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The in vitro cytotoxic potential of yangambin was evaluated. Yangambin is a pharmacologi-
cally active furofuran lignan obtained from the leaves of Ocotea duckei. It is the major com-
pound from the lignoids fraction. Yangambin presented low cytotoxicity in all in vitro models
analyzed. Its cytotoxicity to murine macrophages was measured by the Trypan blue dye
exclusion test and MTT reduction assay, resulting in high CCsy values of 187.0 ug/mL
(383.3 um) and 246.7 ug/mL (504.3 um), respectively. The difference obtained in the inhibitory
concentrations aforementioned can be explained, at least in part, by the different principles
of the methods. While the MTT reduction assay evaluates the ability of yangambin to inhibit
the activity of the mitochondrial enzyme succinate dehydrogenase, the Trypan blue dye exclu-
sion test evaluates possible damages to the integrity of the cytoplasmic membrane which
result in cell death. The capacity of yangambin to inhibit the sea urchin embryonic develop-
ment showed that it has low antimitotic and teratogenic potential, once continued exposure
of embryos to concentrations up to 500 ug/mL (1.025 um) did not result in an inhibitory effect
on the first egg cleavages. Such low in vitro cytotoxicity is correlated with the low acute
toxicity previously studied. All these data, together with the various therapeutic properties
of yangambin, make this lignan a promising one for a new drug.
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Introduction

Ocotea duckei Vattimo is a member of the Lau-
raceae family found in the northeast of Brazil.
From its leaves yangambin was isolated, a furo-
furan lignan found as major constituent in the to-
tal lignoids fraction of this material (Morais et al.,
1996; Barbosa Filho et al., 1999).

Some pharmacological properties of the lignan
yangambin [78,7'S-di-(3,4,5-trimethoxyphenyl) fu-
rofuran] (Fig. 1) have already been reported: (a)
it is an antagonist which selectively blocks PAF
receptors on platelets in several in vitro and in
vivo experimental models (Castro Faria Neto et
al., 1995a, b; Herbert et al., 1997); (b) it is an ef-
fective pharmacological agent against cardiovascu-
lar collapse and mortality due to endotoxin shock
(Ribeiro et al., 1996; Tibirica et al., 1996; Aratjo et
al., 2001); (c) it may also be a useful drug in the
treatment of some allergic inflammatory responses
(Serra et al., 1997); (d) it increases the pentobarbi-
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Fig. 1. Chemical structure of yangambin.

tal-induced sleeping time and may act as a central
nervous system depressant, anticonvulsive and
sedative-hypnotic (Pachu et al., 1993; Almeida et
al., 1995); (e) it presents antileishmanial activity
against Leishmania parasites (Monte Neto et al.,
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2007); (f) it presents antitumoural activity in colo-
rectal cells by inducing apoptosis (Haussot et al.,
2003). All these pharmacological properties, allied
to a good isolation yield (Barbosa Filho et al.,
1999), makes this lignan a promising prospect for
a new drug.

Little is known about the toxicity of yangambin.
It is reported that this lignan presents low acute
toxicity in murine models (Pachu et al., 1993), and
it does not present mutagenic activity in bacteria
(Marques et al., 2003). The aim of this paper was
to enlarge the studies on the cytotoxicity of yan-
gambin using different in vitro models.

Material and Methods
Obtainment of yangambin

The lignan yangambin was obtained as previ-
ously described (Barbosa Filho ez al., 1999; Morais
et al., 1999). A specimen of Ocotea duckei Vattimo
(Lauraceae) was collected in March 2004, near the
city of Santa Rita, State of Paraiba (PB), Brazil, and
the material was identified by Dr. Maria de Fatima
Agra, Setor de Botanica of Laboratério de Tecno-
logia Farmacéutica (LTF), Jodo Pessoa, PB, Brazil.
A voucher specimen is deposited at the Herbarium
Prof. Lauro Pires Xavier (under registry JPB-4309)
of Departamento de Sistemaética e Ecologia, Uni-
versidade Federal da Paraiba, Jodo Pessoa, PB,
Brazil.

