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Bruceantin was first isolated from Brucea antidysenterica, a tree used in Ethiopia for the treatment of
cancer, and activity was observed against B16 melanoma, colon 38, and L1210 and P388 leukemia in
mice. Phase I and II clinical trials were then initiated, but no objective tumor regressions were observed
and clinical development was terminated. Recently, the activity of bruceantin has been studied with a
number of leukemia, lymphoma, and myeloma cell lines. Cell differentiation was induced and c-MYC
was down-regulated, suggesting a mechanistic correlation between c-MYC down-regulation and induction
of cell differentiation or cell death. Treatment of HL-60 and RPMI 8226 cell lines induced apoptosis, and
this involved the caspase and mitochondrial pathways. Moreover, an in vivo study using RPMI 8226
human-SCID xenografts demonstrated that bruceantin induced regression in early as well as advanced
tumors, and these significant antitumor responses were facilitated in the absence of overt toxicity.
Apoptosis was significantly elevated in tumors derived from animals treated with bruceantin. In sum,
bruceantin interferes with the growth of leukemia, lymphoma, and myeloma cells in culture and xenograft
models. Responses of this type suggest bruceantin should be reinvestigated for clinical efficacy against
hematological malignancies.

Introduction
Of the scores of natural products that have played an

integral role in drug therapies benefiting countless human
beings, it is especially intriguing to recall the historical
development of camptothecin, isolated from Camptotheca
acuminata Decne (Nyssaceae), and taxol, found in Taxus
brevifolia Nutt. (Taxaceae). Camptothecin was first isolated
in 1966 by Wall et al. and was found to demonstrate
remarkable life prolongation with mice infected with L1210
and P388 leukemia cells.1 However, in the early 1970s,
clinical trials did not yield promising results, and interest
in camptothecin and analogues remained quelled until
1985, when it was discovered that the compound, by a
unique mechanism, inhibited the enzyme topoisomerase I.2
Finally, new clinical trials were performed with campto-
thecin and analogues, significant objective responses were
found on treatment of many resistant solid tumors,3 and
useful antitumor drugs were developed. Taxol was isolated
during the same time period as camptothecin, and activity
was found with a number of in vivo rodent models, such
as P388 leukemia, B16 melanoma, and L1210 leukemia.
A particularly strong response was observed in the B16
melanoma assay.4 Nonetheless, it was only years later that
this was one criterion for placing taxol in clinical trial.5
The other major development occurred when it was estab-
lished that the mechanism of taxol was unique in that it
stabilized microtubules and inhibited their depolymeriza-
tion.6 Then, although taxol showed great efficacy against
many solid tumors,5 supply of the compound was limited.
Ultimately, more than 25 years after the initial discovery
of a novel natural product with excellent activity in a
number of animal models, taxol became available in
adequate quantities for therapeutic use.4

In this review, we discuss another drug discovered in
the era of camptothecin and taxol. Bruceantin (Figure 1)

is a quassinoid obtained from Brucea species (Simarou-
baceae). Bruceantin and analogues are capable of inducing
an array of biological responses including antiinflammatory
and antileukemic effects with murine models.7 The major
mechanism responsible for antineoplastic activity at the
molecular level has been attributed to inhibition of protein
synthesis.8 Such inhibition has been shown to occur via
interference at the peptidyltransferase site, thus prevent-
ing peptide bond formation.9 To assess toxicity, bruceantin
was evaluated in three separate phase I clinical trials in
patients with various types of solid tumors. Hypotension,
nausea, and vomiting were common side effects at higher
doses, but hematologic toxicity was moderate to insignifi-
cant and manifested mainly as thrombocytopenia.10,11

Bruceantin was then tested in two separate phase II trials
including adult patients with metastatic breast cancer12

and malignant melanoma.13 No objective tumor regressions
were observed, and clinical trials were terminated.

