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Abstract:

Background: Dihydrocorynantheol (DHC) is an alkaloid compound isolated from Esenbeckia leiocarpa Engl. that has demon-

strated anti-inflammatory properties in experimental models. The aim of this study was to investigate whether the modification of

the chemical structure of DHC could alter its anti-inflammatory effect in a mouse model of pleurisy induced by carrageenan.

Methods: DHC was isolated from Esenbeckia leiocarpa Engl. Capillary electrophoresis, physical characteristics, spectral data pro-

duced by infrared analysis and nuclear magnetic resonance (1H and 13C), and mass spectrometry analysis were used to identify and elu-

cidate DHC structure. The DHC compound was subjected to chemical structural modifications by nucleophilic substitution reactions,

yielding five analogous compounds: acetyl (1), p-methylbenzoyl (2), benzoyl (3), p-methoxybenzoyl (4) and p-chlorobenzoyl (5).

Swiss mice were used throughout the experiments. Pro-inflammatory parameters leukocyte migration, exudate concentrations and

myeloperoxidase (MPO) activity were quantified in the fluid leakage from the mouse pleural cavities at 4 h after pleurisy induction.

Results: DHC and its analogues acetyl, p-methylbenzoyl, benzoyl, p-methoxybenzoyl and p-chlorobenzoyl inhibited total and dif-

ferential leukocyte migration and MPO activity (p < 0.05). Only DHC significantly decreased the exudate concentrations (p < 0.01).

Conclusions: DHC was more effective than its analogues as an anti-inflammatory agent in the mouse model of pleurisy induced by

carrageenan. We did not determine what physicochemical modifications altered the anti-inflammatory effect of DHC, but this effect

may be due to the modifications on the hydroxyl group at carbon 17 of the DHC.
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Abbreviations: Cg – carrageenan, CHE – crude hydroalco-

holic extract, Dex – dexamethasone, DHC – dihydrocorynan-

theol, ESI-MS – electrospray ionization mass spectrometry,

IL-1b – interleukin 1b, Indo – indomethacin, ip – intraperito-

neal route, ipl – intrapleural route, IR – infrared, iv – intrave-

nous route, MPO – myeloperoxidase, NaCl – sterile saline

0.95%, NMR – nuclear magnetic resonance, NOx – nitrite/ni-

trate, Py – pyridine, TLC – thin layer chromatography, TNF-a

– tumor necrosis factor a

Introduction

Esenbeckia leiocarpa Engl. is popularly known in

Brazil as ‘guarantã’ and belongs to the Esenbeckia ge-

nus (family Rutaceae, subfamily Rutoideae), which

includes approximately 30 species native to the

American tropics [2].
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Alkaloids have been the main compounds isolated

from Esenbeckia leiocarpa Engl. and have important

anti-inflammatory actions, such as the inhibition of

edema and the production of eicosanoids, nitric oxide,

tumor necrosis factor a (TNF-a) and interleukin 1b

(IL-1b) levels in in vivo and in vitro studies [1, 6, 8].

Furthermore, previous study in our laboratory demon-

strated that the bark of Esenbeckia leiocarpa Engl.

has high concentrations of dihydrocorynantheol

(DHC) alkaloid. This compound is effective in inhib-

iting pro-inflammatory parameters, such as leukocyte

migration, exudate concentrations, myeloperoxidase

(MPO) and adenosine-deaminase activities, nitrite/ni-

trate (NOx), IL-1b and TNF-a levels in the fluid leak-

age in two different models of inflammation induced

by carrageenan in mice [6, 9].

Considering the potent anti-inflammatory effects of

DHC isolated from Esenbeckia leiocarpa Engl., we

analyzed five analogues, acetyl, p-methylbenzoyl,

benzoyl, p-methoxybenzoyl and p-chlorobenzoyl, to

determine whether the modification of the chemical

structure of DHC could change its anti-inflammatory

effects upon leukocyte migration, exudate concentra-

tions and myeloperoxidase activity using a mouse

model of pleurisy induced by carrageenan.