The ethanolic extract of dried and powdered
leaves of Ocotea duckei (5 kg) was obtained by ex-
traction with 95% EtOH at room temperature for
3 d. After being concentrated under reduced pres-
sure, the ethanolic extract was dissolved and stirred
in a solution of 10% acetic acid and filtered over
celite; the precipitate was discarded and the filtrate
was extracted with CHCl;. After concentration un-
der reduced pressure, the CHCI; extract was called
“Acid Chloroform Fraction”. The deffated acetic
acid solution was made alkaline with NH,OH to
pH 9 and extracted with CHCI;. The residue of this
CHCl; extract was called “Basic Chloroform Frac-
tion”, which was dissolved in MeOH and left in a
freezer for 24 h. The precipitate yielded 3 g (0.06%)
of yangambin after recrystallization in MeOH. The
supernatant was concentrated and the residue was
subjected to column chromatography over silica gel
yielding more yangambin (2 g, 0.04%), resulting in
a total yield of 0.1%. Yangambin occurred in the
form of white crystals with a melting point of 119—
120 °C (from MeOH). The molecular formula of
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yangambin is C,4H39Og and its molecular weight is
446 g/mol. The 'H (400 MHz) and '*C (100 MHz)
NMR spectra were obtained in CDCl; with the sol-
vent as reference, employing a Bruker AMX-400
spectrometer. Standard Bruker pulse sequences
were used to perform the 2D experiments. Low res-
olution mass spectra were obtained on a Hewlett
Packard 5988 GC/MS instrument. Column chroma-
tography was carried out with silica gel 60 (Merck).
Thin layer chromatography was performed onsilica
gel 60 PF,s, (Merck).

The purified compound was diluted in dimethyl
sulfoxide (DMSO; Vetec, Brazil) for the cytotoxi-
city analysis. A final content of DMSO until 0.5%
in the test solution proved to have no effect on the
cellular models evaluated.

Cytotoxicity assay using murine macrophages

Thioglycolate-elicited peritoneal macrophages
from Swiss mice (Laboratério de Tecnologia Farma-
céutica, UFPB, Jodo Pessoa, Brazil) were collected
in phosphate buffered saline (PBS) supplemented
with 3% fetal bovine serum (FBS) and cultivated in
RPMI-1640 medium (Cultilab, Campinas, Brazil),
supplemented with 10% FBS, 100 ug/mL strepto-
mycin and 100 U/mL penicillin. The cultures were
maintained at 37 °C in a 5% CO, atmosphere. All
experimentation protocols involving animals were
approved by the Committee for Ethics in Animal
Research of Laboratério de Tecnologia Farmacéu-
tica, UFPB, Brazil under no. 0711/06.

Trypan blue exclusion assay

In order to evaluate the effect of yangambin on
the cellular viability of murine macrophages, the
Trypan blue dye exclusion method was used (Fresh-
ney, 1994). Thioglycolate-elicited peritoneal macro-
phages were harvested and cultivated as described
above. Aliquots of 1 mL (containing 10° cells/mL)
of the cell suspension were transferred to polypro-
pylene tubes and incubated with different concen-
trations of yangambin for 24 h. Then, both living
and dead cells were quantified in a Neubauer cham-
ber in the presence of Trypan blue (0.4%).

MTT reduction colorimetric assay

The cellular viability was determined by the
ability of living cells to reduce the yellow MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazo-
lium bromide], a tetrazole, to purple formazan
(Mosmann, 1983). Murine macrophage cultures
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were incubated in 96-well cellular culture plates
(TPP, Switzerland) with 4 - 10° cells/well in 200 uL
of RPMI medium for 4 h for cell adhesion. Non-
adherent cells were removed, and the adherent
macrophages were washed with RPMI medium
previously warmed. Different concentrations of
yangambin were added to the wells, and the cells
were incubated in RPMI medium at 37 °Cin a 5%
CO, atmosphere for 24 h. Control groups were es-
tablished in the absence of yangambin, only in
RPMI medium (white) and in the presence of
DMSO (negative control). After 24 h of incuba-
tion, 100 uL. of medium were removed and 10 L of
5 mg/mL MTT solution were added to it. After 4 h
of incubation at 37 °Cin a 5% CO, atmosphere, the
formed product formazan was dissolved in SDS to
10% for 16 h and the absorbance was measured by
spectrophotometry at the wavelength of 570 nm.
The percentage viability was calculated from the ra-
tio of OD readings in wells with yangambin versus
wells without yangambin.

