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Identification of Sakurasosaponin as a Cytotoxic Principle
from Jacquinia flammea
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The crude ethanolic extract of leaves, stem-bark and roots of J. flammea were tested for their cytotoxic effect against two mammalian cell
lines (HeLa and RAW 264.7) and four bacterial species (Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas
aeruginosa). When tested at the concentration of 100 µg/mL, the root extract showed the highest cytotoxic activity against mammalian cells
followed by the stem-bark extract while the leaves extract did not show significant activity. No antibacterial activity was detected for all
extracts when tested up to 500 µg/disc in the disc diffusion assay. The cytotoxic root extract was subjected to fractionation using solvents of
ascending polarity: petroleum ether, chloroform, ethylacetate, butanol and water. The water fraction which showed cytotoxic activity was
further subjected to routine bioassay-guided fraction to lead to the isolation of sakurasosaponin as the active principle. The recorded IC50
value for sakurasosaponin was 11.3 ± 1.52 and 3.8 ± 0.25 µM (n=3) against HeLa and RAW 264.7 respectively. The identification of
sakurasosaponin was based on analysis of spectroscopic data.
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Jacquinia flammea Millsp. ex Mez (syn Bonellia
flammea (Millsp. ex Mez) Ståhl & Källersjö;
Theophrastaceae) is a shrub or small tree endemic to the
Yucatan peninsula, Mexico. In the Mayan tradition
where the plant is known by its common names “Chak
sik”and “ink'axx” [1a, 1b], the infusion of the leaves
often combined with other plants is taken orally to treat
colds and fever. Previous biological activity studies on
the methanolic extracts of the leaves, stem-bark and
roots of J. flammea showed that the root extract possess
activity against 10 fungal strains [1c] and cytostatic
activity in plants when tested using the cucumber seeds
assay model [1d]. Despite the fact that J. flammea is
generally considered poisonous [1c] and several
species of the genus (e.g. J. barbasco, J. macrocarpa,
and J. seleriana in Mexico; J. armillaris in the Antilles
and Venezuela; and J. sprucei (syn. J. pubescens) in
Ecuador and Peru) are widely used as fish poisons [1e],
the chemistry and cytotoxicity profile of J. flammea
have not yet been studied.

Preliminary cytotoxicity studies on the EtOH extracts of
leaves, stem-bark and roots of J. flammea were carried
out using representative mammalian cell lines and
bacterial test species [2a,2b]. As shown in Table 1, the
root extract showed the highest toxicity in mammalian
cells followed by the stem-bark extract, while the leaves
extract displayed no activity up to the highest
concentration tested (100 µg/mL). When the extracts
were tested for antibacterial activity using
representative gram-positive and gram-negative test
species, no activity was observed up to the
concentration of 500 µg/disc. The root extract of
J. flammea which showed the most cytotoxic activity
against mammalian cells was taken for liquid-liquid
partitioning to yield fractions of low, medium-low,
medium-high and high-polarity including the residual
aqueous fraction. Evaluation of fractions for
mammalian cell cytotoxicity activity revealed that only
the aqueous fraction displayed significant activity in the
24 h assay. The IC50 values obtained in this study were
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Table 1: Cytotoxic activity of crude extracts of J. flammea on HeLa cells
at 24 and 48 h. Each experiment was carried out in quadruplicate
determinations. The mean percent cell death and SEM from three separate
experiments are shown.
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28.61 ± 2.27 and 10.60 ± 1.83 µg/mL (n=3) for HeLa
and Raw 264.7 cells respectively. Further bioassayguided purification of the aqueous fraction using
repetitive silica gel column chromatography led to the
isolation of the active principle 1 (Figure 1).
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Sakurasosaponin was isolated as a white amorphous
powder. Its [M-H]- ion in the ESI-MS at m/z 1249 was
consistent with a molecular formula of C60H98O27. The
COSY, DEPT, HSQC, and HMBC experiments were
further used for the assignment of 1H and 13C
resonances. The data proved to be identical to the 1H
and 13C NMR data reported for sakurasosaponin (Figure
1), a saponin previously isolated from the leaves of
Rapanea melanphloeos, stem-bark of Tapeinosperma
clethroides and roots of as yet unidentified species of
Monoporus species [3a-3c].
Sakurasosaponin (1) displayed a moderate cytotoxic
activity against HeLa (IC50 = 11.3 ± 1.52 µM) and
RAW 264.7 (IC50 = 3.8 ± 0.25 µM) cells. Under similar
experimental conditions, the positive control,
podophyllotoxin, gave an IC50 value of 32 ± 2 and 68 ±
0.9 nM against HeLa and RAW 264.7 cells
respectively. Sakurasosaponin was previously reported
to possess antifungal effects suggesting that it might
also be responsible for the reported antifungal activity
of J. flammea extracts [1c]. Sakurasosaponin isolated
from as yet unidentified species of Monoporus (family
Myrsaceae) has also been reported to display
cytotoxicity in A2780 cancer cells (3c). Although
phytochemical and cytotoxicity studies on the genus
Jacquinia are very limited [4a, 4b], the identification of
saponins as cytotoxic agents from the various species of
the family Theophrastacea has been well documented
[4a, 4b]. Piscicidal, spermicidal, antifungal, haemolytic,
cytotoxic and molluscicidal activities by saponincontaining plants has largely been shown to be mediated
through non-specific interaction with cell membrane
cholesterol and/or sterols [4c]. Such interactions are
now believed to lead to the formation of membrane
pores and eventual cell death [4c]. The fact that
prokaryotic bacterial cells do not have significant
amount of sterols in their membrane and/or cell wall
[4d] might thus explains why J. flammea extracts and
the isolated active principle, sakurasosaponin (1), lack
antibacterial activities.
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Figure 1: Structure of sakurasosaponin (1)