Materials and Methods

Animals

Female and male Swiss mice weighing 18–25 g were

housed under standard conditions in a room at a con-

stant temperature (22 ± 2°C) with alternating 12-h pe-

riods of light and darkness and a humidity of 50–60%.

Mice were fed with a standard mouse diet and with

water ad libitum. This study was approved by the

Committee for Ethics in Animal Research of the Fed-

eral University of Santa Catarina (protocol no.

PP00343), and the experiments were performed in ac-

cordance with the norms of the Brazilian College of

Animal Experimentation (COBEA).

Chemicals

Carrageenan (degree IV), human neutrophil myelo-

peroxidase, o-dianisidine dihydrochloride (3,3’-dime-

thoxybenzidine) and indomethacin were obtained

from Sigma Chemical Co. (St Louis, MO, USA). So-

dium hydrogen phosphate and hydrogen peroxide

were from Vetec (Rio de Janeiro, RJ, Brazil). Dexa-

methasone sodium phosphate was from Ache Phar-

maceutical Laboratories S.A. (São Paulo, SP, Brazil).

Türk-May-Grünwald dye was from Newprov (Pin-

hais, PR, Brazil), Giemsa dye was from Laborclin

(Pinhais, PR, Brazil), and Evans blue dye was from

Acros-Organics (New Jersey, USA). Pyridine PA was

obtained from Synth (Diadema, SP, Brazil) and am-

monium hydroxide, acetic anhydride, benzoyl chlo-

ride, p-chlorobenzoyl chloride, p-methoxybenzoyl

chloride and p-methylbenzoyl chloride were pur-

chased from Nuclear (Diadema, SP, Brazil). All other

reagents used were of analytical grade and were ob-

tained from different commercial sources.

Plant material

Esenbeckia leiocarpa Engl. bark was collected in Oc-

tober 2007 in Arenápolis, Mato Grosso State, Brazil.

The material was identified by the botanist Celice

Alexandre (State University of Mato Grosso, Tangará

da Serra, MT, Brazil). A voucher specimen was de-

posited in the Herbarium at the Federal University of

Mato Grosso and registered with the number 38639.

Isolation of DHC

Dried bark (5400 g) from Esenbeckia leiocarpa Engl.

was used to obtain the crude hydroalcoholic extract

(CHE) (290 g). Part of the CHE was subjected to an

acid-base extraction to produce an alkaloid fraction

(2.5 g) and a residual aqueous fraction (16.7 g). The

alkaloid fraction was further extracted with diethyl

ether to yield two alkaloid subfractions: an ether solu-

ble (nonpolar alkaloid) (0.28 g) subfraction and an

ether-insoluble (polar alkaloid) (0.72 g) subfraction.

Details of these procedures were published in a previ-

ous study [9].

The major compound (DHC) was isolated from the

nonpolar alkaloid subfraction. In this protocol, we

performed the extraction procedure three times more

to obtain 1 g of this subfraction to increase the amount

of the isolated compound using column chromatogra-

phy with silica gel 60 (Vetec 0.063–0.2 mesh).

The experiments involving separation and optimi-

zation were conducted using the HP3DCE capillary

electrophoresis system (Agilent Technologies, Palo

Alto, CA, USA). This system is equipped with a diode
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array detector set at 215 nm, a temperature control de-

vice maintained at 25°C and data acquisition and

treatment software (HP ChemStation). Samples of the

nonpolar alkaloid subfraction were injected hydrody-

namically (50 mbar for 3 s), and the electrophoretic

system was operated under normal polarity and con-

stant voltage conditions of +30 kV in the injection

side. For all experiments, a fused-silica capillary

(Polymicro, Phoenix, AZ, USA) 48.5 cm (40 cm

effective length) × 50 µm inner diameter × 375 µm

outer diameter was used. Benzylamine was used as

the internal standard.

