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Association of remnant-like lipoprotein particles
cholesterol with "oketsu'" syndrome
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Increasing evidence suggests that remnant-like lipoprotein particles cholesterol (RLP-C) is an independent cardio-
vascular disease (CVD) risk factor. High levels of RLP-C exhibit findings similar to those of "oketsu" syndrome on
blood rheology studies and scanning electron micrographs. We measured levels of RLP-C in plasma samples and
"oketsu" scores obtained in 199 randomly selected subjects. The coefficient of correlation between levels of RLP-C and
"oketsu" score was highly significant (r=0.581, P<0.0001). This finding suggests that presence of excess RLP-C in the
blood resembles closely "oketsu" syndrome which we have shown to be an independent risk factor for CVD.
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Introduction

Postprandial hyperlipidemia is now believed to be an
important risk factor for cardiovascular disecase (CVD).!?
However, patients who were assessed to have CVD were
not hyperlipidemic or hypertriglyceridemic before or after
the meal."” The Japan Atherosclerosis Society has therefore
recently established strict guidelines for classification of
risk factors. In addition, increasing evidence suggests that
remnant-like lipoprotein cholesterol (RLP-C) is an inde-
pendent risk factor for CVD.**5 Remnant-like lipoprotein
(RLP) is formed from very low density lipoprotein (VLDL)
and chylomicrons (CM) upon partial metabolism of these
lipoprotein particles by lipoprotein lipase. RLP is rich in
triglyceride, cholesterol, and apolipoproteins, especially
apolipoprotein E (apoE). "Oketsu" syndrome has also been
related to microcirculatory disturbance.®”

Assay of RLP-C has recently become a simple and re-
liable means of evaluating remnant lipoprotein levels in the
clinical laboratory.®” On the other hand, "oketsu" syndrome
can be objectively evaluated using the "oketsu" score.'” We
used these methods to determine the association between
RLP-C and the "oketsu" score.

Materials and Methods

Subjects. One hundred and ninety-nine subjects (19
years to 93 years of age (mean, 67.1 years): 95 males, 104
females) who visited the Department of Internal Medicine,
Meimai Central Hospital, and had certain symptoms and

received informed consent were randomly selected and
examined in this study. The plasma sample was extracted
to at any time.

Analysis of RLP-C. The immunoaffinity mixed gel for
separation of remnant- like particles (RLP) was provided by
JIMRO, Co. Ltd, Takasaki, Japan. RLP isolation was based
on the removal of lipoproteins containing apo A-I particles
(HDL, nascent chylomicrons) and most lipoproteins con-
taining apo B particles (LDL, nascent VLDL).2*!V Briefly,
monoclonal antibodies to apo A-I and apo B-100, which do
not recognize partially hydrolyzed, apo E-enriched lipopro-
tein remnants, were conjugated with Sepharose 4B. Plasma
was incubated with the gel for 2 hours by a RLP-Mixer J-
100 using Hitachi microcups. Cholesterol concentration was
measured in the unbound supernatants using two enzymatic
reagents with sensitive chromophores (Kyowa Medex) for
RLP-C measurement on an AU600 automatic chemical ana-
lyzer (Olympus).

Evaluation of "oketsu" syndrome. According to the di-
agnostic criteria ("oketsu" score) of Terasawa et al.,'” the
199 subjects were scored and divided into three groups: a
non-"oketsu" group (n=78, "oketsu" score 20 points or less),
a mildly affected group (n=97, "oketsu" score 21 points or
above, but less than 40 points), and a severely affected
group (n=24, "oketsu" score 40 points or above). The
"oketsu" score was determined before measurement of RLP-
C, by one examiner.

Statistical analysis. The Statflex package (Ver. 5.0, re-
lease 2.15) was used for statistical analysis. All numerical
values are the mean value T standard deviation. The un-
paired t - test and x? - test were used for examination of
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intergroup differences and frequency comparison, respec-
tively. The level of significance was set at p<0.05.

Results

RLP-C level was significantly correlated with "oketsu"
score (r=0.581, p<0.005, n=199; Figure la). There was a
tendency for the direction of female group (r=0.608,
p<0.005, n=104; Figure 1b) to have the correlativity whose
RLPC level is higher than male group (r=0.576, p<0.005,
n=95; Figure lc).

After checking that a difference is among 3 groups in
analysis of variance, it was authorized whether a difference
would be among each 2 groups by post hoc test.

The result was RLP-C levels in three groups were sig-
nificantly different from each other (the non-"oketsu" group:
54 * 1.9 mg/dL; the mildly affected group: 7.5 = 3.6
mg/dL; the severely affected group: 11.4 = 4.1 mg/dL;
P<0.005; Figure 2) without significant difference in sex and
age difference.
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Fig 1b. Correlation between RLP-C levels and the "oketsu" score in the
group of females

RLP-C levels in "Oketsu" Syndrome
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Fig 1a. Correlation between RLP-C levels and the "oketsu" score in the
group of all subjects
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Fig 1c. Correlation between RLP-C levels and the "oketsu" score in the
group of males
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Fig 2. RLP-C levels in three group

NI | -El ectronic Library Service



Medi cal

and Pharmaceutical Society for WAKAN- YAKU

J. Trad. Med. (Vol.23 No.4 2006)

Discussion

"Oketsu" syndrome is a systemic microcirculation dis-
turbance with abnormal hemorheological studies, blood vis-
cosity,!” and erythrocyte aggregation.”® Similarly, even if
RLP-C levels were high, the blood viscosity and erythrocyte
aggregation'¥ were unusual value.

