeability were investigated in rabbits. AD-4
(3.62 x 10% pmol/kg) decreased the hyaluronidase-induced capillary vascular
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permeability as effectively as indomethacin (27.9 pmol/kg). In previous studies, this
dose of indomethacin demonstrated a significant reduction of hyaluronidase-induced
capillary permeability (Suleyman ez al., 2001, 2003, 2007a). AD-4 and indometh-
acin significantly decreased the spread area of hyaluronidase at 5 and 30 min when
compared with the control. An increase in vascular dilatation and permeability
occurred in the inflamed area. The role of the hyaluronidase enzyme on vascular
permeability has been reported (Houck and Chang, 1979). The acute phase of
inflammatory response, which shows a classic inflammatory response including
calor, dolor, rubor, and tumor, is characterized by transient local vasodilatation and
increased capillary permeability (Maslinska and Gajewski, 1998). The activity of
the hyaluronidase enzyme increases during the inflammation and decreases as the
inflammation reduces (Procide ef al., 1971; Houck and Chang, 1979). The role of
the hyaluronidase enzyme is also termed the “spreading factor,” as the increase of
vascular permeability is known (Houck and Chang, 1979). Capillary permeability
increases with the effect of inflammation, for many reasons. When inflammation
occurs, the activity of hyaluronidase increases and inflammation decreases in
parallel with the activity of the hyaluronidase enzyme (Procide et al., 1971).

In the literature, no information exists concerning the effects of tropolone
derivatives on vascular permeability. However, it was reported that hydroxytropol-
ones inhibited enzymes such as inositol monophosphate, alkaline phosphates (ALP),
and f-monooxygenase by competitive or uncompetitive antagonism (Piettre et al.,
1997). Arachidonic acid is also converted to metabolites, including hydroxyeico-
satetraenoic acid (HETE), epoxyeicosatrienoic acid (EETA), and 19,20-
hydroxyarachidonates, by monooxygenase enzymes. The metabolites (involving
the epoxy group) of arachidonic acid (11, 12-EETA) have a potent vasodilatory
effect (Kayaalp, 1998). Inhibition of the monooxygenase enzyme by tropolones may
result in reduction in the production of epoxy metabolites, which are potent
vasodilators, from arachidonic acid. The reduced production of epoxy metabolites
may participate in reduction of increased vascular permeability. Also it is important
to point out that AD-4 is an o,-unsaturated carbonyl compound. So it can act as a
Michael’s acceptor. However in this study we performed only activity experiments
and did not pay attention to AD-4’s mechanistic properties. A mechanistic approach
requires a new investigation of its own.

In conclusion, the results of the present study demonstrated that AD-4 is an anti-
inflammatory agent, and exhibited lower toxicity than indomethacin. However,
detailed studies are needed to clarify the mechanisms of anti-inflammatory effects of
AD-4.

Acknowledgements We would like to express our thanks to Prof. Dr. Metin BALCI and Prof. Dr. Arif
DASTAN who synthesized AD-4 for their contribution to this work.

References

Arima Y, Nakai Y, Hayakawa R, Nishino T (2003) Antibacterial effect of f-thujaplicin on staphylococci
isolated from atopic dermatitis: relationship between changes in the number of viable bacterial cells

BIRKHAUSER



92 Med Chem Res (2010) 19:84-93

and clinical improvement in an eczematous lesion of atopic dermatitis. J Antimicrob Chemoth
51:113-122

Bagli JF, Bogri T, Palameta B, Martel R, Robinson W, Pugsley T, Lippmann W (1979) Troponoids. 3.
Synthesis and antiallergy activity of N-troponyloxamic acid esters. ] Med Chem 22:1186-1193

Budihas SR, Gorshkova I, Gaidamakov S, Wamiru A, Bona MK, Parniak MA, Crouch RJ, McMahon JB,
Beutler JA, Le Grice SFJ (2005) Selective inhibition of HIV-1 reverse transcriptase-associated
ribonuclease H activity by hydroxylated tropolones. Nucleic Acids Res 33:1249-1256

Choi Y, Bae E, Kim D, Park S, Kwon S, Na J, Park K (2006) Differential regulation of melanosomal
proteins after hinokitiol treatment. J Dermatol Sci 43:181-188

