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The aim of this study was to determine the anti-tumor effect of vegetables and fruits ferment liquid (VFFL) in 
human hepatoma-22(H22)-bearing mice.  Mice bearing H22 were randomly divided into four groups, that is a 
control group and three VFFL groups (16.7, 33.3 and 66.6 ml/kg). Inhibition rates of tumor, thymus and spleen 
index were observed. The apoptosis was analyzed by flow cytometry and the apoptotic body was observed under 
an electron microscope. A survival study was performed on the same model for the duration of 60 days. For this 
survival study, the mice were divided into five groups, which included a control group, three VFFL groups (16.7, 
33.3 and 66.6 ml/kg) and a CP group.  Tumor inhibition rates for VFFL16.7, 33.3 and 66.6ml/kg were 25.7%, 
35.0 % (p<0.05) and 49.1 % (p<0.01) respectively at 30d, increasing in proportion to the concentration of VFFL 
given. Thymus and spleen indices of the VFFL groups were also higher than that of the control group. The apop-
totic rates in VFFL 16.7, 33.3 and 66.6 ml/kg groups were 20.5%, 24.0% and 15.8% respectively, while it was 
only 6.82% in control group. In particular, the apoptotic body in the 66.6 ml/kg group exhibited typical apoptotic 
characteristics, e.g., condensation of nucleus, chromatin fragmentation, and shrinkage of cytoplasm. For the sur-
vival study, the mice in the VFFL 66.6ml/kg group exhibited significantly extended survival rates compared 
with the mice in the control group (p<0.05). This study concludes that VFFL possesses anti-tumor properties, 
which it exhibits by inducing apoptosis and prolonging life in H22 tumor-bearing mice.  
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Introduction 
Fruits and vegetables are known to be effective in the 
prevention of cancer. They contain a multitude of com-
pounds that have been shown to possess potentially cancer-
preventive activity.1 Numerous epidemiologic studies have 
examined the association between diet and cancer. One of 
the most consistent finds has been an inverse association 
between cancer and vegetable intake, in particular the 
intake of cruciferous vegetables.2-4 A high consumption of 
vegetables and fruits has been associated with a reduced 
risk of cancer, this in particular with lung cancers and 
epithelial cancers of the digestive tract.5-6 A statistically-
significant inverse association with oral and pharyngeal 
cancer was found for the consumption of total green vege-
tables (OR 0.37) and total fruit (OR 0.34),7 while high 
consumption of cruciferous vegetables is associated with a 
reduced risk of prostate cancer.8 
    Our study explores the cancer-preventive effect of vege-
tables and fruits ferment liquid (VFFL). VFFL is a tradi-
tional health drink from Japan. It is a juice containing over 
20 kinds of vegetables and fruits fermented in yeast. VFFL 
contains rich vitamins and botanically-active ingredients. 
Research indicates that the anti-tumor effect of a com-
pound with multiple vegetables and fruits is stronger than 
that of a single component; and this may be related to the 
synergetic effect of multiple ingredients of vegetables and 
fruits.9 Fermented foods are abundant in polysaccharides 

and vitamins, substances which are beneficial to our 
health.10 
    The aim of our study is twofold: (1) to determine the 
protective effect of VFFL against tumor proliferation; (2) 
to explore its molecular mechanism of protection. Our 
study chose mice bearing hepatoma-22 (H22) cells. H22 cell 
lines are the most frequently used for in vivo anti-tumor 
research.11, 12 

 
Methods 
Tumor Cell Lines and Inoculation Modeling 
The H22 cell line was purchased from Jiangsu Tumor Hos-
pital in China. It was maintained by intraperitoneal passage 
through ICR mice (5×106 cells/head). The male ICR mice, 
6 weeks old and between 18g and 22g in weight, were 
purchased from the Laboratory Animal Research Centre in 
the Chinese Academy of Sciences (Shanghai, China.).  
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The H22 cells were washed with normal physiological 
saline for three times, adjusted to 1×105 cells/ml and sub-
cutaneously transplanted to each mouse via a 200uL in-
jection. 
 
Anti-tumor effect in H22 bearing mice 
Twenty-four hours after being administered with the H22 
tumor, the mice were divided into 4 groups. VFFL was 
given intragastrically (i.g.) to the test groups – in propor-
tions of 66.6ml/kg, 33.3ml/kg and 16.7 ml/kg b.w. respec-
tively. Physiological saline was given to the control group. 
This was done for the next 29 days on a daily basis. At 
the same time, tumor size was assessed in the mice every 
5 days starting on the 5th day. This was done by measur-
ing the maximum horizontal diameter (a) and the maxi-
mum vertical diameter (b) with a slide gauge. The tumor 
volume (A) was computed using the formula: A (mm2) 
=a*b. On the 30th day, mice were disposed of and the 
tumors and organs were isolated and weighed. The inhibi-
tion rate (IR) of the tumor is calculated as follows: 
 

