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Effects of Toki-shakuyaku-san on microcirculation of
bulbar conjunctiva and hemorheological factors in
patients with asymptomatic cerebral infarction
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In this study, the effects of Toki-shakuyaku-san on the microcirculation of bulbar conjunctiva in 11 patients with
asymptomatic cerebral infarction were investigated with a video-microscopic system. Afier the administration of Toki-
shakuyaku-san for four weeks, the flow volume rates of microcirculatory flow of the bulbar conjunctiva were increased
(p<0.05). Hemorheological factors such as whole blood viscosity, plasma viscosity, and erythrocyte deformability were
examined. Toki-shakuyaku-san improved whele blood viscosity and erythrocyte deformability (p<0.05), and plasma
lipid peroxides decreased. These results suggested that the favorable effects of Toki-shakuyaku-san on cerebrevascular
disorders take place via changes in microcirculatory flow, with the mechanisms being considered to be improvements
in hemorheological factors and the anti-oxidant effect of Toki-shakuyaku-san.
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Introduction

Toki-shakuyaku-san (TSS: Dang-gui-shao-yao-san),
one of the famous traditional Chinese prescriptions, has
been used to treat obstetric and gynecologic disorders since
olden times. TSS is presently also used to treat sterility, ane-
mia at pregnancy, hypopituitarism and menopausal syn-
drome. Further, TSS was reported to exert an effect against
Alzheimer type dementia® and cerebrovascular dementia,?
and thus is often used in a clinical setting.

Its mechanisms were reported to affect neuroendocri-
nology, such as stimulating the synthesis of acetylcholine
receptor and increasing the kinds of catecholamine.®
However, there are few reports concerning TSS and brain
blood flow and hemorheology clinically. It is reported that
asymptomatic cerebral infarction progresses to vascular de-
mentia and cerebral infarction.*® A decrease in cerebral
_ blood flow due to endothelial dysfunction from aging and
hypertension are thought to be the causative factors.?

In this study, we investigated the effect of TSS on the
microcirculation and hemorheological factors in patients
with asymptomatic cerebral infarction.

Subjects and Methods

Patients. Eleven patients without neurological disorder
were diagnosed as asymptomatic cerebral infarction based
on high-intensity lesions greater than 3 mm in size on T»-
weighted images coinciding with low-intensity lesions on
Ti-weighted on MRI. They visited the Department of

Japanese Oriental (Kampo) Medicine, Toyama Medical and
Pharmaceutical University Hospital between October 2001
and March 2002. The group consisted of 5 males and 6 fe-
males, aged 50-72 years (mean * S.D.). Informed consent
was obtained from all patients. Their complications in-
cluded 5 cases of hypertension, 3 cases of diabetes mellitus
and 2 cases of hyperlipidemia. Although some of them
were being treated by Western medicines that influenced
hemorheological factors, these medicines were not changed
from three months before entry into this study until the end
of the four-week TSS administration.

Preparation of Toki-shakuyaku-san. TSS was prepared
as a hot decoction. It consisted of 6.0g of Alismatis
Rhizoma (dlisma orientale Juzgepczuk), 5.0g of Paeoniae
Radix (Paeonia lactiflora PaLLAs), 4.0g of Atractylodis
Rhizoma (Atractylodes Ilancea DE CANDOLLE), 4.0g of
Hoelen (Poria cocos WoLr), 3.0g of Cnidii Rhizoma
(Cridium officinale Maxmo), and 3.0g of Angelicae Radix
(Angelica acutiloba KitaGawa). These crude drugs were
obtained from Tochimoto Tenkaido Co. Ltd.(Osaka, Japan).
These pharmacons were boiled in 600ml water for 40 min-
utes, and 300ml of hot decoction was formed. Patients were
orally given the Toki-shakuyaku-san decoction three times
a day (300ml/day) for four weeks.

Study protocol. Blood pressure was measured. and
microcirculation of bulbar conjunctiva was observed by
video-microscopic system at about 9:00 a.m. after overnight
fasting both just before and right after the four-week period
of TSS administration. At the same time, blood was with-
drawn from the cubital vein and anti-coagulated in EDTA-
2Na (1.5mg/ml) to measure whole blood viscosity, plasma
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viscosity, erythrocyte deformability, red blood cell (RBC),
hemoglobin (Hb), hematocrit (Ht), lipid peroxides -(LPO),
NO2/NOs™ and fibrinogen.

Measurement of microcirculatory flow. We used a
video-microscope system to observe the venules of the bul-
bar conjunctiva.” The internal diameter (ID) of the vessels
(their initial ID was about 18um and they were mostly
straight-line) was measured. The traveling distance of one
erythrocyte during one second was measured frame by
frame and the averaged values were calculated after three
estimations as the flow velocity (Fve; pm/sec). Flow vol-
ume rate (Fvo; pm®sec) was obtained from the equation
Fvo=(1/2 ID)* X 7 XFve.

Measurement of viscosity. The details of blood viscosity
measurement were explained in our previous paper.? Whole
blood was measured by coneplate rotational viscometer
(Bio-rheolizer, Tokyo Keiki Co., Ltd., Tokyo, Japan) at five
different points of shear rates (y) (19.2, 38.4, 76.4, 192.0,
384.0 sec’') five times, respectively, and the averages of the
five values were calculated. Using the remaining blood sam-
ples, this procedure was repeated. Final viscosity was esti-
mated by the average at each point through the average of
two repeated tests. Plasma viscosity was estimated at one
shear rate (384.0 sec') through the average of five values.
All viscosity measurements were performed at a constant
temperature of 37°C.

Measurement of erythrocyte deformability. The appa-
ratus and sample preparation for measurement of erythro-
cyte deformability were described in our previous paper.?
After high-speed centrifugation, plasma and buffy coat were
removed. The remaining packed erythrocytes were washed
three times with isotonic phosphate buffer (PBS; NaCl 93 .4
mM, Na:HPO4 - NaH:PO4 3.2 mM, KClI 5.0 mM, glucose 5
mM, PH7.4, 295 mOsm/kg) and resuspended in isotonic
PBS to a final concentration of 15%. Erythrocyte deforma-
bility was determined by measuring the filtration time re-
quired for 400ul of 15% red cell suspension to pass through
a Sum pore filter (Nucleopore, Costar Co., Ltd., CA, USA)
under constant -10cm H>O pressure. Erythrocyte deformabi-
lity was calculated as the average of six repeated tests.

RBC, Hb, Ht, lipid peroxide and fibrinogen measure-
ment. RBC, Hb and Ht were determined by automatic
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counter (Celltac o, MEK-6158, NIHON KOHDEN Co.,
Tokyo). LPO was measured by the Yagi method,'? and
plasma fibrinogen by the thrombin time method.!?

NO measurement. NO is an extremely unstable mole-
cule and rapidly undergoes oxidative degradation to stable
inorganic nitrogen oxides NO2/NO;™ that were used here as
indices of in vivo NO generation. Serum NO>/NO;~ was
measured with an automated system (ENO-10; EICOM Co.,
Kyoto, Japan), based on the Griess reaction method.

Statistical analysis. Data were presented as mean
standard error. Statistical comparisons were made using the
Wilcoxon's t-test. The level of statistical significance was
defined as p<0.05.

