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Preclinical report

Induction of apoptosis in human leukemia K-562 and
gastric carcinoma SGC-7901 cells by salvicine, a

novel anticancer compound

Chen Qing,' Chao Jiang,' Jin-Sheng Zhang' and Jian Ding'
"Division of Antitumor Pharmacology, Shanghai Institute of Materia Medica, Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences, Shanghai 200031, China.

Salvicine (a novel diterpenoid quinone compound) exhibited
a marked antitumor activity on human solid tumor cell lines
and BALB/c-nu human carcinoma xenografts in our earlier
studies, and it has been chosen as a candidate anti-
carcinogenic compound in the preclinical research stage.
The present study was undertaken in order to observe
whether or not the antitumor effect of salvicine is associated
with its ability to induce apoptosis. Our results show that
salvicine is capable of inhibiting cell proliferation and
inducing characteristic changes of apoptosis in both human
leukemia K-562 and gastric carcinoma SGC-7901 cells. These
effects are dose and time dependent. The results of this
study strongly suggest that the antitumor effect of salvicine
is associated with its ability to induce apoptosis. Meanwhile,
this study also shows that the activity of salvicine against K-
562 and SGC-7901 cells is similar with regards to both
growth inhibition and apoptosis induction, further indicating
that salvicine causes these particular effects on solid tumor
cells. [© 2001 Lippincott Williams & Wilkins.]
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Introduction

Carcinogenesis can be involved in the malfunctioning
of cell apoptosis. It is well known that most of the
anticancer drugs in current use induce apoptosis in
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susceptible cells.! The fact that disparate agents
interacting with different targets seem to induce cell
death through some common mechanism suggests
that antitumor activity is determined by the ability of
the cell to engage in apoptosis.””” Therefore, finding
new compounds that influence the ability of inherent
apoptosis susceptibility may open new strategies for
improving chemotherapy.

Salvicine [4,5-seco-5,10-friedo-abieta-3,4-dihydroxy-
5(10),6,8,13-tetraene-11,12-dione] is a novel diterpe-
noid quinone compound obtained by structural
modification of a natural product lead isolated from a
chinese medicinal plant Salvia prionitis used tradi-
tionally as an antibacterial, antitubercular and anti-
phlogistic drug in folk medicine (Figure 1). We have
isolated more than 40 diterpenoid compounds from
this plant and systematic chemical modification of
some compounds led to the preparation of pharma-
cologically active derivatives of which salvicine is one.
In our previous studies, salvicine exhibited high in
vitro and in vivo antitumor activities.*>” In the present
study, we chose human leukemia K-562 and human
gastric carcinoma SGC-7901 cells as models to
determine the effects of salvicine in inhibiting cell
growth and inducing apoptosis, and whether or not its
antitumor effects are related to its ability to induce
apoptosis.

Materials and methods

Preparation of salvicine

Tangerine-colored crystalloid salvicine was provided
by the Phytochemistry Department of our Institute. A
stock solution of 10* UM of salvicine was made in 50%
dimethylsulfoxide (DMSO) and 50% normal saline. The
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final concentration of DMSO for all treatments was
below 0.25%. Stock solution was aliquoted and stored
at —20°C, thawed just before the test, and diluted
with the medium.

Cell culture and treatment

The human chronic myelogenous leukemia cell line K-
562 was obtained from ATCC (Rockville, MD), and
human moderate-differentiated gastric adenocarcino-
ma cell line SGC-7901 was derived from a Chinese
cancer patient and was established #n vitro in 1983."°
Both cell lines were grown in RPMI 1640 medium
(Gibco, Grand Island, NY) supplemented with 10%
heat-inactivated bovine serum, 2 nM I-glutamine,
100 IU/ml penicillin, 100 ug/ml streptomycin and
10 mM HEPES, pH 7.4. Cells were kept at 37°C in a
humidified 5% CO, incubator. For this study, cells
were incubated in the absence or presence of various
concentrations of salvicine for 24 h or exposed to
salvicine at 25 uM for various time periods.

