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Boiled extracts derived from 28 Indonesian medicinal plants were screened for their antibabesial activity against Babesia
gibsoni in vitro. Of these extracts, the fruit of Brucea jaVanica was the most active in inhibiting parasite growth at a
concentration of 10 µg/mL. Bioassay-guided fractionation of the fruit extract of Br. jaVanica led to the isolation of two
new quassinoids, bruceantinol B and bruceine J, and the structures of these compounds were elucidated on the basis of
their spectroscopic data and by chemical transformation to known compounds. In addition, the known quassinoids
bruceines A–D, bruceantinol, and yadanziolide A were isolated. Antibabesial activities were also examined in vitro,
and bruceine A and bruceantinol were shown to be more potent than diminazene aceturate, a drug (IC50 ) 103 ng/mL)
used clinically against B. gibsoni, with IC50 values of 4 and 12 ng/mL, respectively.

Canine babesiosis is a tick-borne hemolytic disease in dogs
caused by the intra-erythrocyte apicomplexan parasites, Babesia
gibsoni and Babesia canis. The disease has been found to occur
frequently in companion dogs and has become a serious problem
clinically in various countries. Parasites of Babesia spp., as well
as Plasmodium spp., invade red blood cells and induce severe
clinical symptoms, such as fever, lethargy, hemolytic anemia,
thrombocytopenia, lymphadenopathy, and splenomegaly.1–3 Most
dogs that recover from the acute stage of the disease become carriers
and serve as potential sources of infection. These dogs are also at
risk of recrudescent infection.4 However, there is no successful
chemotherapy for this disease, due to the limited number of useful
drugs, their side effects, and other drawbacks of existing
medication.5,6 For this reason and to find new antibabesial drugs,
we have screened several Indonesian medicinal plants for this
purpose. Since promising antibabesial activity was found, further
investigation of the boiled extract of the fruits of Brucea jaVanica
(L.) Merr. (Simaroubaceae) was undertaken.

Brucea jaVanica, locally known as “buah makasar”, is used in
“Jamu” traditional folk medicine in Indonesia to treat malaria,
dysentery, and cancer. The bitter principles of this plant are
quassinoids, and some of them have been investigated extensively
as antitumor agents.7–9 These investigations have included clinical
trials of the most potent of the Br. jaVanica quassinoids,
bruceantin.10,11 Bruceantin has been shown to possess high activity
in vitro against Entamoeba histolyca.12 Some quassinoids from this
plant have also been found to exhibit antiplasmoidal activity against
Plasmodium falciparum.13,14 Despite the many phytochemical and
pharmacological investigations, there are no reports on the antiba-
besial activity of this plant. We therefore investigated this plant
and present herein data on two new quassinoids (bruceantinol B,
1; bruceine J, 2), along with six known related compounds (3–8)
that possess antibabesial activity.

Boiling water extracts of the 23 selected Indonesian medicinal
plants (Table S1, Supporting Information) were tested for in vitro
antibabesial activity by assessing their ability to inhibit B. gibsoni
growth. As shown in Table S2 (Supporting Information), all extracts

exhibited, to different extents, dose-dependent inhibitory effects.
At the lowest test concentration of 10 µg/mL, it was observed that
the fruit extract of Br. jaVanica showed the most potent effect
toward B. gibsoni growth (85.6% inhibition).

Silica gel column chromatography (MeOH–CHCl3, 0:1, 3:97,
1:4, 7:3, 1:0) of the EtOAc-soluble portion of the boiled H2O extract
of Br. jaVanica fruit afforded five fractions. The MeOH–CHCl3