Results

There were no significant differences in blood pressure
between before and after the four-week period of TSS ad-
ministration. As for microcirculatory flow, the mean inter-
nal diameter of vessels and flow velocity did not change
from before to after the four-week period of TSS admini-
stration, but the mean flow volume rate significantly
increased from 0.971:0.09 X 10°um?®/sec to 1.1470.09 X 10°
um*/sec (Table 1).

. Whole blood viscosity was corrected by hematocrit at
45%. There were no significant differences between before
and after the four-week period of TSS administration at low
shear stress in whole blood viscosity. However, there was
significant decrease in the viscosity at high shear stress from
4.1410.06 cp to 4.010.09 cp. Plasma viscosity showed
no significant difference at either low or high shear stress.
Mean erythrocyte deformability significantly improved
from 13.53£0.35 msec to 12.91 =0.42 msec in the four-
week period (Table 2). The number of RBC increased from
459.8£9.3 X 10%pl to 473.2+£9.3 X 10%ul, Hb increased
from 13.310.3 g/dl to 14.104 g/dl, and Ht increased
from 43.411.0 % to 44.9+1.0 %, all significantly, LPO
was significantly decreased from 2.69 £ 0.32 nmol/ml be-
fore, to 2.1870.16 nmol/ml after the four-week period of
TSS administration. NO;/NO;™ and fibrinogen did not
change in the four weeks (Table 3).

Table 1 Changes in blood pressure and microcirculatory flow

Pre-administration Post-administration

Blood pressure

Systolic pressure (mmHg)

Diastolic pressure (mmHg)
Microcirculatory flow

Internal diameter of vessels (um)

Blood flow velocity (um/sec)

Blood flow volume (X 105um3/sec)

1326 1365
81+4 82+t4
18.10.7 19.24+0.7
35331316 389.5*16.2

0.9+0.09 1.14+0,09*

The results were expressed as mean £ S.E., n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).
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Table 2 Changes in hemorheological factors

Pre-administration Post-administration

Corrected whole blood viscosity

Low shear stress (cp)

High shear stress (cp)
Plasma viscosity

Low shear stress (cp)

High shear stress (cp)
Erythrocyte deformability (msec)

7.02£0.15 6.91£0.28
4.14%0.06 4.010.09*
7.52£0.64 7.49£0.83
1.52£0.05 1.41%+0.03
13.53£0.35 12.91£0.42%

The results were expressed as mean + S.E., n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).

Table 3 Changes in RBC count, plasma lipid peroxides, fibrinogen and No2™/No3™

Pre-administration Post-administration

Red blood cell (X104/ul) 459.893 473.2+9.3*
Hemoglobin (g/dl) 13.3+0.3 14.1104%
Hematocrit (%) 43.4%1.0 44,91 1.0%
Lipid peroxides (nmol/t) 2.691+0.32 2.08E0.16*
No27/No3™ (10-5M) 25.0E£6.4 2551438
Fibrinogen (mg/ml) 184.6%9.5 196.6+11.9
The results were expressed as mean = S.E., n=11. Asterisks indicate significant differences from

pre-administration (*: p<0.05).

Discussion

Asymptomatic cerebral infarction is a significant dis-
ease, as it progresses to vascular dementia and cerebral
infarction.*® The mechanism underlying its cause is consid-
ered to be decreasing cerebral blood flow from endothelial
dysfunction resulting from both aging and hypertension.”
For its treatment, anticoagulants are not commonly used be-
cause of the possibility of inducing cerebral bleeding. This
means that, under such circumstances, only hypertension re-
ceives treatment. In traditional Oriental medicine, there is
the concept of "Oketsu", which means blood stasis. There
are some prescriptions that are called "anti-Oketsu" drugs
for treating blood stasis. TSS is one of these "anti-Oketsu"
drugs, and it is used for patients whose health is adversely
affected by coldness. It is also often used for gynecologic
disease with anemia.

In this study, TSS had no effect on blood pressure, but
the blood flow volume of the microcirculation at conjunc-
tive bulbi increased significantly. One of its mechanisms
was thought to be the improvement of erythrocyte
deformability, and it was supported that the whole blood
viscosity at high shear stress and the filtration time of RBC
decreased. Further, LPO is an index of radical production,
and an increase in production is a contributing factor in ar-
teriosclerosis'” and also weakens the NO effect, worsening
blood circulation.'” In the present study, plasma LPO de-
creased significantly, and therefore TSS was thought to
have a favorable effect on blood circulation.

There was a slight increase in the number of RBC. It
has also been reported that TSS had a hematopoietic effect
and improved anemia. But as polycythemia is one of the

risk factors of cerebral infarction, TSS is particularly useful
for anemic patients.

Until now we have been studying the effects of Kampo
formulations such as Keishi-bukuryo-gan'¥ and Choto-san.?
Comparing their results with the present result, TSS, Keishi-
bukuryo-gan and Choto-san all improved microcirculation.
TSS and Keishi-bukuryo-gan decreased whole blood viscos-
ity, and TSS and Choto-san improved erythrocyte deforma-
bility. Furthermore, Keishi-bukuryo-gan decreased the levels
of Ht and fibrinogen, TSS increased the RBC count, and
Choto-san decreased the level of total cholesterol. Thus,
each formula has its particular features, and they share that
of the improvement of the microcirculation.

Generally, the use of Kampo formulas is still deter-
mined on the basis of traditional Oriental thinking.
However, from the present study, it was possible to select
the best formula not only by the method of traditional
Oriental thinking but also by taking into account Western
medical laboratory data.
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Abstract

Previously, we revealed that Choto-san (Diao-teng-san in Chinese), a Kampo formula, is effective on vascular
dementia clinically, and the hooks and stems of Uncaria sinensis (OLIv.) HavIL., a medicinal plant comprising Choto-
san, has a neuroprotective effect in vitro. In the present study, for the purpose of clarifying their effects in vivo, we
investigated whether the oral administration of Choto-san extract (CSE) or U. sinensis extract (USE) reduces delayed
neuronal death following ischemia/reperfusion (i/rp) in gerbils. Transient forebrain ischemia was induced by bilateral
carotid artery occlusion for 4min, and two doses (1.0% and 3.0%) of CSE or USE were dissolved in drinking water
and provided to the gerbils ad libitum from 7 days prior to i/rp until 7 days after i/rp. It was found that 1.0% and 3.0%
CSE treatments significantly reduced pyramidal cell death in the hippocampal CA1 region at 7 days post i/rp. Three
percent USE treatment also inhibited pyramidal cell death significantly at 7 days after i/rp. Superoxide anion and
hydroxyl radical scavenging activities of the homogenized hippocampus at 7 days after i/rp in the 1.0% CSE- and 3.0%
USE-treated groups were significantly enhanced compared to those of control. Further, lipid peroxide and NO5 /NO3
levels of the homogenized hippocampus at 48h after i/rp in the 1.0% CSE- and 3.0% USE-treated groups were
significantly lower than those of control. These results suggest that the oral administration of CSE or USE provides a
protective effect against transient ischemia-induced delayed neuronal death by reducing oxidative damage to neurons.
© 2004 Elsevier GmbH. All rights reserved.

Keywords: Choto-san; Uncaria sinensis, Cerebral ischemia; Reperfusion; Hippocampus; Neuroprotection

Introduction is a critical factor in the appearance of brain injury, and

it is induced at least in part by the toxicity of reactive

The brain is particularly susceptible to an insuffi- oxygen species (White et al, 2000; Bolanos and
ciency of blood supply. Permanent or transient ischemia Almeida, 1999).

