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* Author for correspondence and reprint requests

Z. Naturforsch. 61c, 643Ð646 (2006); received March 6/May 3, 2006

The cytotoxic potential of three cucurbitacins, 2,3,16,20(R),25-pentahydroxy-11,22-dioxo-
cucurbita-5-en (cucurbitacin P, 1), 2,3,16,20(R),25-pentahydroxy-22-oxocucurbita-5-en (2)
and 2,3,16,20(R),25-pentahydroxy-22-oxocucurbita-5,23(E)-diene (deacetylpicracin, 3), ob-
tained from Cayaponia racemosa was evaluated as their ability to induce brine shrimp lethal-
ity, to inhibit the development of sea urchin eggs and tumor cell proliferation, and to lysis
mouse erythrocytes. Compounds 1 and 2 were highly toxic with LC50 of (29.6 ð 9.1) (56.8)
and (38.8 ð 3.0) (76.6) μg/mL (μm), respectively, while compound 3 was not effective at the
tested concentrations. All tested compounds possessed an inhibitory effect on the prolifera-
tion of tumor cell lines, compound 1 being the most active, followed by 2 and 3. Nevertheless,
no hemolytic activity or inhibition of the development of sea urchin eggs was observed for
these compounds.
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Introduction

Cucurbitacins are a special group of triterpe-
noids having a cucurbitane skeleton with a wide
range of biological activities associated with their
chemical structural complexity (Chen et al., 2005).
They are characteristic (but not exclusive) con-
stituents of members of the Cucurbitaceae family.
The most relevant biological roles are their strong
antifeedant activity towards a number of insect
species (Sachdev-Gupta et al., 1993) and insectici-
dal activity acting at the ecdysteroid receptor (Di-
nan et al., 1997). Besides, they also possess re-
markable pharmacological effects, like inhibition
of cell adhesion (Musza et al., 1994) and of T-lym-
phocyte proliferation (Smit et al., 2000), anti-in-
flammatory (Peters et al., 1997; Jayaprakasam et
al., 2003), analgesic (Peters et al., 1997), immuno-
modulatory (Attard et al., 2005) and anti-angio-
genic activities (Duncan and Duncan, 1997). Previ-
ous reports have attributed to the cucurbitacins in
vitro and in vivo anticancer activities (Fang et al.,
1984; Duncan et al., 1996; Clericuzio et al., 2004).
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Cayaponia racemosa Cogn. (Cucurbitaceae) is a
climber plant commonly found in northeastern
Brazil, where it is popularly known as “guardião”
(Barroso, 1978). The seeds of C. racemosa are used
in Brazilian folk medicine in dermatology and to
treat epilepsy, amenorrhea and constipation
(Braga, 1976). In the course of screening natural
products as new anticancer agents, we have evalu-
ated the cytotoxic activity of the cucurbitacins
2,3,16,20(R),25-pentahydroxy-11,22-dioxocucurbi-
ta-5-en (cucurbitacin P, 1), 2,3,16,20(R),25-penta-
hydroxy-22-oxocucurbita-5-en (2) and 2,3,16,20(R),
25-pentahydroxy-22-oxocucurbita-5,23(E)-diene
(deacetylpicracin, 3) isolated from C. racemosa. It
is worthwhile to mention that this is the first re-
port on the isolation of these cucurbitacins from
C. racemosa.

The cytotoxicity of these cucurbitacins was eval-
uated as their ability to induce brine shrimp lethal-
ity, to inhibit the development of sea urchin eggs
and tumor cell proliferation, and to lysis mouse
erythrocytes.



644 I. N. F. Dantas et al. · Cytotoxic Cucurbitacins from Cayaponia racemosa

Material and Methods

Plant material

The plant material was collected in Palmácia,
Ceará, Brazil. A voucher specimen (# 30532) was
deposited at the Herbário Prisco Bezerra, Federal
University of Ceará, Brazil. The air-dried, pow-
dered fruits (0.91 kg) of C. racemosa were ex-
tracted exhaustively with EtOH (3 L) at room
temperature. After removal of the solvent under
reduced pressure, the dark green residue (27.8 g)
was fractionated by silica gel (Kieselgel 60 H) col-
umn chromatography using hexane, CHCl3,
EtOAc and MeOH as eluents. The EtOAc fraction
(8.34 g) contained a mixture of cucurbitacins. A
portion (700.0 mg) of this fraction was subjected
to reversed-phase HPLC on a Hibar RP-18
column (250 ¥ 4 mm) eluted with MeOH/H2O
(6 : 4), to yield 2,3,16,20(R),25-pentahydroxy-
11,22-dioxocucurbita-5-en (1) [280.0 mg, [α]25

