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Effect of Kurozu (Brewed rice vinegar) on Neovascularization

in Rat Ischemic Myocardial Tissue
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Kurozu is a traditional brewed rice vinegar that is made in Japan. During the
fermentation of Kurozu liquid a solid residue called Kurozu Moromi powder is also
produced. We evaluated the effect of Kurozu liquid and Kurozu Moromi powder on
neovascularization in ischemic myocardial tissue in the rat. After myocardial
ischemia was created by a ligation of the coronary artery, 18 rats consisting of
three groups of 6 rats each were fed with the control food, food with the addition
of Kurozu liquid, and food with the addition of Kurozu Moromi powder, respectively.
Fourteen days after inducing ischemia, the heart was dissected out and the number
of vessels/microscopic observation field in the ischemic myocardial tissue was
counted by immunohistochemical staining with anti-CD31 antibody. The number
of vessels was found to have significantly increased in the both rats that consumed
the Kurozu liquid (11.0+3.0/field, 6 rats) and by Kurozu Moromi powder (13.7+2.0/
field, 6 rats) in comparison to the control (4.0%1.6/field, 6 rats, p<0.05 ANOVA).
These results suggest that Kurozu liquid and Kurozu Moromi powder may amelio-
rate chronic ischemia by promoting neovascularization.
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. in organic materials and minerals. Many biological
I. Introduction . . . .
functions of Kurozu liquid, such as improvements in

Kurozu is a brewed rice vinegar fermented for many the lipid metabolism®, allergic reactions®, hyperten-

years in earthenware jars by traditional methods
in Japan'?. The supernatant is known as Kurozu
(Kurozu liquid), which is not a simple vinegar but
contains various amino acids, vitamins, polyphenols
and other organic materials*®, During the ferment-
ing process of Kurozu liquid, a solid residue is pro-

duced, called Kurozu Moromi powder, which is rich
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sion”, blood fluidity®, antioxidative activity®*”, and
antitumor promoting activity”'” have been reported.
However, the effect of Kurozu liquid on the ameliora-
tion of ischemia has not yet been examined. Similarly,
the effect of Kurozu Moromi powder on diseases in-
cluding ischemia has also not yet been examined. As
aresult, we herein evaluated the effect of Kurozu lig-
uid and Kurozu Moromi powder on the neovascu-

larization in ischemic myocardial tissue in the rat.

II. Methods

Eighteen male Fisher rats (8 weeks old, CLEA Japan,
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Inc., Tokyo) were used. All procedures were carried
out in conformity with the Guide for the Care and
Use of Laboratory Animals published by the US Na-
tional Institutes of Health (NIH publication No 86-23,
revised 1985).

Myocardial ischemia was created by a ligation of
the coronary artery in the heart under general anes-
thesia with isoflurane. Briefly, a left thoracotomy
was performed in the fifth intercostal space and then
the pericardium incised. The left anterior descend-
ing coronary artery was ligated by 10-0 silk thread
just below the branching of the left circumflex ar-
tery. After the ligation, we confirmed the creation of
ischemia by the color change of the left anterior wall
of the ventricle and by the appearance of Q waves in
electrocardiograms recorded from electrodes placed
on the left anterior wall. Thereafter, we sutured the
incision of the thoracic wall.

We used 3 different types of food, namely, a control
diet (CLEA CE-2, CLEA Japan, Inc., Tokyo), a mix-
ture of CLEA CE-2 (99.68%) and Kurozu liquid (10-
folds concentrated, 0.32%), and a mixture of CLEA
CE-2 (98%) and Kurozu Moromi powder (2%). After
creating ischemia in 18 rats, 6 rats were fed with
CLEA CE-2 (the control group), 6 rats with a mixture
of CLEA CE-2 and Kurozu liquid (the kurozu group),
and 6 rats with a mixture of CLEA CE-2 and Kurozu
Moromi powder (the moromi group) ad libitum for 14
days.

The heart was dissected out after the intraperi-
toneal injection of pentobarbital (150 mg/100g) on
the post operative day 14. Ischemic myocardial tis-
sue was cut out from the anterior free wall of the left
ventricle beside the septum at the level of the papil-
lary muscles and frozen for a histological analysis.

Immunohistochemical staining was performed using
an indirect immunoperoxidase method. Anti-CD3l
antibody (Serotec, UK) was used as the primary anti-
body. Anti-Ig, peroxidase-linked species-specific ¥
(ab’) 2 fragments (Amersham Pharmacia Biotech UK
Ltd., UK), were used as a secondary antibody. Double
staining was performed with alkaline staining and
peroxidase staining. The number of vessels stained
with anti-CD31 antibody in one microscopic observa-

tion field was counted in 16 randomly selected fields

23

for each rat heart.