During brain ischemia, excessive amounts of gluta-

*Corresponding author. Tel.: +81-76-434-7393; fax: +81-76-434- mate are relefased from vesicles in pre—synaptlc neurons,

0366. overstimulating glutamate receptors in post-synaptic

E-mail address: yokomac@ms.toyama-mpu.ac.jp (K. Yokoyama). neurons, especia]ly N—methy]-D-aspartate receptors

0944-7113/$ - see front matter © 2004 Elsevier GmbH. All rights reserved.
doi:10.1016/j.phymed.2003.04.001
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(White et al., 2000). This event leads to excessive Ca?™
influx into neurons through voltage-dependent and
more glutamate-regulated Ca’* channels (Lipton and
Rosenberg, 1994), followed by the activation of the
Ca’*-dependent neuronal form of nitric oxide (NO)
synthase and the subsequent production of NO free
radicals (NO ¢ ) (White et al., 2000). In the later phase of
reperfusion, several stimuli involving activation of some
kinds of cytokines strongly induce the Ca“-indepen-
dent inducible form of NO synthase (INOS) expression
in glial cells, allowing excessive and uncontrolled
production of NO-(Bolanos and Almeida, 1999). In
this process, large amounts of superoxide anions (O3 »)
are generated as a result of mitochondrial dysfunction,
accumulation of hypoxanthine (HPX), release of ara-
chidonic acid, activation of leukocytes, and so forth
(White et al., 2000). Increasing evidence from in vitro
studies suggests that the endogenous formation of
peroxinitrate anion (ONOOQOT), from the reaction of
NO- with Oz, and further hydroxyl radical (HO-)
generation, may be a possible mechanism by which
neurotoxiciy is induced (Lafon-Cazal et al., 1993).
Knowledge of these pathophysiological mechanisms
has enabled investigators to develop successful thera-
peutic strategies against brain injury induced by
ischemia/reperfusion (i/rp) in animal experiments, such
as glutamate receptor antagonists (Ishimaru et al.,
1997), NO synthase (NOS) inhibitors (Kohno et al.,
1996), antioxidants/free radical scavengers (Bagenholm
et al., 1996; O’Neill et al., 1997), and so on.

Choto-san (Diao-Teng-San in Chinese), a traditional
Chinese/Japanese (Kampo) formula, has been adminis-
tered to relatively aged patients with physical weakness
and such subjective symptoms as headache, dizziness,
vertigo, tinnitus, and so forth in Japan. Many of these
symptoms are thought to originate from disorders in the
cerebrovascular system. Recently, we demonstrated the
effectiveness of Choto-san on patients with vascular
dementia by well-controlled and double-blind studies
(Shimada et al., 1994; Terasawa et al., 1997). Uncaria
Uncus Cum Ramulus originating from the hooks and

stems of Uncaria sinensis (OL1v.) HaviL. is regarded as
the main medicinal plant comprising Choto-san. We
also recently revealed that the U. sinensis water extract
and its phenolic and alkaloid compounds have protec-
tive effects against glutamate- and NO donor-induced
neuronal death in cultured cerebellar granule cells
(Shimada et al., 1998, 1999, 2001, 2002). However, the
protective effect of the orally administered Choto-san or
U. sinensis against brain injury induced by ischemia
in vivo has not been sufficiently clarified.

It is well known that forebrain cerebral i/rp by
transient occlusion of bilateral carotid arteries induces
delayed neuronal death in the hippocampal CA1 region
in the gerbil (Kirino, 1982). In the present study, using
this animal model, we investigated the effects of
orally administered water extracts of Choto-san and
U. sinensis on delayed neuronal death in the hippocam-
pal CA1 region, and also on O3 ¢ and HO* scavenging
activities and lipid peroxide (LPO) and nitrite (NO3)/
nitrate (NO3) production in the hippocampus.

Methods

Preparation of Choto-san and Uncaria sinensis
extract

Choto-san was composed of 11 kinds of crude
drugs mixed in the ratios shown in Table 1. All of these
crude drugs were purchased from Tochimoto Pharma-
ceuticals (Osaka, Japan). This mixture (total 100 g) was
extracted with boiling water (500ml) for 50min. The
solution was centrifuged at 10,0009 for 30 min, and the
supernatant was then converted to freeze-dried powder
as Choto-san extract (CSE). The water extracts of
U. sinensis extract (USE) and other constituents of
Choto-san were obtained from 100 g of each of the dried
crude drugs by the above procedure. The yields of
Choto-san and each of the constituent extracts are
shown in Table 2.

Table 1. The 11 crude drugs composing Choto-san and their weight ratios

Weight (g)

Uncariae Uncis Cum Ramulus Hooks and stem of Uncaria sinensis Haviland 3.0
Aurantii Nobilis pericarpium Peel of Citrus unshu Markovich 3.0
Pinelliae tuber Tuber of Pinellia ternata Breitenbach 3.0
Ophiopogonis tuber Root of Ophiopogon japonicus Ker-Gawler 3.0
Poria Sclerotium of Poria cocos Wolf 3.0
Ginseng radix Root of Panax ginseng C.A. Meyer 3.0
Chrysanthemi flos Flower of Chrysanthemum morifolium Ramatulle 3.0
Saphoshnikoviae radix Root and rhizome of Saposhnikovia divaricata Schischkin 3.0
Glycyrrhizae radix Root of Glycyrrhiza uralensis Fisher 1.0
Zingiberis rhizoma Rhizome of Zingiber officinale Roscoe 1.0
Gypsum Fibrosum CaSo4-2H,0 5.0
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Table 2. Yields and O3+ and HO-« scavenging activities of
extracts of Choto-san and the comprising crude drug

Yield of IC50 (mg/ml)
extract (%)
4 O3 e HO-

Choto-san 10.6 0.84 4.68
Uncariae Uncis Cum 7.0 0.02 2.77
Ramulus
Aurantii Nobilis 8.8 1.72 3.83
pericarpium
Pinelliae tuber 1.6 40.78 4.22
Ophiopogonis tuber 38.9 137.28 64.06
Poria 0.5 4.37 0.77
Ginseng radix 10.1 302.41 2.17
Chrysanthemi flos 6.2 0.55 4.12
Saphoshnikoviae radix 7.6 3.99 3.54
Glycyrrhizae radix 16.0 3.40 4.43
Zingiberis rhizoma 33 1.33 0.97
Gypsum Fibrosum 0.9 — 2.00

Analysis of 3D-HPLC fingerprints of CSE and USE

CSE and USE (0.5 g) were extracted with methanol
(20 ml) under ultrasonication for 30min. The solution
was filtrated and then submitted to HPLC analysis.

HPLC equipment was controlled with an HPLC
pump (LC-10AD; Shimadzu, Kyoto, Japan) using a
TSK-GEL, ODS-80TS column (4.6¢ x 250mm), and
elution was done with solvents (A) 0.05M AcONH, (pH
3.6) and (B) CH3CN. A linear gradient of 100% A and
0% B changing over 60 min to 0% A and 100% B was
used. The flow rate was controlled with LC-10AD at
1.0 ml/min. The eluate from the column was monitored,
and the three-dimensional data were processed with a
diode array detector (SPD-M10A; Shimadzu, Kyoto,
Japan). The three-dimensional HPLC charts of
the methanol solutions of CSE and USE are shown in
Figs. land 2, respectively.

