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Diplotropis ferruginea Benth. (Fabaceae) is a tree popularly known in Northeastern Brazil as
“sucupira-preta”. In the present work, the isolation, identification and pharmacological activity
of a furanoflavan-type flavonoid (2,3-trans-3,4-trans)-3,4,5,8-tetramethoxy-(6,7,2”,3”)-furanoflavan,
which received the trivial name diplotropin is reported. The structure was determined by means of
spectroscopic techniques, especially EIMS and 1D and 2D NMR. Diplotropin (10−8 −3 ·10−4 M)
inhibited the phasic contractions induced by both acetylcholine (IC50 = 4.6±0.8 ·10−5 M) and his-
tamine (IC50 = 2.3±1.1 ·10−5 M) in guinea-pig ileum. Diplotropin relaxed the ileum pre-contracted
with KCl (EC50 = 3.9±1.1 ·10−6 M), acetylcholine (EC50 = 3.7±1.6 ·10−6 M) and histamine
(EC50 = 4.4±1.4 ·10−5 M) in a concentration-dependent manner. As the maintenance of tonic
contraction induced by these contractile agents involves Ca2+ influx through voltage-dependent
Ca2+ channels, it is suggestive that this relaxation may be due to the blockade of Ca2+ in-
flux through those channels. This hypothesis was confirmed by the observation that diplotropin
antagonized (pD’2 = 4.83±0.37) CaCl2 induced contractions in Ca2+-free depolarizing medium
(IC50 = 1.5±0.8 ·10−5 M).
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Introduction

The Leguminosae or Fabaceae is a large family of
herbs, shrubs and trees. It is comprised by approxi-
mately 700 genera and 17,000 species showing a cos-
mopolitan distribution in tropical, subtropical and tem-
perate zones [1]. This family is subdivided in three
subfamilies: Mimosoideae, Caesalpinioideae and Pa-
pilionoideae, and the last is constituted of about 400
genera and 12,000 species [2]. Within these genera, the
genus Diplotropis is included, totaling 22 species.

Few studies are found about the genus Diplotropis.
There are only three papers describing the isolation of
quinolizidine alkaloids from Diplotropis martiusii [3],
flavonoids, steroids and triterpene from Diplotropis
pupurea [4], benzenoid and triterpene from Diplotropis
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ferruginea [5]. The species Diplotropis ferruginea
Benth. (Fabaceae) is a tree, 10 – 12 m tall and is popu-
larly known in Northeastern Brazil as “sucupira-preta”,
where it is used in folk medicine to treat symptoms
of rheumatism, arthritis and diabetes [6]. The tree
is widely distributed in the states of Bahia and Rio
Grande do Norte, Brazil.

A search on NAPRALERT database (NAtural
PRoducts ALERT) and Web of Science did not show
any reference to the species D. ferruginea Benth.
However, previous studies from this research group
have shown that the crude ethanol extract (CEE)
obtained from the stem-barks of this plant exhib-
ited non-selective spasmolytic effects in all tissues
tested (rat aorta and uterus, guinea-pig ileum and
trachea) [7].
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There have been papers demonstrating that
flavonoids have effects on intestinal motility both in
vitro and in vivo. For example, it was reported that
quercetin and other flavonoids inhibited guinea-pig
ileum induced contractions [8, 9]. Capasso et al. [10]
screened 13 flavonoids (apigenin, catechin, crysin,
flavone, hesperetin, kaempferol, morin, myricetin,
naringenin, naringin, phloridzin, quercetin and tax-
ifolin) on contractions in guinea-pig ileum induced
by PGE2, LTD4, acetylcholine and BaCl2. These
spasmolytic effects of flavonoids may have been due
to a nonspecific action since they were also found to
inhibit acetylcholine and BaCl2 induced contractions.
These authors concluded that the spasmolytic effects
displayed by the flavonoids were related to an inhibi-
tion of the calcium influx and/or calcium release from
intracellular stores.