 
 
Analysis of apoptosis and cell cycles  
The tumor tissues were prepared into a single cell sus-
pending fluid，fixed in 70% ethanol, and stored at 4°C 
overnight. The fixed cells were centrifuged and washed 
with PBS. They were stained with 1ml of 20 µg/ml 
propidium iodide and 1ml/ml RNAase in PBS for 15min. 
Later, the 1×104 cells were examined by flow cytometry 
(FCM). The apoptotic cells and cell cycle were analyzed 
using FCM.13 
 
Observation of apoptosis with electron microscopy  
A portion of the tumor tissues was fixed in 4% parafor-
maldehyde and 1% osmic acid fixatives. The tissues were 
successively dehydrated in ethanol and embedded in Epon 
mixtures. Tumor sections (70 to 80 nm) were obtained 
with an ultramicrotome, stained with uranyl acetate and 
lead citrate. The apoptotic body was observed under a 
JEOL 1200-EX II electron microscope. 
 
Survival study with H22-bearing mice  
A survival study was performed by using another H22-
bearing model that was similar to the model of anti-tumor 
experiment. This time around, the mice were divided into 
three VFFL treatment groups, a control group and a 
cyclophosphamide (CP) group. VFFL was given intragas-
trically (i.g.) to the mice from the treatment groups – in 

proportions of 66.6ml/kg, 33.3ml/kg and 16.7 ml/kg b.w. 
respectively. This was done on a daily basis. Physiologi-
cal saline was used in the control group while 20mg/kg 
cyclophosphamide was used in the CP group, both for 7 
straight days. The mice were observed daily and readings 
were taken until all the mice died. 
 
Statistical analysis  
All values in this study were presented as Mean ± SD. 
The LSD analysis of variance (ANOVA) was used for the 
significance test, and a probability of less than 0.05 
(p<0.05) was considered statistically significant. As for 
the survival study, it was performed using SPSS 11.5 sur-
vival analysis software. 
 
Results 
Change of tumor volume 
After the mice bearing hepatoma-22 were administrated 
with VFFL, the tumor volume did not change signifi-
cantly during the first 15 days. However, from day 15 
until day 30, the tumor volume in the VFFL 66.6, 33.3 and 
16.7 ml/kg groups showed a significant drop when com-
pared with that of the control group (Fig 1). 
 
Change of tumor weight, thymus and spleen index  
The tumor weight of the three VFFL groups was 

Figure 1. Change of tumor volume in VFFL (16.7ml/kg, 
33.3ml/kg, 66.6ml/kg, n=9) and control (n=7) groups (mean±SD).  
** p<0.05 and p<0.01, VFFL group vs control group   

 

Table 1. Effects of VFFL on tumor weight, thymus and spleen index in H22-bearing mice (Mean ±SD)  

Group Dosage (ml/kg) n Thymus index (mg/g) Spleen index (mg/g) Tumor weight (g) IR (%) 

Control  7 1.40±0.75 3.97±1.21 1.71±0.51  

VFFL 16.7 9   2.03±1.11b 4.31±1.21 1.27±0.21b 25.7 

 33.3 9 1.51±0.32 5.18±1.10b 1.11±0.41b 35.0 

 66.6 9 1.97±0.44 4.77±1.15 0.87±0.34a 49.1 
 

a: p <0.01, b: p <0.05 compared with control group 

control 
66.6mg/kg 
33.3mg/kg 
16.7mg/kg* 
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significantly smaller when compared to control group. 
The tumor inhibition rate in the VFFL 66.6, 33.3 and 16.7 
ml/kg groups was 25.7%, 35.0% and 49.1% respectively, 
exhibiting a dose-response relation. Both the thymus in-

dex in VFFL 16.7 ml/kg group and the spleen index in 
33.3 ml/kg group were significantly larger when com-
pared with that of the control group (Table 1). 
 
The cell apoptosis and cycle change  
To examine the mechanism of inhibition on H22 tumor 
cell growth, apoptosis and cell cycle distribution were 
evaluated by flow cytometry. As shown in Table 2, VFFL 
is able to cause cell cycle arrest in the S-phase. The read-
ings in Table 2 also show that the rate of apoptosis ranges 
from 15.8% to 24.0% in the three VFFL groups, but is 
only 6.82% in control group. 
 
Electron micrographs 
The hepatocyte structure in the control group exhibited 
standard tumor cell characteristics. A slightly swollen 
nucleus kernel, an indication of active DNA reproduction, 
was observed under an electron microscope. The hepato-
cyte structure in the VFFL 66.6ml/kg group exhibited a 
typical apoptotic structure. A complete nucleus with con-
densed chromatin and fragments distributed in the nuclear 
margin was observed. There was shrinkage of the cyto-
plasm and a round apoptotic body by the 30th day (Fig 2). 
There were also swollen and numerous vacuoles within 
its cytoplasm. 
 
