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THE ANTITUMOR ACTIVITY OF ELEMENE IS ASSOCIATED

WITH APOPTOSIS
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Elemene, isolated from the Chinese medicinal herb
Rhizoma Zedoariae was shown to exhibit antitumor
activity in vitro and in vivo to human and murine tumor
cells. This novel antineoplastic agemt has been
demonstrated to have substantial clinical activity against
various tumors. In this paper, the mechanisms of
antitumor activity of elemene are reperted. The in vitro
effect of elemene on the growth of leukemia cells was
evaluated by MTT assay. The ICse values of elemene for
promyelocytic leukemia HL-60 cells and erythroleukemia
K562 cells were found to be 27.5 pg/ml and 81lpg/ml,
respectively, while ICs for peripheral blood leukocytes
(PBL) was 254.3 pug/ml. The inhibitory effect of elemene
on proliferation of HL-60 cells was associated with cell
cycle arrest from S to G;M phase transition and with
induction of apoptosis. The apoptosis of tumor cells was
confirmed by DNA ladder
electrophoresis and  characteristic  ultrastructural
alternations. These results indicate that induction of
apoptosis contributes to the mechanisms of antitumor
activity of elemene.
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B-elemene (1-methyl-1-vinyl-2, 4-diisopropenyl-
cyclohexane) is a naturally occurring compound that
can be isolated from the traditional Chinese medicinal
herb, Rhizoma Zedoarie, native to South China.
Elemene has been show to have variety of
pharmacological effects in animal experiments and
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clinical trials.' This recent antineoplastic agent has
been demonstrated to have substantial clinical activity
in treatment of various tumors, but less side-effects
and no signs of bone marrow suppression,*® the
mechanism of which is unclear. In this paper, we
determine if the growth inhibitory effects of elemene
on human leukemia cells involved in the process of
proliferation (cell cycle progression) and/or cell death

(apoptosis).

MATERIALS AND METHODS
Chemicals

ELEMENE EMULSION INJECTION (elemene)
was originally provided by Dalian Jin Gang
Pharmaceutical Co., Ltd. (Dalian, P. R. China). DAPI
and other laboratory reagents were purchased from
Sigma (St. Louis, MO. USA.). Cisplatin (CDDP) was
purchased from Jinzhou Pharmaceutical factory
(Jinzhou, P.R. China).

Cell Culture and Treatment

The human promyelocytic HL-60 cells were
obtained from Shanghai Institute for Cell Biology,
Academia Sinica. The human leukemia K562 cells
were kindly provided by Dr. Steinmann (Kiel
University, Germany). HL-60 and K562 cells were
maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum in our lab. Human peripheral
blood mononuclear cells (PBMCs) were isolated from
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the healthy donors using Ficoll-Hypaque gradient
centrifugation. Cultures of S x 10* /ml were generally
incubated with elemene, which was diluted in culture
medium to obtain the desired concentration. Cells
were incubated with various concentration of elemene
for 2 to 48 hours. The same aliquot of drug-free
emulsion along was added to the control cells.

Cytotoxicity and MTT Assay

IC5y value calculation for each cell line and
PBMNs were determined by MTT assay as described.”
For MTT assay, cells were seeded at 5 x 10
cells/well and incubated overnight, then treated with
equal volumes of medium containing elemene final
concentrations from 0.01 to 320 pg/ml.  All
experiments were repeated at least twice, each in
duplicate.

Flow Cytometry Analysis

Cell sample preparation and DAPI staining for
flow cytometry analysis were performed according to
the method as reported previously.®® Cell cycle
distribution was determined using a CA-Il instrument
(Partec, Germany). Resulting DNA distribution were
then analyzed for proportion of cells in apoptosis. Data
was analyzed by Multicycle software (Phoenix Flow
System, San Diego, CA).

Electronic Microscope Examination

HL-60 cells treated for 24 hours with different
concentrations of elemene. Cell samples were
conventionally fixed."” Cells were examined and
photographed using Philips EM410 transmission
electron microscope (TEM).

Agarose Gel Electrophoresis of Apoptotic DNA

Cells were treated with various concentrations of
elemene then harvested and washed with phosphate-
buffered saline (PBS). 1 x 10° Cell pellets were
suspended in 1 ml of lysis solution containing 5
mmol/L. Tris-HCt pH 8, 0.25% NP-40, | mmol/L
EDTA, 10mg/ml RNase at 37 C for | hour. 25 pl of
proteinase K (20 mg/ml) was added to the above
suspension for 1 hour at 37 'C. The supernatant of the
cell lysat was analyzed by electrophoresis in a 1.5%
agarose gel containing 0.2% pg/ml ethidium bromide
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(EB), and visualized under UV illumination, recorded
by a IS-1000 Digital Image System." Dexan-
methasone-induced apoptotic DNA of rat thymus cells
was used as positive control in agarose gel
electrophoresis.

RESULTS

Inhibitory Effect of Elemene on the Proliferation of
Human Leukemia Cells

Cell proliferation of leukemia celis treated with
elemene were evaluated by MTT assay. When
leukemia cells in culture were treated with elemene for
72 hours, the growth of HL-60 leukemia cells and
K562 leukemia cells was significantly inhibited. The
{Csq values of elemene for HL-60 and K562 cells were
found to be 27.5 pg/ml and 81 pg/ml, respectively,
while treated with elemene for 72 hours, 1Cs, for
peripheral blood leukocytes (PBL) from normal blood
donor was 254.3 pg/ml.

Effect of Elemene on Cell Cycle Progression of
Tumor Cells

When HL-60 cells treated with 10 pg/mi of
elemene, the proportion of cells at G2 M phase was
relatively decreased for 4 hours treatment. However,
during 24 hours to 48 hours treatment, no significant
effect of 10 pg/ml elemene on cell cycle could be
observed. When treated with 20 pg/ml elemene, the
proportion of cells at G, M phase was markedly
decreased and dependent on the time of drug exposure.
In the histogram, the distinct apoptotic feature of sub-
Gl peak (Ap peak) were observed (Figure 1). The
percentage of apoptotic cells for the treatment of 4, 24,
48 hours were 41.5%, 35.3% and 47.7%, respectively.
When the dose of elemene increased to 40 pg/mi, total
cells were undergoing death completely beginning
from 4 hours treatment. Cell cycle analysis by flow
cytometry revealed that elemene has great influence on
cell cycle progression of HL-60 cells and its effect is
dependent on the dose and time of drug exposure. The
inhibitory effect of elemene on protiferation of HL-60
cells was associated with cell cycle arrest from S to G»
M phase transition and reduced the proportion of cells
at the G»> M phase, consequently inhibiting mitosis of
tumor cells. On the other hand, the elemene-treated
tumor cells were rapidly induced undergoing apoptosis.