Antimitotic assay using sea urchin embryonic cells

Antimitotic and teratogenic potentials were in-
vestigated by means of the sea urchin embryonic
development model (Costa Lotufo et al., 2002). Sea
urchins (Echinometra lucunter Linnaeu, 1758) were
collected at the northeast coast of the State of Pa-
raiba (7°01'55.55"'S 34°49'14.96''W), approx. 1 km
from Intermares beach, Cabedelo, PB, Brazil and
kept in the laboratory until the end of the experi-
ments.

For fertilization, gametes were collected after
stimulation of males and females with 3 mL of 0.5 m
KCl administrated into their coelomic cavity. The
eggs were collected in filtered sea water, washed
two times and suspended in 50 mL of filtered sea
water. The sperms were similarly collected, but they
were recovered with a Pasteur pipette, and sus-
pended in filtered sea water (mixing of 0.05 mL of
concentrated sperm with 2.45 mL sea water). Ferti-
lization was performed by adding 1 mL of sperm so-
lution to 50 mL of egg suspension. Each well (24-
multiwell plate; TPP, Trasadingen, Switzerland) re-
ceived 1 mL of fertilize eggs (2-10* cells/mL).
After fertilization, several concentrations of yan-
gambin (ranging from 50 to 500 #g/mL) were added
to a final volume of 2 mL, and the plates were incu-
bated at 25 °C. DMSO (0.4 %) was utilized as nega-
tive control. At appropriate intervals (1.5 h after
fecundation — first cleavage; 6 h — blastulae, and

683

28 h — larvae), aliquots of 200 uL were fixed in an
equal volume of Isoton (0.05 m citric acid, 0.12 m
NaCl, 0.5% formaldehyde, pH 7.2). 100 eggs, em-
bryos or larvae were counted for each concentra-
tion of the test substance to obtain the percentage
of normal cells.

All data are expressed as means * standard er-
ror of mean (SEM). The values of CCsq (cytotoxic
concentration for 50% of cells) were obtained using
the probit model of linear regression (Finney,
1971). The differences among the experimental
groups were compared using the variance analysis
(ANOVA) followed by the test of multiple compar-
isons of Dunnett’s, admitting p < 0.05 as signifi-
cance level.

Results

Cytotoxicity of yangambin to murine
macrophages

Table I shows the effect of yangambin on murine
macrophages using the Trypan blue dye exclusion

Table I. Effect of different concentrations of yangambin
on the viability of peritoneal murine macrophages incu-
bated for 24 h in RPMI-1640 medium at 37 °C in a 5%
CO, atmosphere. The viability was assessed using the
Trypan blue dye exclusion method and employing the
tetrazolium bromide reduction method (MTT).

Yangambin Murine macrophages
[ug/mL]
Cell viability® (%)  Cell viability® (%)
Trypan blue assay MTT assay
Mean + SEM Mean + SEM
0 7243 +493 100.00 £ 0.00
50 57.14 +0.59 105.97 =+ 0.68
100 37.63*% + 6.09 9313 +0.19
200 41.05* + 6.64 34.31*% £ 4.12
400 ND 22.84*% £ 0.1

2 Values represent the average of three independent ex-
periments performed in triplicate.

® Values represent the average of two independent ex-
periments performed in quadruplicate.

* p < 0.01; ND, not determined.

as a parameter of cell viability. Yangambin was not
toxic until a concentration of 50 ug/mL (102.5 um),
presenting a CCsq value of 187 ug/mL (383.8 um).
The cytotoxicity results of yangambin to murine
macrophages using the MTT reduction assay are
shown in Table I. Until the concentration of 100 pg/
mL (205 um), yangambin presented no cytotoxic ef-
fect on the evaluated model, as demonstrated by
percentage viability values obtained by spectropho-
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tometry at 570 nm. The calculated CCs(, value for
yangambin was 246.7 ug/mL (504.3 um).