Structural elucidation of the DHC

The chemical structure of the isolated compound was

based on the physical characteristics, spectral data

produced by infrared (IR) analysis (Perkin Elmer

FTIR 16 PC, Beaconsfield, Bucks, England) and nu-

clear magnetic resonance (1H and 13C NMR) recorded

on a Varian AS-400 spectrometer (Palo Alto, CA,

USA) operating at 400 and 100 MHz, respectively.

Optical rotation measurements were performed on

a Schmidt-Haensch Polartronic E polarimeter (Berlin,

Germany). The structure of the isolated compound

was confirmed by comparison with the reference data

previously reported [14].

Furthermore, electrospray ionization mass spec-

trometry (ESI-MS) [M + H]+ was conducted as a sup-

port to elucidate the structure of the major compound

present in the nonpolar alkaloid subfraction isolated

from E. leiocarpa Engl. bark.

The mass spectrometer system consisted of a hy-

brid triple quadrupole/linear ion trap mass spectrome-

ter QTrap 3200 (Applied Biosystems/MDS Sciex,

Concord, ON, Canada) coupled to an 11 Plus Harvard

Pump (Holliston, MA, USA) for sample infusion. The

mass spectrometry was tuned in the negative and

positive modes by infusion of a polypropylene glycol

solution. The experiments were performed using the

TurboIonSpray source (electrospray ionization) in the

positive ion mode. The capillary needle was main-

tained at 5500 V, and the declustering potential was

set to 56 V. Synthetic air was used as the nebulizer gas

(GS1) at a pressure of 15 psi, and nitrogen was used at

10 psi as the curtain gas in the interface. A sample so-

lution of the DHC compound was diluted to 5.0 mg/

ml in a methanol/water (50/50, v/v) solution and in-

fused at a rate of 10 ml/min.

Structural modifications of the DHC

The DHC alkaloid (C19H26N2O1) (298): C19H26N2O
was subjected to chemical structure modifications by

nucleophilic substitution reactions (acylation). The

DHC (1 equivalent) was dissolved in pyridine and

treated with an excess of acetyl chloride, p-methylben-

nzoyl chloride, benzoyl chloride, p-methoxybenzoyl

chloride or p-chlorobenzoyl chloride (1.2 equivalent)

at 90°C (Fig. 1). The reaction system was monitored

by thin layer chromatography (TLC), and the products

of these synthesis reactions, acetyl (C20H28N2O2)

(328): C20H28N2O2 (compound 1), p-methylbenzoyl

(C26H32N2O2) (404): C26H32N2O2 (compound 2),

benzoyl (C25H30N2O2) (390): C25H30N2O2 (com-

pound 3), p-methoxybenzoyl (C26H32N2O3) (420):

C26H32N2O3 (compound 4) and p-chlorobenzoyl

(C25H29N2O2CL1) (424.5): C25H29N2O2Cl (com-

pound 5) were confirmed by 1H- and 13C-NMR analy-

sis (Fig. 1).

The order of the organic synthesis of the compounds

was based on the Topliss Decision Tree, a method of

producing new analogues based on the hydrophobicity

and electronic factors of the compound [16].

Pleurisy induction

Pleurisy was induced by a single intrapleural (ipl) in-

jection of 0.1 ml of sterile saline (0.95% NaCl) con-

taining carrageenan (1%) [11]. Four hours after pleu-

risy induction, animals were euthanized with an over-

dose of pentobarbital (180 mg). The thorax was

opened, and the pleural cavity was washed with

1.0 ml of heparin (20 IU/ml)-containing sterile

phosphate-buffered saline (pH 7.6) with the following

components: NaCl (130 mM), Na2HPO4 (5 mM) and

KH2PO4 (1 mM). Several samples of exudates were

collected for further determinations of total and dif-

ferential leukocytes, exudate concentrations and MPO

activity [4, 11].