Thus, given the importance of the pharmacologi-
cal actions of other flavonoids in isolated guinea-pig
ileum and knowing that no pharmacological study has
been done using this species and that other species be-
longing to Fabaceae family have ethnomedicinal use
to the treatment of intestinal cramps and chronic diar-
rhea [6]. The aim of the present study was to report the
isolation and identification of a new furanoflavan-type
flavonoid (diplotropin) as well as to investigate the ef-
fect of diplotropin in isolated guinea-pig ileum and to
verify the mechanism of action of this flavonoid.

Material and Methods

Plant material

The stem-bark of D. ferruginea Benth. was col-
lected in September 2002 near the city of Caraúbas in
the state of Rio Grande do Norte – Brazil and identified
by the botanist, Dr. Maria de Fátima Agra, from the Se-
tor de Botânica of the Laboratório de Tecnologia Far-
macêutica of the Universidade Federal da Paraı́ba. A
voucher specimen (Agra 5559) was authenticated and
deposited in the Herbarium Prof. Lauro Pires Xavier
(JPB), Departamento de Sistemática e Ecologia, Uni-
versidade Federal da Paraı́ba, João Pessoa, Paraı́ba,
Brazil.

General procedures

Melting points were determined on a REICHERT,
model R3279 “Kofler” apparatus, with a temperature
range of 0 – 350 ◦C and are uncorrected. 1H NMR
(400 MHz) and 13C NMR (100 MHz) were recorded at
room temperature with a Jeol Eclipse 400 spectrome-

ter with an 5 mm multinuclear probe. The spectra were
recorded in CDCl3, and the solvent signals (7.26 and
77.00 ppm, respectively) were used as reference. The
chemical shifts (δ ) are given in ppm, and the coupling
constant J (in Hz). The two dimensional (2D) experi-
ments were acquired and processed with the Delta soft-
ware provided by Jeol. Mass spectra were measured on
a Shimadzu spectrometer.

Extraction and isolation

The crude ethanol extract (CEE) was obtained ac-
cording to Almeida et al. (2003) [5]. The dried and
powdered stem-barks (10 kg) of D. ferruginea were
extracted with EtOH (95%), yielding, 413 g of crude
ethanol extract (CEE). The CEE was suspended in
H2O and partitioned with hexane and CHCl3. The hex-
ane extract (55.6 g) was dissolved in hot MeOH and
left in a freezer for 24 h, yielding a yellow precipi-
tate, which after recrystallization from hexane yielded
(1) (2.35 g).

(2,3-trans-3,4-trans)-3,4,5,8-Tetramethoxy-(6,7,2”,3”)-
furanoflavan

Yellow crystals, [α]23
D + 47◦(CHCl3, c 0.425); melt-

ing point 114 – 115 C; IR νmax (KBr): 1300, 1285,
1271 and 1250 cm−1. EIMS, m/z 370 ([M]+); 1H and
13C data (Table 1).

Animals

Adult guinea-pigs (Cavia porcellus, 300 – 500 g)
obtained from the Thomas George Biotery, Lab-
oratório de Tecnologia Farmacêutica of the Uni-
versidade Federal da Paraı́ba, were used. The an-
imals were submitted the following conditions:
12 h light : 12 h dark cycle, ventilation and tempera-
ture controlled (27±2 ◦C) and received water and food
pellets ad libitum. All sets of experiments were carried
out in the period of 07:00 – 14:00 h.

Study of spasmolytic activity of diplotropin

Tissue prepa ra t ion

To perform in vitro studies, the guinea-pig ileum
was prepared according to Daniel et al. [11]. The
guinea-pigs were killed by cervical dislocation, the
abdomen opened and the ileum was immediately re-
moved. Only the distal portions, with 3 cm length,
were used. The tissues were placed in 6 ml isolated
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Table 1. 1H (400 MHz) and 13C (100 MHz) NMR for 1 in CDCl3 as solvents and residual CDCl3 used as internal references
(δH 7.24 and δC 70.00), compared with data described in the literature for linear (1) and its angular isomer.a,b Chemical shifts
(δ , ppm) and coupling constants (J, Hz, in parenthesis).*