Animals

Adult male Mongolian gerbils (10 weeks old, 60-65 g)
were purchased from Japan FUB Corporation (Hama-
matsu, Japan). They were kept in an animal room at an
ambient temperature of 23-41°C under a 12-h dark-
light cycle. They were allowed an adaptation period
of at least 1 week. They were operated after 12 weeks
(60-65 g). All animal use procedures were approved by
the Committee on Animal Experimentation of Toyama
Medical and Pharmaceutical University.

Grouping and treatment

Two doses (1.0% and 3.0%) of CSE were dissolved in
drinking water and the animals were given access ad

libitum. The animals were randomly divided into the
following four groups: sham-operated group (sham),
sham operation without CSE treatment; control group
(control), i/rp without CSE treatment; 1.0% CSE group
(1.0% CSE), i/rp with 1.0% CSE treatment; 3.0% CSE
group (3.0% CSE), i/rp with 3.0% CSE treatment. CSE
was administered to animals from 7 days prior to i/rp
until 7 days after i/rp. The USE treatment protocol was
essentially the same.

Surgery

Surgical procedures were performed according to the
method of Kirino (1982) with slight modification.
Gerbils were placed in an anesthetic container with
2.5% halothane and a mixture of nitrous oxide (50%)
and oxygen (50%) for 5min. During the surgical
procedure, the anesthesic level was maintained with
1.0% halothane via a nose cone. The carotid arteries
were exposed by a midline neck incision. After they were
isolated, loosely looped around by silk threads, they
were occluded for exactly 4min with microaneurysm
clips. Brain temperature was monitored by animal body
temperature controller (ATB-1100, Nihon Kohden,
Tokyo, Japan) with a temporalis muscle probe, and
maintained at 37.0°C with a heating blanket and lamp.
At the completion of the occlusion period, the clips were
removed and reperfusion was visually confirmed before
the neck was closed with silk threads. Sham surgeries
were conducted in a similar manner, except that the
carotid arteries were not occluded.

Histology

At 7 days after i/rp, the animals were deeply sedated
by intraperitoneal injection of pentobarbital (0.1ml,
65mg/ml) and perfused with saline containing heparin
(2U/ml) followed by saline containing 10% parafor-
maldehyde. After perfusion, brains were removed,
stored in paraformaldehyde solution for 7 days, and
transferred to a solution containing 30% sucrose and
10% paraformaldehyde for 1 day. The brains were sliced
into 20 pm sections using a freezing microtome at
—30°C, and the sections were mounted on slides and
stained with cresyl violet. Stained slices at the level of the
dorsal hippocampus 2.0mm posterior to bregma were
analyzed for damage to the CAl region.

The numbers of viable cell bodies remaining in three
portions of CAl (medial, intermediate, and lateral) in
both the left and right hemispheres of the brain were
counted under a microscope (BH-2, Olympus, Tokyo,
Japan) at x 400 magnification. Their total number was
expressed as percentage of the average of sham-operated
animals. The cell number was counted by an observer
blinded to the various treatment groups.
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Fig. 1. Three-dimensional HPLC profile of the methanol solution of Choto-san water extract (CSE).

Preparation of brain homogenate supernatant

Hippocampi were quickly separated from freshly
removed brain samples and washed in ice-cold PBS
(pH 7.4). They were then minced in ice-cold PBS and
homogenized at a ratio of 1:10, w:v. After centrifugation
of brain homogenates at 30004 for 10 min at 4°C, they
were used for measurements of LPO, NO3 /NO3 and
free radical scavenging activities against both O3 ¢ and
HO-.

Measurement of LPO

The LPO content in the homogenate supernatant of
the hippocampus was measured by lipid peroxidation
assay kit (Determina LPO; Kyowa Medex Co., Tokyo,
Japan) according to the manufacturer’s instruction.

Measurement of NO,/NO;

NO;/NO3 content in the homogenate supernatant
was measured by an automated system (ENO-10,

EICOM CO., Kyoto, Japan), based on the Griess
technique (Green et al., 1982).

Measurement of O3 * and HO* scavenging
activities

Measurement of Oz ¢ and HO« scavenging activities
was performed as described previously (Ohsugi et al.,
1999) with slight modification. After aliquots of the
prepared hippocampal homogenate supernatant (50 uh
were diluted to 10-fold with PBS (pH 7.4), Oz ¢ and
HO- scavenging activities of these samples were
assessed by electron spin resonance (ESR) technique
(Buettner, 1987).

In this experiment, O7 was generated from a
HPX-xanthine oxidase (XOD) reaction system in
PBS (Mitsuta et al., 1990). Briefly, 15ul of 9.2M
5,5-dimethyl-1-pyrroline N-oxide (DMPO) (LABOTEC,
Tokyo, Japan), 50 pl of 2mM HPX (Sigma, St. Louis,
USA), 35ul of 5.5mM diethylenetriamine-V,N,
N',N",N"-pentaacetic dianhydride (DETAPAC; Wako
Pure Chemical Industries, Tokyo, Japan) and 50 pl of
prepared sample were put into a test tube. After adding
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Fig. 2. Three-dimensional HPLC profile of the methanol solution of U, sinensis water extract (USE).

50 pl of 0.4 U/ml XOD (Roche, Indianapolis, USA) and
quick mixing, 200 pl of the mixture was transferred to a
flat quartz ESR cuvette, which was fixed to the cavity
of an ESR spectrometer (JES-FR30, JOEL, Tokyo,
Japan). Recordings of the spectra were made at 24°C
and started at 1 min after the mixing of XOD; each scan
took 1 min. Data were expressed as the ratio of the peak
of the DMPO-OOH signal to the peak of the intrinsic
standard, MnO (8/M). The scavenging activity (Scv)
was calculated by the following equation:

S/MBLANC — S/MSAMPLE
S/MBLANC

Scv (o) = x 100,

where S/MBLANC is the intensity of the ESR spectrum
of DMPO-OOH spin adduct in PBS as a blanc, and
S/MsaMPLE is the intensity of the ESR spectrum of
DMPO-OO0OH spin adduct in the sample.

HO-° was generated by the Fenton reaction (Kohno
et al., 1991) consisting of 75 pl of 0.1 mM H,0,, 50 ul of
each sample, 20pl of 92mM DMPO and 75pl of
0.1mM FeSO,. The spectrum of DMPO-OH was
measured at 1 min after the addition of H,0,. Scaven-
ging activity was calculated as described above.

In addition, the water extracts of Choto-san and its
constituents were diluted to 0.2, 2.0, and 20.0 mg/ml}

with PBS. O7¢ and HO-« scavenging activities of
each sample (50 pl) were assessed by ESR technique,
and then IC50 (inhibition concentration 50%) was
calculated.

Statistical analysis

Values were expressed as mean+S.E. The data were
analyzed by one-way analysis of variance followed by
Fisher’s PLSD. A p-value <0.05 was considered
statistically significant.

Results

In the present study, body weight did not differ
among any of the groups at the time points of starting
administration, surgery and sacrifice (data not shown).
Water consumption also did not vary (data not shown),
as all groups drank approximately 6ml/animal/day
(100 ml/kg/day) of water, allowing the calculation that
the 1.0% and 3.0% CSE or USE groups ingested
approximately 1.0 and 3.0g/kg/day of CSE or USE,
respectively.
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Delayed neuronal death

In this animal model, neuronal damage occurred in
the hippocampal CAl region selectively, and no
histological changes were observed in other areas of
the brain.