Experimental protocol

The first step of the experiments was performed to de-

termine the dose-response curves for the DHC and its

analogues: acetyl, p-methylbenzoyl, benzoyl, p-meth-

oxybenzoyl and p-chlorobenzoyl. Different groups of

animals were treated with different doses of DHC

(0.1–0.5 mg/kg), DHC-acetyl (0.05–0.5 mg/kg), DHC-

p-methylbenzoyl (0.1–1.0 mg/kg), DHC-benzoyl
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(0.1–0.5 mg/kg), DHC-p-methoxybenzoyl (0.1–1.0 mg/

kg) and DHC-p-chlorobenzoyl (0.25–1.0 mg/kg), ad-

ministered intraperitoneally (ip) 30 min before pleu-

risy induction. The total and differential leukocytes,

exudate concentrations, and MPO activity were evalu-

ated after 4 h.

For some experiments, a group of animals received

only 0.1 ml of carrageenan (1%) diluted in sterile sa-

line (0.95% NaCl) administered by the ipl route. This

group was considered to be the positive control group.

Another group of animals received only 0.1 ml of

0.95% NaCl by ipl injection. This group was consid-

ered to be the negative control group.

Dexamethasone sodium phosphate (0.5 mg/kg) and

indomethacin free base (5 mg/kg) were prepared in etha-

nol and diluted in 0.95% NaCl. These drugs were used

as reference anti-inflammatory and were administered

ip 30 min before pleurisy induction by carrageenan.

Quantification of leukocyte migration

and exudate concentrations

After euthanizing the animals with an overdose of

pentobarbital, samples of fluid leakage from the

mouse pleural cavities were collected to determine the

total and differential leukocyte contents and exudate

concentrations. The total leukocyte counts were deter-

mined in a Neubauer chamber, and cytospin prepara-

tions of exudates were stained with May-Grünwald-

Giemsa stain for the differential leukocyte count,

which was performed using a microscope with an oil

immersion objective lens [11]. The results were ex-

pressed as the total number of cells (× 106).
The exudate concentrations were determined by

quantifying the Evans blue dye in the mouse pleural

cavity. The animals were injected 30 min before the

induction of inflammation by carrageenan with a so-

lution of Evans blue dye (25 mg/kg) administered in-

travenously (iv) to determine the degree of exudation

concentrations. On the day of the experiment, a batch

of stored samples was thawed at room temperature,

and the amount of dye was estimated by interpolation

from a standard curve of Evans blue dye (0.01–50 µg/

ml) using colorimetric measurements (620 nm) on an

ELISA plate reader (Organon Teknika, Roseland, NJ,

USA). The results were expressed in µg/ml.

Quantification of MPO activity

An in-house assay of MPO activity was performed ac-

cording to the method described by Rao et al. [10].

MPO activity was analyzed in samples of fluid leak-

age from the mouse pleural cavities and was esti-

mated by interpolation from the standard curve de-
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Fig. 1. The chemical reaction showing the structural modification of the alkaloid dihydrocorynantheol (DHC) (A). Py = pyridine. D = 90°C. R =
radical inserted instead of hydrogen of the hydroxyl group. R1 = CH3CO (B); R2 = p-CH3C6H4CO (C); R3 = C6H5CO (D); R4 = p-CH3OC6H4CO
(E) and R5 = p-ClC6H4CO (F)



rived using colorimetric measurements (absorbance at

520 nm) performed on an ELISA plate reader (Or-

ganon Teknica, Roseland, NJ, USA). The results were

expressed in units of mU/ml.

Statistical analysis

The data are reported as the means ± SEM. Signifi-

cant differences among groups were determined by

two-way analysis of variance (ANOVA) followed by

Student’s t and Newman-Keuls post-hoc tests. Signifi-

cance was set at p < 0.05.