All data are presented as the mean values®SD.
Differences between the means were assessed by
ANOVA with the Scheffé F-test. A value of P<0.00

was considered to indicate statistical significance.
III. Results

The kurozu and the moromi groups showed neo-
vascularization in the ischemic myocardial tissue. In
Fig. 1, the vessel walls are stained by the Immuno-
histochemical method using anti-CD31 antibody. The
number of vessels significantly increased in both the
kurozu group (11.0£3.0/field, 6 rats) and in the moromi
group (13.7+2.0/field, 6 rats) in comparison to the con-
trol group (4.0*=1.6/field, 6 rats, p<0.05 ANOVA) as

shown in Fig. 2.

Fig. 1 A histological examination of rat ischemic my-
ocardial tissue. Endothelial cells are stained
by immunohistochemical methods with anti-
CD31 antibody. The coronary artery was lig-
ated 14 days previously. The rats were fed
either the control diet (A), feed with Kurozu
liquid (B), or feed with Kurozu Moromi pow-
der (C). Original magnification x400 ; bar=
100 #m.
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Fig. 2 Effect of Kurozu liquid (Kurozu) and Kurozu
Moromi powder (Moromi) on neovasculariza-
tion in rat ischemic myocardial tissue. The
rats were fed the control diet, feed with
Kurozu liquid, or feed with Kurozu Moromi
powder. The number of vessels were counted
using immunohistochemical methods with
anti-CD31 antibody 14 days after a ligation
of the coronary artery. The results are ex-
pressed as the means*SD. *P<0.05 vs con-
trol (ANOVA)

IV. Discussion

We demonstrated that both Kurozu liquid and
Kurozu Moromi powder promoted neovasculariza-
tion in ischemic myocardial tissue (Figs. 1 and 2). In
these experiments, we followed the rats for 14 days
after inducing ischemia. The period of 14 days is a
chronic stage in mice. Neovascularization is a type
of endothelial cell proliferation. Kurozu liquid pro-
moted hepatocyte proliferation'”. Therefore, Kurozu
might be effective for not only patients with chronic
myocardial infarction but also for patients with
chronic ischemia, such as brain ischemia and leg
ischemia caused by arteriosclerosis and diabetes mel-
litus.

The two substances, Kurozu liquid and Kurozu
Moromi powder, both showed similar effects. These
two substances do not contain the same major ingre-
dients. The key ingredient for neovascularization in
these two substances might be different. Acetic acid
is the major ingredient of Kurozu liquid. Although
acetic acid is volatile, it is preserved in animal feed,

namely the mixture of CLEA CE-2 and Kurozu liquid.

As a result, acetic acid might thus be the ingredient
that causes neovascularization. Kurozu liquid has
been reported to show stronger effect than pure ace-
tic acid on both the radical scavenging activity” and
blood fluidity®. The key substance of the former is
soluble in ethyl acetate but it not yet been iden-
tified”, while the key ingredient of the latter has been
identified to be histamine®. Kurozu Moromi powder,
which contains less acetic acid, also stimulated neo-
vascularization to a similar extent as that of Kurozu
liquid. Therefore, acetic acid might not cause neo-
vascularization. However, we did not identify the
ingredients in Kurozu liquid and Kurozu Moromi
powder which caused neovascularization nor we did
not examine the pure acetic acid in this study.

The contents of Kurozu liquid in the diet was fi-
nally calculated to be 3.2%. According to this exper-
imental diet, the rats consumed approximately 1 mi/
kg/day of Kurozu liquid that was given ad libitum,
which corresponded to approximately 50-60 mi/day
in human in terms of body weight. In the moromi
group, the rats consumed approximately 0.7 g/kg/
day, which corresponded to 40 g/day in human.

The animal mode! used in this study was an ische-
mic heart disease model. Generally speaking, arteries
have collateral branches in common tissue and there
is a great difference in the density of the collateral
network among each animal. For example, since the
arteries in the mouse leg have a dense collateral net-
work, a simple ligation of the femoral artery cannot
create a stable ischemic model’”. The coronary ar-
tery in mice has sparse collateral vessels. Therefore,
a ligation of the coronary artery could create a stable
ischemic model, which was thus considered to be
suitable as an experimental ischemic model.

In conclusion, both Kurozu liquid and Kurozu
Moromi powder promoted neovascularization in the
ischemic myocardial tissue and it may therefore amel-

iorate chronic ischemia.
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