Histological examination revealed that the number of
viable pyramidal cells in the hippocampal CA1l region at
7 days after ifrp in the 1.0% and 3.0% CSE groups,
administered CSE from 7 days prior to i/rp until 7 days
after ifrp, were significantly greater than in control
(Fig. 3). Similarly, those in this region at 7 days after i/rp
in the 3.0% USE group, following the same adminis-
tration schedule, were also significantly greater than in
control (Fig. 4). Typical photographs of the hippocampi
of these groups are shown in Fig. 5.

Oz » and HO ° scavenging activities of homogenized
hippocampus

We used the oral administration of 1.0% CSE
and 3.0% USE in order to determine if they enhanced

the O3 ¢ and HO-* scavenging activities in the hippo-
campus.

The Oz ¢ and HO- scavenging activities of the
homogenized hippocampus obtained from gerbils not
undergoing i/rp after 7 days of continuous oral
administrations of both of 1.0% CSE and 3.0% USE
were significantly higher than those of non-treated
control (Table 3).

The O3+ and HO-e scavenging activities of the
homogenized hippocampus at 7 days after i/rp in both
1.0% CSE and 3.0% USE groups, administered drugs
from 7 days prior until 7 days after i/rp, were
significantly higher than those of control (Table 4).

LPO and NO,/NO;

Both LPO and NO3/NO7 levels in the homogenized
hippocampus at 48 h after i/rp in both 1.0% CSE and
3.0% USE groups, treated from 7 days prior until 48 h
after i/rp, were significantly lower than those of control
(Fig. 6A and B).
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O3 ¢ and HO - scavenging activities (1C50) of
extracts

Free radical scavenging activities (IC50) of CSE and
each water extract of the crude drugs comprising Choto-
san are shown in Table 2. CSE and USE have high
scavenging activities against both O3 ¢ and HOe. Other
extracts, especially from Poria, Chrysanthemi flos and
Zingiberis rhizoma, have relatively high scavenging
activities against O3 » and HO-e.

Discussion

In the present study, the oral administrations of CSE
and USE to gerbils prevented delayed neuronal death of
the hippocampal CAl region induced by transient
forebrain ischemia. This suggests that U. sinensis mainly
contributes to the neuroprotective effect of Choto-san.
Although we observed a tendency of higher-
dose treatment to be more effective than lower-dose

treatment, a distinctly dose-dependent effect was not
evident. A ceiling effect might be present, although other
concentrations need to be examined.

In general, it is well recognized that permanent or
transient ischemia is a critical factor in the appearance
of brain injury, and at least in part the toxicity of
reactive oxygen species is responsible for the injury
(White et al., 2000; Bolanos and Almeida, 1999).
Consequently, antioxidants/free radical scavengers are
considered to be effective therapeutic agents. Especially
in natural products, it is known that phenolic com-
pounds possess antioxidant and free radical scavenging
properties (Plumb et al., 1998). An in vitro study showed
that the phenolic compounds of red wine constituents
can inhibit neuronal damage from the oxidative stress
produced by NO generation (Bastianetto et al., 2000). In
vivo studies have revealed that oral administrations
of catechin (Inanami et al., 1998), green tea extract
(containing catechin) (Hong et al.,, 2001) and Ginkgo
biloba extract (containing ginkgo-flavonol glucosides,
terpene lactones and procyanidines) (Calapai et al.,
2000) provided protective effects against brain injury
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Fig. 5. Protective effect of CSE and USE on delayed neuronal death. Representative photographs of pyramidal cells in hippocampal
CA1 region of sham-operated group (A, sham), i/rp without treatment group (B, control), i/rp with 3.0% CSE-treated group (C,
3.0% CSE) and i/rp with 3.0% USE-treated group (DD, 3.0% USE) at 7 days after i/rp. Scale bar indicates 100 pm.

Table 3. O3 ¢ and HO- scavenging activities of homogenized
hippocampus obtained from gerbils without ischemia/reperfu-
sion after 7 days of Choto-san extract (1.0% CSE) and 3.0%
Uncaria sinensis extract (3.0% USE)

Table 4. O; ¢ and HO- scavenging activities of homogenized
hippocampus obtained from gerbils 7 days after ischemia/
reperfusion of Choto-san extract (1.0% CSE) and 3.0%
Uncaria sinensis extract-treatment groups (3.0% USE)

Control 1.0% CSE 3.0% USE Control 1.0% CSE 3.0% USE
03 27.1+1.0 M.6+1.1% 346427 O3 e 32.612.1 4414 14" 41.141.3%F
scavenging scavenging
activity (%) activity (%)
HO- 10.8+3.2 24.441.4™ 223427 HO- 1384+1.5 20441.0"*  23.0£1.9™
scavenging scavenging

activity (%)

activity (%)

Mean+S.E., n = 8, **p<0.01 compared with control.

induced by transient forebrain ischemia in gerbils.
U. sinensis also contains phenolic compounds, such as
epicatechin, catechin, procyanidin B-1, procyanidin B-2,

Mean+S.E., n =8, *p<0.01 compared with control.

hyperin and caffeic acid (Shimada et al., 2001). Other
investigators reported that Uncaria genus has antiox-
idant and free radical scavenging activities in vitro and
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in vivo. From in vitro experiments, Uncaria rhyncho-
phylla (M1Q.) JAcK., which contains similar components
to U. sinensis, was reported to possess free radical
scavenging activities when examined by ESR technique
(Ohsugi et al., 1999; Liu and Mori, 1992). In vivo
experiments using U. rhynchophylla showed increased
antioxidant activity and inhibited lipid peroxidation in
the brain of ferric chloride-induced epileptic rats (Liu
and Mori, 1992), and also decreased the lipid peroxide
level in the brain of kainic acid-induced epileptic rats
(Hsieh et al., 1999).

In the present study, it was revealed that O; ¢ and
HO- scavenging activities of the hippocampal homo-
genate obtained from gerbils not only without i/rp
procedure but also 7 days after i/rp were enhanced by
oral administrations of 1.0% CSE and 3.0% USE. The
data obtained from the cortex showed similar results
(data not shown). In addition, the LPO levels of
homogenized hippocampus in 1.0% CSE- and 3.0%
USE-treated groups at 48 h post i/rp were lower than
those of control. One of the mechanisms for these results
being obtained may be free radical scavenging activities
of CSE and USE themselves. Another may be the
induction of endogenous antioxidants such as super-
oxide dismutase and glutathione peroxidase. Moreover,
there are some possibilities that inhibition of NOS, an
antagonistic effect on the glutamate receptors of
neurons, and so on, might be involved. Further studies
focusing on the clarification of these possible involve-
ments need to be performed.