Results

Effects of the DHC alkaloid and its analogues

upon leukocyte migration and exudate

concentrations

At doses of 0.25 and 0.5 mg/kg, the DHC signifi-

cantly inhibited leukocyte migration and neutrophils

(p < 0.01) (Tab. 1). Moreover, DHC also inhibited

exudate concentrations at doses of 0.1 to 0.5 mg/kg (p

< 0.01) (Tab. 1).
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Tab. 1. Anti-inflammatory effect of DHC and its analogs: acetyl, p-methylbenzoyl, benzoyl, p-methoxybenzoyl and p-chlorobenzoyl upon leu-
kocyte migration and exudate concentrations in the mouse model of pleurisy induced by carrageenan

Compound Dose
(mg/kg)

Leukocytes (´ 106)
(% of inhibition)

Neutrophils (´ 106)
(% of inhibition)

Exudate concentrations (µg/ml)
(% of inhibition)

Saline 0.95%a 0.6 ± 0.06 0.11 ± 0.01 1.9 ± 0.2

Cg 1%a 6.3 ± 0.16 5.09 ± 0.11 11.1 ± 0.4

Dex 0.5b 1.9 ± 0.2 (70.0 ± 5.6%)** 1.3 ± 0.2 (74.4 ± 7.5%)** 6.8 ± 0.5 (39.0 ± 9.5%)**

Indo 5b 2.3 ± 0.3 (64.4 ± 5.0%)** 1.8 ± 0.25 (65.0 ± 8.3%)** 7.9 ± 0.6 (28.8 ± 7.8%)*

DHC 0.1b 5.8 ± 0.5 4.9 ± 0.5 8.8 ± 0.5 (21.5 ± 4.9%)**

0.25b 3.4 ± 0.2 (45.4 ± 4.0%)** 2.8 ± 0.3 (44.3 ± 5.2%)** 8.0 ± 0.6 (28.3 ± 5.2%)**

0.5b 3.5 ± 0.3 (44.6 ± 5.1%)** 2.7 ± 0.2 (47.7 ± 4.8%)** 8.1 ± 0.3 (27.2 ± 2.4%)**

