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Schisandrae fructus [Schizandra chinensis (Turcz.) Baillon] is a medicinal herb widely used for treating
various inflammatory and immune diseases in East Asian countries. The Schisandrae Semen essential
oil (SSeo) from this plant has pharmacological activities, including antioxidant, antimicrobial, and anti-
tumoral activities. Nevertheless, the biological activities and underlying molecular mechanisms of the
potential anti-cancer effects of this oil remain unclear. In the present study, we investigated the poten-
tial inhibition of apoptosis signaling pathways by SSeo in human leukemia U937 cells and evaluated
the underlying molecular mechanism. Exposure to SSeo resulted in a concentration-dependent growth
inhibition due to apoptosis, which was verified by DNA fragmentation, the presence of apoptotic bod-
ies, and an increase in the sub-Gl ratio. Induction of apoptotic cell death by SSeo was correlated with
the down-regulation of members of the inhibitor of apoptosis protein (IAP) family (including X-linked
inhibitor of apoptosis protein (XIAP), cIAP-1, and surviving) and anti-apoptotic Bcl-2, and with
up-regulation of death receptor (DR) 4 and DR5, depending on dosage. SSeo treatment also induced
Bid truncation, mitochondrial dysfunction, proteolytic activation of caspase-3, -8 and -9, and con-
comitant degradation of activated caspase-3 target proteins such as poly (ADP-ribose) polymerase.
Taken together, these findings suggest that SSeo may be a potential chemotherapeutic agent for use
in the control of human leukemia cells. Further studies are needed to identify its active compounds.
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Fig. 1. Inhibition of cell viability and induction of apoptosis by SSeo treatment in human leukemia U937 cells. Cells were plated
at 1x10” cells per 60-mm plate, and incubated for 24 hr. The cells were treated with the indicated concentrations of SSeo
for 24 hr. (A) Cell viability was measured by the metabolic-dye-based MTT assay. (B) Cells grown under the same conditions
as (A) were fixed and stained with DAPI. Following a 10-min incubation period at room temperature, stained nuclei were
observed under a fluorescence microscope using a blue filter (original magnification 400X). (C) DNA was extracted from
cells and analyzed by 1.0% agarose gel electrophoresis in the presence of EtBr. (D) To quantify the degree of apoptotic
cells, the cells were collected and stained with PI for flow cytometry analysis. The fraction of apoptotic sub-G1 cells is indicated.
Data represent relative mean values * SD of three independent experiments. The significance was determined by the Student’s

t-test (*p<0.05, compared with control).
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Fig. 2. Effects of SSeo on levels of IAP and Bcl-2 family proteins, and MMP values in U837 cells. (A and B) Following a 24 hr
incubation period with various concentrations of SSeo, cells were lysed, and cellular proteins were then separated by 10%
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. Membranes were probed with the indicated
antibodies. Proteins were visualized using an ECL detection system. Actin was used as an internal control. (C) The cells
were collected and incubated with 10 uyM JC-1 for 20 min at 37°C in the dark. The cells were then washed once with PBS
and mean JC-1 fluorescence intensity was detected using a flow cytometer. Data represent relative mean values + SD of
three independent experiments. The significance was determined by the Student’s t-test (*p<0.05, compared with control).
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Fig. 3. Inhibition of IAP family proteins and activation of caspases by SSeo in U837 cells. After 24 hr incubation with WEEH,
the cells were collected and lysed. The proteins were then separated by SDS-polyacrylamide gels and transferred onto nitro-
cellulose membranes. The membranes were probed with the indicated antibodies. Proteins were visualized using an ECL
detection system. Actin was used as an internal control.
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