In our program for the procurement of novel plant-de-
rived chemotherapeutic/chemopreventive agents, HL-60
cell differentiation activity has been used as one marker
of activity.14 This led to the identification of brusatol (a
structural analogue of bruceantin) as a potent inducer of
HL-60 cell differentiation,15 and bruceantin was found to
demonstrate even greater potency. The effect of bruceantin
was evaluated with a panel of leukemia, lymphoma, and
myeloma cell lines, with representative chromosomal trans-
locations and other gene mutations. A significant finding
was potent down-regulation of c-MYC oncoproteins. Cell
lines expressing high levels of c-MYC oncoprotein were
most sensitive to bruceantin-mediated effects.16 In HL-60
and RPMI 8226 cell lines, treated cells underwent apop-
tosis. Moreover, bruceantin induced regression in early

§ Some of the information given in this review was presented at the
43rd meeting of the American Society of Pharmacognosy, New Brunswick,
NJ, July 27-31, 2002.

⊥ Dedicated to the late Dr. Monroe E. Wall and to Dr. Mansukh C. Wani
of Research Triangle Institute for their pioneering work on bioactive natural
products.

* Corresponding author. Tel: (765) 494-1368. Fax: (765) 494-7880.
E-mail: jpezzuto@purdue.edu.

† University of Illinois at Chicago.
‡ Purdue University.

Figure 1. Chemical structure of bruceantin.
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tumors as well as advanced tumors in RPMI 8226 human-
SCID xenografts.17 In sum, these data suggest bruceantin
is a strong candidate for the chemotherapy of hematological
malignancies.

Differentiation, Antiproliferative, and Cytotoxic
Effects of Bruceantin on Leukemic Cells. The HL-60
cell system has been utilized as a tool to study the
molecular and cellular events that lead to maturation.
Various chemical entities have shown remarkable activities
as inducers of HL-60 cell differentiation. These compounds
act through gene expression modulation of important
signals that regulate differentiation, proliferation, and cell
death processes. For instance, all-trans-retinoic acid was
discovered as a differentiating agent using this system18

and, together with its natural and synthetic analogues,
constitutes one of the most important categories of chemo-
preventive and chemotherapeutic agents.19,20 Bruceantin-
induction of differentiation was determined by the ability
of treated cells to produce superoxide anions [nitroblue
tetrazolium (NBT)-reduction], a functional marker of ma-
ture macrophages or granulocytes. An EC50 of approxi-
mately 20 nM was observed.21 The potential of bruceantin
to induce antiproliferative and differential cytotoxic effects
in a panel of 11 leukemic cell lines showing various chrom-
osomal aberrations was evaluated.16 Assessment of viability
using the Trypan blue exclusion method demonstrated that
bruceantin was preferentially cytotoxic to the NB4, U937,
BV173, SUPB13, RS4;11, Daudi, and DHL-6 cell lines,
showing IC50 values of less than 15 ng/mL. On the other
hand, HL-60, Kasumi-1, and Reh cell lines showed in-
creased resistance to cytotoxic effects, with IC50 values in
the range 20-45 ng/mL. K562 and normal lymphocytic
cells (stimulated with concanavalin A) were the least
sensitive of all cells tested, demonstrating approximately
90% viability after 4 days of treatment with 50 ng/mL of
bruceantin. There was no obvious correlation between
cytotoxic activity and a particular chromosomal aberration.
The effects of bruceantin on proliferation of normal human
lymphocytes or leukemic cells by incorporation of [3H]-
thymidine into DNA over an 18 h incubation period, after
exposure to various concentrations of bruceantin for 4 days,
were also analyzed. Bruceantin inhibited the proliferation
of normal human lymphocytes, HL-60, K562, Kasumi-1,
SUPB13, RS4;11, and Reh cells in a dose-dependent
manner. Interestingly, these cell lines represent those that
were most resistant to bruceantin-mediated cytotoxicity,
while the compound actually increased the amount of
radioactive precursor incorporation in some cytotoxic-
sensitive cell lines, NB4, U937, BV173, and Daudi.