The identification of sakurasosaponin (1) as the
cytotoxic principle of J. flammea is also in good
agreement with the previously established structuralactivity relationship of saponins. The number of
sugars and glycosylation sites of saponins have been
shown to play an important role for their cytotoxic
effects [5a-5c]. Furthermore, the 13β,28-oxo-oleanane
skeleton of saikosaponins has been shown to be
essential for biological activities including antiviral,
hepatoprotective,
haemolytic,
anti-inflammatory
and antitumour effects [5c,5d]. Accordingly,
sakurasosaponin derivatives which lack the 13β,28-oxo
bridge moiety have been shown to be weak antifungal
and molluscicidal agents [3b]. Our finding of the
triterpene saponin, sakurasosaponin (1) which possess
the 13β,28-oxo bridge in its structure as a cytotoxic
agent is thus in good agreement with previous studies.
For saponins which contain the 13β,28-oxo bridge
structural moiety (e.g. saikosaponins and maesabalides),
their haemolytic activity has been shown to be
further enhanced by α-hydroxylation of the C-16
position [5c,5d]. This structural feature is also evident
in sakurasosaponin (1) (Figure 1).
In conclusion, our bioassay-guided isolation studies on
J. flammea resulted in the isolation of the active
principle, sakurasosaponin. This appears to be the first
report on the chemistry of J. flamea extracts. The
observed biological activity may further explain some
of the various traditional uses reported for the plant. In
view of the cytotoxicity of the J. flammea extracts, care
must be taken when using the plant preparations for
internal use. Further research on the anticancer activity
of the isolated compound is also warranted.