DHC-acetyl 0.05b 6.0 ± 0.4 5.1 ± 0.3 12.8 ± 0.7

0.1b 5.4 ± 0.2 (14.5 ± 3.9%)** 4.7 ± 0.2 11.6 ± 0.8

0.25b 4.8 ± 0.4 (23.6 ± 5.6%)** 4.3 ± 0.3 (15.5 ± 6.6%)* 10.9 ± 0.7

0.5b 4.7 ± 0.5 (24.6 ± 7.3%)** 4.2 ± 0.4 (18.2 ± 7.7%)* 11.7 ± 0.7

DHC-p-methylbenzoyl 0.1b 6.0 ± 0.2 4.8 ± 0.2 11.3 ± 0.2

0.25b 4.9 ± 0.3 (23.3 ± 4.0%)** 3.8 ± 0.2 (24.8 ± 4.7%)** 10.6 ± 0.4

0.5b 5.3 ± 0.4 (16.9 ± 6.8%)* 4.2 ± 0.4 (17.4 ± 8.6%)** 9.9 ± 0.5

1.0b 4.7 ± 0.6 (25.9 ± 9.5%)** 3.5 ± 0.4 (30.5 ± 8.2%)** 9.9 ± 0.5

DHC-benzoyl 0.1b 6.1 ± 0.4 5.4 ± 0.5 12.4 ± 0.8

0.25b 4.9 ± 0.2 (22.7 ± 3.3%)** 4.3 ± 0.3 (15.1 ± 5.4%)* 11.1 ± 1.4

0.5b 4.8 ± 0.4 (23.8 ± 6.5%)** 4.0 ± 0.7 (21.1 ± 13.7%)* 10.2 ± 1.2

DHC-p-methoxybenzoyl
0.1b 6.1 ± 0.2 4.9 ± 0.2 11.3 ± 0.3

0.25b 5.4 ± 0.5 (14.5 ± 7.3%)* 4.3 ± 0.4 (14.3 ± 8.0%)* 12.0 ± 1.1

0.5b 4.8 ± 0.2 (25.1 ± 3.9%)** 3.6 ± 0.2 (30.9 ± 3.5%)** 10.7 ± 0.4

1.0b 3.7 ± 0.5 (42.0 ± 8.0%)** 3.0 ± 0.4 (41.5 ± 8.6%)** 10.5 ± 1.0

DHC-p-chlorobenzoyl 0.25b 5.8 ± 0.3 5.0 ± 0,3 12.9 ± 0,8

0.5b 5.5 ±  0.5 4.8 ± 0.5 12.3 ± 0.3

1.0b 4.9 ± 0.5 (21.8 ± 8.7%)* 4.2 ± 0.4 (16.4 ± 7.9%)* 12.8 ± 0.3

Saline = negative control group (animals treated with 0.95% NaCl), Cg = positive control group (animals treated only with 1% carrageenan),
Dex = dexamethasone, Indo = indomethacin, DHC = dihydrocorynantheol, a administered by intrapleural route, b administered intraperito-
neally, * p < 0.05 and ** p < 0.01, n = 5 animals



The insertion of substituents (acetyl, p-methylben-

zoyl, benzoyl, p-methoxybenzoyl and p-chloroben-

zoyl) into the DHC created the following analogues:

DHC-acetyl (compound 1), DHC-p-methylbenzoyl

(compound 2), DHC-benzoyl (compound 3), DHC-

p-methoxybenzoyl (compound 4) and DHC-p-chloro-

benzoyl (compound 5), respectively. These com-

pounds significantly inhibited leukocyte migration

and neutrophils at doses ranging from 0.1 to 1 mg/kg

(p < 0.05) (Tab. 1). However, the DHC analogues did

not inhibit exudate concentrations at the studied doses

(p > 0.05) (Tab. 1).

Dexamethasone and indomethacin also inhibited

both leukocyte migration and exudate concentrations

(p < 0.05) (Tab. 1).

When we compared the anti-inflammatory effects

of DHC and its analogues upon leukocyte migration

and exudate concentrations, we observed that DHC

was significantly more effective as an anti-inflamma-

tory agent than its analogues acetyl, p-methylbenzoyl,

benzoyl, p-methoxybenzoyl and p-chlorobenzoyl in

inhibiting the inflammation induced by carrageenan

(p < 0.05) (Fig. 2). However, DHC-acetyl inhibited

leukocyte migration at a lower dose (0.1 mg/kg) than

DHC or the other analogues (Fig. 2A). Furthermore,

only DHC inhibited exudate concentrations (p < 0.01)

(Fig. 2B).

When we compared the anti-inflammatory effect

among the acetyl, p-methylbenzoyl, benzoyl, p-me-

thoxybenzoyl and p-chlorobenzoyl analogues, no sig-

nificant differences were observed upon leukocyte

migration or exudate concentrations (p > 0.05) (Fig.

2A and 2B). However, we observed that the

DHC-p-methylbenzoyl analogue was significantly

more effective at inhibiting neutrophils than the

DHC-p-chlorobenzoyl analogue at a dose of 0.25 mg/

kg (p < 0.05) (Fig. 2C).

Effects of DHC and its analogues upon

myeloperoxidase activity

Based on the results of the dose-response curves, we

selected the following doses for each compound:

DHC, DHC-acetyl, DHC-p-methylbenzoyl, DHC-

benzoyl, and DHC-p-methoxybenzoyl: 0.25 mg/kg;

and DHC-p-chlorobenzoyl: 1 mg/kg. These doses

were used to analyze their effect upon MPO activity.

Pretreatment of animals with DHC and its ana-

logues caused significant decreases in MPO activity:

DHC (0.25 mg/kg) by 37.2 ± 8.7%; DHC-acetyl

(0.25 mg/kg) by 68.4 ± 2.0%; DHC-p-methylbenzoyl

(0.25 mg/kg) by 35.9 ± 8.0%; DHC-benzoyl

(0.25 mg/kg) by 56.9 ± 7.2%; DHC-p-methoxyben-

zoyl (0.25 mg/kg) by 39.0 ± 9.8%; and DHC-p-chlo-

robenzoyl (1.0 mg/kg) by 48.0 ± 11.4% (p < 0.01)

(Fig. 3).

