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Abstract

AIM: To study the inhibitory effects of Fuzheng Yiliuyin
(Decoction for Suppressing Tumors by Strengthening the

Body Resistance) in combination with chemotherapeutics
on human gastric carcinoma cell strain.

METHODS: Fuzheng Yiliuyin (ZY) combined with
various kinds of chemotherapeutics was put into two
kinds of cultivated human gastric carcinoma cell strains,
then its inhibitory effects on human gastric carcinoma
cell strains were determind by the MTT method. Flow
cytometer was used to assay the apoptosis rate, and the
ultrastructure of gastric carcinoma cells was observed
under transmission electron microscope.

RESULTS: Obvious apoptosis was seen in gastric
carcinoma cells after treatment with ZY for 72 h. ZY and
chemical drugs had synergistic inhibition effects on the
cultivated gastric carcinoma cells, but the effects were
different on various cell strains. The inhibitory effects
of ZY could be strengthened by cytotoxic action and
apoptosis. ZY combined with fluorouracil, etoposide and
cisplatin (EFP) chemotherapeutics had better inhibitory
effects on SGC-7901, while ZY combined with EFP or
with DDP chemotherapeutics had better inhibitory effects
than other drugs on MGC-803.

CONCLUSION: ZY induces apoptosis and inhibits the
growth of gastric carcinoma cells. ZY has the synergistic
function of chemotherapeutics.
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INTRODUCTION

Fuzheng Yiliuyin (ZY) has been used for 30 years to
treat gastric carcinoma in our clinic. ZY is prepared
from eleven herbs: milkvetch root, bighead atractylodes
rhizome, Chinese Thorowax root, common Burreed rhi-
zome, Zedoary, Radix Notoginseng, Dandelion, spread-
ing Hedyotis herb, Agrimony, Tamariskoid spikemoss
herb and Glycyrrhizia. Most of these herbs can inhibit
cell proliferation, induce apoptosis and have anti-cancer
effects'™. In vitro experiment has confirmed that Fuzheng
Yiliuyin is effective in inhibiting proliferation of gastric
cancer cells and induces apoptosism. Further double-
blind placebo-controlled trial of chemotherapy plus Fu-
zheng Yiliuyin/placebo in advanced stage gastric cancer
showed that ZY has anti-gastric cancer effects with lower
side effects'”!. Traditional Chinese medicines TCM could
increase the effects and decrease the side effects of che-
motherapeutics. However, whether TCM can increase
all of the therapeutic effects of chemotherapeutics and
whether the mechanism is the same remain unclear.

MATERIALS AND METHODS

Patients

The human gastric mucinous adenocarcinoma cell line
(MGC-803) with lower differentiation was obtained
from the Center of Molecular Biology of Xi’an Jioatong
University, China. The human gastric adenocarcinoma cell line
(SGC-7901) with lower metastasis was obtained from Xijing
Hospital of the Fourth Military Medical University, China.
Fuzheng Yiliuyin (ZY) extract contains 2 g/L crude herbs,
which was produced by Xi’an Jioatong University. Fludro-
uracil (5-FU, Shanghai Pharmaceutical Factory), etoposide
(Vp-16 Lianyungang Pharmaceutical Factory), cisplatin
(DDP, Dezhou Pharmaceutical Factory), adriamycin
(Pharmacia and Upjohn), annexin-V-FITC and PI (Roche),
EDTA and MTT (Sigma) were used in the study.

Cell culture
Cells were cultured in RMPI1640 medium (pH 7.2-7.4)
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vs42h,*P < 0.050vs 72 h.

containing 100mL/L foetal calf serum (FCS), penicillin
and streptomycin at 37°C in a humidified (95%) incuba-
tor containing 95% air and (50mL/L) 5% COz. Cells wete
routinely sub-cultured using 2.5 g/L trypsin/ethylenedini-
trile tetra-acetic acid (EDTA) solution.

MTT assay for determination of cell growth

Cell proliferation was determined by counting viable cells
over time using trypan blue exclusion as the basis of viabil-
ity. The logarithmically growing SGC-7901 and MGC-803
cells were plated at a density of 5 X 10 cells/L per well
into a 96-well plate. After 24 h, the cells were treated with
1mg/L ZY in combination with 5-Fu, Vp-16, ADM, DDP,
EFP and EAP, respectively for 24, 48, and 72 h. Control
wells were treated with RMPI1640 medium alone. Then 20
uL MTT (5 g/1) was added to each well and incubated for
an additional 4 h. After the culture media were discarded,
0.15 mLL. DMSO was added and vibrated for 10 min.
The absorbance was measured at 570 nm using a Model
550-microplate reader. The inhibitory rates (IR) were cal-
culated according to the following formula:

IR (%) = (1-absorbance of the treated wells)/(absorbance
of the control wells) X 100%.

