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Abstract

Antioxidant activities and the lipid-decreasing ability of oat (Avena sativa L.) rice wine were investi-
gated. Oat rice wine showed stronger metal chelating capacity, reducing power, and inhibition of lipid
peroxidation than glutinous rice wine. The concentration of polyphenols (153.74 ug ml*) in oat rice
wine also exceeded that in glutinous rice wine. Oat rice wine of the three dosages in this experiment
increased superoxide dismutase (SOD) and glutathione peroxidase (GSH-PX) activities, while de-
creasing the malondialdehyde (MDA) content, total blood cholesterol and triglyceride level, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activities in high-fatty mice. A me-
dium dose (0.3 ml d*?) of oat rice wine could reduce the contents of blood lipid and prevent liver dam-
age. Oat rice wine also manifested stronger antioxidant activity than glutinous rice wine and was ef-
fective in decreasing the total cholesterol and triglyceride level in blood and ameliorating the fatty

liver in vivo.
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Introduction

Rice wine is well-known in China as Huangjiu and
in Japan as Shoko-shu over a long history of about 4,000
years, and now honored as a national banquet wine in
China due to its unique flavor and low alcoholicity®. Rice
wine also has medical uses in Chinese traditional medi-
cine. Its healthy effects have been studied over the last
decade and it is claimed to have beneficial effects on pre-
venting cancer, aging and cardiovascular diseases?.

The basic brewing processes of rice wine include ac-
tivation of distiller’s microorganism (such as yeast, As-
pergillus spp., Rrhizopus spp., Mucor spp., Monascus
spp., acetic acid bacteria, lactic acid bacteria®), steaming
raw materials and fermentation which produce ethanol

and other nutrients. The flavor varies widely among dif-
ferent rice wines, and largely depends on the microorgan-
isms used in the brewing process. Hongqu, also called red
yeast rice or red fermented rice by Monascus spp., is used
as a traditional medicine which has benefited digestion
and vascular functions for many centuries. The monaco-
lins from Hongqu reportedly exhibit a cholesterol-lower-
ing action by inhibiting the HMG-CoA reductase, similar
to the commercial statin drug®. Monacolins are a type of
polyketides with the ability to inhibit cholesterol synthe-
sis and lower plasma cholesterol levels independent of
diet. One of the monacolins (Monacolin K) has an identi-
cal chemical structure to Lovastatin, which is widely sold
as a prescription cholesterol-lowering drug, but the other
monacolins in Hongqu may also have cholesterol-lower-
ing activity. Moreover, Hongqu is considered to be one of
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the most promising natural lipid-lowering substances for
its great effect against hypertension®.

Glutinous is the main traditional material used in
rice wine production, but many other minor grains are
also now used as raw materials. Oat is rich in nutrients,
such as unsaturated fatty acids, soluble fiber and saponin,
which play key roles in reducing the content of triglycer-
ides and cholesterol in the blood and hence the risk of car-
diovascular disease®. Recently, avenanthramides, which
are an important component of oats, were shown to have
strong inhibitory effects on an oleic acid-induced fatty
liver model in vitro®. Accordingly, rice wine made from
oats may have some different functions other than tradi-
tional rice wines.

The aim of this work was to measure the antioxidant
properties of oat rice wines in vitro and in vivo, as well as
the effects on hyperlipemia and fatty liver of mice. The
enzyme activities of superoxide dismutase (SOD) and
glutathione peroxidase (GSH-PX), and the values of
malondialdehyde (MDA) in the liver and blood serum of
mice were also detected to evaluate antioxidant activity.
The enzyme activities of Alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were deter-
mined to evaluate the influence on liver damage.

Material and methods

1. Materials

Glutinous rice wine fermented with Hongqu was
provided by Zhejiang Dongyang Rongxin wine Co., Ltd.
Oat rice wine was made in the laboratory: an oat-water
mixture (1:1.2, w/w) was steamed at 100°C for 40 min
and cooled to room temperature (25°C). Hongqu (10% of
oat weight) was mixed with water at the rate of 1:1(w/w),
and then activated at 23°C for 4 h. To produce nutrients
and liquefy the oats to improve fermentation, the Hongqu
mixture was then inoculated into the cooked glutinous or
oats, and the ratio of the mixture to seed was 1 to 10. The
fermentation took place in an incubator at 23-25°C. The
alcohol content of the oat rice wine reached 30%(v/v) af-
ter 45 days of fermentation.