Survival study in H22-bearing mice 
The survival time of H22 mice in the VFFL 66.6ml/kg and 
the CP control group was significantly longer than that of 
the control group.(p<0.05; log-rank test). The VFFL 16.7 
and 33.3 ml/kg groups also manifested an extended dura-
tion of survival. (Fig 3) 
 
Discussion 
Numerous investigations demonstrate that frequent intake 
of fruits and vegetables, ranging from daily to three times 
or more per week, may lower the risk of cancer.14, 15 A 
large number of potentially anti-carcinogenic agents are 
found in fruits and vegetables - these include carotenoids, 
vitamins C and E, selenium, folic acid, dietary fiber, di-
thiolthiones, isothiocyanates, glucosinolates, indoles, 
phenols, flavinoids, protease inhibitors, allium com-
pounds, plant sterols and limonene. These agents have 
complementary and overlapping mechanisms of action, 
which include induction of detoxification enzymes, inhi-
bition of nitrosoamine formation, dilution and binding of 
carcinogens in the digestive tract, alteration of hormone 
metabolism and antioxidant effects.16 Indeed, earlier re-
search has demonstrated that nearly all of the antioxidant 
activity of fresh fruits on cell proliferation was derived 
from a mixture of phytochemicals rather than on vitamin 
C alone. The mixture of phytochemicals contained in 
fruits and vegetables is more effective than a single

Table 2  VFFL inducing apoptosis and change cell cycle in human H22-bearing mice 
 

Group Dosage (ml/kg) Apoptosis rate (%) G0-G1 S M 

Control  6.82 66.7 26.8 6.5 
VFFL 16.6 20.5 30.5 55.8 13.7 
 33.3 24.0 33.0 55.1 11.9 
 66.6 15.8 25.9 62.1 12.1 
 

CP 
 
Control 
 
16..7ml/kg 
 
33..3ml/kg 
 
66..6ml/kg* 

 

 
Figure 2. Electron micrographs for apoptosis body analysis 
(×8000).  
Arrow: pointing to the place of apoptotic body. 
 

 
Figure 3. The survival time of mice administrated with VFFL.

CP 
Control 
16.7ml/kg 
33.3ml/kg 
66.6ml/kg* 
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antioxidant because the protective effect of fruits against 
cancer appears to depend on multiple constituent sub-
stances and mechanisms.17,18 The specific mechanism of 
how fruits and vegetables prevent carcinogenesis is un-
clear. However, much may be attributed in part to vitamin 
C and certain carotenoids, all efficient antioxidants which 
prevent damage caused by the peroxidation of free radi-
cals to chromosomes, enzymes and cell membranes.19 
    Fermented foods are known to contain plenty of poly-
saccharides and functional vitamins. Some earlier studies 
show that the technique of fermentation may create 
unique metabolites by yeasts symbiosis, the end result of 
which is a mechanism enhancing human health.20, 21 Fer-
mentation is a complex process and fermented diets con-
sist of a broad range of fermentation products (e.g., lactic 
acid, acetic acid, ethanol, micro-flora, etc). The specific 
mechanism of how fermented foods prevent carcinogene-
sis is unclear, but it may be attributed in part to the me-
tabolisis of certain substances. More research has to be 
done to ascertain the factor or combination of factors re-
sponsible for the positive consequence of fermented diets.  
    Our present study investigates the anti-tumor activity of 
VFFL, a drink made of fermented vegetables and fruits. 
Our results indicate that VFFL may inhibit proliferation 
and promote apoptosis of hepatoma. As known, apoptosis 
is an important mechanism in the cytocidal effect of anti-
tumor drugs. Programmed cell death plays a critical role 
in many biological processes in multi-cellular organ-
isms ， for example embryonic development, immune 
response, tissue homeostasis and normal cell turnover. 
Deregulation of apoptosis has also been implicated in 
cancer. Although apoptosis is a complex process and its 
regulation is not completely understood, its critical role in 
the execution of tumor cell death is well-known.22 In any 
case, the study shows that the proportion of S phase cells 
in the VFFL-treated groups increased significantly. This 
suggests that by inhibiting transformation of hepatoma-22 
from its G2-phase to its M-phase, VFFL is able to prevent 
hepatoma-22 proliferation through VFFL treatment for 30 
days. The implication is that VFFL may be able to influ-
ence the cell cycle. 
    This study indicates that VFFL has an anti-tumor effect 
and an extended duration of survival in H22-bearing mice, 
which may associate with the inhibition of tumor cell 
growth and inducing apoptosis. The molecular mecha-
nisms regarding the anti-tumor effect of VFFL will be 
studied further. 
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