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In an effort to discover new chemotherapeutic/chemopreventive agents from natural sources, brusatol
(1) was found to induce HL-60 cellular differentiation, accompanied by strong antiproliferative and
cytotoxic effects. A series of natural and semisynthetic quassinoids (1-48) was designed to effect both
antiproliferative and differentiation-inducing properties. Compounds were assessed in vitro using the
HL-60 promyelocytic cell model. Changes in activity due to structural modification of the core structure
glaucarubolone (24) were consistent with activities reported in other cell systems. However, the following
were novel SAR findings: (1) semisynthetic analogues with a hydroxylated ring at the â-position of the
ester side chain at C-15 were able to induce cellular differentiation at concentrations lower than those
inducing cell growth arrest, and (2) quassinoids inhibiting DNA synthesis with greater efficacy than
reducing cellular viability possessed alkyl substitutions at the R-position of the C-15 ester side chain.
Analogues from this latter group and brusatol (1) and bruceantin (2) inhibited dimethylbenz(a)anthracene-
induced preneoplastic lesion formation in a mouse mammary organ culture. The novel finding of 1 and
glaucarubolone analogues as potent inducers of differentiation leads to potential novel applications in
the field of cancer.

The concept that aberrant cell differentiation is a
consistent and important characteristic of malignant cells
has been exploited to develop novel chemotherapeutic and/
or chemopreventive agents. Evidence that induction of
differentiation is sufficient to control malignancy was
obtained from studies using somatic cell hybridization. It
has been demonstrated that malignant cells fused with
normal diploid cells of the same species result in hybrid
cells that retain their transformed phenotype in culture.
However, when inoculated into immune-deficient animals,
these cells fail to form tumors due to induction of dif-
ferentiation in the host animal.1,2 In a similar manner,
nonphysiological agents are known to induce differentiation
in malignant cells that have lost their normal response to
the physiological inducers of maturation.3 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 system4

and, together with its natural and synthetic analogues,
constitutes one of the most important categories of chemo-
preventive and chemotherapeutic agents.5,6

In our search for novel anticancer agents, we have
utilized the HL-60 system as a screening tool of natural
sources,7,8 and this led to the isolation of brusatol (1) from
the seed extract of Brucea javanica (Simaroubaceae) as a
potent natural inducer of cellular differentiation.9 Brusatol
belongs to the chemical type of nortriterpenoids termed
quassinoids (simaroubolides), which are biogenetically
derived by degradation of C30-precursors. These compounds
are known to mediate several biological activities including
antileukemic and cytotoxic responses.10 The major mech-
anism responsible for antineoplastic activity at the molec-
ular level by the quassinoids has been attributed to
inhibition of site-specific protein synthesis.11 Such inhibi-
tion has been shown to occur via interference at the
peptidyltransferase site, thus preventing peptide bond
formation. However, quassinoids are not universal protein
synthesis inhibitors; they mediate cytotoxic effects with
normal and transformed lymphocytic and hepatic cell
lines, while they can enhance proliferation of normal and
transformed kidney and lung cells.12 Further, we have
recently demonstrated more complex mechanisms involving
down-regulation of nm23 and c-myc (Mata-Greenwood, E.;
Sher, D.; Gustin, D.; Stock, W.; Pezzuto, J. M. Leukemia,
submitted).

In the current investigation, we have evaluated the
potential of 48 quassinoids to induce HL-60 cell differentia-
tion and determined structure-activity relationships (SAR).
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As an initial evaluation of the relevance of these effects,
we tested a group of selected quassinoids for their potential
to inhibit dimethylbenz(a)anthracene (DMBA)-induced
preneoplastic lesions in a mouse mammary organ culture.