1 (this paper) Literature data Angular isomer
δC δH

2JCH
3JCH δH δC δH δC

C
5 147.29 – H-4; MeO-5 – 147.6 – 148.6
6 113.74 – H-3” H-2” – 114.1 – 133.9
7 148.53 – H-2”; H-3” – 148.9 – 148.3
8 129.62 – MeO-8 – 130.0 – 114.2
9 144.99 – H-2; H-4 – 145.4 – 143.0

10 111.02 – H-4 H-3 – 111.4 – 110.6
1’ 138.79 – H-2 H-3; H-3’/H-5’ – 139.1 – 138.4

CH
2 80.45 5.02 (d, 6.6) H-2’/H-6’; H-4 5.02 (d) 80.5 5.15 (d, 6.5) 70.70
3 82.84 3.90 (dd, 6.6, 4.4) H-2; H-4 MeO-3 4.10 – 3.90 (dd) 82.9 3.91 (dd, 6.5, 4.7) 82.0
4 74.47 4.79 (d, 4.4) H-3 H-2; MeO-4 4.80 – 4.78 (d) 74.5 4.66 (d, 4.7) 74.7

2’, 6’ 126.56 7.46 (dd, 8.0, 1.4) H-2; H-4’ 7.50 – 7.28 (m) 126.6 7.39 (m) 126.5
3’, 5’ 128.19 7.36 (t, 8.0) 7.50 – 7.28 (m) 128.2 7.39 (m) 128.2

4’ 127.72 7.30 (dd, 8.0, 1.4) H-2’/H-6’ 7.50-7.28 (m) 127.7 7.39 (m) 127.7
2” 143.51 7.50 (d, 2.6) H-3” 7.52 (d, 2.0) 143.5 7.51 (d, 2.2) 143.7
3” 104.80 6.86 (d, 2.6) H-2” 6.84 (d, 2.0) 104.8 6.82 (d, 2.2) 104.4

CH3
MeO-3 58.32 3.29 (s) H-3 3.38 (s) 58.3 3.28 (s) 58.6
MeO-4 56.71 3.35 (s) H-4 3.44 (s) 56.7 3.38 (s) 57.0
MeO-5 60.55 4.06 (s) 4.08 (s) 60.6 4.07 (s) 60.9
MeO-6 – – – – – – 3.98 (s) 61.6
MeO-8 61.33 4.04 (s) 4.04 (s) 61.3 – –
a Number of hydrogens bound to carbon atoms deduced by comparative analysis of HBBD- and APT-13C NMR spectra. Homonuclear 2D
1H-1H-COSY spectrum was also used in these assignments. Chemical shifts and coupling constants (J) obtained from 1D1H NMR spectrum.
b Chemical shift in disaccord with the prevision based in the comparative analysis of these furanoflavan.

organ baths containing modified Krebs solution with
the following composition (mM): NaCl 117, KCl 4.7,
CaCl2 2.5, MgSO4 1.3, NaH2PO4 1.2, NaHCO3 25,
glucose 11 dissolved up in distilled water and bubbled
continuously with a 95% O2 and 5% CO2 gas mixture
and maintained at 37 ◦C. The pH was adjusted to 7.4
with HCl 1 N. Tension changes were recorded through
an isometric force transducer (7003) counterbalanced
by 1 g loading, connected with a polygraph (Gemini
7070), both from Ugo Basile (Italy). The phasic con-
tractions were recorded using isotonic levers coupled
to kymographs and smoked drums.

At the beginning of each experiment, the reactiv-
ity of the tissue preparations was tested with KCl
(40 mM). After washout and 30 min recovery in
modified Krebs solution, contractions were evoked
by adding KCl (40 mM), acetylcholine or histamine
(10−6 M).

Effect of diplotropin on histamine- or acetylcholine-
induced contractions in guinea-pig ileum

Two simple concentration-response curves were
obtained for both histamine and acetylcholine.

Diplotropin was then added and after an incubation
period of 15 min (time required to produce max-
imum effects), a third concentration-response curve
was constructed in the presence of diplotropin. The tis-
sue was washed when the agonist responses had re-
turned to resting level. The procedure was repeated in
the presence and absence of various concentrations of
diplotropin. Inhibition was measured by comparing the
response before and after addition of the furanoflavan
in the organ bath, and IC50 values were obtained graph-
ically from simple concentration-response curves.