Measurement of cell growth inhibition

Growth inhibition by salvicine on tumor cells was
measured by microculture tetrazolium (MTT) as-
say'"'? with minor modifications."> Briefly, tumor
cells were seeded into 96-well microculture plates at
appropriate densities to maintain the cells in an
exponential phase of growth during the period of
the experiment. Cells were either exposed to salvicine
at 6.25, 12.5, 25, 50 and 100 uM for 24 h or exposed
to salvicine at 25 uM for 1, 6, 10, 24, 34 and 48 h; each
concentration was tested in triplicate wells. At the end
of the exposure, 20 ul of 5 mg/ml MTT [3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide;
Sigma, St Louis, MO] was added to each well and the
plates were incubated for 4 h at 37°C, then ‘triplex
solution (10% SDS-5% isobutanol-0.012 M HCI)’ was
added and the plates were incubated for 12-20 h at
37°C. The optical density (OD) was read on a plate
reader at a wavelength of 570 nm. Media and DMSO
control wells, in which salvicine was absent, were
included in all the experiments. The inhibitory rate of
cell proliferation was calculated by the following
formula: Growth inhibition (%)=0OD sntrol — ODireated/
ODconirol X 100. Results were obtained from two
replicate tests.

Observation of nuclear morphology
Salvicine-treated cells were harvested by centrifuga-

tion, resuspended in the medium and dripped onto a
glass slide. The cells on a glass slide were stained with
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DNA binding fluorochrome 4’,6-diamidine-2"-phenylin-
dole dihydrochloride (DAPI; Boehringer, Mannheim,
Germany) after fixation with 95% ethanol. The nuclear
morphology was observed under an Olympus IX70 UV
light fluorescence microscope.

DNA extraction and gel electrophoresis

The total cellular DNA was extracted from K-562 and
SGC-7901 cells untreated and treated with salvicine
by the method described by Slin and Stafford with
minor modifications.'* Briefly, cells were washed in
phosphate-buffered saline (PBS) and lysed overnight
at 37°C in lysis buffer containing 10 mM Tris-HCl
(pH 8.0), 10 mM EDTA, 0.4% sodium dodecylsulfate
and 1 mg/ml proteinase K. After complete digestion,
saturated phenol was added to the cell lysates and
mixed fully. Samples were then centrifuged at
6000 r.p.m. for 5 min. An equal volume of chloro-
form was added to the supernatant isolated from the
previous step, mixed fully and centrifuged as above.
Supernatant was mixed with 2.5-fold volume of
absolute ethanol and NaCl at 0.2 M final concentra-
tion for DNA precipitation. The DNA pellets were
obtained by centrifugation at 12000 r.p.m. for
10 min and were then air dried, dissolved in TE
buffer (10 mM Tris-HCl, pH 7.8 and 1 mM EDTA)
containing 0.5 mg/ml RNase (Sigma) for 30 min at
37°C. Electrophoresis was performed on 1.5% agarose
gel in TBE buffer (90 mM Tris, pH 8.0, 90 mM boric
acid and 2 mM EDTA). At the end of electrophoresis,
gel was stained in 0.5 pg/ml ethidium bromide (EB)
for 30 min. DNA fragments were visualized by UV
fluorescence.

Flow cytometry

Cellular DNA content was quantified by flow
cytometry via determination of propidium iodide
(PD."> After treatment, the cells were collected,
washed in PBS and fixed in 70% ethanol (4°C for
12 h or longer, usually overnight). After fixation,
the cells were washed in PBS, and cell pellets
obtained by centrifugation were stained with PI
staining solution containing 50 ug/ml PI, 10 ug/ml
RNase, 0.5% (v/v) Triton X-100 and 0.1% (wW/v)
trisodium citrate for 30 min at room temperature in
the dark. DNA content was determined on a Becton
Dickinson (Mountain View, CA) FACSCalibur flow
cytometer. The cell populations in the sub-G; area
(the position where apoptotic cells are located) were
quantified from a standard count of 10 000 cells using
CellQuest, ModFIT LT for Mac version 1.01 (Becton
Dickinson).
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Results

Cytotoxic effect

Salvicine inhibited the proliferation of K-562 and SGC-
7901 cells in a dose- and time-dependent manner. After
exposure of K-562 cells to 6.25, 12.5, 25 and 50 uM of
salvicine for 24 h, cell proliferation was inhibited by
5.83, 54.17, 65.83 and 88.33%, respectively (Figure
2A). After exposure of SGC-7901 cells to 6.25, 12.5, 25,
50 and 100 uM of salvicine for 24 h, cell proliferation
was inhibited by 0.9, 39.82, 60.18, 87.61 and 100%,
respectively (Figure 2A). On exposing K-562 cells to
25 uM of salvicine for 1, 6, 10, 24, 34 and 48 h, cell
proliferation was inhibited by 7.21, 33.22, 51.73,
74.15, 78.78 and 88.79%, respectively (Figure 2).