Results and Discussion

A set of 48 natural and semisynthetic quassinoid ana-
logues (1-48) was studied using the HL-60 system to
determine SAR. Induction of differentiation was deter-
mined by the ability of treated cells to produce superoxide
anions [nitroblue tetrazolium (NBT)-reduction], a func-
tional marker of mature macrophages or granulocytes.
Proliferation capacity is equivalent to cell growth and was
measured by incorporation of [3H]thymidine into DNA over
a period of 18 h, and cytotoxic activity was evaluated by
the loss of membrane integrity as shown by trypan blue
exclusion. Thirty-three quassinoids showed activity as
either cytotoxic, antiproliferative, and/or inducers of cel-
lular differentiation (Table 1). Inactive quassinoids (IC50

>5 µM) lacked either the epoxymethano bridge in ring D
(i.e., quassin series 43-47), or a free hydroxyl group at
positions 1, 3, 11, and 12 (i.e., due to glycosylation,
compounds 7, 39, 42), or a freely conjugated ketone in ring
A (i.e., 6, and due to reduction, compounds 38-41).
Although members of the brusatol and glaucarubolone
series were active, when comparing members of both series
that varied only in the positioning of the epoxymethano
bridge, great differences were noted, as shown with yadian-
zolide C (5) and glaucarubolone (24) and analogues 4
(brusatol series) and 32 (glaucarubolone series).

The effect of an ester side chain at position C-15 on
cytotoxicity and cellular differentiation was studied in
greater detail with analogues of glaucarubolone (com-
pounds 8-35). The absence of a side chain at C-15 is
associated with a 100-500-fold decrease of potency [as

compared to brusatol (1)] and an increased selective
inhibition of DNA synthesis as compared to cytotoxicity
(i.e., compounds 5, 24, and 26). The nature of the side chain
is also of importance. There were no correlations between
the lipophilicity of the ester side chain and HL-60 cell
differentiation induction. Analysis of two pairs of enantio-
mers (9,10 and 31,32) revealed that the stereochemistry
at the R- or â-positions does not affect biological activity.
On the contrary, the addition of alkyl groups resulting in
a branched side chain correlated with increase in potency
as shown between side chains 11 and 17, 14 and 29, and
16 and 20. The presence of hydroxyl substituents at the
â-position of the side chain correlated with an 8-10-fold
increase in potency as shown by comparing the following
pairs: 8 with 14, and 15 with 29. The presence of alkyl
substituents in the R-position correlated with increased
selectivity (2-6-fold) for antiproliferative activity versus
cytotoxicity, but less potency as inducers of differentiation
(analogues 16, 20, 25, 30-33). An increase in selectivity
(1.5-2-fold) between induction of differentiation and anti-
proliferative/cytotoxic activity was observed only in those
analogues possessing side chains with cyclic rings in the
â-position (11, 17, 18, and 22). Others were cytotoxic but
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not antiproliferative nor inducers of cellular differentiation
(4, 34). In sum, novel esters of glaucarubolone (24) were
shown to be either more potent or more selective than the
parent compound and than brusatol (1).

A smaller set of quassinoids (i.e., 1, 2, 10, 14, 16, 18,
26, 34, and 48) was tested for potential to inhibit DMBA-
induced preneoplastic lesion formation in the mouse mam-

mary organ culture (MMOC) model. This model correlates
with in vivo chemopreventive activity in models such as
the DMBA-induced rat mammary adenocarcinoma and the
DMBA/12-O-tetradecanoylphorbol 13-acetate (TPA) two-
stage mouse skin papilloma models.13 All nine quassinoids
were tested at the same concentration (2 µM); however,
only four were active (Table 2). Interestingly, potency in
the HL-60 assay did not correlate with activity in the
MMOC assay, considering that quassinoids 10 and 14 were
among the most potent inducers of HL-60 differentiation
(EC50 <0.05 µM) but were found inactive in the MMOC
model at concentrations as high as 2 µM. Activity in the
MMOC assay seemed to favor those analogues that pos-

Table 1. Induction of HL-60 Cell Differentiation and Growth Arrest by Quassinoids (1-48)a

compound
inhibition of proliferation

(IC50, µM)
induction of differentiation

(EC50, µM)
cytotoxicity
(IC50, µM)

selectivity
indexb

1 0.07 ( 0.007 0.07 ( 0.001 0.17 ( 0.001 2.5 ( 0.3
2 0.04 ( 0.003 0.02 ( 0.002 0.04 ( 0.003 1.0 ( 0.2
3 0.06 ( 0.005 0.09 ( 0.001 0.13 ( 0.008 2.2 ( 0.5
4 >0.2 >0.2 0.2 ( 0.04
5 1.5 ( 0.08 10 ( 1.5 >10 >6.7
8 0.009 (0.0007 0.009 ( 0.0002 0.009 ( 0.0007 1.0 ( 0.2
9 0.011 ( 0.0004 0.017 ( 0.0004 0.013 ( 0.001 1.2 ( 0.2

