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ABSTRACT

AIM: To investigate the effects of phenylpropanoid glycoside antioxidant isoverbascoside on cell proliferation and
differentiation of human gastric cancer cell line MGC 803.  METHODS: MGC 803 cells were treated with
isoverbascoside.  Its effects on cell proliferation, tumorigenicity, enzymatic activities, cell cycles, and gene expres-
sion were respectively evaluated with cell counting, tumor formation assay, enzymatic assay, flow cytometer
analysis, and Western blotting, with Me2SO as positive control.  RESULTS: Isoverbascoside could markedly inhibit
cell proliferation in dose- and time-dependent manner.  Isoverbascoside 20 μmol/L strikingly suppressed cell
tumorigenicity, activities of alkaline phosphatase (ALP), and lactate dehydrogenase (LDH), and caused G0/G1 arrest.
The expression of G1 S checkpoint related proteins, p53, p21/WAF1, and p16/INK4, were up-regulated after
MGC 803 cells were treated with isoverbascoside 20 μmol/L for 4-8 h.  Contrarily, the expression of C-myc protein
was suppressed after 8 h treatment.  CONCLUSION: Isoverbascoside inhibited cell proliferation, reversed cell
malignant phenotypic characteristics, and consequently caused differentiation in MGC 803 cells.  These effects
might be associated with its activities of causing G0/G1 arrest and regulating the expression of cell cycle related
proteins.

1Project partially supported by Natural Science Foundation of
Fujian Province,  C97108.
2Correspondence to Dr CHEN Rui-Chuan.  Phn 86-592-218-
7969.
Fax 86-592-218-7969.  E-mail chenruichuan@yahoo.com
Received 2001-09-12 Accepted 2002-07-03

INTRODUCTION

Phenylpropanoid glycosides are a subset of natu-
ral phenolic compounds mainly extracted from herbal
medicine.  Some of them have been reported possess-
ing multi-pharmacological activities of antioxidation[1]

and antitumor[2].  Isoverbascoside, one of phenyl-
propanoid glycoside compounds, was isolated from
Pedicularis striata Pall, a Chinese folk herbal medicine
which is used as cardiac tonic for treatment of collapse,
exhaustion, and senility by local inhabitants living in
northwestern China[3].  We have previously reported that
isoverbascoside possessed the activities of scavenging
reactive oxygen species[1], inhibiting cell multiplication,
and inducing morphological changes in HL-60 and MGC
803 cells[4,5], and inducing differentiation in HL-60
cells[6].  Here we examined the effects of isoverbascoside
on cell proliferation and differentiation of human gas-
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tric cancer cell line MGC 803, and Me2SO, a well known
differentiation inducer[7], used as positive control.

MATERIALS AND METHODS

Reagents  Dimethyl sulfoxide (Me2SO) was pur-
chased from Sigma Chemical Co (St Louis, USA).
Antibodies for Western blotting analysis were purchased
from Santa Cruz Biotechnol, Inc (Santa Cruz, USA).
Alkaline phosphatase (ALP) and lactate dehydrogenase
(LDH) detection kits were purchased from Shanghai
Lianyang Biotech Co (Shanghai, China).  Isoverbascoside
was kindly provided by Department of Biology of
Lanzhou University, and its solution was prepared as
previous report[6].

Cell culture and treatment  Human gastric can-
cer cell line MGC 803 was maintained in RPMI me-
dium 1640 (GIBCO, Grand Island, USA) supplemented
with 10 % fetal calf serum, penicillin 1×105 U/L, and
streptomycin 100 mg/L at 37  in 5 % CO2.  Cells
were always seeded at a starting density of 5×107 cells/
L, and the medium containing indicated concentration
of isoverbascoside or 1.5 % Me2SO was renewed ev-
ery 2 d.  For morphological assessments and mitotic
index determination, cells were grown on glass cover
slides and stained with hematoxylin-eosin (HE).  Mi-
totic cells were counted in at least 1000 cells per slide
under light microscopy.  For ultrastructural observation,
cells samples were prepared according to the routine
method and examined with a JEM-100CX II transmis-
sion electron microscope (MJ, USA).