Morphological changes

Untreated SGC-7901 cells displayed extended and flat
cell bodies with uniform chromatin across the nuclei
(Figure 3A). The nuclei of SGC-7901 cells treated with
salvicine for 24 h showed characteristic nuclear
morphological changes of apoptosis, including DNA
fragmentation and nuclear condensation. DNA frag-
mentation was observed at 12.5 uM (Figure 3B), and
with an increase in dose the apoptotic changes
appeared more apparent and extensive (Figure 30).
The changes in the nuclei of K-562 cells are similar to
those in SGC-7901 cells (not shown).

DNA fragmentation

The typical ‘DNA-ladder’ pattern, indicating the pre-
sence of DNA equivalent to the size of single and oligo
nucleosomes, could be seen in both K-562 and SGC-
7901 cells treated with salvicine for 24 h. In K-562
cells, DNA ladder became obvious at the concentration
of 50 uM (Figure 4A), while in SGC-7901 cells salvicine
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Figure 1. Chemical structure of salvicine.
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Figure 2. Effects of salvicine on the growth of human tumor
cells. (A) Dose-dependent effects of salvicine on the
inhibition of K-562 and SGC-7901 cell growth (exposure:
24 h). Time-dependent effects of salvicine on the inhibition
of K-562 cell growth (salvicine: 25 uM).

appeared to be more effective as the agarose gel
electrophoresis revealed apparent DNA ladder at this
concentration (Figure 4B). No chromosomal DNA
cleavage was observed in untreated control cells.

Quantitative detection of apoptotic cells

Apoptotic cells can be recognized by their diminished
stainability with the DNA-specific fluorochrome PI due
to DNA degradation and its subsequent leakage from
the cells. The hypodiploid population formed by cells
having a reduced DNA content in DNA content
frequency histograms (sub-G; peak) can be quantified
by flow cytometry. Salvicine induced the apoptosis of
K562 and SGC-7901 cells in a dose-dependent
manner. In untreated K-562 cells, the mean apoptotic
population was 2.3% which increased to 15.76, 29.56,
26.84 and 40.28% after treatment with 6.25, 12. 5, 25
and 50 uM salvicine for 24 h, respectively. In un-
treated SGC-7901 cells, the mean apoptotic population
was 0.7%, and it increased to 13.2, 38.51 and 64.6%
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Figure 3. Morphological changes in SGC-7901 cell nuclei treated without (A) or with 12.5 (B) and 100 (C) uM salvicine for
24 h. Arrows denote condensed and fragmented nuclei. Magnification x 200.
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Figure 4. Agarose gel electrophoresis of DNA extracted from K-562 (A) and SGC-7901 (B) cells treated with 6.25, 12.5, 25,
50 and 100 uM salvicine for 24 h. M, DNA size marker; VCR, positive control.

after treatment with 25, 50 and 100 M of salvicine for
24 h, respectively. The number of apoptotic SGC-7901
cells was not significantly increased at low concentra-
tions (6.25 and 12.5 uM) of salvicine, For the time-
effect relationship, the number of apoptitic K-562 cells
increased with prolonged incubation duration to
salvicine (Figure 5). The apoptotic K-562 cells
increased to 25.5, 78.8 and 92.8% after 24, 34 and
48 h of exposure to 25 uM salvicine, respectively.
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While apoptitic K-562 population was not increased
after a short time exposure (less than 10 h) to
salvicine.

Discussion

In this study, we have shown that salvicine has a
cytotoxic effect on K-562 and SGC-7901 cells in a dose-
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Figure 5. Quantitative detection of apoptotic K-562 cells (cells in the sub-G1 phase) treated with 25 ;M salvicine for different
time periods by flow cytometry. (A) DNA histograms of apoptotic cells. M, indicates apoptotic cells. (a) Control, (b) 24 h and (c)
48 h. (B) Time-dependent effects of salvicine-induced apoptosis in K-562 cells.

and time-dependent manner. The cytotoxic intensity
of salvicine after 24 h of treatment on human leukemia
K-562 and human gastric tumor SGC-7901 cells was
very similar. These results are in agreement with the
results obtained from our previous studies, the ICs, of
salvicine after 72 h treatment on these two cell lines
lie in the same range, 7.79 and 7.82 uM, respectively.”
Gastric carcinoma is one of the most commonly
encountered malignant tumors in China and Asia.
Chemotherapy and radiation therapy of gastric carci-
noma has met with limited success at present.
Therefore, we chose SGC-7901 as an in vitro model
representing human solid tumors. In general, the anti-
tumor effects of drugs seem to be more potent in
human leukemia cells than in solid tumor cells.
However, salvicine seems to be different. Previous
studies have clearly shown that on average ICs, of
salvicine in 12 human solid tumor cell lines was over
5.41 and 4.15 times more potent than the common
plant-derived antitumor drugs vincristine (VCR) and
etoposide (VP-16).9 For three leukemia cell lines, the
mean ICs, of salvicine was the same as that of VP-16
and weaker than that of VCR.®> Thus, salvicine has