10 0.009 ( 0.001 0.019 ( 0.0004 0.013 ( 0.001 1.5 ( 0.4
11 0.04 ( 0.008 0.025 ( 0.002 0.05 ( 0.004 1.3 ( 0.5
12 0.04 ( 0.003 >0.05 0.04 ( 0.002 1.0 ( 0.2
13 0.07 ( 0.003 0.09 ( 0.003 0.13 ( 0.01 1.9 ( 0.3
14 0.075 ( 0.009 0.055 ( 0.01 0.15 ( 0.02 2.0 ( 0.7
15 0.1 ( 0.02 ∼0.2 ( 0.004 0.4 ( 0.02 4.2 ( 1.5
16 0.15 ( 0.02 0.5 ( 0.05 0.95 ( 0.02 6.5 ( 1.4
17 0.19 ( 0.04 0.13 ( 0.01 0.38 ( 0.04 2.1 ( 0.9
18 0.26 ( 0.009 0.14 ( 0.003 0.28 ( 0.01 1.1 ( 0.1
19 0.2 ( 0.01 0.2 ( 0.001 0.5 ( 0.07 2.5 ( 0.7
20 0.2 ( 0.02 0.5 ( 0.01 0.6 ( 0.08 3.1 ( 1
21 0.2 ( 0.03 0.6 ( 0.07 0.75 ( 0.02 3.9 ( 1
22 0.4 ( 0.03 0.3 ( 0.008 0.9 ( 0.1 2.3 ( 0.6
23 0.5 ( 0.03 0.5 ( 0.04 0.8 ( 0.1 1.6 ( 0.4
24 0.4 ( 0.03 ∼1.3 ( 0.03 1.3 ( 0.2 3.3 ( 1
25 0.5 ( 0.09 1.8 ( 0.09 1.0 ( 0.1 2.1 ( 0.8
26 1.2 ( 0.2 ∼2.4 ( 0.1 5.0 ( 0.3 4.3 ( 1.4
27 0.5 ( 0.04 >1.5 1.8 ( 0.1 3.6 ( 0.7
28 0.7 ( 0.09 ∼3.0 ( 0.03 4.4 ( 0.3 6.5 ( 1.7
29 1.0 ( 0.1 >2.0 1.5 ( 0.1 1.5 ( 0.4
30 1.0 ( 0.15 ∼2.0 ( 0.03 2.8 ( 0.2 2.9 ( 0.9
31 0.6 ( 0.1 1.9 ( 0.04 2.5 ( 0.05 4.3 ( 1.1
32 1.5 ( 0.2 >6.0 6.2 ( 0.06 4.2 ( 0.9
33 3.2 ( 0.35 >7.0 >7.0 >2.2
34 >3.0 >3.0 3.0 ( 0.5
48 0.4 ( 0.05 1.0 ( 0.02 >2 >6

a [3H]Thydimidine incorporation was used as a proliferation marker, NBT reduction as a differentiation marker, and trypan blue exclusion
as a viability marker. Inhibitory (IC50) and effective (EC50) concentrations required to induce a 50% response were determined using
dose-response studies with at least five different data points. Compounds 6, 7, and 35-47 were tested and found to be inactive (IC50 >
5 µM). b Selectivity index was calculated as the ratio of cytotoxic IC50 over antiproliferative IC50.