Dexamethasone and indomethacin were also effec-

tive at inhibiting MPO activity (p < 0.01) (Fig. 3).
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Fig. 2. Comparison of the anti-inflammatory effects of dihydrocory-
nantheol (DHC) (0.1–0.5 mg/kg) and its analogues DHC-acetyl
(0.1–0.5 mg/kg), DHC-p-methylbenzoyl (0.1–0.5 mg/kg), DHC-
benzoyl (0.1–0.5 mg/kg), DHC-p-methoxybenzoyl (0.1–0.5 mg/kg)
and DHC-p-chlorobenzoyl (0.25–0.5 mg/kg), administered intraperi-
toneally (ip) 0.5 h before pleurisy induced by carrageenan in mice,
upon leukocyte migration (A), neutrophils (B) and exudate concen-
trations (C). The lines represent the means ± SEM, and the asterisks
indicate the significant differences of each analogue in relation to
DHC, * p < 0.05, ** p < 0.01, n = 5 animals, Student’s t and Newman-
Keuls tests



Discussion

In this study, the indole alkaloid DHC isolated from

Esenbeckia leiocarpa Engl. was shown to be effective

as an anti-inflammatory agent. To investigate this

anti-inflammatory activity, we used the mouse model

of pleurisy induced by carrageenan, which is well

known as an important model of inflammation for

screening new drugs or plants that have anti-

inflammatory properties [11].

The chemical structure of DHC was modified ac-

cording to the Topliss Decision Tree. Initially, we syn-

thesized two analogues of DHC: DHC-acetyl (com-

pound 1) and DHC-p-methylbenzoyl (compound 2). In

the sequence, we synthesized the DHC-benzoyl (com-

pound 3), DHC-p-methoxybenzoyl (compound 4) and

DHC-p-chlorobenzoyl (compound 5) derivatives.

We observed that DHC was more effective than its

analogues DHC-p-methylbenzoyl, DHC-benzoyl, DHC-

p-methoxybenzoyl and DHC-p-chlorobenzoyl at inhib-

iting leukocyte and neutrophil migration into the

mouse pleural cavity in inflammation caused by car-

rageenan, when administered at the dose of 0.25 mg/

kg. In contrast, DHC-acetyl was more effective than

DHC and the other analogues in decreasing leukocyte

migration, as a lower dose of this compound

(0.1 mg/kg) inhibited this parameter in comparison to

higher doses (0.25 to 1 mg/kg) of other analogues. We

also observed that the DHC-p-chlorobenzoyl com-

pound only inhibited leukocyte migration and neutro-

phils at a dose of 1 mg/kg, which was 4 times higher

than the dose of DHC (0.25 mg/kg) and the other ana-

logues (0.1 and 0.25 mg/kg). Furthermore, only DHC

inhibited the exudate concentrations.

These results demonstrate the importance of the

presence of the hydroxyl group as a donor and/or ac-

ceptor site of hydrogen (H) bonds in the DHC com-

pound, because the substitution of hydrogen atom of

the hydroxyl group by acetyl, p-methylbenzoyl, ben-

zoyl, p-methoxybenzoyl or p-chlorobenzoyl substitu-

ents decreased the anti-inflammatory activity. For in-

stance, the chlorine in compound 5 (DHC-p-chloro-

benzoyl) has a higher electronegativity that attracts

the electrons towards itself, making the oxygen atom

less able to accept hydrogen bonds, which reduces the

anti-inflammatory activity of DHC even more than in

the acetyl, p-methylbenzoyl, benzoyl or p-methox-

ybenzoyl substituents [15]. Moreover, the electronic

effects promoted by the chlorine insertion in the

molecule modify its electronic distribution, which di-

rectly influences the binding of the compound to bio-

logical targets. This fact was verified by the decrease

in the anti-inflammatory effect of DHC-p-chloroben-

zoyl in relation to the dose size (1 mg/kg) compared

with DHC, DHC-acetyl, DHC-p-methylbenzoyl, DHC-

Pharmacological Reports, 2013, 65, 1263�1271 1269

Dihydrocorynantheol and its analogues in inflammation
Patrícia Pozzatti et al.