The correlation coefficient of "oketsu" score and RLP-
C was almost equivalent to the erythrocyte deformability
coefficient (r= 0.5069~0.659") to the "oketsu" score which
was previously reported on. On the other hand, the correla-
tion coefficient to RLP-C was almost equivalent to TG (r=
0.302~0.893%), VLDL (r= 0.50'9~0.88'%), and HDL (r=
0.417'9~0.60'"), which are a serological parameter or
less than those, but to T-Cho (= 0.544'9), and LDL (r=
0.410") and IDL (r= 0.20'"9~0.59'9) were higher than
those.

It was reported that RLP-C is a risk factor for CVD in
women, based on the results of the Framingham Heart
Study,” because the correlation with still higher especially
"oketsu" score and RLP-C had been acquired from the re-
sults of this study. It was suggested that "oketsu" syndrome
is related to being a risk factor of CVD.

It was reported that erythrocyte aggregability rises only
in the severely affected group but not in the mildly affected
group,” because erythrocyte aggreability did not rise in the
mildly affected group from the report that RLP-C levels
might be low. RLP-C induces white blood cells or red blood
cells to mediate the platelet aggregation.!® In mildly af-
fected group, low levels of RLP-C might have difficulty to
induce erythrocyte aggreability. Conversely, before erythro-
cyte aggregation, RLP-C was taken in by the macrophage,
and it became a bubble cell to the present "oketsu" state in
the stage which is not, and it carried out injury to the blood
vessel. From the report of promoting arteriosclerosis, even
if RLP-C was a low value, it was thought to be so because
the state in which arteriosclerosis is advancing is caught in
oriental medical-examination study.

It was reported that blood viscosity was high in
"oketsu" syndrome, and it was thought that I was a possible.
That the high molecular compound or a thing like choles-
terol was involved with making blood viscosity high.
Although it was reported to be possible that fibrinogen was
participating in one as a bridge construction molecule eryth-
rocyte becomes easy to condense. From this result, it was
also suggested that it was possible that RLP-C was involved
as a cholesterol which increased blood viscosity.

Although the normal maximum values of RLP-C were
7.5 mg/dL, the mean value of RLP-C in the mildly affected
group was in agreement with 7.5 mg/dL from this result. On
the other hand, although the mean value of RLP-C in non-
"oketsu" group is 5.4 mg/dL, if RLP-C is regarded as a risk-
factor of a coronary-arteries disease, it is not contradictory
for it being reported that the value still lower than 7.5
mg/dL is recommended. If these are taken into considera-
tion, I would think that the special-feature nature of the phy-
sician-of-the-Chinese-school study which thinks "mibyo",
namely preventive medicine as important was shown.
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RLP-C is made into the factor of arteriosclerosis, it is
thought as a risk-factor of a blood vessel event, and it was
thought that "oketsu" state might serve as a risk-factor of a
blood vessel event from the result of correlation with RLP-
C. Therefore, it was thought to it being desirable to treat
bearing in mind that "oketsu" state serves as a risk-factor of
a blood vessel event in a physician of the Chinese school,
and RLP-C being a substitute as a diagnostic marker of
"oketsu" syndrome in a general medical doctor, and bearing
"oketsu" syndrome in mind for hyperlipemia medical treat-
ment that control of a blood vessel event was to be ex-
pected. Between RLP-C and "oketsu" syndrome, it became
clear that there is a significant correlation. Therefore, a pos-
sibility that "oketsu" syndrome would serve as a risk-factor
of a blood vessel event on hyperlipemia medical treatment
was suggested. On the other hand, it is difficult if traditional
oriental-examination study-technique beyond a fixed grade
is not mastered in order to evaluate the "oketsu" score.
However, by measuring RLP-C, even if the general medical
doctor had, it was suggested that "oketsu" syndrome, the
risk of a CVD, etc. can be grasped in advance.
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Japanese abstract

LAaFy MY REHILRT - (RLP-C) M L
FLIMERSE (CVD) OERERFTH A T MBS
2o%H b, RLP-CHEETH 3 &, MESBRE L& EBTIEH
B FTHRIMRESFENL TV B, A 3EIEAIGEAR
19961 & v 5 5 h 72 [M4F RLP-C fE &RIM R 2 7 2 35%E L 72
RLP-CEEHMR 2 7 O 3EESHEENIED S (r=
0.581, P<0.0001), TD T & &b, CVDITXd 2MirfEk
RFTdb 5 5RLP-CIIESFIMKEEBEULTVWE T &4
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