(1:4) eluate gave, after silica gel column chromatography using
hexane–EtOAc (1:1), 10 fractions. The fifth fraction gave bruceine
A (4) on crystallization from MeOH, whereas the seventh, eighth,
and ninth fractions afforded bruceantinol (3), bruceine B (5), and
bruceine C (6), respectively,15,16 on crystallization from hexane–E-
tOAc (9:1). The MeOH–CHCl3 (7:3) eluate was subjected to silica
gel column chromatography using MeOH–EtOAc (1:19) to give
two new quassinoids (1 and 2), together with bruceine D (7) and
yadanziolide A (8).17,18 Identification of the known compounds was
accomplished by comparing their spectroscopic data with those in
the literature. The antibabesial activity of these compounds was
evaluated against B. gibsoni quantitatively.
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Compound 1 was isolated as a colorless amorphous solid. Fast
atom bombardment mass spectrometry (FABMS) of 1 showed a
pseudomolecular ion peak at m/z 591 [M - H]-, indicating the
molecular formula to be C29H35O13. The IR spectrum displayed
characteristic absorptions for hydroxyl (3407 cm-1), δ-lactone and
ester (1722 cm-1), and R,�-unsaturated carbonyl (1685 and 1647
cm-1) groups, respectively. The 1H NMR spectrum showed
resonances ascribable to three tertiary methyls (δ 1.48, 1.47, and
1.27), two olefinic methyls (δ 2.01, 1.73), one acetyl (δ 1.93), and
one olefinic proton (δ 5.78) (Table 1). The 13C NMR spectrum
gave resonances of C-3 (δ 145.8), C-11 (δ 71.1), and C-12 (δ 78.5),
indicating that hydroxyl groups are attached to these carbons (Table
1). Analysis of the 13C NMR (δ 171.8, 166.9, 164.0, 114.4, 84.0,
26.7, 26.5, and 14.9), COSY, and HMBC spectra revealed the
presence of a 4-acetoxy-3,4-dimethyl-2-pentenoyloxy group con-
nected to C-15. Most quassinoids previously isolated from this plant
possess a carbomethoxy group at C-13. However, these signals were
not present in the spectra of 1. Thus, the C-13 moiety of 1 was
assigned as a free carboxylic acid. To confirm this carboxylic acid
moiety, compound 1 was methylated with CH2N2 for 2.5 h. The
usual workup was performed to give a colorless solid, which was
purified by preparative thin layer chromatography (TLC) to afford
3. Compound 3 was determined to be bruceantinol15,16 by compar-
ing its spectroscopic data with those reported. Therefore, compound
1 is a new quassinoid and has been named bruceantinol B.

Compound 2 was isolated as a colorless amorphous solid.
FABMS of 2 showed a pseudomolecular ion peak at m/z 507 [M
- H]-, indicating the molecular formula to be C25H31O11. The IR
spectrum displayed characteristic absorptions for hydroxyl (3411
cm-1), δ-lactone and ester (1724 cm-1), and R,�-unsaturated
carbonyl (1686 and 1649 cm-1) groups. The 1H NMR spectrum
showed resonances ascribable to one tertiary methyl (δ 1.25), two
secondary methyls (δ 0.90, 0.89), and one olefinic methyl (δ 1.73)
(Table 1). The 1H and 13C NMR spectra of 2 were very similar to
those of 1, with a free carboxylic acid group at C-13, except for

the resonances ascribable to the ester side chain at C-15. This side
chain was shown to be a 3-methylbutanoyloxy group, on the basis
of analysis of the 13C NMR (δ 173.5, 43.5, 26.4, 22.7, and 22.7),
COSY, and HMBC spectra (Table 1). Methylation of 2 with CH2N2

gave bruceine A (4).16 Accordingly, compound 2 is a new
quassinoid and has been named bruceine J.

Although compounds 1 and 2 were isolated as naturally occurring
constituents, it is possible that these compounds might be artifacts
due to the use of boiling water for extraction. To investigate this,
we carried out multiple reaction monitoring (MRM) using an ultra-
performance liquid chromatography (UPLC)/tandem mass spec-
trometry (MS/MS) system with the negative-ion mode employed.
Although the ionization of bruceantinol B (1) was not successful,
the ionization of bruceine J (2) was accomplished. An authentic
sample of 2 was subjected to the UPLC/MS/MS system, equipped
with a photodiode array detector, run with the conditions described
in the Experimental Section, and the peak of authentic 2 was
observed at tR ) 2.45 min, together with the daughter ions m/z
100.4, 110.4, and 422.7 derived from m/z 508 in the MRM analysis.
The sample that was prepared without using boiling water for
extraction of raw material was subjected to the UPLC/MS/MS
system, and the results of the MRM analysis are given in Figure
S1 (Supporting Information). Since each corresponding daughter
ion peak at m/z 100.4, 110.4, and 422.7 derived from bruceine J
(2) (m/z 508) was observed at the same retention time (2.45 min),
it was confirmed that 2 is a naturally occurring substance.