Antimitotic assay against sea urchin embryonic
cells

From the first egg cleavage to the blastulae
stage, all treatments (concentrations of yangambin
ranging from 50 to 500 ug/mL) presented 100% of
the cells at the same developmental stage of con-
trol, evidencing that yangambin is not toxic to
early stages of the sea urchin (Echinometra lucun-
ter) embryonic development. After 28 hours of ex-
posure, (73.66 + 2.33) and 100% of the embryos
treated with yangambin at 50 and 500 ug/mL were
in the gastrulae stage respectively, differently from
control groups, in which all analyzed cells were in
the larval development.

Discussion

In this study, the cytotoxicity of yangambin to a
culture of murine macrophages and sea urchin em-
bryonic cells was investigated. The in vitro cytotoxic
potential was established as the ability of yangam-
bin to reduce the macrophages culture viability or
inhibit the sea urchin embryonic development.
Yangambin showed low cytotoxicity to murine ma-
crophages in both tests. The assay that evaluated
the cytoplasmic membrane integrity by the capacity
of the cells to exclude the Trypan blue dye resulted
in a CCsg value of 187.0 ug/mL (383.3 um), and the
test which evaluated the ability of the mitochon-
drial enzyme succinate dehydrogenase to reduce
MTT to formazan crystals resulted in a CCs, value
of 246.7 ug/mL (504.3 um). Pessoa et al. (2000), us-
ing the MTT reduction assay to search for antineo-
plasic drugs, showed that new purified compounds
can be considered significantly toxic when they
present ICs, (inhibitory concentration for 50% of
the cellular growth) values less than 1 ug/mL or
1 um.

The difference obtained in the inhibitory concen-
trations of yangambin in in vitro models using mu-
rine macrophages can be partly explained by the
different principles of the methods used. Addition-
ally, one of the factors, that might have resulted in
the greater cytotoxicity of yangambin in the Trypan
blue exclusion test, may be due to the fact that the
cells were in suspension and, therefore, presented a
greater surface area of contact for interaction with
yangambin, in comparison with cells adhered on
plates in the MTT reduction assay.
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In the present paper, the ability of yangambin to
inhibit the sea urchin embryonic development was
also investigated. This model has been applied to
investigate the antimitotic and teratogenic activity
of new compounds (Morale et al., 1998; Costa Lo-
tufo et al., 2002, 2004). The results obtained in this
study demonstrate that yangambin has low antimi-
totic and teratogenic potential, since continuous ex-
posure of embryos to concentrations up to 500 ug/
mL (1.025 mm) resulted in no inhibitory effect in
the first egg cleavages, and only in the blastulae
stage it was possible to identify some effect of this
lignan. Using this model to analyze the ability of
different compounds to inhibit cell division, Jacobs
et al. (1981) concluded that a substance is consid-
ered significantly active when it inhibits 100% of
the first division of the sea urchin eggs, at a con-
centration =16 ug/mL. After 28 h of continued ex-
posure to yangambin, the embryos of the control
group were in the larvae stage, while all the em-
bryos treated with concentrations ranging from 50
to 500 ug/mL of this lignan were in the gastrula-
tion phase, implying that besides being late, the
effect is not concentration-dependent.

Studies using certain related chemical groups,
such as anticancer compounds and metal salts, have
been demonstrating a significant correlation be-
tween in vitro cytotoxic potential and acute toxicity
in animals and humans (Garle et al., 1994; Evans et
al., 2001; Clemedson et al., 2002). The results ob-
tained with yangambin corroborate this correla-
tion. The low cytotoxicity of this lignan observed in
the present study is correlated with the data of low
acute toxicity reported on the murine model (Pachu
et al., 1993), because no clinical effect was identi-
fied up to 48 h after the treatment of mice with
doses of 1g/kg body weight administered intraperi-
toneally. Thus, in vitro tests using the Trypan blue
dye to evaluate the integrity of the cytoplasmic
membrane, analysis of the activity of mitochon-
drial dehydrogenases by MTT reduction, as well
as the study of sea urchin embryonic development
proved to be good indicative models of the acute
toxicity of yangambin. Considering some advanta-
ges of these in vitro tests, such as high reproduci-
bility, simplicity, speed and use of small quantities
of drugs, these tests may initially be used as a refe-
rence of toxicity for this class of compounds.

This paper presents the first experimental evi-
dence that yangambin displays little cytotoxicity to
the models evaluated. Furthermore, the low in vitro
cytotoxicity demonstrated a correlation with toxi-
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city rates in vivo. All these data, in association with
various therapeutical properties of yangambin,
make this lignan a promising prospect for a new
drug.