2. Total polyphenol content of rice wines

The total polyphenol content in oat rice wine was
determined using the Folin—Ciocalteu method?, with gal-
lic acid as the guide sample. Oat rice wine (1 ml) at an ap-
propriate concentration (diluted 46 times with distilled
water) was added sequentially with 1.0 ml Folin—Ciocal-
teu reagent, whereupon 3.0 ml of 2% Na,CO, was added
to the solution after 3 min and mixed uniformly. The ab-
sorbance of the mixture was measured at 765 nm by a
spectrophotometer (UV-2100, UNICO, USA) after 2 h.
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The results were expressed as mg gallic acid equivalents
ml™ rice wine. Glutinous rice wine was used as a control,
compared to oat rice wine.

3. Total antioxidant activity

Total antioxidant activities of wines were deter-
mined based on the thiocyanate method?. The solution,
which contained 200 pl of rice wine in 2.5 ml of 0.04 M
potassium phosphate buffer (pH 7.0), was added to 2.5 mi
of linoleic acid emulsion in a 0.04 M potassium phos-
phate buffer (pH 7.0). Conversely, the 5.0 ml control was
composed of 2.5 ml of linoleic acid emulsion and 2.5 ml
of 0.04 M potassium phosphate buffer (pH 7.0). Fifty mil-
liliters of linoleic acid emulsion were prepared with 350
mg of Tween-20 and 310 pl of linoleic acid, whereupon
0.04 M of potassium phosphate buffer (pH 7.0) was added
to top up the volume. The mixed solution (5 ml) was then
incubated at 37°C in darkness. A sample of 100 pl, which
was extracted from the incubated solution at intervals of
12 h, was added to 4.7 ml ethanol (75%), and then reacted
with 20 mM FeCl, (in 3.5% HCI) and 30% thiocyanate.
The peroxide level was determined by reading the absor-
bance of the previous reaction solution at 500 nm in a
spectrophotometer (UV-2100, UNICO, USA). Peroxide
was produced in the linoleic acid oxidation process,
which could oxidize Fe?* to Fe**. The complex, which was
predicted by the reaction between Fe3* and the SCN-, had
the biggest absorbance at 500 nm. Inhibition of lipid per-
oxidation in percent was expressed in the form of antioxi-
dant activity.

4. Reducing capacity

The reducing capacity was determined by the meth-
od of Oyaizu®. Different volumes (50, 100, 200 pl) of
wine samples in 1 ml of distilled water were mixed with
2.5 ml of a 0.2 M potassium phosphate buffer (pH 6.6)
and 2.5 ml of 1% potassium ferricyanide [K,Fe(CN);].
The mixture was incubated at 50°C for 20 min. Aliquots
(2.5 ml) of 10% trichloroacetic acid were added to the
mixture, which was then centrifuged for 10 min at 1000 x
g (TD4A, Changsha, China). The upper layer of the solu-
tion (2.5 ml) was mixed with 2.5 ml distilled water and
0.5 ml of 0.1% FeCl,, and the absorbance was measured
at 700 nm in a spectrophotometer.

5. Chelating activity of ferrous ions

The chelating activity of oat rice wine on Fe?* was
measured using the Decker and Welch method®. One mil-
liliter of solution containing different volumes of rice
wine (200, 500, 1,000 pl) was mixed with 4.7 ml of dis-
tilled water and then reacted with 0.1 ml of 2 mM FeCl,
and 0.2 ml of 5 mM 3-(2-pyridyl) -5,6-bis (4-phenyl-sul-
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fonic acid)-1,2,4-triazine (ferrozine) respectively for 20
min. The absorbance was measured at 562 nm in a spec-
trophotometer. The lower the absorbance of the reaction
mixture, the higher the chelating activity. Ethylene di-
amine tetraacetic acid (EDTA) (1 g/l) and citric acid (1
g/l) were used as positive controls®.