U. sinensis also contains alkaloid compounds, such as
oxyindole alkaloids, corynoxeine, rhynchophylline, iso-
rhynchophylline and isocorynoxeine, and indole alka-
loids, geissoschizine methy! ether, hirsuteine and
hirsutine (Shimada et al., 1999; Sakakibara et al.,
1998). Rhynchophylline, isorhynchorhylline, corynox-
eine, isocorynoxeine and hirsutine exhibit vasodilative
and Ca’" channel blocking activity in isolated rat
thoracic aorta (Horie et al.,, 1992). Hirsuteine non-
competitively antagonizes nicotine-evoked dopamine
release by blocking ion permeation through nicotinic
receptor channel compiexes in rat pheochromocytoma
PC12 cells (Watano et al., 1993). Geissoschizine methyl
ether decreases specific [°H] 5-hydroxytryptamine bind-
. ing to membrane preparations from rat brain (Kanatani
et al., 1985). Further, the oral administration of
geissoschizine methyl ether or hirsuteine inhibits gluta-
mate-induced convulsion in mice (Mimaki et al., 1997).
It was also reported that Uncaria genus, such as
U. sinensis and U. rhynchophylla, has protective effects
against neurotoxicity induced by excitatory amino acids
in vivo (Mimaki et al., 1997; Hsieh et al., 1999) and
in vitro (Shimada et al., 1998, 1999). Moreover, it was
recently reported that intraperitoneal injection of
methanol extract of U. rhynchophylla protected hippo-
campal CAl neurons against transient forebrain ische-

mia in a 4-vessel-occlusion rat model, by anti-
inflammatory effect such as inhibition of COX-2
expression (Suk et al., 2002). These reports suggest that,
besides the antioxidative effect, several other effects of
U. sinensis, such as Ca’* channel and receptor blocking,
together with anti-inflammatory effect, might contribute
to its neuroprotective ability.

In our recent in vitro study, USE exerted a protective
effect against NO donor-induced neuronal death in
cultured cerebellar granule cells (Shimada et al., 2002),
suggesting that USE works in a protective manner
against NO-medicated neurotoxicity. In the present
study, we observed a reduction in NO3 /NO7 levels in
homogenized hippocampi from CSE- and USE-treated
groups at 48 h post i/rp. From this, we can suppose that
CSE and USE might exert an inhibitory effect on the
induction of iNOS production or its activation,
aithough it may also result from an anti-inflammatory
effect by a reduction of the initial oxidative damage.
Further studies will need to focus on the effect of USE
and CSE on iNOS induction.

We also recently demonstrated that phenolic and
alkaloid fractions/compounds of USE suppressed vaso-
contraction induced by oxidative stress (Goto et al.,
2000), and we showed that the oral administration of
USE had a protective effect on the endothelial function
of spontaneously hypertensive rats (Goto et al., 1999).
Taking these profiles of U. sinensis together, we are able
to make a convincing argument about its beneficial
effects on the pathophysiological mechanisms of brain
ischemia.

In conclusion, the results of the present study seem to
indicate that the oral administration of CSE or USE
produces a neuroprotective effect against i/rp-induced
brain injury possibly by the free radical scavenging
effect. This and the previously revealed beneficial effects
of Choto-san and U. sinensis on nervous and vascular
systems strongly point to their potential use for the
prevention of the development of ischemic cerebral
diseases.
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We investigated the effects of keishibukuryogan and tokishakuyakusan, which are representative formulations for
overcoming oketsu, on vascular function and expression patterns of plasma proteins in spontaneously diabetic rats.
Twenty-one- to 24-week-old male WBN/Kob rats were maintained for 18 weeks on a diabetes-accelerated feed, and re-
ceived standard (diabetes-accelerating) chow containing 3% (wt/wt) keishibukuryegan or tokishakuyakusan for 25
weeks. There was no significant change in body weight or bleod glucose among the groups. Acetylcholine-induced en-
dothelium-dependent relaxation of the keishibukuryogan group significantly increased compared to that of controls.
Xanthine/xanthine oxidase-induced contraction of the tokishakuyakusan group and phospholipase Az-induced contrac-
tion of the keishibukuryegan and tokishakuyakusan groups significantly decreased compared to the controls. Transit
time of whole blood tended to decrease in the tokishakuyakusan group compared to conmtrols. NO:/NOs3™ in the
keishibukuryogan and tokishakuyakusan groups significantly decreased compared to controls. A study using surface
enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS) demonsirated that five and
eight peaks had significantly changed peak intensities in plasma of rats treated with keishibukuryogan and
tokishakuyakusan, respectively, as compared to the conirols. Thus, two representative formulations for overcoming
oketsu with different mechanisms of action had favorable effects against vascular dysfunction. Altered plasma protein
levels were commonly observed in the rats administered these two formulations. Our study using ProteinChip technol-
ogy may be useful for the evaluation of the relationship between the efficacy and the profiling of plasma protein expres-
sion after administration Kampo medicines, thus leading to the understanding of "Sho" in Kampo medicine.

Key words

keishibukuryogan, tokishakuyakusan, vascular function, WBN/Kob rat, surface enhanced laser

desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS), protein chip.

Introduction

WBN/Kob rats are spontaneously diabetic rats that live
for a long time with hyperglycemia. Several hyperglyce-
mia-induced complications have been observed in
WBN/Kob rats,” including vascular dysfunction and dia-
betic nephropathy. This condition is called "oketsu," and is
defined as a state of insufficient blood circulation and blood
stasis resulting in diabetic retinopathy, etc. We have re-
ported? that this vascular dysfunction was improved by the
Kampo medicine, keishibukuryogan. Tokishakuyakusan is
also an important formulation for overcoming oketsu and
has been reported to improve blood circulation. Clinically,
keishibukuryogan and tokishakuyakusan are based on the
oriental concept of Yin-yang and hypofunction-hyperfunction.
However, the effects these formulations have on host func-
tion are not clear in terms of modern medicine. Furthermore,

the differences in host responses are thought to affect varia-
tions in the "Sho" diagnosis in Kampo medicine.

In previous reports, we investigated the expression of
genes and proteins associated with various diseases in order
to clarify the scientific basis of "Sho" in Kampo medicine.
Administration of the Kampo medicine hachimijiogan,
which has been mainly used for fatigue, exhaustion, nephri-
tis, and diabetes mellitus, was effective at reducing the ex-
pression of diabetic nephropathy but not at reducing blood
glucose levels.!” The expression patterns of plasma pro-
teins using ProteinChip array revealed that several proteins
in the plasma may be involved in the development and/or
progression of diabetic nephropathy in WBN/Kob rats and
the efficacy of hachimijiogan.!®

In the present study, we investigated the effects of
keishibukuryogan and tokishakuyakusan on vascular func-
tion in spontaneously diabetic rats. We also examined the
expression patterns of plasma proteins in these rats using

*To whom correspondence should be addressed. e-mail : hiro510@ms.toyama-mpu.ac.jp
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ProteinChip technology to identify multiple biomarkers as-
sociated with "Sho" diagnosis.

Materials and Metheds

Animals. Twenty-one to 24-week-old male WBN/Kob
rats obtained from Sankyo Labo Service (Toyama, Japan)
were used. They were kept in an animal room at an ambient
temperature of 23 = 1 °C under a 12-h light-dark cycle.
They were maintained for 18 weeks on a feed that accelerated
diabetes (Labo MR-DBT, Nosan Corporation, Yokohama,
Japan). Their diabetes was confirmed when their fasting
blood sugar reached above 200 mg/dl.

Experimental protocols met the "Guidelines for Animal
Experimentation" approved by the Japanese Association of
Laboratory Animal Science and the Japanese Pharmacolo-
gical Society.