Assay of cell growth  Cells were plated in 24-
well plates.  Treated and control cells were harvested
each day with trypsin/ethylene diamine tetraacetic acid
procedure.  Viable cells were counted using a
heamocytometer after staining with trypan blue dye.

Assay of tumorigenicity  Cells were cultured in
medium containing isoverbascoside 0 or 20 μmol/L for
6 d and harvested by trypsinization.  The amount of
5×106 viable cells in treated or control group were in-
jected subcutaneously at a different side of the buttock

in the same BALB/C nude mouse (from Experimental
Animal Laboratory of Cancer Research Center, Xiamen
University, Certificate No 23-007, SPF grade).  After 4
weeks, tumor tissues were taken out from nude mice
(n=5) and weighed.

Cell cycle analysis  To evaluate the effect of
isoverbascoside on cell cycle, MGC 803 cells were
treated with isoverbascoside 20 μmol/L and harvested
at the d 0, 2, 4, and 6, respectively.  About 5×106 cells
per sample were subjected to the cell cycle distribution
analysis with FACS calibur flow cytometry (Becton
Dickinson, USA), according to the reported method[8].

Assay of enzymatic activity   For detecting the
enzymatic activity, the harvested cells were suspended
and sonicated in ice-cold sodium phosphate buffer (100
mmol/L, pH 7.2).  The homogenates were centrifuged
at 12 000×g for 30 min at 4 ºC.  The supernatants were
subjected to quantification of protein with Bradford as-
say[9], and assay of ALP and LDH activities with detec-
tion kits.  Enzymatic activities were expressed as kU/g
(protein).

Western blotting  Harvested cells were lysed with
lysis buffer 100 μL containing 1 % Nonidet P-40 (NP-
40), 1 % sodium deoxycholate, 0.1 % sodium dodecyl
sulfate (SDS), edetic acid 1 mmol/L, phenylmethyl-sul-
fonyl fluoride (PMSF) 1 mmol/L, and leupetin 0.5 mg/
L.  Total cell lysates were centrifuged at 20 000×g for
20 min at 4 ºC.  Aliquots of 75 μg protein were resolved
in SDS-polyacrylamide gel, transferred to nitrocellulose
filter membranes, and detected with appropriate anti-
bodies as the reported method[10].

Statistics  Data were expressed as mean±SD.  Dif-
ference between groups was analyzed using Student’s
t-test.  P<0.05 was considered statistically significant.

RESULTS

Effects of isoverbascoside on MGC 803 cell pro-
liferation and tumorigenicity  Inhibition of cell growth
by isoverbascoside was observed in a concentration-
and time-dependent manner (Fig 1A).  Comparing to
control, the mitotic peak of either 1.5 % Me2SO or
isoverbascoside 20 μmol/L treated cells was moved from
d 4 to d 3 (Fig 1B).  The maximum mitotic index was
declined by 1.46 % in isoverbascoside treated group
(P<0.05 vs control group).  Treatment with 20 μmol/L
isoverbascoside also caused cells striking morphologi-
cal and ultrastructural changes: predominantly spread
and flatted epithelioid cells with regularly shaped nuclear,

Structure of isoverbascoside
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declined nucleo-cytoplasmic ratio and less nucleoli in
nuclear, markedly decreased polyribosome, and in-
creased rough endoplasmic reticulum (data not shown).
In 5 nude mice for tumorigenicity assay, both control
and isoverbascoside treated groups developed tumors
in each mouse.  However, comparing with control group
(average tumor weight 0.89 g±0.19 g), the average tu-
mor weight of isoverbascoside treated group (0.40 g±
0.08 g) was markedly declined by 55.1 % (P<0.05 vs
control group, Fig 2).