Although the reason for the difference in the response
of the various cell lines is unknown, it was observed that
bruceantin exerted strong cytotoxicity in those cell lines
reported to express wild-type p53, including NB4, U937,
BV173, and Daudi,22-24 while some of the less sensitive cell
lines have been reported to be p53-null or mutant p53-
expressing cell lines, e.g., HL-60, K562, Kasumi-1, and
Reh.22-26 Bruceantin was also tested for potential to inhibit
7,12-dimethylbenz(a)anthracene-induced preneoplastic le-
sion formation in the mouse mammary organ culture
(MMOC) model. This model correlates with in vivo chemo-
preventive activity in models such as the DMBA-induced
rat mammary adenocarcinoma and the DMBA/12-O-tet-
radecanoylphorbol 13-acetate (TPA) two-stage mouse skin
papilloma models.27 Bruceantin showed 70% inhibition
when tested at a concentration of 2 µM.21

Bruceantin Down-Regulates c-myc. The mechanism
of action of various differentiation and apoptosis inducers

remains largely unknown, but the participation of certain
key genes has been demonstrated for some active com-
pounds, such as all-trans-retinoic acid and CGP 57148.28,29

c-myc deregulation is involved in blockage of differentia-
tion, increased apoptosis, and proliferation. Previous stud-
ies examined c-myc status in leukemia, lymphoma, and
myeloma cell lines after a short exposure to bruceantin (10
ng/mL). Bruceantin induced marked decreases of c-myc
mRNA and protein expression in all cell lines. In nearly
all cell lines, down-regulation of c-myc mRNA was less
intense than the decrease observed with c-Myc protein
levels (Figure 2), suggesting translational and/or post-
translational regulation of this oncogene.16,17

The biological consequences of down-regulating c-myc are
numerous. In the hematopoietic system, this gene inhibits
differentiation30-32 and functions as a leukemogenic protein
in various lymphomas and leukemias.33,34 Moreover, it is
known that deregulation of c-myc, in conjunction with p53
and bcl-2 mutations, is associated with malignant pheno-
type, leading to the hypothesis that myc deregulation
decreases the probability of maturation, while p53 and bcl-2
mutations enhance cell survival, therefore favoring leuke-
mic cell renewal.35 Thus, bruceantin-induced c-myc down-
regulation might trigger cell death mechanisms preferen-
tially in those cell lines with wild-type p53 protein expres-
sion, while triggering terminal differentiation in other cell
lines with genetic defects in their apoptotic pathways.

Mechanism of Bruceantin-Induced Apoptosis in
HL-60 and RPMI 8226 Cells. Treatment of HL-60 and
RPMI 8226 cells with bruceantin resulted in the formation
of apoptotic bodies, as observed by DAPI staining. After a
24 h treatment, the IC50 for apoptosis was 6.7 ng/mL (12.2
nM) and 7.0 ng/mL (12.8 nM), respectively, for these two
cell lines. Pretreatment with a caspase inhibitor (z-VAD)
reduced apoptosis to the level of the nontreated cells,
indicating that activation of caspases was necessary for this
response. These cysteine proteases form a proteolytic
cascade which can be initiated by ligation of the cell surface
Fas death receptor.36,37 It was found that bruceantin led
to the proteolytic processing of procaspases-3, -8, and -9
and induced caspase activity, as determined by the DEVD-
R110 cleavage assay in RPMI 8226 cells.17 Moreover, the
proteolytic degradation of the caspase-3 substrate PARP
was observed in HL-60 and RPMI 8226 cells (Figure 3).
Further, based on data obtained with two additional
myeloma cell lines, U266 and H929, it can be suggested
that c-MYC down-regulation induced by bruceantin is a
critical event leading to cell death.17 The level of c-MYC
was low in U266 cells and did not change after exposure
to bruceantin. In H929 cells, bruceantin induced a mild
up-regulation at 4 h and a stronger up-regulation at 24 h.
The corresponding IC50 values for apoptosis were 26.8 ng/
mL (49 nM) in U266 cells, and 63.3 ng/mL (115 nM) in
H929 cells, demonstrating a casual relationship between
c-MYC down-regulation and induction of apoptosis.