been chosen as a prototype compound for developing
antineoplasmic agents due to its remarkable inhibitory
effects on the growth of human solid tumor cells.
Our present results show that salvicine can induce
characteristic morphological and biochemical changes
associated with apoptosis in both K-562 and SGC-7901
cells, and the ability of salvicine to induce apoptosis in
these two cell lines was similar, further indicating
salvicine causes this particular effect on solid tumor
cells. Moreover, we have noted that salvicine exhibits
more potent effects on growth inhibition than
apoptosis induction at similar concentrations. Our
previous studies have shown that salvicine blocked K-
562 cells in the G, phase of the cell cycle in a dose-
and time-dependent manner,” and also arrested SGC-
7901 cells in the G; phase of the cell cycle (data not
shown). Additionally, we found that DNA topoisome-
rase II is one of the cellular targets of salvicine
(unpublished data). Therefore, it can be considered
that the antitumor efficiency of salvicine results from
multiple mechanisms of action, such as interfering
with cell cycle progression, inducing apoptosis and
targeting DNA topoisomerase II of tumor cells.
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In conclusion, our results demonstrate that salvicine
is capable of inhibiting growth and inducing apoptosis
in both human leukemia K-562 and gastric tumor SGC-
7901 cells, and these effects are dose and time
dependent. These results suggest that the antitumor
activity of salvicine is related to its ability to induce
apoptosis. Considering that both K-562 and SGC-7901
cell lines are resistant to apoptosis and their current
therapy is unsatisfactory, salvicine (which is highly
cytotoxic in tumor cells) seems to be a promising anti-
tumor agent. Salvicine is now ready to enter clinical
trials.

References

1. Fisch DE. Apoptosis in cancer therapy. Cell 1994; 78:
539-42.

2. Kaufmann SH. Induction of endonucleolytic cleavage in
human acute myelogenous leukemia cells by etoposide,
camptothecin and other cytotoxic anticancer drugs. A
cautionary note. Cancer Res 1989; 49: 5870-8.

3. Michael AB, Catherine AB, Alan E. Activation of pro-
grammed cell death (apoptosis) by cis-platine, other
anticancer drugs, toxins and hyperthermmia. Biochem
Pbarmacol 1990; 40: 2353-62.

4. Bertrand R, Kerrigan D, Sarang M, et al. Cell death
induced by topoisomerase inhibitors. Biochem Pharma-
col 1991; 42: 77-85.

5. John AH. Apoptosis induced by anticancer drugs. Cancer
Metast Rev 1992; 11: 121-39.

56 Anti-Cancer Drugs - Vol 12 - 2001

6. Fang M, Zhang HQ, Xue SB. Induction of apoptosis in HL-
60 cells by harringtonine. Chin Sci Bull 1995; 40: 939-44.

7. Shigeru O, Masahide S, Junji U, et al. 5-Fluorouracil
induces apoptotic cell death with G, phase arrest in
human breast cancer grafted in nude mice. Anticancer
Res 1996; 16: 2699-704.

8. Zhang JS, Ding J, Tang QM, et al. Synthesis and
antitumour activity of nove diterpenequione salvicine
and the analogs. Bioorg Med Chem Lett 1999; 9: 2731-6.

9. Qing C, Zhang JS, Ding J. In vitro cytotoxicity of salvicine,
a novel diterpenoidd quinone derivative. Acta Pharmacol
Sin 1999; 20: 297-302.

10. Lin CH, Fu ZM, Liu YL, et al. Investigation of SGC-7901
cell line established from human gastric carcinoma cells.
Chin Med J [Engl] 1984; 97: 831-4.

11. Mosmman T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods 1983; 65: 55-63.

12. Alley MC, Scudiero DA, Monks A, et al. Feasibility of drug
screenig with panels of human tumor cell lines using a
microculture tetrazolium assay. Cancer Res 1988; 48:
589-601.

13. Zhou JJ, Yue XF, Han JX, et al. Improved MTT assay for
activity of antitumor agents. Chin J Pharm 1993, 24:
455-7.

14. Slin N, Stafford DW. A general method for isolation of
high molecular wight DNA from eukaryotes. Nucleic
Acids Res 1976; 3: 2302-8.

15. Darzynkiewicz Z, Bruno S, Del Bino G, et al. Features of
apoptotic cells measured by flow cytometry. Cytometry
1992; 13: 795-801.

(Received 22 June 2000; revised form accepted 12
September 2000)