Acknowledgements

This study was supported by CNPq and
CAPES. Thanks are due to Dr. Leticia Veras

Almeida R.N., Pachid C. O., and Barbosa Filho J. M.
(1995), Avaliacdo da possivel atividade analgésica da
iangambina obtida da Ocotea duckei Vattimo. Ciénc.
Cult. Saude 14, 7-10.

Aratjo C. V., Barbosa Filho J. M., Cordeiro R. S., and
Tibirica E. (2001), Protective effects of yangambin on
cardiovascular hyporeactivity to catecholamines in
rats with endotoxin-induced shock. Naunyn Schmie-
debergs Arch. Pharmacol. 363, 2667 -2675.

Barbosa Filho J. M., Vargas M. R. W,, Silva I. G., Franca
1.S., Morais L. C.S. L., Cunha E. V.L., Silva M. S.,
Souza M., Chaves M. F. V., Almeida R. N., and Agra
M. F. (1999), Ocotea duckei: exceptional source of
yangambin and other furofuran lignans. An. Acad.
Bras. Cienc. 71, 231-238.

Castro Faria Neto H., Bozza P. T., Cruz H. N,, Silva C. L.
M., Violante F. A., Barbosa Filho J. M., Thomas G.,
Martins M. A., Tibirica E. V., Noel F.,, and Cordeiro
R.S.B. (1995a), Yangambin: a new naturally-occur-
ring platelet-activating factor receptor antagonist:
binding and in vitro functional studies. Planta Med.
61, 101-105.

Castro Faria Neto H. C., Aragjo C. V., Moreira S., Bozza
P.T., Thomas G., Barbosa Filho J. M., Cordeiro
R. S. B, and Tibiriga E. V. (1995b), Yangambin: a new
naturally-occurring platelet-activating factor receptor
antagonist: in vivo pharmacological studies. Planta
Med. 61, 106-112.

Clemedson C., Nordin-Andersson M., Bjerregaard H. F.,
Clausen J., Forsby A., Gustafsson H., Hansson U.,
Isomaa B., Jgrgensen C., Kolman A., Kotova N,
Krause G., Kristen U., Kurppa K., Romert L., and
Scheers E. (2002), Development of an in vitro test
battery for the estimation of acute human systemic
toxicity: An outline of the EDIT project. Evaluation-
guided development of new in vitro test batteries. Al-
tern. Lab. Anim. 30, 313-321.

Costa Lotufo L.V., Cunha G.M. A., Farias P. A. M.,
Viana G. S. B., Cunha K. M. A., Pessoa C., Moraes
M. O, Silveira E. R., Gramosa N. V., and Rao V. S. N.
(2002), The cytotoxic and embryotoxic effects of
kaurenoic acid, a diterpene isolated from Copaifera
langsdorffii oil-resin. Toxicon 40, 1231-1234.

Costa Lotufo L. V., Silveira E. R., Barros M. C. P, Lima
M. A. S., Moraes M. E. A., Moraes M. O., and Pessoa
C. (2004), Antiproliferative effects of abietane diter-

685

Costa Lotufo (Departamento de Fisiologia e
Farmacologia, Universidade Federal do Ceara),
Nivea Maria Rocha Macedo (Faculdade de Medic-
ina de Ribeirdo Preto, USP) and Paula Christine
Jimenez (Departamento de Fisiologia e Farmaco-
logia, Universidade Federal do Ceard) for infor-
mation about the model using sea urchin embry-
onic cells. We also acknowledge John Paul
Albuquerque Caldas for correcting the English
manuscript.

penes from Aegiphila lhotzkyana. Planta Med. 70,
1-3.

Evans S. M., Casartelli A., Herreros E., Minnick C., Day
C., George E., and Westmoreland C. (2001), Develop-
ment of a high throughput in vitro toxicity screen pre-
dictive of high acute in vivo toxic potential. Toxicol.
in vitro 15, 579-584.

Finney D. J. (1971), Statistical aspects of monitoring for
dangers in drug therapy. Methods Inf. Med. 10, 1-8.