6. Animals and diets

Sixty Kun Ming male mice (body weight (b.w.) 18—
22 g, 9 weeks’ old) were purchased from the medical col-
lege of Xi’an Jiaotong University, Xi’an, China. The mice
were housed individually in polycarbonate cages and ac-
climatized in a temperature- and humidity-controlled
room (23 + 1°C, RH= 50 ~ 60%) with a 12-h light/dark
cycle for 1 week. The mice were given free access to food
and water. These mice were then divided randomly into
two groups, referred to as the normal control group (n=10)
and the fatty model group (n=50). The mice of the normal
control group were fed with basic forage and the fatty
model group was fed with a high caloric diet ad libitum.
This high caloric diet comprised the following ingredi-
ents: 88.5% basic forage (from the medical college of
Xi’an Jiaotong University, Xi’an, China, protein 19.84%,
lipid 4.60%, ash 9.33%, starch 49.75% and dietary fiber
16.43% mainly from soybean protein, oil and corn starch);
10% lard oil; 1% cholesterol; 0.3% chelate and 0.2% me-
thylthiouracil’. All the mice were fed for four weeks,
whereupon the mice of the fatty model group were ran-
domly divided into 5 groups of 10 animals each, referred
to as the fatty control model, V, and three oat rice wine
groups (low, medium and high dosages). The mice of the
normal control group were fed with basic forage continu-
ously and given physiological saline at a dose of 0.3 ml
per rat by gavage daily. Mice in the V. group were ad-
ministered with V. at a dose of 25.0 mg kg™ b.w. by ga-
vage daily (the dose was based on the antioxidant capaci-
ty). Mice in the oat rice wine groups of low, medium and
high dosages were administered with oat rice wine at
doses of 0.1, 0.3 and 0.6 ml, respectively, by gavage daily.
Oral administration was performed between 8:00 and
9:30 a.m. daily and the animals were weighed every five
days. After 4 weeks of gastric perfusion, all mice were
fasted for 12 h and anesthesia was used to minimize pain,
discomfort, and shock before the operation. Blood sam-
ples were obtained in the mice eyes during the operation
and the specimen serum was kept at -20°C until analysis.
Meanwhile, murine liver samples were rapidly excised,
weighed and frozen in fluid nitrogen and stored in a ul-
tra-low temperature refrigerator (-80°C) or fixed in 4%
buffered formaldehyde solution until analysis.
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7. Preparation of blood serum and tissue samples

All mice were cared for according to the Guiding
Principles in the Care and Use of Animals of Xi’an Jiao-
tong University. At the end of the experiment, blood sam-
ples of mice in each group were collected by extirpating
their eyes, whereupon the livers were immediately ex-
cised. After storing at room temperature for 2 h, the up-
per serum was stored at -20°C and the blood samples col-
lected into tubes were centrifuged at 3,000 x g for 10 min
to separate the serum. The livers, washed with ice-cold
physiological saline solution, were frozen in -173°C in
liquid nitrogen and then stored at -80°C. Part of the liver
tissue was cut into pieces and milled to prepare a 100 g I
suspension of tissue homogenate in a buffer of monobasic
potassium phosphate and potassium phosphate dibasic.
This tissue homogenate was centrifuged at 4,000 x g for
15 min and the supernatant was kept for analysis. The tis-
sue samples of livers and the serum of all mice were used
to measure the enzyme activities of SOD, GSH-PX, AST
and ALT, and the value of MDA.

8. Antioxidant activity of the oat rice wine in vivo

The protein contents of the different blood serum
and tissue samples were measured using a coomassie
(Bradford) protein assay kit. The MDA level was deter-
mined using an MDA assay kit A003 based on the Ester-
bauer® and Cheeseman method. SOD activity was deter-
mined with an SOD assay kit A001 according to
Oyanagui’s method?. GSH-PX activity was determined
using a GSH-PX assay kit A005%. All Kkits were pur-
chased from the Institute of Biological Engineering of
Nanjing Jianchen, Nanjing, China.

9. Blood lipid and ALT, AST activities in vivo

Serum total cholesterol (TC) and triglyceride (TG)
concentrations were determined using a commercial Kit'21>%,
while ALT and AST activities in serum were measured
using a commercially available kit (Asan, Jianchen,
Nanjing, China) .