Fig. 3. Effect of dihydrocorynantheol (DHC 0.25 mg/kg) and its analogues DHC-acetyl (0.25 mg/kg), DHC-p-methylbenzoyl (0.25 mg/ kg),
DHC-benzoyl (0.25 mg/kg), DHC-p-methoxybenzoyl (0.25 mg/ kg) and DHC-p-chlorobenzoyl (1 mg/kg), administered intraperitoneally (ip)
0.5 h before pleurisy induced by carrageenan, in mice, upon myeloperoxidase activity. Saline = negative control group [animals treated only
with sterile saline (NaCl 0.95%), ipl], Cg = positive control group [animals treated only with carrageenan (1%) ipl], Dex = animals pretreated
with dexamethasone (0.5 mg/kg, ip), Indo = animals pretreated with indomethacin (5 mg/kg, ip). The data are reported as the means ± SEM,
and the asterisks indicate the significant differences compared with the positive control group (carrageenan 1%), ** p < 0.01, n = 5 animals,
Student’s t and Newman-Keuls tests



benzoyl and DHC-p-methoxybenzoyl compounds at

a dose of 0.25 mg/kg. It is possible that the physical

and chemical changes in the DHC, such as hydropho-

bicity, size and shape of the molecule (steric effect)

and change in electronegativity, modify the anti-

inflammatory effect of the DHC alkaloid.

To understand the mechanism of leukocyte modu-

lation by DHC and its analogues, we studied their ef-

fect on MPO enzyme activity, which is well known to

be an important marker of the activation and chemo-

taxis of neutrophils [3, 5]. The inhibitory effect upon

leukocyte migration found in this study was corre-

lated with a significant decrease in the activity of

MPO, a key enzyme responsible for oxygen-depen-

dent microbicidal activity that is released by activated

neutrophils during the respiratory burst [17]. Our re-

sults revealed that both DHC and its analogues inhib-

ited not only leukocyte migration to the site of inflam-

mation but also leukocyte activation [5].

The indole ring is a potent pharmacophoric nucleus

that possesses a wide variety of biological properties,

including anti-inflammatory activity [12]. Cryptole-

pine and caulerpin are examples of other indole alka-

loids described in the literature as active compound in

several inflammation models [7, 13]. In these studies,

Olajide et al. [7] demonstrated that cryptolepine in-

hibited both paw edema and pleurisy induced by car-

rageenan in rats, and Souza et al. [13] observed that

caulerpin exhibited anti-inflammatory activity, reduc-

ing the recruitment of leukocytes (mainly neutrophils)

in carrageenan-induced peritonitis in mice. Moreover,

a study conducted by Liz et al. [6] is consistent with

our results. These authors demonstrated that DHC has

anti-inflammatory activity in that DHC inhibited sev-

eral inflammatory parameters, including leukocyte

and exudate concentrations, and myeloperoxidase ac-

tivity, among others, in the air pouch model induced

by carrageenan in mice.

In this study, we compared the anti-inflammatory

effect of DHC and its analogues with two reference

anti-inflammatory drugs, dexamethasone and indo-

methacin. DHC, DHC-acetyl, DHC-p-methylbenzoyl,

DHC-benzoyl, DHC-p-methoxybenzoyl and DHC-p-

chlorobenzoyl demonstrated anti-inflammatory effects

that were similar to those of the reference anti-inflam-

matory drugs, suggesting that all of these compounds

may have a common mechanism of inhibition of in-

flammation.

In conclusion, we demonstrated that DHC was

more effective than its analogues DHC-acetyl, DHC-

p-methylbenzoyl, DHC-benzoyl, DHC-p-methoxy-

benzoyl and DHC-p-chlorobenzoyl in inhibiting the

inflammation caused by carrageenan in the mouse

model of pleurisy. We did not determine what physico-

chemical modifications altered the anti-inflammatory

effect of DHC, but this reduced effect may be due to

the substitution in the hydroxyl group at carbon 17 of

DHC.
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