Mechanism of action of diplotropin on guinea-pig
ileum: Effect of diplotropin on tonic contractions in-
duced by histamine, acetylcholine or KCl

After stabilization of the preparations, an isomet-
ric contraction was elicited to a concentration of his-
tamine (10−6 M), acetylcholine (10−6 M) or KCl
(40 mM), which gave a response at 60 – 75% of the
maximum (determined from preliminary experiments).
Histamine, acetylcholine or KCl remained in contact
with the preparation until a plateau of contraction
was reached (approximately 8 min), after that time
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the tissue was washed. After a further 30 min, the
process was repeated and at the plateau of contrac-
tion, diplotropin was added cumulatively. Subsequent
concentrations were added only after the response to
the previous concentration became stable. The relax-
ant effect induced by diplotropin was expressed as
the percentage of relaxation (100% when baseline was
reached) of the maximal contractile tension induced by
histamine, acetylcholine or KCl.

Effect of diplotropin on Ca2+-induced contractions in
Ca2+-free depolarizing solution

The strips were prepared as described before. To
access the effect of diplotropin on the influx of Ca2+

through the voltage-dependent Ca2+ channels [12, 13],
the strips were bathed for 30 min. in modified Krebs
solution and then exposed for 45 min to high-K + Ca2+-
free depolarizing solution at the following composition
(mM): NaCl 51.7, KCl 70, MgSO4 1.3, NaH2PO4 1.2,
NaHCO3 25, glucose 11. In general, two cumulative
concentration-response curves to CaCl2 were obtained
at 60 min intervals in each preparation [14]. After
obtaining the first curve, washing and complete re-
laxation, different concentrations of diplotropin were
added to the bath and left in contact with the tissue
for 15 min. Then, a second cumulative concentration–
response curve to CaCl2 was obtained in the presence
of the furanoflavan. The maximal contraction obtained
with the first concentration-response curve to CaCl2
was taken as 100%, and all contractions were calcu-
lated as a function of this value. Each preparation was
exposed to only one concentration of diplotropin. In-
hibition of CaCl2 responses was calculated by com-
paring the response in the absence or presence of the
diplotropin. The IC50 values were calculated as de-
scribed before.

Statistical analysis

Values were expressed as means ± S. E. M. and “n”
refers to the number of animals used in each set of
experiments. Statistical analyses were performed us-
ing the GraphPad Prism R© 3.03 software (GraphPad
Software Inc., San Diego CA). The EC50, IC50 and
pD’2 values were determined by non-linear regression
from concentration-response curves [15, 16]. Differ-
ences between the means were statistically compared
using Student’s test and/or one-way ANOVA followed
by Bonferroni’s test, as appropriate, and were consid-
ered to differ significantly when p < 0.05.