Recently, it has been found that the mitochondrial
release of cytochrome c plays an important role in amplify-
ing the caspase cascade.38,39 Released cytochrome c forms
a complex with Apaf-1, resulting in activation of caspase-9
and consequent activation of downstream caspases. Cyto-
chrome c release from mitochondria is a consequence of the
proteolytic processing of BID (a pro-apoptotic member of
the Bcl-2 family),40 secondary to the activation of caspase-
8. Proteolytic generation of the cleaved product of BID
results in translocation of BID to the mitochondria and
insertion into the mitochondrial membrane, where it
inhibits the anti-apoptotic action of Bcl-2 and results in
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the release of cytochrome c. In RPMI 8226 cells, bruceantin
induced BID cleavage.17 Mitochondrial dysfunction, in
particular the induction of the mitochondrial membrane
permeability transition (MPT), has been implicated in the
cascade of events involved in the induction of apoptosis.
Inhibition of the mitochondrial electron-transport chain is
an early event and reduces the mitochondrial trans-
membrane potential (∆Ψm), which may induce the forma-
tion of the mitochondrial permeability transition pore and
the subsequent MPT.41,42 ∆Ψm of HL-60 and RPMI 8226
cells treated with bruceantin was analyzed using the DiOC6

fluorescent probe. In both cell lines, a dose- and time-
dependent decreased incorporation of DiOC6, indicating the
disruption of ∆Ψm, was observed (Figure 4). This drop in
∆Ψm correlated well with other parameters of apoptosis
and indicates that bruceantin activates the capsase and
mitochondrial pathways of apoptosis.

In Vivo Study Using a Multiple Myeloma Model.
An in vivo study, using 6-week-old female, 13-week-old

female, and 6-week-old male SCID mice, showed that bru-
ceantin was effective in treating RPMI 8226 human-SCID
xenografts with doses as low as 1.25 mg/kg.17 Doses of 2.5
and 5.0 mg/kg significantly induced regression in early
tumors as well as advanced tumors (Figure 5), without
mediating overt toxicity. The percentage of apoptotic cells
evaluated by the TUNEL assay in the peripheral prolifer-
ating areas was 14.0% in control tumors, and this signifi-
cantly increased to 36.6% in the tumors of animals treated
with bruceantin, confirming the relevance of in vitro data
obtained with RPMI 8226 cells treated with bruceantin.

Conclusions

In leukemic and myeloic cells, bruceantin down-regu-
lated c-myc in all cell lines, but to a larger extent in those
most sensitive to cell death or terminal differentiation. This
indicates a possible role for c-myc in the mechanism of cell
differentiation and apoptosis induced by bruceantin. More-
over, bruceantin induced regression in early tumors as well
as advanced tumors in RPMI 8226 human-SCID xenografts
by inhibiting cell proliferation and inducing apoptotic cell
death, without mediating overt toxicity. These data suggest
bruceantin should be reinvestigated in a clinical setting
for effectiveness against hematological malignancies.
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Figure 2. Brusatol down-regulates c-myc expression. Cells were treated with solvent (0.1% v/v DMSO, control) or bruceantin (10 ng/mL) for 4 or
24 h and then analyzed for c-myc mRNA using real time RT-PCR and protein expression by western blotting.10 Results are shown as a percentage
of c-myc mRNA or protein expression, relative to levels observed in cells treated with solvent (0.1%, v/v, DMSO) only, after normalization relative
to â-actin. ND: not measured.

Figure 3. Dose-dependent cleavage of PARP. HL-60 and RPMI 8226
cells were treated with various concentrations of bruceantin (0-40 ng/
mL) for 24 h and then analyzed by western blotting as described
previously.17
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Figure 4. DiOC6 labeling of mitochondria. HL-60 (a) and RPMI 8226
(b) cells were treated with the indicated concentrations of bruceantin
(0-40 ng/mL) for 24 h, then mitochondrial membrane potential was
determined as described previously.17

Figure 5. Effect of bruceantin on xenograft tumors derived from RPMI
8226 human multiple myeloma cells. Approximately 1 × 107 RPMI
8226 cells were inoculated subcutaneously in the right rear flank of
6-week-old female SCID mice. Mice bearing tumors from the injection
of RPMI 8226 cells were treated with vehicle control (5% ethanol
solution in saline) or bruceantin (5-12 mg/kg, every 3 days, i.p.) from
day 17 to day 35 post-inoculation. Tumor diameters were measured
and tumor volumes in mm3 were calculated as described previously.17

After day 35, mice from the control group were treated with bruceantin
(5 mg/kg, 5 mice) or vehicle (2 mice) until day 53. Tumor volumes were
measured at the indicated time points. Differences in the growth rate
of tumors during the treatment period between the control group and
the treated groups were statistically significant. Data are the mean (
95% CI.
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