Coskun A, Guney M, Dastan A, Balci M (2007) Oxidation of some alkoxy-cycloheptatriene derivatives:
unusual formation of furan and furanoids from cycloheptatrienes. Tetrahedron 63:4944-4950

Dastan A, Balci M (2006) Chemistry of dioxine-annelated cycloheptatriene endoperoxides and their
conversion into tropolone derivatives: an unusual non-benzenoid singlet oxygen source. Tetrahedron
62:4003-4010

Demirezer LO, Kuruuzum-Uz A, Guvenalp Z, Suleyman H (2006) Bioguided fractionation of methanolic
extract from Polygonum alpinum and isolation and structure elucidation of active compounds.
Pharm Biol 44:462-466

Diouf PN, Delbarre N, Perin D, Gerardin P, Rapin C, Jacquot JP, Gelhaye E (2002) Influence of tropolone
on Poria placenta wood degradation. Appl Environ Microb 68:4377—4382

Doulias BT, Nousis L, Zhu BZ, Frei B, Galaris D (2004) Protection by tropolones against H,O,-induced
DNA damage and apoptosis in cultured Jurkat cells. Free Radical Res 39:125-135

Gupta M, Mazumdar UK, Sivakumar T, Vamsi ML, Karki SS, Sambathkumar R, Manikandan L (2003)
Evaluation of anti-inflammatory activity of chloroform extract of bryonialaciniosa in experimental
animal models. Biol Pharm Bull 26:1342-1344

Houck JC, Chang CM (1979) Permeability factor contaminating hyaluronidase preparations. Inflamma-
tion 3:447-451

Inamori Y, Shinohara S, Tsujiho H, Okabe T, Morita Y, Sakagami Y, Kumeda Y, Ishida N (1999)
Antimicrobial activity and metalloprotease inhibition of hinokitiol- related compounds, the
constituents of Thujopsis dolabrata S. and Z. Hondai MAK. Biol Pharm Bull 22:990-993

Kayaalp SO (1998) Medical Pharmacology, in terms of rational treatment [Rasyonel tedavi yoniinden
tibbi farmakoloji]. Hacettepe-Tas, Ltd., Sti, Ankara

Kitamura S, Iida T, Shirahata K, Kase H (1986) Studies on lipoxygenase inhibitors I. MY3-469 (3-
methoxytropolone), a potent and selective inhibitor of 12-lipoxygenase, produced by Streptover-
ticillium hadanonense KY11449. J Antibiot 39:589-593

Korth H, Briisewithz G, Pulverer G (1982) Isolation of antibacterial active tropolone from a Pseudomonas
cepacia strain. Zentralbl Bakteriol Mikrobiol Hjy (A) 252:83-86

Lee CP, Hegarty MP, Christie GS (1979) Antithyroid and antiperoxidase activity of tropolone and
3-hydroxy-4-pyrone. Chem Biol Interact 27:17-26

Marzocco S, Di Paola R, Serraino I, Sorrentino R, Meli R, Mattaceraso G, Cuzzocrea S, Pinto A, Autore
G (2004) Effect of methylguanidine in carrageenan-induced acute inflammation in the rats. Eur J
Pharmacol 484:341-350

Maslinska D, Gajewski M (1998) Some aspects of the inflammatory process. Folia Neuropathol 36:199—
204

Miyamato D, Kusagaya Y, Endo N, Sometani A, Takeo S, Suzuki T, Arima Y, Nakajima K, Suzuki Y
(1998) Thujaplicin—copper chelates inhibit replication of human influenza viruses. Antivir Res
39:89-100

Mori A, Kubo K, Takeshita H (1993) Synthesis of 5-(dicyanomethylene)-2,3-dihydrocyclohepta-1,4-
dithiins, and 7-(dicyanomethylene)-2,3-dihydrocyclohepta-1,4-dithiins, “push-pull” heptafulvene
derivatives - 8,8-dicyanoheptafulvenes from alpha-bromomalononitrile and cycloheptatrienylium
salt. Bull Chem Soc Jpn 66:3742-3746

Morita Y, Matsumura E, Tsujibo H, Yasuda M, Okabe T, Sakagami Y, Kumeda Y, Ishida N, Inamori Y
(2002) Biological activity of 4-acetyltropolone, the minor component of Thujopsis dolabrata SIEB.
et ZUCC. Hondai MAKINO. Biol Pharm Bull 25:981-985