Table 2. Quassinoid Inhibition of DMBA-Induced
Preneoplastic Lesion Formation Using the Mouse Mammary
Organ Culture Model

quassinoid (2 µM) % inhibitiona

brusatol (1) 70
bruceantin (2) 70
10 44
14 40
16 70
18 33
chaparrinone (26) 25
34 82
samaderin B (48) 0

a Percent inhibition was calculated in comparison with a DMBA
(carcinogen) control. Based on historical controls,26 samples are
classified as active if preneoplastic lesions are reduced to >60%.
No visible signs of toxicity (as indicated by dilation of mammary
ducts or disintegration of mammary structure yielding amorphous
material) was manifested by any of the tested quassinoids.
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sessed alkyl substituents at the R-position of the C-15 ester
side chain (Table 2), contrary to what was observed in HL-
60, where potency correlated with the presence of â-branched
ester side chains (Table 1). For instance, compound 34 was
only moderately antiproliferative in the HL-60 cell line
(EC50 ) 3.2 µM), but greatly inhibited preneoplastic lesion
formation (82% inhibition).

It has been reported that quassinoids regulate DNA and
RNA synthesis by blocking several metabolic sites neces-
sary for nucleic acid synthesis,14 while protein synthesis
is regulated by binding to the ribosome.11 Inhibition of
protein synthesis has been linked to cytotoxicity and
antineoplastic activity of quassinoids,12 since resistant
tumors and cell lines are still sensitive to quassinoid
inhibition of DNA and RNA synthesis while resistant to
protein synthesis inhibition. In the current study, utilizing
HL-60 cells in culture, quassinoids were antiproliferative
agents and potent inducers of cellular differentiation. As
illustrated through analysis of 48 quassinoids using the
HL-60 cell system, inhibition of DNA synthesis/cellular
growth and potential to induce differentiation are greatly
influenced by structural alterations. As demonstrated by
previous literature reports,15-20 some correlations can be
drawn with antineoplastic activity, but exceptions are
obvious. For example, brusatol dimers are more potent as
antineoplastic agents than brusatol (1) itself,20 whereas
brusatol is more potent as an antiinflammatory15 or dif-
ferentiating agent. Analogues that lacked the ester side
chain inhibited DNA synthesis at lower concentrations
than those required to inhibit cellular growth (and protein
synthesis), while other analogues were cytotoxic without
inhibiting DNA synthesis. These data suggest that selec-
tivity for a particular cellular target can be achieved by
structural modification of the parent quassinoid.

Extensive studies on agents that induce metabolic arrest
have shown a correlation between DNA synthesis inhibi-
tors and induction of differentiation. For instance, the
inhibition of DNA synthesis has been shown to be an initial
event necessary to induce cell differentiation by antineo-
plastic agents such as ara-C and actinomycin D.21 It has
been proposed that inhibition of DNA synthesis allows the
slow production of some proteins necessary for fulfillment
of the differentiation program. However, SAR studies
demonstrated that some quassinoids with potent antipro-
liferative activity did not induce differentiation, and ana-
logues 4 and 33 were cytotoxic but neither antiproliferative
nor differentiation inducers. In addition, known inhibitors
of DNA synthesis, i.e., aphidicolin, were incapable of
inducing maturation of HL-60 cells (data not shown). These
observations make it unlikely that inhibition of DNA
synthesis is the mechanism of induction of differentiation.

Certain protein synthesis inhibitors have also been
reported to induce HL-60 cell differentiation. Although
inhibition of protein synthesis and gene expression activa-
tion seem to be mutually exclusive events, some reports
have shown that selective gene expression and translation
can occur with as little as 10% of control protein synthesis
levels.22 Several theories have been proposed for the
observed results. One is that inhibitors that act by blocking
the elongation step of protein synthesis, like the quassi-
noids, increase the stability of weak mRNAs and decrease
the degradation of certain proteins necessary for the
induction of differentiation. In support of this idea, quassi-
noids and Cephalotaxus alkaloids (i.e., homoharringtonine)
are efficient differentiating agents9,23 that bind to similar
sites in the ribosome.24 Quassinoids and Cephalotaxus
alkaloids induce disaggregation of polyribosomes, while

other protein synthesis inhibitors (cycloheximide and aniso-
mycin) function by other modes of action24 and are not
capable of inducing cellular differentiation. Studies on
differentiation of cell lines with mutated ribosomal sites
would clarify this issue.