Effects of isoverbascoside on enzymatic activi-
ties  Untreated MGC 803 cells displayed relative high
ALP and LDH activities.  While treated with isover-
bascoside 20 μmol/L or 1.5 % Me2SO, the activities of
ALP and LDH were both inhibited in a time-dependent
manner (Fig 3A, 3B).  Compared to control, the ALP
and LDH activities of isoverbascoside treated cells were
respectively declined by 40.7 % and 60.2 % at d 6

(P<0.05, P<0.01 vs control).
Effects of isoverbascoside on cell cycle and

gene expression  The analysis of flow cytometer
showed that the cells had a dramatic increase in the
percentage of G0/G1 phase and decrease in S phase in
time-dependent manner (Tab 1), indicating that
isoverbascoside mainly caused G0/G1 arrest.  Immuno-
blotting results showed that the expressions of p53, p21/
WAF1, and p16/INK4 proteins were up-regulated after

Fig 2.  Effect of isoverbascoside on MGC 803 cell tumo-
rigenicity.  A: control group; B: isoverbascoside 20 μmol/L.

Fig 1.  Effect of isoverbascoside and Me2SO on MGC 803
cell growth (A) and mitotic index (B).  ( ) control; ( )
isoverbascoside. 10 μμμμμmol/L; ( ) isoverbascoside 20 μμμμμmol/
L; ( ) isoverbascoside 30 μμμμμmol/L; ( ) 1.5 % Me2SO.  n=4
experiments. Mean±SD.  aP>0.05, bP<0.05, cP<0.01 vs control.

Fig 3.  Effects of isoverbascoside and Me2SO on MGC 803
cell ALP (A) and LDH (B) activities.  n=3.  mean±SD.   aP>
0.05, bP<0.05, cP<0.01 vs control.
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treating MGC 803 cell with isoverbascoside 20 μmol/L
for 4-8 h, and the expression of C-myc protein was
markedly down-regulated after 8 h (Fig 4).

DISCUSSION

The determination results have proved that, simi-
lar to Me2SO, isoverbascoside could inhibit both cell
growth and multiplication, and induce cell morphologi-
cal and ultrastructural changes.  Moreover, under the
experimental concentration, no significant cytotoxic or
apoptotic effect was observed in either isoverbascoside
or Me2SO treated groups (data not shown).  The re-
sults of tumorigenicity assay showed an expected sig-
nificant inhibition of isoverbascoside on tumor forma-
tion in nude mice.  Thus, the treatment of isoverbasco-
side has significantly suppressed the tumorigenical phe-
notype of MGC 803 cells.  Our results further revealed
that, similar to Me2SO, the treatment of isoverbascoside
also significantly inhibited both ALP and LDH activities,
suggesting that isoverbascoside possess the activity of
impelling MGC 803 cells reversion against the malig-
nant phenotypes.

The mechanism of isoverbascoside reversing the

malignant phenotypes of MGC 803 cell remains to be
investigated.  In the cells exposed to isoverbascoside,
the accumulation of cells in G0/G1 phase and the up-
regulation of protein expression of p53, p21/WAF1, and
p16/INK4 as well as the suppression of C-myc expres-
sion were observed in this study.  G0/G1 arrest is a com-
mon phenomenon in the cells undergoing induction of
differentiation[11].  The cyclin-dependent kinase inhibi-
tors such as p21/WAF1 and p16/INK4 proteins play
central roles in this process[12,13].  These proteins exert
their functions by combining with cyclins/CDKs
complexes, therefore inhibiting the complexes kinase
activity, and finally blocking the cell cycle at the G1

S checkpoint[12].  The results suggested that the p21/
WAF1 and p16/INK4 proteins were associated with the
G0/G1 arrest after the MGC 803 cells were treated with
isoverbascoside.  As a tumor suppression gene, p53
can exert its cell cycle arresting function by up-regulat-
ing the expression of p21/WAF1 protein, and thus play
an important role in G1 S checkpoint[14,15].  C-myc
onco-protein, a well-known nuclear transcription factor,
exerts its regulation function in cell cycle by promoting
the transcription of DNA synthesis related genes and
therefore impelling cell cycle into S phase[13].  Suppres-
sion of its expression will block the cell cycle at G1 S
checkpoint.