10. Statistical analyses

Statistical analyses were run using SPSS 18.0 soft-
ware, with data expressed as mean and standard devia-
tions. Data were subjected to one-way analysis of vari-
ance (ANOVA). Duncan’s multiple range test was used to
determine the differences among means and results were
considered statistically significant at p < 0.05.

Results and discussion
1. Antioxidant activities of oat rice wine in vitro

Fig. 1 shows that the content of polyphenols in oat
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rice wine (153.74 ug ml?) exceeded that of the glutinous
rice wine (112.26 pg ml*) and polyphenol was found to
be a very effective antioxidant constituent. It was report-
ed that glutinous rice wine had the strongest antioxidant
activity and the highest content of phenolic compounds
compared to the other four Chinese rice wines (Guyue-
longshan, Hongqu, Shousheng and Foshou)®.

The result of the antioxidant inhibition ratio (the val-
ue is 1- the absorption value of the complex with rice
wine/the absorption value of the black) of oat rice wine,
glutinous rice wine and BHA on the fifth day of the reac-
tion was shown in Fig. 2. The antioxidant inhibition ratios
all exceeded 97%. The inhibition ratio of oat rice wine
was the highest while the glutinous rice wine was the
lowest among the three systems (p < 0.05).

The reducing capacity was used to measure the anti-
oxidant activity according to a study showing that anti-
oxidants could reduce the ferric ion complex to the fer-
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rous form. Antioxidant activity was expressed as the
increase in absorbance. As shown in Fig. 3, reducing
power rose with increasing concentration in both rice
wines, while oat rice wine showed significantly higher
reducing power than glutinous rice wine at dosages of 50,
100 and 150 pl (p< 0.05). As shown in Fig. 4, the metal
chelating capacity of rice wine was poor compared to
EDTA and citric acid. However the metal chelating ca-
pacity rose with increasing concentrations of both rice
wines, while oat rice wine was stronger than glutinous
rice wine at dosages of 500 and 1000ul (p<0.05). Metal
chelating capacity is assumed to be one parameter of an-
tioxidant activity, since it reduces the concentration of the
catalyzing transition metal in lipid peroxidation. It was
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reported that chelating agents, which formed s-bonds
with metal, were effective as secondary antioxidants
since they stabilized the oxidized form of the metal ion
by reducing the redox potential®.

2. Antioxidant activities of oat rice wine in vivo

Table 1 demonstrated that there was no significant
difference in SOD activities between the oat rice wine
and normal control groups (p<0.05) in the blood serum of
mice. The GSH-PX activities in the medium and high oat
rice wine groups exceeded that of the fatty control group
(p<0.05), and showed no significant difference with the
V¢ group, which meant oat rice wine at a medium or high
dose could promote GSH-PX activity in the blood serum
of mice. MDA content is a good indicator of lipid peroxi-
dation?*. Compared to the fatty model group, the MDA
value of all three oat rice wine groups was evidently de-
creased (p<0.05), suggesting that oat rice wine clearly re-
duces the degree of lipid peroxidation in blood serum.
However, the effects of concentrations of oat rice wine on
MDA, SOD and GSH-PX values were insignificant.

From Table 2, there was no significant difference
among the oat rice wine groups and fatty model groups in
terms of SOD activities in the liver (p<0.05). For medium
and high doses, the GSH-PX values of oat rice wine were
evidently higher (p<0.05) than that of the fatty model

Antioxidant Activities and Lipid-decrease Ability of Oat Rice Wine

group, which was similar to V.. The results suggested
that oat rice wine could improve the GSH-PX activity but
not the SOD activities of liver in mice. The MDA con-
tents of all oat rice wine groups were lower than those of
the fatty group (p<0.05) in the liver, but not evidently dif-
ferent (p>0.05) from V_ and normal control groups. This
result indicates that oat rice wine had a strong ability to
reduce MDA content in the liver, similar to V.