Results

Structural determination of compound 1

The EIMS spectrum of diplotropin (1) revealed
a molecular ion peak at m/z 370 ([M]+) which to-
gether with the 1H (1D and 2D 1H-1H-COSY), 13C
(HBBD and APT) and 1H-13C-COSY-nJCH (n = 1,
HMQC; n = 2 and 3, HMBC) NMR spectral data
(Table 1) led to deduction of the molecular formula
C21H22O6 (11 degrees of insaturation) compatible with
a flavan skeleton. The 1D 1H and 13C (HBBD and
APT) together with the 2D 1H-13C-COSY-nJCH (n = 1,
HMQC; n = 2 and 3, HMBC) NMR spectra led to
the elucidation of a highly methoxylated flavan with
a furan ring bonded to ring A and having an unsub-
stituted ring B. The 1H NMR spectrum revealed the
presence of a phenyl group by signals at δH = 7.46
(dd, J = 8.0 and 1.4 Hz, H-2’/H-6’), 7.36 (t, J =
8.0 Hz, H-3’/H-5’) and 7.30 (dd, J = 8.0 and 1.4 Hz,
H-4’), which showed correlations in the HMQC with
13C signals at δC = 126.56 (CH-2’/CH-6’), 128.19
(CH-3’/CH-5’) and 127.72 (CH-4’). The location of
this phenyl group at the carbinolic carbon atom CH-2
[δH/δC: 5.02 (d, 6.6 Hz)/80.45] was deduced by het-
eronuclear long-range spin-spin interactions between
C-1’ (δC = 138.79) with H-3’/H5’ (δH = 7.36, 3JCH),
H-2 (δH = 5.02, 2JCH) and H-3 (δH = 3.90, 3JCH) as
well as by correlations of the 13C signal of the CH-2
(δC = 80.45) with both the 1H signals at δH = 7.46
(H-2’/H-6’, 3JCH) and 4.79 (H-4, 3JCH) observed in
the HMBC spectrum. The homonuclear spin-spin cou-
plings of H-3 (δH = 3.90) with both H-2 (δH = 5.02)
and H-4 (δH = 4.79) were revealed by the 2D 1H-1H-
COSY spectrum, which also showed the interaction of
H-2” (δH = 7.50, d, J = 2.6 Hz) and H-3” (δH = 6.86,
d, J = 2.6 Hz) of the furan ring. The direct heteronu-
clear correlations of these 1H signals of the hetero-
cyclic (ring C) and furan ring with the corresponding
13C signals was deduced through cross-peaks observed
in the HMQC spectrum: δH/δC: 5.02/80.45 (CH-2),
3.90/82.84 (CH-3), 4.79/74.47 (CH-4), 7.50/143.51
(CH-2”) and 6.86/104.80 (CH-3”). The identification
of the 1H signals of the MeO-3 and MeO-4 was
based in the HMBC spectrum, which showed spin-
spin interaction (3JCH) of the CH-3 (δC = 82.84) with
MeO-3 (δH = 3.29) and CH-4 (δC = 74.47) and MeO-4
(δH = 3.35), as shown in Table 1. The presence of
a methoxy group at carbon C-5 (δC = 147.29) was
established by long-range interaction of the signal at
δC = 147.29 (C-5) with both H-4 (δH = 4.79, 3JCH)
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Fig. 1. Important 1H-1H NOESY correlations for diplotro-
pin (1).

and MeO-5 (δH = 4.06, 3JCH). The dipolar-dipolar in-
teraction revealed by NOE effect (Fig. 1) between the
hydrogen atoms of the MeO-5 (δH = 4.06) and H-3”

(δH = 6.86) was used to locate the carbon atoms C-6
and C-7 of the flavan skeleton in the furan ring (1).
Consequently, the remaining methoxy group (δ H/δC:
4.04/61.33) was located at C-8, which was confirmed
by the long-range coupling of C-8 (δC = 129.62) with
the hydrogens of the MeO-8 (δH = 4.04, 3JCH). The
13C chemical shifts of the methoxyl groups MeO-5
(δC = 60.55) and MeO-8 (δC = 61.33) are in accor-

Fig. 2. Effect of diplotropin
on phasic contractions
induced by 10−6 M his-
tamine (A) and acetyl-
choline (B) in guinea-pig
ileum. The columns and
bars represent the means and
S.E.M., respectively (n = 4).
Significant differences are
indicated by ∗p < 0.05 and
∗∗p < 0.001 (control ×
diplotropin; Student’s test).

dance with their localizations in hindrance positions. A
methoxy group linked to sp2 carbon atom and located
at a position without steric hindrance reveals 13C sig-
nals about δC = 56 ppm.

The relative stereochemistry of (1) was determined
from the coupling constants revealed by 1H signals
corresponding to H-2, H-3 and H-4 (Table 1) and
by NOE effects observed 1H-1H-NOESY spectrum
(Fig. 1). The values corresponding to the vicinal in-
teraction (3JH,H) between the hydrogens H-2 and H-3
(J = 6.6 Hz) and H-3 (dd, J = 6.6 and 4.4 Hz) with
both H-2 and H-4 (J = 4.4 Hz) are consistent with the
relative configuration showed in (1) and (1a).