The differentiation-inducing and antiproliferative effects
of retinoic acid were identified first with the HL-60 cell
line25 and then confirmed with other cell systems. Subse-
quently, studies with in vitro and in vivo chemically
induced models of carcinogenesis established a correlation
between induction of differentiation and chemopreventive
activity; for example, inducers of cell differentiation inhibit
preneoplastic lesion formation in MMOC26 and adenocar-
cinomas in the Sprague-Dawley rat mammary model.27

Moreover, retinoic acid and novel retinoids have shown
chemopreventive activity against primary and secondary
tumor formation in human clinical trials of lung and head
and neck cancers.28,29 In the present study, initial assess-
ment of the chemopreventive potential of brusatol (1) and
glaucarubolone esters was performed using the MMOC
model. It was found that analogues bearing R-dialkylated
C-15 ester side chains were more selective in the cell
differentiation tests, as well as being active in the MMOC
model. Since active agents in the MMOC test system are
often active as in vivo chemopreventive agents,13 it would
be of interest to further evaluate selective antiproliferative
quassinoids of this series.

Experimental Section

Preparation of Quassinoids. Brusatol (1), yadanziolide
C (5), dehydrobrusatol (6), and bruceoside A (7) were isolated
from Brucea javanica,9 and bruceantin (2) was obtained from
the NCI. Quassinoids belonging to the glaucarubolone series
(37-42, 47)30,31 and quassin series (43-46)31-33 were obtained
by J. D. and J. D. M. Peninsularinone (10) was isolated from
Castela peninsularis.34 Glaucarubolone (24),35 glaucarubinone
(25),35 chaparrinone (26),35 samaderin B (48),36 quassimarin
(3),37 and simalikalactone D (4)38 were prepared via total
synthesis. Semisynthetic analogues 8, 9, 11-23, and 27-36
were prepared via a four-step protocol39 starting with glau-
carubolone (24), which was isolated from Castela polyandra.40

Differentiation/Proliferation and Cytotoxicity Assays
Using HL-60 Cells. HL-60 (human promyelocytic) cells were
tested using a 4-day incubation protocol.8 In brief, cells in log
phase (approximately 106 cells/mL) were diluted to 105 cells/
mL and preincubated overnight (18 h) in 24-well plates to
allow cell-growth recovery. Then, samples dissolved in DMSO
were added, keeping the final DMSO concentration at 0.1%
(v/v). Control cultures were treated with the same concentra-
tion of DMSO. After 4 days of incubation, the cells were
analyzed to determine the percentage of cells undergoing
maturation as determined by NBT reduction. Concomitantly,
the effect on viability and proliferation of HL-60 cells was
determined. In each experiment, 1R,25-dihydroxyvitamin D3

(EC50 ) 0.01 µM) and brusatol (EC50 ) 0.07 µM) were used as
reference controls. EC50 and IC50 values were calculated using
5-7 test concentrations (in duplicate), and consistent results
were obtained, indicating the data reported for the related
quassinoids are reliable.

(1) Nitroblue Tetrazolium (NBT) Reduction. Evaluation
of NBT reduction was used to assess the ability of sample-
treated HL-60 cells to produce superoxide when challenged
with 12-O-tetradecanoylphorbol 13-acetate (TPA). A 1:1 (v/v)
mixture of a cell suspension (106 cells) and TPA/NBT solution
(2 mg/mL NBT and 1 µg/mL TPA in phosphate buffered
solution) was incubated for 1 h at 37 °C. Positive cells reduce
NBT, yielding intracellular black-blue formazan deposits,
which were quantified by microscopic examination of >200
cells. Results are expressed as a percentage of positive cells.

(2) Cytotoxicity. Since loss of membrane integrity is an
early feature of necrotic cells and a late feature of apoptotic
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cells, trypan blue, a cationic blue dye, was used to stain cells
with compromised plasma membranes, while leaving intact
cells unstained. Cells (100 µL) were stained with 400 µL of
trypan blue (0.2% w/v in PBS), incubated for at least 5 min at
room temperature, and counted using a hematocytometer.
Viability percentages were calculated with duplicate samples.