In this work, we used a high-fat diet to set up the fat-
ty model. The fatty model induced hepatic damage in the
mice by reducing SOD and GSH-PX activities in the liver
and blood serum compared with the control, which corre-
lated with the results of former studies?. It was demon-
strated that SOD and GSH-PX activities of the oat rice
wine groups increased in both blood serum (Table 1) and
the liver (Table 2), while the MDA values of the oat rice
wine groups decreased comparing with the fatty model.
This result indicates that all oat rice wine groups have an-
tioxidant activity, which improved the situation of the liv-
er more or less. As for V, which is one of the most popu-
lar natural phenolic type antioxidants®, the antioxidant
activity of oat rice wine was weaker than V. (25.0 mg
kg™).

It was reported that the MDA content on mice serum
at high doses (0.6 ml d') of xiaogan rice wine made of
glutinous was 14.43+1.60 n mol ml*, which exceeded that

Table 1. Effect of oat rice wine on mice serum MDA, SOD and GSH-PX activities

GROUPS SOD (U ml?) GSH-PX (Uml?) MDA (n mol ml?)
Normal control group 198.85+15.21% 282.42+18.83% 9.36+1.89°
Fatty control model 174.17+17.44° 244.46+13.84° 16.74+1.40°
Oat rice wine (low) 184.28+23.88%® 258.19+11.2 12.1641.27
Oat rice wine (medium) 195.82+15.39% 272.46+24.5® 14.11+2.39°
Oat rice wine (high) 189.305+9.26% 275.1412.43® 13.64+3.01°

Ve 205.61+14.10° 261.69+17.92° 10.24+2.98°

All data are expressed as mean * sd (n=10).

Different superscripts in the same column mean significant differences (p < 0.05).

Table 2. Effect of oat rice wine on mice liver MDA, SOD and GSH-PX activities

GROUPS SOD (U ml?) GSH-PX (UmI%) MDA (n mol ml?)
Normal control group 116.70+£12.97° 329.60+14.3¢ 2.04+0.26®
Fatty control model 81.81+12.61° 203.98+13.4¢ 2.21+0.242
Oat rice wine (low) 82.27+7.91% 246.22+14.7° 1.68+0.33°
Oat rice wine (medium) 86.89+8.23% 278.6£17.2% 1.78+0.24°
Oat rice wine (high) 89.96+11.44% 267.79+17.54% 1.70+0.26°
V 111.86+11.7° 257.82+12.4° 1.66+0.29°

E

All data are expressed as mean * sd (n=10).

Different superscripts in the same column mean significant differences (p < 0.05)
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of oat rice wine'®, From Yao Ping’s research, with the
conversion, the intake of ethanol, at a dose of 0.5 ml d*
for 30 days, could significantly influence the antioxidant
system®, whereby the SOD activities (78.6£8.1 U ml?)
were lower than those of oat rice wine. This showed that
oat rice wine had better antioxidant effects compared to
regular rice wine and ethanol.

The changes in enzyme activities may be attributed
to the absorption and metabolism of antioxidant compo-
nents in oat rice wine. Phenolic acids are believed mainly
to act as free radical scavengers or chelators of transition
metals®. High-fat diets reportedly increase the oxidative
stress on various tissues, which may produce more reac-
tive oxygen species (ROS) and result in many degenera-
tive diseases. Meanwhile, the antioxidant ability in vivo
was mostly demonstrated on antioxidant enzymes and by
inhibiting lipid peroxidation, which were capable of elim-
inating active oxygen species, to protect tissues and or-
gans from oxidative damage?*. It could be concluded that
a high dose of oat rice wine may be better to increase an-
tioxidant ability. The relatively stronger effect of oat rice
wine at high doses may be attributable to a superior in-
take of antioxidant compounds such as polyphenols in the
diet, because of the high correlation between concentra-
tions of polyphenols and the antioxidant activity.

3. Blood lipid and the ALT, AST activities in vivo

In this work, the TG content fell with increasing oat
rice wine dose and the high dose oat rice wine group ob-
viously reduced it (p<0.05) in serum (Table 3). Similarly,
high dose oat rice wine also significantly decreased the
TC content (p<0.05) in serum (Table 3). As a high-fat diet
could increase impairments in blood lipid regulation® and
high cholesterol diets increased serum TC levels, result-
ing in an increased risk for the development of arterio-
sclerosis®, our results suggested that high oat rice wine
worked well to inhibit the latter. Furthermore, oat rice
wine improved lipid profiles by lowering total plasma
cholesterol concentration and triglyceride concentrations

compared to the fatty control group. Phenolic compounds
reportedly functioned to suppress dyslipidemia and hepa-
tosteatosis'®. The strong effect expressed by the high dose
oat rice wine may be due to the ingestion of arteriosclero-
sis elements, such as phenolic compounds from oat rice
wine.