Drugs. Powdered keishibukuryogan and tokishakuyakusan
were purchased from Uchida Wakanyaku (Tokyo, Japan).
Keishibukuryogan consisted of equal amounts of the follow-
ing five crude drugs: 5g of Cinnamoni Cortex (Cinnamomum
cassia BLUME), 5g of Hoelen (Poria cocos WOLF), 5g of
Moutan Cortex (Paeonia suffruticosa ANDREWS), 5g of
Persicae Semen (Purnus persicac BATASCH), and 5g of
Paconia Radix (Paeonia lactiflora PALL) in 25 g of
keishibukuryogan. Tokishakuyakusan consisted of the fol-
lowing six crude drugs: 6 g of Alismatis Rhizoma (4/isma
orientale JUZEPCZUK), 5 g of Paconiae Radix (Paeonia
lactiflora PALL), 4 g of Atractylodis Rhizoma (Atractylodes
lancea DE CanpoLLg), 4 g of Hoelen (Poria cocos WoLr), 3
g of Cnidii Rhizoma (Cridium officinale Maxno), and 3 g
of Angelicae Radix (dngelica sinensis DigLs) in 25 g of
tokishakuyakusan.

Drug treatment. WBN/Kob rats were randomly as-
signed to three groups (control, 3% keishibukuryogan, 3%
tokishakuyakusan). Rats in the control group received stan-
dard (diabetes-accelerating) chow for 25 weeks. Rats in the
3% keishibukuryogan and 3% tokishakuyakusan groups
received standard chow containing 3% (wt/wt) keishibuku-
ryogan and tokishakuyakusan for 25 weeks, respectively. In
terms of total chow volume, the drug doses used in this
study corresponded to about 10 times the clinical doses, re-
spectively.

Body weight and blood sugar measurement. Body
weight and blood glucose were measured at two-week inter-
vals from the baseline period until sacrifice. Blood glucose
was determined using commercial reagents (Glucose CII-
Test Wako obtained from Wako Pure Chemical Industries
Ltd., Osaka, Japan).

Relaxation experiments. The rats were anesthetized (50
mg/kg ip. pentobarbiturate) and sacrificed by drawing
blood from the heart. A section of the thoracic aorta was
carefully cleaned of fat and connective tissues, and 3-mm
ring preparations were made. The rings were mounted on
steel hooks in a Magnus chamber (UC-5TD, Kishimoto,
Kyoto, Japan). One end of the aorta was attached to a force-
displacement transducer (UM-203, Kishimoto) so that its
isometric contraction could be recorded (T-634, Niko

Proteomics analysis with formulations for overcoming oketsu

Bioscience, Tokyo, Japan). Baths were filled with 5 ml of
Krebs solution of the following composition (mM): NaCl
120, KCl1 4.7, NaHCO; 25.0, KHoPOs 1.2, MgSOs4- 7H,0O
1.2, CaCl2 2.5 and glucose 10.0. The solution was main-
tained at 37°C and bubbled continuously with 5% CO, in
O: at pH 7.4. The rings were equilibrated for 40 min at an
initial resting tension of 1 g. During this time, the Krebs so-
lution in the tissue bath was replaced every 15 min. The
rings were then precontracted with 5X 107 M noradrenaline
(NA). For endothelium-dependent relaxations, vessels were
relaxed with acetylcholine (Ach) (10° to 104 M). To study
the endothelium-independent relaxation of vascular smooth
muscle, vessels were relaxed with sodium nitroprusside
(SNP) (10° to 10 M). Relaxation was expressed as a per-
centage of the decrease in maximal tension obtained by NA-
induced contraction.

Contraction experiments. Contraction induced by
xanthine/xanthine oxidase. To determine the endothelium-
dependent contraction of the aorta induced by oxygen-
derived free radicals, we placed a segment of an aorta in
medium containing xanthine (10 M) and 10 M NG-nitro-
L-arginine methylester (L-NAME). Oxygen-derived free
radical-induced endothelium-dependent contraction of aor-
tas was determined by the addition of 10 mU/ml xanthine
oxidase to medium containing xanthine. This contraction
was expressed as a percentage of the relative increase to the
maximal tension obtained by 60 mM KCl-induced contrac-
tion.

Contraction induced by phospholipase Az (PLA2). To ex-
amine the effect against thromboxane A; - and prostaglandin
Hz-induced contraction, PLA, (1 U/ml) was administered
and transient contraction was induced in medium containing
10 M L-NAME. The contraction was expressed as a per-
centage of 60 mM KCl maximum contraction.

Contraction induced by angiotensin Il (Ang II). To ex-
amine the effect against Ang Il-induced contraction, Ang 11
(10° to 10 M) was administered and transient contraction
was induced in medium containing 104 M L-NAME. The
contraction was expressed as a percentage of 60 mM KCI
maximum contraction.

Measurement of plasma triglyceride, lipid peroxides,
fibrinogen and nitric oxide (NO). Triglyceride was deter-
mined by the standard method. Lipid peroxides were meas-
ured by the Yagi method.” Plasma fibrinogen was measured
by the thrombin time method.” NO is an extremely unsta-
ble molecule and rapidly undergoes oxidative degradation to
the stable inorganic nitrogen oxides NO,/NOs", which were
used here as indices of in vivo NO generation. Serum
NO:"/NOs™ was measured with an automated system (ENO-
10; EICOM Co., Kyoto, Japan) based on the Griess reaction
method.

Microchannel array flow analysis. The transit time of
whole blood through the microchannel array was measured
and used as a marker of blood fluidity. The detailed proce- "
dures and apparatus of the microchannel analysis
(Microchannel Array Flow Analyzer [MC-FAN], type KH-
2, Hitachi Haramachi Electronics Co. Ltd., Hitachi, Tokyo,
Japan) have been described previously.? Briefly,
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microgrooves formed in the surface of a single crystal sili-
con substrate were converted to leak-proof microchannels
by covering them tightly with an optical flat glass plate.
The microgrooves in the silicon microchannel chip resem-
bling the size of capillaries (Bloody-6-5, 8736 channels;
width, 5 pum; depth, 4.5 pum; length, 20 pum - Hitachi
Haramachi Electronics Co. Ltd., Hitachi, Tokyo) were pre-
filled with saline. Heparinized whole blood samples were
forced to flow through the microchannels under a pressure
difference of 20 cm H20O. To assess the filterability of
whole blood, the transit time for 100 pl of blood was deter-
mined. These measurements were performed immediately
after blood sampling at room temperature between 20°C and
25°C. MC-FAN was calibrated with saline before each new
measurement. Blood passage through an individual channel
was observed and recorded using a video microscope Sys-
tem (WAT-231S, WATEC, Tokyo, Japan).

Plasma sample preparation for SELDI protein profil-
ing. Plasma samples were centrifuged at 3000 rpm for 10
min to remove insoluble debris and stored at -80°C until
used in the SELDI profiling study. Samples were thawed
and then diluted (1:10 v/v in 7 M urea, 2 M thiourea, 4%
CHAPS, 1% DTT, 2% ampholyte).