Flow cytometry of apoptosis by annexin-V and Pl double-
staining

At the end of treatment, the cells were harvested by
trypsin-EDTA solution to produce single cell suspension.
Annexin-V and PI double staining kit (Roche) were used
to assess apoptosis. The cells were analyzed by flow cytom-
etry. Early apoptotic cells were localized in the lower right
quadrant of a dot-plot graph using annexin-V-fluorescein
and PL

Cell morphology observation

The SGC-7901 and MGC-803 cells were separately in-
cubated with 1mg/L ZY for 72 h. The culture medium
was discarded, the cells were collected by gently scraping
and washed three times in ice-cold PBS, then fixed with
a solution of 2% formaldehyde and 3% glutaraldehyde
in 0.1 mol/L sodium cacodylate buffer (pH 7.4) for 1 h.
The fixed cells were washed three times in cacodylate buf-
fer (pH 7.2) containing 0.2 mol/L sucrose, fixed with 1%
osmic acid in 0.3 mol/L cacodylate buffer, dehydrated in
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Figure 1 Morphological change of apoptosis in SGC-7901 (A) and MGC-803 (B)
cells after treated with ZY.

a graded series of acetone, and embedded in epoxy resin.
Ultrathin sections were cut, stained with uranyl acetate and
lead citrate, and assessed by electron microscopy

Statistical analysis

Data were expressed as mean *+ SD. Analysis of data was
performed using one-way ANOVA. P < 0.05 was consid-
ered statistically significant.

RESULTS

SGC-7901 and MGC-803 cells were treated with various
chemotherapeutics. Cell viability was determined by MTT
assay. ZY increased the inhibitory effects of various che-
motherapeutics on both kinds of cells in a time-dependent
manner. ZY in combination with EFP had a better effect
on SGC-7901 cells, while ZY in combination with DDP
and EFP had a better effect on MGC-803 cells (P < 0.05).

After SGC-7901 and MGC-803 cells were exposed to
ZY in combination with various chemotherapeutics for 72
h, annexin-V and PI double-staining FCM analysis showed
that the apoptosis rates of SGC-7901 and MGC-803 cells
were quite different after treated with different drugs.
ZY increased anticancer effects of chemotherapeutics by
directly enhancing the toxic effects or by inducing apopto-
sis (Table 2).

In order to confirm the cell apoptosis induced by treat-
ment with ZY, the morphological changes of apopto-
sis were evaluated by transmission electron microscopy.
Changes were observed in SGC-7901 cells (Figure 1A) and
MGC-803 cells (Figure 1B) after treated with ZY, such as
blebbing and loss of microvilli, vacuolation in cytoplasm,
condensation of cytoplasm and nuclei, and fragmented
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chromatin, which provided further evidence for the induc-
tion of apoptosis as a consequence of ZY treatment.

DISCUSSION

Gastric cancer is a common malignant tumor of the ali-
mentary tract and its incidence is among the three lead-
ing kinds of neoplasm in different regions of China",
Conventional treatments for advanced gastric cancer
including extended resection, radiotherapy and chemother-
apy have little influence on the improvement of patients’
survival. Combinations such as FAMTX, ELF, EAP and
EFP, produce an overall response rate of about 20% to
50%""?. Though combination chemotherapy for local ad-
vanced gastric cancer is effective, it is often associated with
severe side effects, including fatal outcome.

Traditional Chinese herbal medicines can enhance
the efficacy and reduce the toxicity of chemotherapy and
radiotherapy by improving anticancer host defense mecha-
nism and inducing apoptosis'” ", The use of Chinese
herbal medicine in combination with radiotherapy ot
chemotherapy is a better procedure in the treatment of ad-
vanced cancet.

This study showed that Chinese herbal medicines could
increase the effects of chemotherapy on gastric cancer,
but the cytostatic effect of it is different between different
differentiation cells. This is why the same Chinese herbal
medicine in combination with the same chemotherapy
is effective in some patients and less effective in other
patients. Though combined chemotherapic agents may
show a better sensitivity than a single agent, and various
drugs show various effects on various alimentary tract
tumors™”. In this study, ZY in combination with a single
chemolherapeutic agent or with several chemotherapies
had the similar inhibitory effects on the same cells,
suggesting that individual therapy should be performed
based on the type and differentiation degree of tumors.
Individual chemosensitivity is essential to chemotherapy
for gastric cancer””

Apoptosis plays a critical role in tumor initiation,
progression, as well as in cancer therapy™. In the pres-
ent study, we investigated the inhibitory effects of ZY
plus chemotherapy on gastric carcinoma SGC-7901 and
MGC-803 cells. ZY caused not only cellular necrosis but
also induced apoptosis and inhibited the proliferation of
gastric cancer cells, indicating that TCM in combination
with chemotherapy can induce apoptosis. In conclusion,
ZY can be used in treatment of gastric cancer.
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