The measurement of plasma ALT and AST activities
showed a level of hepatic damage in the high cholesterol-
induced fatty liver?. The enzyme activities of the ALT
and AST in oat rice wine groups were significantly lower
(p<0.05) than the fatty control groups, both in serum (Ta-
ble 3) and the liver (Table 4). From Table 3, The ALT ac-
tivities of oat rice wine groups at medium and high doses
were evidently lower (p<0.05) than those of the fatty con-
trol group, and showed no significant difference (p >
0.05) from the V. and normal control groups. With regard
to AST activities, all three oat rice wine groups, the V;
group and normal control group showed no significant
difference among each other (p>0.05) .

It could be concluded that a medium dose of oat rice
wine led to the lowest ALT and AST values, suggesting
that this had the best effect in terms of preventing liver
damage during this study. This may be ascribed to the
balance of the beneficial effect from the functional com-

Table 4. Effect of oat rice wine on mice liver ALT and

AST levels

GROUPS ALT (UmlY)  AST (U ml?)
Normal control group 89.7+14.2% 46.1+11.7%
Fatty control model 92.38+12.05 65.2+16.57°
Oat rice wine (low) 76.85+8.50" 35.9+6.9°
Oat rice wine (medium)  68.32+5.70° 31.1+6.6°
Oat rice wine (high) 81.12+14.06™ 41.8+12.7%
Ve 77.33£6.71° 31.5+4.6°

All data are expressed as mean + sd (n=10).
Different superscript in same column meant significantly differ-
ent (p < 0.05).

Table 3. Effect of oat rice wine on mice serum TC, TG, ALT and AST levels

GROUPS TG (m mol/l) TC (m mol/Il) ALT (U ml?) AST (U ml?)
Normal control group 0.97+0.36%* 5.79+0.83* 33.32+6.95° 89.06+13.31°
Fatty control model 1.3+0.517 6.16+0.79? 54.85+3.57° 122.98+29.7

Oat rice wine (low) 1.24+0.262 5.71+0.78%® 43.33+8.5%® 94.73+15.89°
Oat rice wine (medium) 1.08+0.27* 6.05+0.75% 32.52+7.54° 80.78+13.04°
Oat rice wine (high) 0.75+0.08° 5.20+0.74° 41.33+12.46° 96.08+13.7°

Ve 1.01+£0.19%® 5.66+0.75% 35.8+11.61° 98.83+16.47°

All data are expressed as mean + sd (n=10).

Different superscripts in the same column mean significant differences (p < 0.05).
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pounds and the negative impact of alcohol on oat rice
wine. Heavy chronic alcohol intake resulted in marked
steatosis and enhanced the hepatic deposition of comple-
ment componentst. Moreover, monascus-fermented rice
represented a strategy to protect against alcoholic liver
disease by attenuating oxidative stress, inflammatory re-
sponse, and steatosis*. With the increased dose of oat rice
wine, the concentration of compositions which alleviate
and exacerbate fatty liver was enhanced. Consequently,
the balance was destroyed and superior alcohol intake
would damage the liver.

Conclusions

The evident antioxidant activities of oat rice wine in
vitro were confirmed by high contents (153.74 ug ml?) of
polyphenols, stronger metal chelating capacity and the
reducing power and inhibitory capacity of lipid peroxida-
tion compared to glutinous rice wine. Oat rice wine in-
creased SOD and GSH-PX activities, while decreasing
MDA contents in blood serum and liver of the fatty mod-
el mice. For blood lipid contents, oat rice wine decreased
TG and TC contents in the serum. At a high dose of 0.6
ml d?, oat rice wine showed the strongest activity in
terms of inhibiting atherosclerosis and lipid peroxidation.
With regard to the enzyme activities of AST and ALT, oat
rice wine reduced both. The results suggested that oat
rice wine was beneficial for fatty liver and a medium
dose of 0.3 ml d* appeared most effective in ameliorating
liver damage.
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