(3) Cell Proliferation Assay. Inhibition of [3H]thymidine
incorporation into DNA was determined to assess the level of
HL-60 cell proliferation. Cells were treated with the test
samples for 4 days and then placed into 96-well plates (100
µL) and treated with [3H]thymidine (0.5 µCi/mL, 65 Ci/mmol)
for 18 h at 37 °C in a 5% CO2 incubator. Cells were then
collected on glass fiber filters (90 × 120 mm; Wallac, Turku,
Finland) using a TOMTEC Harvester 96. The filters were
counted using a Microbeta liquid scintillation counter (Wallac,
Turku, Finland) with scintillation fluid. Finally, the percentage
of [3H]thymidine incorporation per 106 cells was calculated by
dividing the dpm of sample-treated cells by the dpm of DMSO-
treated cells.

Inhibition of DMBA-induced Preneoplastic Lesion
Formation in Mouse Mammary Organ Culture (MMOC).
The identification of potential inhibitors of DMBA-induced
preneoplastic lesion formation in mammary organ culture has
been described previously.26 Briefly, four-week old BALB/c
female mice (Charles River) were pretreated for 9 days with 1
µg of estradiol and 1 mg of progesterone. The thoracic pair of
mammary glands was dissected on silk and incubated with
growth-promoting hormones in the presence of test compounds
(2 µM) for 10 days. DMBA (2 µg/mL) was included in the
medium (containing 5 µg/mL insulin, 5 µg/mL prolactin, 1 µg/
mL aldosterone, and 1 µg/mL hydrocortisone) for 24 h on the
third day of culture to induce preneoplastic mammary lesions.
Following 10 days of growth promoting phase, all hormones
except insulin were withdrawn and the glands were allowed
to regress to lobuloalveolar structures during a 14-day incuba-
tion period. Glands were then fixed in 10% buffered formalin
and stained with alum carmine. Incidence of lesion formation
(percentage of glands per group with mammary lesions) was
recorded, and percent inhibition was calculated by comparison
with the DMBA control group that was not treated with test
sample. Active samples induce 60% inhibition, based on
historical controls.26

Acknowledgment. The authors are grateful to the Drug
Synthesis and Chemistry Branch, Division of Treatment,
National Cancer Institute, for the provision of bruceantin. This
work was supported by NCI Program Project P01 CA48112.

References and Notes
(1) Peehl, D. M.; Stanbridge, E. J. Int. J. Cancer 1982, 30, 113-120.
(2) Harris, H. J. Cell Sci. 1985, 79, 83-94.
(3) Sachs, L. Nature 1978, 274, 535-539.
(4) Breitman, T. R.; Selonick, S. E.; Collins, S. J. Proc. Natl. Acad. Sci.

U.S.A. 1980, 77, 2936-2940.
(5) Huang, M. E.; Ye, Y. C.; Chen, S. R.; Chai, J. R.; Lu, J. X.; Zhoa, L.;

Gu, L. J.; Wang, Z. Y. Blood 1988, 72, 567-572.
(6) Moon, R. C.; McCormick, D. L.; Mehta, R. G. Cancer Res. 1983, 43S,

2469-2475.
(7) Pezzuto, J. M. In Recent Advances in Phytochemistry. Phytochemistry

of Medicinal Plants; Arnason, J. T., Mata, R., Romeo, J. T., Eds.;
Plenum Publishing Corp.: New York, 1995; Vol. 29, pp 19-45.

(8) Suh, N.; Luyengi, L.; Fong, H. H. S.; Kinghorn, A. D.; Pezzuto, J. M.
Anticancer Res. 1995, 15, 233-240.

(9) Luyengi, L.; Suh, N.; Fong, H. H. S.; Pezzuto, J. M.; Kinghorn, A. D.
Phytochemistry 1996, 43, 409-412.

(10) Tang, W. In Chinese Drugs of Plant Origin: Chemistry, Pharmacology,
and Use in Traditional and Modern Medicine; Tang, W., Eisenbrand,
G., Eds.; Springer-Verlag: Berlin, 1992; pp 207-222.

(11) Fresno, M.; Gonzales, A.; Vazquez, D.; Jimenez, A. Biochim. Biophys.
Acta 1978, 518, 104-112.

(12) Hall, I. H.; Liou, Y. F.; Lee, K. H.; Chaney, S. G.; Willinghan, W., Jr.
J. Pharm. Sci. 1983, 72, 626-630.