Freshney R. 1. (1994), Culture of Animal Cells: A Man-
ual of Basic Technique. Wiley-Liss Publishers, New
York.

Garle M. J., Fentem J. H., and Fry J. R. (1994), In vitro
cytotoxicity tests for the prediction of acute toxicity
in vivo. Toxicol. in vitro 8, 1303-1312.

Haussot B., Greger H., and Marian B. (2003), Naturally
occurring lignans efficiently induce apoptosis in color-
ectal tumor cells. J. Cancer Res. Clin. Oncol. 129,
569-576.

Herbert J. M., Castro Faria Neto H. C., Barbosa Filho
J.M., Cordeiro R.S.B., and Tibirica E. V. (1997),
Pharmacological evidence for the putative existence
of two different subtypes of PAF receptors on plate-
lets and leukocytes: studies with yangambin. J. Lipid
Med. Cell. Sign. 17, 1-14.

Jacobs R.S., White S., and Wilson L. (1981), Selective
compounds derived from marine organisms: effects on
cell division in fertilized sea-urchin eggs. Fed. Proc.
40, 26-29.

Marques R. C. P, Medeiros S. R. B, Dias C. S., Barbosa
Filho J. M., and Agnez Lima L. F. (2003), Evaluation
of the mutagenic potential of yangambin and of the
hydroalcoholic extract of Ocotea duckei by the Ames
test. Mutat. Res. 536, 117-120.

Monte Neto R. L., Barbosa Filho J. M., Sousa L. M. A.,
Athayde Filho P.F., Dias C.S., and Oliveira M. R.
(2007), Crude ethanolic extract, lignoid fraction and
yangambin from Ocotea duckei (Lauraceae) show an-
tileishmanial activity. Z. Naturforsch. 62¢, 348-352.

Morais L. C. S. L., Pacha C. O., Santos V. L., and Bar-
bosa Filho J. M. (1996), New lignan from Ocotea
duckei. Fitoterapia 67, 557-558.

Morais L. C. S. L., Almeida R. N., Cunha E. V. L., Silva
M. S., Barbosa Filho J. M., and Gray A. I. (1999), Fur-
ther lignans from Ocotea duckei. Pharm. Biol. 37,
144-147.



686

Morale A., Coniglio L., Angelini C., Cimoli G., Bolla A.,
Alleteo D., Russo P, and Falugi C. (1998), Biological
effects of a neurotoxic pesticide at low concentrations
on sea urchin early development. A teratogenic assay.
Chemosphere 37, 3001-3010.

Mosmann T. (1983), Rapid colorimetric assay for cellular
growth and survival: application to proliferation and
cytotoxicity assays. J. Immunol. Methods 16, 55-63.

Pachu C. O., Almeida R.N., and Barbosa Filho J. M.
(1993), Atividade depressora do sistema nervoso cen-
tral provocado pela iangambina de Ocotea duckei. Ci-
éncia Cultura e Sadde 12, 14-16.

Pessoa C., Silveira E.R., Lemos T. G.L., Wetmore
L. A., Moraes M. O., and Leyva A. (2000), Antiproli-
ferative effects of compounds derived from plants of
north-east Brazil. Phytother. Res. 14, 187-191.

R. L. Monte Neto et al. - Yangambin Cytotoxicity

Ribeiro R., Carvalho F. A.Z., Barbosa Filho J. M.,
Cordeiro R. S.B., and Tibirica E. V. (1996), Protec-
tive effects of yangambin — a naturally occurring
platelet activating factor (PAF) receptor antago-
nist — on anaphylactic shock in rats. Phytomedicine
3, 249-256.

Serra M. F,, Diaz B. L., Barreto E. O., Pereira A. P. B,
Lima M. C. R., Barbosa Filho J. M., Cordeiro R. S. B,
Martins M. A., and Silva P. M. R. (1997), Anti-allergic
properties of the natural PAF antagonist yangambin.
Planta Med. 63, 207-212.

Tibiri¢a E. V., Mosqueira K., Abreu M., Ribeiro R., Car-
valho F. A. S., Barbosa Filho J. M., and Cordeiro R.
(1996), Antagonistic effect of yangambin on platelet-
activating factor (PAF)-induced cardiovascular col-
lapse. Phytomedicine 2, 235-242.