SELDI protein profiling. Various chip properties (hy-
drophobic, anionic, cationic, and metal binding) were ini-

tially evaluated to determine which affinity chemistry’
provided the best serum profiles in terms of number and

resolution of proteins. The cationic CM10 Chip Array
(Ciphergen Biosystems, Fremont, CA) produced the best re-
sults. Protein Chip Arrays were assembled into a deep-well
type bioprocessor assembly (Ciphergen Biosystems) equipped
in a Laboratory Automation Workstation Biomek® 2000
(Beckman Coulter, Fullerton, CA). Prior to sample loading,
CM10 Arrays were equilibrated with 150 pl of buffer (100
mM sodium acetate, pH 5.0) into each well and then pre-
washed two times for 5 min on a shaker at room tempera-
ture. To the arrays, 90 pl of buffer (100 mM sodium
acetate, pH 5.0) and 10 pl of diluted sample were added into
each well, and then the arrays were incubated for 30 min on
a shaker at room temperature, and washed three times with
150 pl of buffer for 5 min on a shaker at room temperature.
After rinsing two times with 200 pl of deionized water, the
arrays were removed from the bioprocessor assembly and
air-dried. One microliter of 50% solution of the energy-
adsorbing molecule (EAM): alpha-cyano-4-hydroxy cinnamic
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acid (CHCA) (Ciphergen Biosystems) in 50% (v/v)
acetonitrile and 0.5% (v/v) trifluoroacetic acid was applied
two times onto each ProteinChip Array, letting the array
surface air-dry between each CHCA application.

The protein chip arrays were analyzed using a
ProteinChip Biology System Reader (Model PBS-Iic;
Ciphergen Biosystems). Spectra were collected at a laser
intensity of 165 and a detector sensitivity of 6 in the positive
ion mode. The protein masses were calibrated externally
using purified peptide and protein standards (Ciphergen
Biosystems). A mass range from 2000-10000 Da was se-
lected for analysis because this range contained the majority
of the resolved protein/peptides. Molecular masses from 0-
2000 Da were eliminated from analysis because this area
contains adducts of EAM and possibly other chemical con-
taminants.

Data analysis. Data on vascular function and blood sam-
ples are presented as mean T standard error (S.E.).
Statistical comparisons were performed using Fisher's PLSD
test and repeated measures ANOVA. The level of statistical
significance was defined as p<0.05. Spectra were analyzed
with ProteinChip Software (Version 3.2.0; Ciphergen
Biosystems). In order to use the intensities as indicators of
the relative abundance of peptide in the sample, baselines
had to be subtracted and the intensities normalized.
Normalization was performed by total ion current normali-
zation function following the software instructions.
Biomarker Wizard (Ciphergen Biosystems) was then used
to identify corresponding peaks in each spectrum within
0.3% of the mass. The signal-to-noise ratio was set to 2 for
the first pass and to 2 for the second pass. We used the
Mann-Whitney U test for nonparametric data sets to com-
pare the peak intensities of the protein profiling results from
the different groups.

Results

Effect of keishibukuryoegan and tokishakuyakusan on
vascular functions in spontaneously diabetic rats. There
were no discernible differences in the body weight or blood
gluicose among the control, keishibukuryogan and
tokishakuyakusan groups (Table 1). As shown in Figure
1A, Ach-induced endothelium-dependent relaxation, reach-
ing 10 M, and relaxation of the keishibukuryogan group
were significantly increased as compared to the control

Table 1 Characteristics of WBN/Kob rats in different experimental groups.

Group Control Keishibukuryogan Tokishakuyakusan
Body weight ® 360 + 11.4 333 + 112 332 % 7.2
Blood sugar (mg/d) 736 = 32.0 590 = 74.5 655 = 44.0
Triglyceride (mg/dl) 202 * 38.1 163 £ 259 155 * 30.4
Lipid peroxide (X10°M) 50+ 28 6.1 1.6 62+28
Fibrinogen (mg/dl) 287 £ 343 278 * 29.6 265 £ 21.8
Serum Noa™/Nos™ (X10°°M) 20.3 £ 2.21 9.8 + 1.15" 7.7 * 0.81°
Microchannel transit time of whole blood (sec) 69.0 £ 1.0 65.6 £ 2.0 64.5 £ 1.9°

Bach value is mean £ S.E. of 7 rats. °p<0.05, bp<0.1 vs WBN/Kob control group.
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group (p<0.05). Maximum relaxations were 459 = 1.1%,
59.7 & 1.3% and 52.0 £ 1.2 % in control, keishibukuryogan
and tokishakuyakusan groups, respectively (mean = S.E.,
n=7). In endothelium-independent relaxation, there was no
significant difference in SNP among the three groups (Fig.
1B).

))(anthine oxidase-induced contraction of the tokishaku-
yakusan group was significantly decreased as compared to
the control group (p<0.05). The contractions at 10 mU/ml
xanthine oxidase were 37.3 + 3.2%, 28.6 * 3.5% and 254
* 3.8% in the control, keishibukuryogan and tokishaku-
yakusan groups, respectively (Fig. 2). PLA-induced con-
traction in both the keishibukuryogan and tokishakuyakusan
groups was significantly decreased as compared to the con-
trol group (p<0.05). Contractions at 1 U/m] PLA: were 39.0

* 3.8%, 27.5 £ 2.4% and 277 + 1.4% in the control,
(A) (B)
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keishibukuryogan and tokishakuyakusan groups, respec-
tively (Fig. 2). Ang Il-induced contraction in both the
keishibukuryogan and tokishakuyakusan groups was signifi-
cantly decreased as compared to the contro] group (p<0.05),
Contractions at 10 M Ang II were 28.6 = 2.6 %, 20.8 *
2.8% and 20.1 £ 2.3% in the control, keishibukuryogan
and tokishakuyakusan groups, respectively (Fig. 3).
Triglyceride, lipid peroxide and fibrinogen showed no
significant differences among the control, keishibukuryogan
and tokishakuyakusan groups. NO2"/NOs™ decreased signifi-
cantly in the keishibukuryogan and tokishakuyakusan
groups compared to the conirol group. The effects of
keishibukuryogan and tokishakuyakusan on blood fluidity
were evaluated by the microchanne] transit time of whole
blood, measured by MC-FAN. Transit time of whole blood
tended to decrease in the tokishakuyakusan group compared

Figure 1 Graph showing A) endothelium-dependent re-
laxation in response to acetylcholine, B) endothelium-
independent relaxation in response  to  sodium
nitroprusside in the aorta of WBN/Kob rats treated for
25 weeks. WBN/Kob control group (O), keishibulqy-
ryogan group (0J), and tokishakuyakusan group ().
Values are expressed as a percentage of the decrease in
maximal tension contracted with 5X 107 M NA. Shown
is the mean * $.E. of seven determinations, Differences
between WBN/Kob control and keishibukuryogan in
graph (A) were statistically significant (p<0.05, n=7),
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Figure 2 Vasocontraction treatment on xanthine oxidase (10 mU/ml) in
the presence of xanthine ( 10*M) () and phospholipase (1 U/ml) (CJ) in
the aorta of WBN/Kob rats treated for 25 weeks. All aortas had intact en-
dothelium and had been treated with L-NAME. Contraction was ex-
pressed as a percentage of 60 mM KCI maximum contraction. Asterisks
indicate significant differences from WBN/Kob control group (°p<0.05,
mean * S.E, n=7).
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Figure 3 Graph showing angiotensin I induced-contraction in aorta of
WBN/Kob rats treated for 25 weeks. WBN/Kob control group (O),
keishibukuryogan group (), and tokishakuyakusan group (<)
Contraction was expressed as the percentage of 60 mM KCi maximum
contraction. Shown is the mean =+ S.E. of seven determinations.
Differences between WBN/Kob control and keishibukuryogan and
tokishakuyakusan are statistically significant (p<0.05, n=7).
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