Consistent with these deductions, the NOESY spec-
trum showed cross peaks attributed to dipolar interac-
tion (space proximity, Fig. 1), which was also used to
confirm the location of the methoxyl groups: MeO-8
(δH 4.04) with H-2’/H-6’ (δH = 7.46); MeO-5 (δH =
4.06) with both H-3” (δH = 6.86) and H-4 (δH = 4.79);
H-3 (δH = 3.90) with H-2’/H-6’ (δH = 7.46) and H-2
(δH = 5.02) with H-4 (δH = 4.79).

All the data discussed above led to deduce the
relative configuration (2,3-trans-3,4-trans)-3,4,5,8-
tetramethoxy-(6,7,2”,3”)-f uranoflavan (1). Despite
the great distribution of flavonoids in nature, this type
of structure was only found in Derris araripensis and
Lonchocarpus subglaucescens [17]. The NOE effect
between MeO-8 and H-2’/H-6’ (Fig. 1) points to the
possibility of an induced deshielding in the H-2 of
the isomer (2,3-trans-3,4-trans)-3,4,5,6-tetramethoxy-
(7,8:2”,3”)-f uranoflavan (angular isomer) [17] by an
anisotropic effect, in accordance with the difference
observed in the chemical shifts of the H-2 and H-4 of
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Fig. 3. Effect of different concentrations of diplotropin on
the 10−6 M histamine (�)-, 10−6 M acetylcholine (�)- and
40 mM KCl (◦)-induced tonic contractions in guinea-pig
ileum. The symbols and vertical bars shown on the figure rep-
resent the means and S.E.M., respectively (n = 6). ∗p < 0.05
and ∗∗p < 0.001 (KCl × acetylcholine, Student’s test).

the linear (1) and angular isomers, without neglecting
the possibility of a small conformational change. Thus,
this angular isomer revealing signals of H-2, H-3 and
H-4 with approximately same values of coupling con-
stants observed in the linear isomer (e.g. 1) may also
represent relative configuration (2,3-trans-3,4-trans).

Effect of diplotropin on histamine- or acetylcholine-
induced contractions in guinea-pig ileum

Diplotropin (10−8 − 3 · 10−4 M) inhibited the pha-
sic contractions induced by both histamine or acetyl-
choline (Fig. 2A and B, respectively). The correspond-
ing values of IC50 obtained graphically were 2.3±1.1
and 4.6±0.8 ·10−5 M for histamine and acetylcholine,
respectively.

Mechanism of action of diplotropin on guinea-pig
ileum: Effect of diplotropin on tonic contractions in-
duced by histamine, acetylcholine or KCl

Cumulative addition of diplotropin during the de-
velopment of the tonic component of the contrac-
tions resulted in a concentration-dependent relaxation
in the guinea-pig ileum that had been precontracted
with histamine (10−6 M), acetylcholine (10−6 M) or
KCl (40 mM) (Fig. 3). The threshold concentration of
diplotropin was 10−8 M for histamine, acetylcholine or
KCl induced contractions, but maximal relaxation oc-
curred at 3 · 10−4 M for all tested contractile agents
(Fig. 3). The EC50 values (Fig. 4) were 4.4 ± 1.4 ·

Fig. 4. EC50 values of diplotropin on the histamine-,
acetylcholine- or KCl-induced tonic contractions in guinea-
pig ileum. The columns and bars represent the means and
S.E.M., respectively (n = 6). One-way ANOVA followed
by Bonferroni’s test. Significant differences are indicated by
∗,# p < 0.05. (histamine × acetylcholine or histamine ×KCl).

Fig. 5. Concentration-response curves to CaCl2 in Ca2+-free
and high-K+ depolarizing solution in guinea-pig ileum in
the absence, control (�) and presence of diplotropin [M]:
10−5 (�); 3 · 10−5 (�); 10−4 (◦) and 3 · 10−4 (•). Contrac-
tions expressed as percentage of the maximum control re-
sponses. Values are mean ± S.E.M. for 5 experiments. One-
way ANOVA followed by Bonferroni’s test. Significant dif-
ferences are indicated by ∗p < 0.05 (control × diplotropin
[M]: 10−5; 3 · 10−5) and ∗∗p < 0.001 (control × diplotropin
[M]: 10−4; 3 ·10−4).