Cytotoxic saponin from Jacquinia flammea

Experimental
General Procedures: All solvents were analytical grade
(Fisher Scientific), and distilled in the laboratory
prior to use. Analytical thin layer chromatography
(TLC) was carried out using Silica gel 60 F254 (SigmaAldrich Company) plates. Chromatograms were sprayed
with 1% vanillin (in EtOH) followed by H2S04 (5% in
H2O), and then heated using hot air until colour spots
are visible. Open (gravity) column chromatography
separations were carried out using silica gel 70-230
mesh (Sigma-Aldrich Company). Fractions were
monitored by TLC and those showing a similar
composition were combined. Infrared (IR) data was
collected using a Perkin-Elmer FT-IR spectrometer
(Paragon1000). ESI-MS and MS/MS mass spectrometry
analysis were performed using a Micromass
(Manchester, UK) Quattro 11 tandem mass
spectrometer with an electrospray, Z-spray ion source
(+/– ve). Flow injection analysis was employed with a
solvent mixture of CH3OH and H2O each with 0.1%
HCOOH 50:50 v/v and a flow rate of 10 µl/min. The
analyte concentration was 10 µg/mL. For tandem mass
spectrometry, a collision cell with 2 × 10–5 torr argon,
and product ion scans were employed. 1D (1H and 13C)
spectra and 2D (COSY, HMBC, HSQC and NOESY)
experiments of sakurasosaponin were recorded on a
Bruker AVANCE DRX-500 spectrometer operating at
500 MHz (1H) and 125 MHz (13C).
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CHCl3 (200 mL); CHCl3-MeOH 95:5 (200 mL), 90:10
(200 mL), 80:10 (200 mL); CHCl3-MeOH-H2O 80:10:1
(200 mL), 80:20:1 (200 mL), 80:30:1 (200 mL), 70:30:1
(200 mL), 60:30:1 (200 mL), 50:30:1 (200 mL, 40:30:1
(200 mL), 30:30:1 (200 mL), 30:20:1 (200 mL),
20:30:1(200 mL), 20:30:2 (200 mL). Fractions were
collected in portions of 50 mL and combined on the
basis of their TLC profile to yield 18 major fractions
(A1-A18). Fraction A18 (147.2 mg and obtained from
CHCl3-MeOH-H2O 20:30:1 and 20:30:2 elution) was
further purified by column chromatography (diameter: 3
cm, height: 6 cm), eluting with CHCl3-MeOH-H2O
70:30:2 (300 mL) and CHCl3-MeOH-H2O 65:35:3 (200
mL). Fractions of 25 mL were collected and their
composition monitored by TLC. Further column
chromatography (diameter: 2.5 cm, height: 22 cm)
purification of the above mentioned CHCl3-MeOH-H2O
70:30:2 elution (78.5 mg), eluting again with mixtures
of CHCl3-MeOH-H2O 80:30:2 (200 mL) and CHCl3MeOH-H2O 50:35:3 (400 mL), yielded 22.5 mg of
sakurasosaponin in pure form. Additional amounts of
sakurasosaponin were obtained similarly from the
purification of fraction A13 (CHCl3-MeOH-H2O
50:30:1, 142 mg) to yielded 47.7 mg of pure
sakurasosaponin.

Plant Collection and Extract Preparation: Jacquinia
flammea Millsp. ex Mez was collected in July 2001 in
Yucatán (aprox. 204220N and 883940W). A voucher
specimen (FMay 1927) was deposited in the Herbarium
of the Centro de Investigación Científica de Yucatán.
Collected plants were separated into leaves, stem-bark,
and roots, and left to dry for a week at room
temperature followed by four days in an oven at 55°C.
Plant material was ground then; portions of 250 g were
extracted separately using ethanol (three times; 1200
mL, 48 h) at room temperature. The solvent was
removed under reduced pressure to yield the
corresponding crude extract.

Cytotoxic assay: The murine macrophage-like cell line
RAW 264.7 and the human cervical cancer cell line
HeLa were purchased from the European Collection of
Animal Cell Cultures (Porton Down, Salisbury, UK).
HeLa cells were maintained in Minimum Essential
Medium Eagle (Sigma-Aldrich Company, Poole,
Dorset, UK), while Dulbecco's Modified Eagle Medium
(Sigma-Aldrich) was used for RAW 264.7 cells. Cell
viability was detected using the modified MTT (SigmaAldrich) assay [2a, 2b]. Cells were treated with different
concentrations (prepared by 1:3 and 1:2 serial dilutions)
of extracts or pure compounds. Testing of pure
metabolites started at 100 μg/mL, while the evaluation
of crude extracts and fractions started at 500 μg/mL.
Experiments were carried out in quadruplicate and
repeated three times [2a, 2b].