Compounds 1–8 were tested for their antibabesial activity against
B. gibsoni in vitro.19 B. gibsoni parasites treated with the test
compounds (1–8 and diminazene aceturate) demonstrated stagnation
in the ring forms, including size reduction of the nucleus and
disappearance of the cytoplasm. On the other hand, untreated
parasites demonstrated typical petaloid forms after 3 days of
incubation with clear cytoplasm in the parasite cells. Bruceine A
(4) and bruceantinol (3) displayed promising activities (IC50 ) 4
and 12 ng/mL, respectively) and exhibited more potent activity than
the standard drug, diminazene aceturate (IC50 ) 103 ng/mL) (Table
2). Bruceine C (6) showed almost the same antibabesial potency
as diminazene aceturate, and the other isolated compounds (1, 2,
5, 7, and 8) exhibited IC50 values of <1 mg/ mL. A methyl ester
carbonyl group at C-21 and a hydrophobic side chain attached at
O-C-15 seem essential for potent activity among the quassinoids.
These findings may provide the basis for the further understanding
of B. gibsoni infections and contribute toward the development of
new and effective treatments against this parasite.

Experimental Section

General Experimental Procedures. Optical rotations were deter-
mined on a JASCO DIP-370 digital polarimeter. IR spectra were
recorded on a Perkin-Elmer 2000 series FT-IR spectrometer. 1H and
13C NMR spectra were recorded on a Bruker AM-500 FT-NMR
spectrometer. FDMS, FABMS, HREIMS, and HRFABMS were
obtained on a JEOL JMS-AX500 mass spectrometer. Column chro-
matography was performed on silica gel 60 (Spherical, 70–140 mesh,
Kanto Chemical). Silica gel 60 F254 precoated plates (Merck) were used.

Table 1. 1H NMR (CD3OD, 500 MHz) and 13C NMR
(CD3OD, 125 MHz) Assignments for 1 and 2

bruceantinol B (1) bruceine J (2)

position δH (J in Hz) δC δH (J in Hz) δC

1a 2.77 (d, 16.3) 50.2 2.76 (d, 16.2) 50.2
1b 2.46 (d, 16.0) 2.45 (d, 15.9)
2 194.5 194.6
3 145.8 145.8
4 130.4 130.5
5 2.87 (brd, 12.8) 43.2 2.86 (brd, 12.8) 43.2
6a 2.20 (ddd, 14.5, 2.8, 2.8) 30.1 2.20 (ddd, 14.5, 2.8, 2.8) 30.1
6b 1.78 (ddd, 14.5, 14.5, 2.8) 1.78 (ddd, 14.5, 14.5, 3.0)
7 4.76 (brs) 84.9 4.75 (brs) 85.1
8 46.3 46.0
9 2.14 (brd, 4.2) 42.8 2.10 (brd, 4.4) 42.8
10 42.2 42.1
11 4.10 (brd, 4.4) 71.1 4.09 (brd, 4.4) 70.9
12 3.85 (brs) 78.5 3.83 (brs) 78.5
13 84.0 83.4
14 3.68 (brs) 51.3 3.67 (brs) 51.6
15 6.40 (brs) 67.7 6.43 (brs) 67.4
16 169.5 169.3
18 1.73 (s) 13.4 1.73 (s) 13.4
19 1.27 (s) 16.0 1.25 (s) 16.1
20a 4.67 (d, 7.1) 74.4 4.67 (br) 74.5

3.88 (d, 7.1) 4.01 (br)
20b 1.73 (s)
21 172.1 178.2
1′ 166.9 173.5
2′ 5.78 (s) 114.4 2.16 (d, 7.1) 43.5
3′ 164.0 1.99 (m) 26.4
4′ 84.0 0.90 (d, 6.2) 22.7
5′ 1.48 (s) 26.5 0.89 (d, 6.4) 22.7
6′ 1.47 (s) 26.7
7′ 2.01 (s) 14.9
8′ 171.8
9′ 1.93 (s) 21.7