(13) Steele, V. E.; Sharma, S.; Mehta, R.; Elmore, E.; Redpath, J. L.; Rudd,
C.; Bagheri, D.; Sigman, C. C.; Kelloff, G. J. J. Cell. Biochem. 1996,
26S, 29-53.

(14) Hall, I. H.; Lee, K. H.; Eigebaly, S. A.; Imakura, Y.; Sumida, Y.; Wu,
R. Y. J. Pharm. Sci. 1979, 68, 883-887.

(15) Hall, I. H.; Lee, K. H.; Imakura, Y.; Okano, M.; Johnson, A. J. Pharm.
Sci. 1983, 72, 1282-1284.

(16) Hall, I. H.; Lee, K. H.; Okano, M.; Sims, D.; Ibuka, R.; Liou, Y. F.;
Imakura, Y. J. Pharm. Sci. 1981, 70, 345-348.

(17) Hall, I. H.; Liou, Y. F.; Okano, M.; Lee, K. H. J. Pharm Sci. 1982, 71,
345-348.

(18) Kupchan, S. M.; Lacadie, J. A.; Howie, G. A.; Sickles, B. R. J. Med.
Chem. 1976, 9, 1130-1133.

(19) Liou, Y. F.; Hall, I. H.; Okano, M.; Lee, K. H.; Chaney, S. G. J. Pharm.
Sci. 1982, 71, 430-435.

(20) Lee, K. H.; Okano, M.; Hall, I. H.; Brent, D. A.; Soltmann, B. J.
Pharm. Sci. 1982, 71, 338-345.

(21) Craig, R. W.; Frankfurt, O. S.; Sakagami, H.; Takeda, K.; Bloch, A.
Cancer Res. 1984, 44, 2421-2429.

(22) Pilz, R. B.; Van den Berghe, G.; Boss, G. R. J. Clin. Invest. 1987, 79,
1006-1009.

(23) Vazquez, D.; Zaera, E.; Dölz, H.; Jimenez, A. In Protein Biosynthesis
in Eukaryotes; Perez-Bercoff, R., Ed.; Plenum Press: New York, 1982;
pp 311-337.

(24) Boyd, A. W.; Sullivan, J. R. Blood 1984, 63, 384-392.
(25) Breitman, T. R.; Selonick, S. E.; Collins, S. J. Proc. Natl. Acad. Sci.

U.S.A. 1980, 77, 2936-2940.
(26) Mehta, R. G.; Hawthorne, M. E.; Steele, V. E. Methods Cell Sci. 1997,

19, 19-24.
(27) Moon, R. C.; Mehta, R. G., Rao, K. V. N. In The Retinoids: Biology,

Chemistry and Medicine; Sporn, M. B., Roberts, A. B., Goodman, D.
S., Eds.; Raven Press: New York, 1994; pp 573-596.

(28) Benner, S. E.; Pajak, T. F.; Lipman, S. M.; Earley, C.; Hong, W. K. J.
Natl. Cancer Inst. 1994, 86, 140-141.

(29) Lippman, S. M.; Benner, S. E.; Hong, W. K. Cancer Res. 1994, 54S,
2025-2028.

(30) Dou, J.; McChesney, J. D.; Sindelar, R. D.; Goins, D. K.; Walker, L.
A. J. Nat. Prod. 1996, 59, 73-76.

(31) Dou, J. Quassinoids as Anticancer and Antiparasitic Agents. Ph.D.
Dissertation, University of Mississippi, University, MS, 1996, pp 60-
72.

(32) Dou, J.; McChesney, J. D.; Sindelar, R. D.; Goins, D. K.; Khan, I. A.;
Walker, L. A. Int. J. Pharmacog. 1996, 34, 349-354.

(33) Dou, J.; Khan, I. A.; McChesney, J. D.; Burandt, C. L., Jr. Phytochem.
Anal. 1996, 7, 192-200.

(34) Grieco, P. A.; Moher, E. D.; Seya, M.; Huffman, J. C.; Grieco, H. J.
Phytochemistry 1994, 37, 1451-1454.

(35) Grieco, P. A.; Collins, J. L.; Moher, E. D.; Fleck, T. J.; Gross, R. S. J.
Am. Chem. Soc. 1993, 115, 6078-6093.
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