10−5 M, 3.7±1.6 ·10−6 M and 3.9±1.1 ·10−6 M for
histamine, acetylcholine and KCl, respectively.

Effect of diplotropin on Ca2+-induced contractions in
Ca2+-free depolarizing solution

Fig. 5 shows the mean cumulative concentration-
response curves for CaCl2 alone and in the presence of
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different concentrations of diplotropin (10−5, 3 ·10−5,
10−4 and 3 · 10−4 M). Diplotropin produced a non
parallel and concentration-dependent rightward shift
of the concentration-response curve to CaCl2, signif-
icantly reducing the maximal response (IC50 = 1.5±
0.8 ·10−5 M). Analysis of the data showed a linear re-
gression and the value of linear correlation coefficient
(r2) was 0.7. The pD’2 and Schild slope values were
4.83±0.37 and −0.62±0.23, respectively, indicating
a non-competitive blockade.

Discussion

In the present study, we have investigated the effects
of diplotropin on intestinal smooth muscle, and the
most important finding in this work is the demonstra-
tion that diplotropin exerts a nonselective spasmolytic
action, and that this effect is due in part to the inhi-
bition of Ca2+ influx through the voltage-dependent
Ca2+ channels.

Since diplotropin inhibited the contractions induced
by different contractile agents in smooth muscle of
guinea-pig ileum (Figs 2 and 3), it would be reasonable
to affirm that diplotropin has no selectivity to the con-
tractile agents tested. Moreover, as the IC50 and EC50
values were not significantly different, it can be sug-
gested that diplotropin may be acting by a similar path-
way in the tissue studied.

In the guinea-pig ileum, the phasic component is
reached at 15 sec after the contact of the stimulus with
the tissue, while the tonic component is reached after
8 min under the same conditions [18].

In order to verify whether diplotropin acts on Ca 2+

influx across the membrane, we evaluated its effect
on the tonic component of the contractile response in-
duced by acetylcholine, histamine or KCl in isolated
guinea-pig ileum. As shown in Fig. 3, diplotropin re-
laxed in a concentration-dependent manner the pre-
contracted ileum with the previously mentioned con-
tracturing agents. Independently of the contraction be-

ing evoked by either pharmacomechanical or elec-
tromechanical coupling, the maintenance of the tonic
component involves activation of voltage-dependent
Ca2+ channels [19]. Therefore we can postulate that
diplotropin may be acting by the blockade of Ca 2+

influx through these channels to produce nonselective
spasmolytic effects.

The confirmation of this hypothesis resulted
from the observation that diplotropin inhibited in a
concentration-dependent manner the CaCl2-induced
contractions in guinea-pig ileum in Ca2+-free depo-
larizing solution (Fig. 5). Whether the flavonoid in-
hibits the Ca2+ influx across the membrane acting in-
directly on voltage-dependent Ca2+ channels, blocking
protein kinase C or opening potassium channels, these
are questions that need to be answered.

Flavonoids are capable of modulating the activity of
many enzymes and have a remarkable spectrum of bio-
chemical and pharmacological activities [20]. Further-
more, the behavior of many cell systems, suggest that
these substances may possess significant gastrointesti-
nal, antihepatotoxic, antiallergic, antiinflammatory, an-
tiosteoporotic and even antitumor activities [21]. Many
of the biological actions of flavonoids have been at-
tributed to their antioxidant properties; however the
precise mechanisms by which flavonoids exert their
beneficial or toxic actions remain unclear.

In conclusion, we have shown that diplotropin pro-
duces spasmolytic effect in guinea-pig ileum and that
this effect is due in part to the inhibition of Ca2+ in-
flux through voltage-dependent Ca2+ channels. How-
ever, we do not discard other possible mechanisms that
have not been studied yet.
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E. G. Magalhães, Phytochemistry. 42, 1459 (1996).

[18] B. A. Silva, V. L. A. Nouailhetas, J. Aboulafia, Am. J.
Physiol. 277, C739 (1999).

[19] C. M. Rembold, in: M. Bárány (ed.): Biochemistry
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