Table 2. Antibabesial Activity of Compounds 1–8 against
Babesia gibsoni in Vitroa

compound IC50 (ng/mL)

bruceantinol B (1) 978 ( 98
bruceine J (2) 742 ( 180
bruceantinol (3) 12 ( 3
bruceine A (4) 4 ( 1
bruceine B (5) 893 ( 223
bruceine C (6) 107 ( 51
bruceine D (7) 835 ( 100
yadanziolide A (8) 216 ( 46
diminazene aceturateb 103 ( 12

a Data are expressed as means ( standard deviation in triplicate
analysis. b Positive control drug.
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UPLC was performed on a Waters Acquity UPLC system, which was
equipped with a binary solvent delivery system and a sample delivery
system. MS was performed on a Waters Micromass Quattro Premier
tandem quadrupole mass spectrometer. The LC/MS system control was
achieved by using MassLynx 4.0.

UPLC Conditions. The UPLC separation was performed on a
Waters Acquity ethylene-bridged (BEH) C18 column (1.7 µm, 2.1 ×
100 mm) at 38 °C with a flow rate of 0.3 mL/min. The analytes were
eluted from the column with a mixed solvent of 20% aqueous MeOH
with 0.1% AcOH (solvent A) and MeOH with 0.1% AcOH (solvent
B) using a linear gradient mode. From 0 s to 0.2 min, the combination
of solvents A and B was 20:80, and from 0.2 min to 3.1 min, the
combination of solvents A and B was linearly converted from 20:80
to 0:100. The column was finally eluted with solvent A:B (0:100) from
3.1 min to 4.0 min.

MS Conditions. All MS optimization experiments were performed
in both the MS scan mode and the product scan mode. All quantifica-
tions were performed in the multiple reaction monitoring (MRM) mode.
The tune page parameters and conditions for each of the MRM
transitions were optimized by infusing the neat standard solution into
the mass spectrometer at 10 µg/mL. To ensure that the tune page
parameters were compatible with the UPLC flow during the tuning, an
UPLC flow of 0.6 mL/min at solvent A:B (1:1) was introduced into
the mass spectrometer at the same time by utilizing a T unit (Upchurch
Scientific, Oak Harbor, WA). For MRM data collection during the LC
experiments, the capillary voltage was 3.0 kV, the source temperature
was 120 °C, the desolvation temperature was 350 °C, the desolvation
gas flow was 800 L/h, and the cone gas flow was 50L/h. During each
LC injection, the mass spectrometer was set to collect data in MRM
mode using electrospray ionization (ESI) in the negative-ion mode.
The MRM transitions for the analytes for bruceine J (2) in ESI- were
as follow: 506.90 f 100.4 using cone voltage 46.00 and collision
energy 46.00, 506.90 f 110.4 using cone voltage 46.00 and collision
energy 36.00, and 506.90 f 422.7 using cone voltage 46.00 and
collision energy 28.00.

Plant Material. The plant materials were purchased from the Bandar
Jaya traditional market, Lampung, Indonesia, in April 2005. The plants
were identified by Aris Winarso at the Herbal Medicine Research and
Education Centre of “Karya Tama”, Lampung, Indonesia. Voucher
specimens are deposited at the Laboratory of Bioorganic Chemistry,
Graduate School of Agriculture, Hokkaido University, Japan. The names
of these medicinal plants, their families, local name, parts used, and
voucher specimen numbers for the experiments are listed in Table S1
(Supporting Information).

Plant Extract Preparation. For preliminary testing, 10 g samples
of dried material of each plant part were boiled twice in 200 mL of
H2O for 30 min. The boiling solution was cooled, filtered, and freeze-
dried to give a powder. The powdered extract was then tested for
antibabesial activity against B. gibsoni in vitro.