D

+ 305.6∞ (c 0.0055, MeOH), m.p. 141.5Ð144 ∞C] and
2,3,16,20(R),25-pentahydroxy-22-oxocucurbita-5-
en (2) [325.0 mg, [α]25

D Ð 687.6∞ (c 0.43, C5H5N),
m.p. 141Ð144 ∞C]. Another portion (60.0 mg) of
the EtOAc fraction was purified by preparative
layer chromatography [silica gel, CHCl3/MeOH
(9.5 : 0.5) developed three times] and gave
2,3,16,20(R),25-pentahydroxy-22-oxocucurbita-5,
23(E)-diene (3) [30.0 mg, [α]25

D Ð 320,7∞ (c 0.55,
MeOH), m.p. 182.4Ð185 ∞C]. Structural elucida-
tions of 1, 2 and 3 were based mainly on spectros-
copic [infrared (IV)] and 1H and 13C NMR analy-
sis including special pulses sequences (one and two
dimensional NMR such as DEPT 135o, 1HÐ1H
COSY, 1HÐ13C HMQC, 1HÐ13C HMBC and 1HÐ
1H NOESY) and comparison with data from liter-
ature (Stuppner et al., 1981; El-Fattah, 1994).

Brine shrimp lethality assay

The brine shrimp lethality assay was performed
in 24-multiwell plates. Ten nauplii were incubated
for 24 h with the compounds (1 to 100 μg/mL) in
multiwell plates. Survivors were counted after in-
cubation and the percentage of deaths at each con-
centration and control (seawater) were deter-
mined (Meyer et al., 1982).

In vitro cytotoxic activity

The cytotoxicity of the compounds was investi-
gated against HL-60 (human leukemia), CEM (hu-
man leukemia), HCT-8 (human colon cancer),

MCF-7 (human breast cancer) and B-16 (murine
melanoma) tumor cell lines (National Cancer In-
stitute, Bethesda, MD, USA). Cells were plated in
96-multiwell plates. The compounds (0.39 to 25 μg/
mL) dissolved in 10% DMSO were added and the
cells were incubated for 72 h. Doxorubicin (0.01
to 0.58 μg/mL) was used as positive control. Tumor
cell growth was quantified by the ability of living
cells to reduce the yellow dye MTT to a purple
formazan product (Mosmann, 1983).

Antimitotic activity on sea urchin eggs

Adult sea urchins (Lytechinus variegatus) were
collected at Lagoinha beach, on the northeastern
Brazilian coast. The gamete elimination was in-
duced by KCl and for in vitro fertilization the
sperm suspension was added to the egg solution.
The assay was carried out in 24-multiwell plates.
The compounds were added immediately after fe-
cundation to get concentrations of 1, 3, 10, 30 and
100 μg/mL. Doxorubicin was used as positive con-
trol (0.0058 to 58.0 μg/mL). Aliquots of 200 μL
were fixed in the same volume of formaldehyde to
obtain first and third cleavage and blastulae stages
(Jimenez et al., 2003).

Hemolytic activity assay

The hemolytic assay was performed as described
by Jimenez et al. (2003). The compounds were
tested at concentrations ranging from 2.3 to
300 μg/mL. Triton X-100 (0.1%) was used to ob-
tain 100% hemolysis. After incubation, the liber-
ated hemoglobin was measured spectroscopically
at 540 nm.

Statistical analysis

Data are presented as means ð S.E.M. The IC50

values and their confidence intervals were ob-
tained by nonlinear regression using the Graph-
Pad Prism Software (Intuitive Software for Sci-
ence, San Diego, CA). LC50 values for brine
shrimp assay were obtained from 24-h counts us-
ing the probit analysis method described by Litch-
field and Wilcoxon (1949).