In conclusion, our study has proved that, in addi-
tion to induce HL-60 differentiation, isoverbascoside has
the activities of inhibiting cell proliferation and causing
differentiation in human gastric cancer cell line.
Moreover, our study succeeded in solid tumor cells while
most differentiation inducers successfully induce dif-
ferentiation restricted to leukemia cells.

ACKNOWLEDGEMENT  We thank academician and
Prof XU Xun for kind helps in conducing experiments
and Prof Bill AHO for the key review of this article.

REFERENCES

1 Li J, Ge RC, Zheng RL, Liu ZM, Jia ZJ.  Antioxidative and
chelating activities of phenylpropanoid glycosides from
Pedicularis striata.  Acta Pharmacol Sin 1997; 18: 77-80.

2 Su B, Zhu Q, Gao K, Yuan C, Jia Z.  Lignan and
phenylpropanoid glycosides from Lancea tibetica and their
antitumor activity.  Planta Med 1999; 65: 558-61.

3 Liu ZM, Jia ZJ.  Phenylpropanoid and iridoid glycosides
from Pedicularis striata.  Phytochemistry 1991; 30: 1341-4.

4 Zhou H, Yan Q, Lin BZ, Wang YF, Chen RC, Li J, et al.
Effect of isoverbascoside on the multiplication and ultrastruc-

Tab 1.  Effects of isoverbascoside on MGC 803 cell cycles.

     Group                    Treated                  Cell cycle/%
                                    time/d        G0/G1           S           G2/M

Control 0 45.5 49.2 5.4
Isoverbascoside 2 51.2 43.2 5.7
20 μmol/L 4 60.6 30.0 9.3

6 66.0 27.4 6.6

Fig 4.  Effects of isoverbascoside on cell cycle related pro-
teins expression in MGC 803 cells.



· 1001 ·Chen RC  et al / Acta Pharmacol Sin  2002 Nov; 23 (11): 997-1001

ture of HL-60 cells.  Cancer 1997; 16: 29-31.
5 Li J, Zhou H, Zheng Y, Lin BZ, Zheng RL, Jia ZJ.  Effect of

natural antioxidant isoverbascoside on the multiplication and
ultrastructure of human gastric adenocarcinoma cells.  Acta
Xiamen Univ (Natural Science) 1995; 795-8.

6 Wang TJ, Yang SM, Huang ZP, Li QF, Li QG, Zhou H, et al.
Induced-differentiation and cytotoxicity of isoverbascoside
on HL-60 cells.  Acta Biol Exp Sin 1999; 32: 321-7.

7 Friend C, Scher W, Holland JG, Sato T.  Hemoglobin synthe-
sis in murine virus-induced leukemic cells in vitro: stimula-
tion of erythroid differentiation by dimethyl sulfoxide.  Proc
Natl Acad Sci USA 1971; 68: 378-82.

8 Sehy DW, Shao LE, Yu AL, Tsai WM, Yu J.  Activin A-
induced differentiation in K562 cells is associated with a tran-
sient hypophosphorylation of RB protein and the concomi-
tant block of cell cycle at G1 phase.  J Cell Biochem 1992; 50:
255-65.

9 Bradford MM.  A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding.  Anal Biochem 1976; 72:
248-54.

10 Blake MS, Johnston KH, Russell-Jones GJ, Gotschlich EC.
A rapid, sensitive method for detection of alkaline phos-
phatase-conjugated anti-antibody on Western blots.  Anal
Biochem 1984; 136: 175-9.

11 Hass R.  Retrodifferentiation and cell death.  Crit Rev Oncog
1994; 5: 359-71.

12 McDonald ER, El-Deiry WS.  Checkpoint genes in cancer.
Ann Med 2001; 33: 113-22.

13 Coffman FD, Studzinski GP.  Differentiation-related mecha-
nisms which suppress DNA replication.  Exp Cell Res 1999;
248: 58-73.

μ