Extraction and Isolation. Extraction and isolation of the active
compounds were monitored by the assay of antibabesial activity. The
dried fruits of Br. jaVanica (1 kg) were boiled twice in 5 L of H2O for
30 min. The boiling solution was filtered and extracted with EtOAc to
give aqueous and EtOAc layers. The EtOAc layer (60.6 g) was
chromatographed on a silica gel column, eluted successively with CHCl3
(2 L), MeOH–CHCl3 (3:97, 2 L), MeOH–CHCl3 (1:4, 2 L),
MeOH–CHCl3 (7:3, 2 L), and MeOH (2 L). The MeOH–CHCl3 (1:4)
eluate was evaporated to yield a residue (10.8 g), which was subjected
to column chromatography on silica gel, eluted with hexane–EtOAc
(1:1), to give 10 fractions (A–J). Fraction E was recrystallized from
methanol to give bruceine A (4, 362 mg). Recrystallization of fractions
G, H, and I from hexane–EtOAc (9:1) gave bruceantinol (3, 247 mg),
bruceine B (5, 533 mg), and bruceine C (6, 362 mg), respectively. The
MeOH–CHCl3 (7:3) eluate was evaporated to yield a residue (4.9 g),
which was subjected to column chromatography on silica gel, eluted
with MeOH–EtOAc (1:19), to give six fractions (K–P). Fraction M
was purified by preparative TLC, eluted with MeOH–EtOAc (1:19),
to yield bruceine D (7, 159 mg). Fraction O was purified by preparative
TLC using MeOH–EtOAc (1:9) to yield yadanziolide A (8, 44 mg).
After removal of the solvent, fraction P (832 mg) was further subjected
to column chromatography on silica gel using CHCl3–MeOH–H2O (60:
36:4) to give four subfractions (K–N). When rechromatograped on a
silica gel column using CHCl3–MeOH–H2O (60:36:4), fractions L (67
mg) and M (48 mg) afforded bruceantinol B (1, 41 mg) and bruceine
J (2, 36 mg), respectively.

Bruceantinol B (1): amorphous solid; [R]20
D -41.0 (c 0.60,

pyridine); IR (KBr) νmax 3407 (OH), 1722 (δ-lactone and ester CdO),
1685, 1647 (R,�-unsaturated CdO) cm-1; 1H NMR (CD3OD, 500 MHz)
and 13C NMR (CD3OD, 125 MHz) data, see Table 1; FABMS (negative)
m/z 591 [M - H]-; HRFABMS m/z 591.2073 [M - H]- (calcd for
C29H35O13, 591.2077).

Bruceine J (2): amorphous solid; [R]20
D -73.0 (c 0.6, pyridine);

IR (KBr) νmax 3411 (OH), 1724 (δ-lactone and ester CdO), 1686, 1649
(R,�-unsaturated CdO) cm-1; 1H NMR (CD3OD, 500 MHz) and 13C
NMR (CD3OD, 125 MHz) data, see Table 1; FABMS (negative) m/z
507 [M - H]-; HRFABMS m/z 507.1864 [M - H]- (calcd for
C25H31O11, 507.1866).

Methylation of 1 and 2. An excess of an Et2O solution of CH2N2,
which was prepared from N-methyl-N-nitrosourea, was added to a
MeOH (1 mL) solution of 1 (10 mg, 0.0169 mmol) at 0 °C. After the
reaction mixture was stirred at 0 °C for 2.5 h, the solvent was evaporated
to give a crude product. Purification of the crude product by preparative
TLC (hexane–EtOAc, 1:4) afforded 3 (8.4 mg, amorphous solid, [R]20

D

-7.3 (c 1.2, pyridine). Methylation of 2 (10 mg, 0.0197 mmol) was
carried out in the same manner as described above and afforded 4 (8.0
mg, amorphous solid, [R]20

D -80.3 (c 0.8, pyridine). The physical and
spectroscopic data of 3 and 4 were identical with those reported for
bruceantinol and bruceine A, respectively.15,16

Extraction for MRM Experiment. The dried fruits of Br. jaVanica
(0.1 kg) were extracted with 70% aqueous MeOH. The 70% aqueous
MeOH layer was filtered to give a dark blown solution, which was
evaporated and extracted with EtOAc to give aqueous and EtOAc layers.
The volatile components of the EtOAc layer were removed under
reduced pressure, and the residue was dissolved with MeOH (2 mL)
and placed on a Bond Elut DEA cartridge column. The column was
successively washed with MeOH (2 mL × 2) and 1 mol/L AcOH–
MeOH (2 mL × 3). The volatile components of the AcOH–MeOH
eluents were removed, and a portion of the residue was subjected to
the UPLC/MS/MS experiment.

Antibabesial Assay. The in vitro assay against B. gibsoni was
described in detail in a previous paper.19 In this study, diminazene
aceturate (Ganaseg) was used as control.
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