Results and Discussion

In the brine shrimp lethality assay, compounds
1 and 2 were highly toxic with LC50 of (29.6 ð 9.1)
(56.8) and (38.8 ð 3.0) (76.6) μg/mL (μm), respec-
tively, while compound 3 was not effective at the
tested concentrations. According to several au-
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Fig. 1. Chemical structures of the cu-
curbitacins 2,3,16,20(R),25-pentahy-
droxy-11,22-dioxocucurbita-5-en (cu-
curbitacin P, 1), 2,3,16,20(R),25-pen-
tahydroxy-22-oxocucur-bita-5-en (2)
and 2,3,16,20(R),25-pentahydroxy-
22-oxocucurbita-5,23(E)-diene (de-
acetylpicracin, 3) isolated from Caya-
ponia racemosa.

thors, this assay presents a good relationship with
assays to detect antitumor compounds in terres-
trial plants extracts (Meyer et al., 1982). In the
present paper, this correlation was not quite evi-
dent, since all tested compounds possessed inhibi-
tory effects on the proliferation of tumor cell lines,
compound 1 being the most active, followed by 2
and 3 (Fig. 1, Table I). Previous studies reported
the in vitro cytotoxic activity of some structurally
related cucurbitacins (Jayaprakasam et al., 2003;
Clericuzio et al., 2004). According to Duncan and
Duncan (1997), the cucurbitacins E, B, I, D, Q, K
(but not P) presented cytotoxic activity against the
PC-3 (prostate carcinoma) cell line. Thus, the au-
thors postulated that the lack of a double bond in
the side chain between C-23 and C-24 and hydro-
xylation of C-23 would decrease the cytotoxicity.
The previous work of Fang et al. (1984) reinforced
the importance of these structural requirements,

Compound IC50, CI 95% [μg/mL (μm)]

HL-60 CEM B-16 HCT-8 MCF-7

Doxorubicin 0.02 (0.03) 0.02 (0.03) 0.03 (0.05) 0.04 (0.07) 0.20 (0.34)
0.01Ð0.02 0.01Ð0.02 0.02Ð0.04 0.03Ð0.05 0.17Ð 0.24

1 0.64 (1.20) 0.80 (1.50) 0.99 (1.86) 0.96 (1.80) 1.71 (3.20)
0.49Ð0.85 0.72Ð0.88 0.91Ð1.07 0.66Ð1.39 1.48Ð 1.96

2 1.35 (2.70) 1.89 (3.78) 2.22 (4.44) 1.68 (3.36) 3.58 (7.16)
1.07Ð1.70 1.69Ð2.12 1.91Ð2.58 1.52Ð1.84 3.23Ð 3.98

3 2.35 (4.60) 2.31 (4.52) 4.97 (9.70) 2.92 (5.70) 7.68 (15.29)
1.89Ð2.92 2.04Ð2.61 3.40Ð7.26 2.04Ð4.17 5.73Ð10.28

Table I. Cytotoxic activity of
the cucurbitacins isolated
from Cayaponia racemosa on
tumor cell lines determined
by the MTT assay.

The IC50 values and their
95% confidence interval (CI
95%) were obtained by non-
linear regression. Doxorubi-
cin was used as positive con-
trol.

in view of the fact that cucurbitacin F presented
cytotoxicity against P-388 e KB cell lines, while
dihydrocucurbitacin F and hexanorcucurbitacin F
were not effective. Nevertheless, the data exhi-
bited here showed exactly the opposite, since the
strongest inhibitory activity would be related to
cucurbitacin P (1), a compound that lacks the dou-
ble bond in the side chain, while deacetylpicracin
(3), which possesses the double bond in the side
chain, was the least active. Another difference be-
tween the three cucurbitacins isolated from C. ra-
cemosa, that could justify the highest activity, is
the presence of a carbonyl group at C-11 of cucur-
bitacin P (1). Clericuzio et al. (2004) demonstrated
the growth inhibitory activity of cucurbitacin B,
which possesses a carbonyl group at C-11, in con-
trast to two other cucurbitane triterpenoids stud-
ied, leucopaxillones A and B, which were less ef-
fective.
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The sea urchin eggs assay provides a useful man-
ner to evaluate the disturbance of a compound in
the phases of the cell cycle. However, present re-
sults indicate that none of the tested compounds
inhibited the sea urchin development.

The similar chemical structures and very high
biological activity of cucurbitacins and steroids
suggest a similar mechanism of biological action of
both groups of compounds (Duncan and Duncan,
1997). Nevertheless, no hemolytic activity was ob-
served in the hemolytic assay using mice erythro-
cytes.

In conclusion, the cucurbitacins from Cayaponia
racemosa exhibited potent anticancer activity. The
results so far shown suggest that the presence of a
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