Isolation of Sakurasosaponin: A portion of the crude
roots extract of J. flammea (11 g) was suspended in 500
mL of water and subjected to successive liquid-liquid
partitioning with 1 L each (three times) of petroleum
ether (yield - 376.4 mg), chloroform (yield - 110.9 mg),
ethyl acetate (yield - 579.2 mg), and butanol (yield 46.7 mg) and the final residual lyophilized aqueous
residue (9.45 g). The aqueous residue (9.45 g) which
showed cytotoxicity against mammalian cells was
subjected to Silica gel column chromatography
(diameter: 3 cm, height: 25 cm) and elution done using
a solvent gradient of chloroform, MeOH and water:

Antibacterial Activity: Evaluation of the antibacterial
activity was carried out using the paper-disc diffusion
method [2a] and Staphylococcus aureus (NCIMB
9518), Bacillus subtilis (NCIMB 10113), Escherichia
coli (NCIMB 10219) and Pseudomonas aeruginosa
(NCIMB) test species. Paper discs (Whatman No. 1, 5
mm diameter) impregnated with various concentrations
of either crude extracts, sakurasosaponin or antibiotic
positive controls were placed on the agar surface. After
incubating the plates for 24 h at 37°C, the inhibitory
zone was measured for each sample. Chloramphenicol,
(Sigma-Aldrich) was used as a positive control. All
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experiments were carried out in quadruplicate and
repeated three times.
Sakurasosaponin
IR υmax: 3400 (OH), 2950 (CH), 1730 (C=O, acid),
1077 (C-O ) cm-1.
1
H NMR (500 MHz, CD3OD): δ 1.01, 1.75 (2×m,
H-1a,b), 1.47. 2.06 (2×br m, H-2 a,b), 3.23 (m, H-3),
0.73 (d, J= 11.3 H-5), 0.98, 1.15 (m, H-6a,b), 1.20, 1.54
(2×m, H-7a,b), 1.26 (m, H-9), 1.22, 1.47 (2×m, H11a,b), 1.22, 2.11 (2×m, H-12a,b), 1.17, 2.10 (2×m, H15a,b), 3.89 (br m, H-16), 1.5 (m, H-18), 1.18, 2.36
(2×m, H-19a,b), 1.27, 2.06 (2×m, H-21a,b), 1.51, 1.75
(2×m, H-22a,b), 1.06 (s, 23-CH3), 0.87 (s, 24-CH3),
0.89 (s, 25-CH3), 1.15 (s, 26-CH3), 1.23 (s, 27-CH3),
3.12, 3.49 (2×d, J= 7.5, 7.5 H-28a, b), 0.95 (s, 29-CH3),
0.91 (s, 30-CH3), 4.43 (d, J= 7.5 H-1 of GlcA), 4.86
(d, J= 7.6 H-1 of Glc), 5.20 (d, J= 7.5 H-1 of Gal), 5.40
(br s, H-1 of Rha I), 1.25 (d, J= 6.5 H-6 of Rha I), 4.97
(br s, H-1 of Rha II), 1.24 (d, J= 6.5 H-6 of Rha I)
13
C NMR (125 MHz CD3OD): δ 40.4 (C-1), 27.2 (C-2),
92.1 (C-3), 40.9 (C-4), 57.0 (C-5), 18.9 (C-6), 35.4

Sánchez-Medina et al.

(C-7), 43.4 (C-8), 51.4 (C-9), 38.0 (C-10), 20.0 (C-11),
33.4 (C-12), 88.5 (C-13), 45.4 (C-14), 37.5 (C-15), 78.3
(C-16), 45.5 (C-17), 52.5 (C-18), 39.9 (C-19), 32.5
(C-20), 37.2 (C-21), 32.3 (C-22), 23.4 (C-23), 16.9
(C-24), 16.9 (C-25), 18.9 (C-26), 20.1 (C-27), 78.9
(C-28), 34.0 (C-29), 25.0 (C-30), 105.9 (C-1 of GlcA),
102.7 (C-1 of Glc), 100.9 (C-1 of Gal), 101.0 (C-1 of
Rha I), 18.2 (C-6 of Rha I), 104.0 (C-1 of Rha II), 18.2
(C-6 of Rha II).
ESIMS: m/z 1273 [M+Na]+, 1249 [M-H]-, and 815
[M+Na -aglycone]+.
MS/MS daughter ion fragments of m/z 815: 653, 495,
477, and 361.
Daughter ion fragments of m/z 495: m/z 349 and 203.
Acknowledgments - The authors thank Ms Karlina
García-Sosa from the Centro de Investigación Científica
de Yucatán, for his help and assistance during the
processing of plant material. A. S. thanks the Mexican
Council for Science and Technology (CONACYT) for
the award of a scholarship for fees and living expenses
during his PhD studies.