Morita Y, Matsumura E, Okabe T, Fukui T, Ohe T, Ishida N, Inamori Y (2004a) Biological activity of
p-dolabrin, y-thujaplicin, and 4-acetyltropolone, hinokitiol-related compounds. Biol Pharm Bull
27:1666-1669

Morita Y, Matsumura E, Okabe T, Fukui T, Shibata M, Sugiura M, Ohe T, Tsujibo H, Ishida N, Inamori
Y (2004b) Biological activity of a-thujaplicin, the isomer of hinokitiol. Biol Pharm Bull 27:899-902

BIRKHAUSER



Med Chem Res (2010) 19:84-93 93

Nacife VP, Soeiro Mde N, Gomes RN, D’Avila H, Castro-Faria Neto HC, Meirelles Mde N (2004)
Morphological and biochemical characterization of macrophages activated by carrageenan and
lipopolysaccharide in vivo. Cell Struct Funct 29:27-34

Nakano Y, Wada M, Tani H, Sasai K, Baba E (2005) Effects of f-thujaplicin on anti-malassezia
pachydermatis remedy for canin otitis externe. J Vet Med Sci 67:1243-1247

Ogata A, Ando H, Kubo Y, Nagasawa H, Ogawa H, Yasuda K, Aoki N (1999) Teratogenicity of
thujaplicin in ICR mice. Food Chem Toxicol 37:1097-1104

Piettre SR, Ganzhorn A, Hoflack J, Islam K, Hornsperger J (1997) «- hydroxytropolones: a new class of
potent inhibitors of inositol monophosphatase and other bimetallic enzymes. ] Am Chem Soc
119:3201-3204

Procide C, Montovani V, Bianchi P (1971) Aktivita antihyalurodasica dialcuniderivati pirazolici. Biol
Soc Ital Biol Sper 47:159-163

Rekka E, Chrysselis M, Siskou I, Kourounakis A (2002) Synthesis of new azulen derivatives and study of
their effect on lipid peroxidation and lipoxygenase activity. Chem Pharm Bull 50:904-907

Suleyman H, Demirezer LO, Kuruuzum A, Banoglu ZN, Gocer F, Ozbakir G, Gepdiremen A (1999)
Anti-inflammatory effect of the aqueous extract from Rumex patientia L. Roots. J Ethnopharmacol
65:141-148

Suleyman H, Demirezer LO, Kuruuzum A, Buyukokuroglu ME, Gocer F, Banoglu ZN, Gepdiremen A
(2001) Effect of the aqueous extract of Rumex patientia on xylol and hyaluronidase induced
capillary permeability compared to indomethacin. Pharmazie 56:92-93

Suleyman H, Gul HI, Asoglu M (2003) Anti-inflammatory activity of 3-benzoyl-1-methyl-4-phenyl-4-
piperidinol hydrochloride. Pharmacol Res 47:471-475

Suleyman H, Demircan B, Karagoz Y, Oztasan N, Suleyman B (2004) Anti-inflammatory effects of
selective COX-2 inhibitors. Pol J Pharmacol 56:775-780

Suleyman H, Gul HI, Gul M, Alkan M, Gocer F (2007a) Anti-inflammatory activity of Bis (3-aryl-3-oxo-
propyl) methylamine hidrochloride in rat. Biol Pharm Bull 30:63-67

Suleyman H, Demircan B, Karagoz Y (2007b) Anti-inflammatory and side effects of cyclooxygenase
inhibitors. Pharmacol Rep 59:247-258

Suzuki H, Ueda T, Juranek I, Yamamoto S, Katoh T, Node M, Suzuki T (2000) Hinokitiol, a selective
inhibitor of the platelet-type isosyme of arachidonate 12-lipoxygenase. Biochem Bioph Res
Commun 275:885-889

BIRKHAUSER



	Anti-inflammatory activity of 2,5-dihydroxycyclohepta-2,4,6-trienone in rats
	Abstract
	Introduction
	Materials and methods
	Animals
	Chemicals
	Synthesis of 2,5-dihydroxycyclohepta-2,4,6-trienone (AD-4)

	The effects of AD-4 on carrageenan-induced inflammatory paw edema in rats
	Hyaluronidase-induced capillary permeability test
	Acute toxicity test
	Statistical analysis

	Results
	Carrageenan-induced inflammation test
	Hyaluronidase test
	Acute toxicity

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