References
[1]

(a) Duran R, Trejo-Torres JC, Ibarra-Manriquez G. (1998) Endemic phytotaxa of the peninsula of Yucatan. Harvard Papers in
Botany, 3, 263-314; (b) Vera-Ku BM. (2004) Evaluacion de la actividad biologica en plantas nativas de la peninsula de Yucatan.
Centro de Investigacion Cientifica de Yucatan.: Merida, Yucatan, Mexico; (d) Fuentes-Garcia, AG. (2001) Evaluacion de la
actividad biologica en extractos de plantas nativas de la peninsula de Yucatan. Universidad Autonoma de Yucatan: Merida,
Yucatan, Mexico; (e) Bearez P. (1998) FOCUS: First archaeological indication of fishing by poison in a sea enviroment by the
Engory population at Salango (Manabi, Ecuador). Journal of Archaeological Science, 25, 943-948.

[2]

(a) Habtemariam S, MacPherson AM. (2000) Cytotoxicity and antibacterial activity of ethanolic axtract from leaves of a herbal
drug, Boneset (Eupatorium perfoliatum). Phytotherapy Research, 14, 575-577; (b) Habtemariam S. (1995) Cytotoxicity of
diterpenes from Prenna Schimperi and Prenna Oligotricha. Planta Medica, 61, 368-369.

[3]

(a) Ohtani K, Mavi S, Hostettmann K. (1993) Molluscicidal and antifungal triterpenoids saponins from Rapanea melanophloeos
leaves. Phytochemistry, 33, 83-86; (b) Lavaud C, Pichelin O, Massiot G, Men-Olivier L., Sevenet T, Cosson J-P. (1999) Sakurasosaponin from Tapeinosperma cleithroides. Fitoterapia, 70, 116-118. (c) Yoder BJ. (2005) PhD thesis: Isolation and structure
elucidation of cytotoxic natural products from the rainforests of Madagascar and Suriname. Faculty of the Virginia Polytechnic
Institute and State University: Blacksburg, Virginia, USA.

[4]

(a) Rodríguez-Hahn L, Sánchez C, Romo J. (1965) Isolation and structure of jacquinic acid. Tetrahedron, 21, 1735-1740; (b)
Okunade AL, Wiemer DF. (1985) Jacquinonic acid, an ant-repellent triterpenoid from Jacquinia pungens. Phytochemistry, 24,
1203-1205; (c) Osbourn A. (1996) Saponins and plant defence- a soap story. TRENDS in Plant Science, 1, 4-9; (d) Pearson A,
Budin, M. Brocks JJ. (2003) Phylogenetic and biochemical eveidence of sterol synthesis in the bacterium Gemmata obstcuriglobus.
Proceedings of the National Academy of Sciences USA, 100, 15352-15357.

[5]

(a) Sparg SG, Light ME, Van-Satden J. (2004) Biological activities and distribution of plant saponins. Journal of
Ethnopharmacology, 94, 219-243; (b) Takechi M, Uno C, Tanaka Y. (1996) Structure-activity relationships of synthetic saponins.
Phytochemistry, 41, 121-123; (c) Nose M, Amagaya S, Ogihara Y. (1989) Effects of saikosaponin metabolites on the haemolysis of
red blood cells and their adsorbability on the cell membrane. Chemical and Pharmaceutical Bulletin, 12, 3306-3310; (d) Tian J, Xu
L, Zou Z, Yang S. (2006) New antitumour triterpene saponin from Lysimachia capillipes. Chemistry of Natural Compounds, 42,
328-331.

