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Transplantation of mesenchymal stem cells (MSCs) prepared from adult bone marrow (BMSCs)
has been reported to ameliorate functional deficits in several CNS diseases in experimental
animal models. Bone marrow was enriched in MSCs by selecting for plastic-adherent cells that
were grown to confluency in appropriate culture conditions as flattened fibroblast-like cells.
Despite the fact that the stem/precursor cells in peripheral blood are widely used for
reconstruction in the hematopoietic system, it is not fully understood whether peripheral
blood-derived plastic-adherent precursor/stem cells (PMSCs) can differentiate into a neural
lineage. To compare the potential of PMSCs and BMSCs for neural differentiation in vitro,
BMSCs and PMSCs were prepared from the adult rat and expanded in culture. Although the
growth rate of PMSCs was less than BMSCs, immunocytochemical and RT-PCR analyses
indicated that both MSC types were successfully induced to nestin-positive neurospheres in
the presence of EGF and bFGF. After withdrawal of the mitogens, these cells could differentiate
into neurofilament-positive neurons or GFAP-positive glia. Thus, our findings suggest the
potential use of PMSCs for a cell therapy in CNS diseases.

) © 2006 Elsevier B.V. All rights reserved.
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1. Introduction 2002) and neurons and glia (Prockop, 1997; Woodbury et al,,

2000; Kobune et al,, 2003; Iihoshi et al, 2004; Honma et al.,

Mesenchymal stem cells (MSCs) are thought to represent a
very small proportion of cells in the mononuclear population
of bone marrow. As originally described by Freidenstein (1978),
these cells will grow to confluency in appropriate culture
conditions as flattened fibroblast-like cells (Majumdar et al,,
1998), and have been suggested to differentiate into bone,
cartilage (Kobune et al,, 2003), cardiac myocytes (Toma et al.,

2006; Nomura et al, 2005) both in vitro and in vivo. MSCs
prepared from human bone marrow (BMSCs) have been used
in clinical studies for metachromatic leukodystrophy (Kec et
al., 2002), Hurler syndrome (Koc et al., 2002}, myeloablative
therapy for breast cancer {(Koc et al,, 2000), graft-versus-host
disease (Aggarwal and Pittenger, 2005), and stroke (Bang et al.,
2005).
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Human mesenchymal precursor cells found in the blood of
normal subjects proliferated in culture with an adherent-
spread morphology, and displayed cytoskeletal, cytoplasmic
and surface markers (CD34", CD457, and CD105") of mesench-
ymal precursors (Zvaifler et al., 2000). These cells had a capacity
for differentiation into fibroblast, osteoblast, and adipocyte
lineages. A canine CD34" fibroblast-like cell in the peripheral
blood showed mesenchymal stem cell characteristics (Huss et
al., 2000). Because peripheral blood is readily accessible, stem
cells isolated from blood may be a good candidate for a cell
therapy. For example, the hematopoietic stem/precursor cells
in peripheral blood are widely used for reconstruction in the
hematopoietic system (Brown et al.,, 1997; Auner et al., 2005).

Thus, although the potential of mesenchymal precursor
cells in peripheral blood (PMSCs) has received much attention,
it is not known whether peripheral blood-derived plastic-
adherent precursor cells (PMSCs) can differentiate into a
neural lineage. Here, we compared the growth properties
and differentiating potential to neural lineages of rat PMSCs
with those of rat BMSCs.

2. Results
2.1. Characteristics of BMSCs and PMSCs

After removing nonadherent cells by replacing the medium
(day 2 in culture), a small portion of attached nucleated cells
was visualized in the BMSC culture dish. By day 14 in culture,
the attached BMSCs had developed into an adherent layer
containing abundant dispersed fibroblast-like cells, and each

2 weeks

BMSC

PMSC

4 weeks

colony was predominantly formed by several fibroblast-like
cells (Fig. 1A). By day 28 in culture, the BMSCs had proliferated
and tended to form a near continuous layer comprising mainly
fibroblast-like cells (Fig. 1B).

In the cultures of PMSCs derived from peripheral blood,
fibroblast-like cells with thin elongated processes around a
central nucleus made their appearance at 2 weeks after culture
initiation (Fig. 1C). By day 28 in culture, the cells also continued
proliferating and formed a layer of flattened cells {Fig. 1D), with
morphological features resembling those of BMSCs.

Figs. 1E and F are flow cytometric data of the expression of
surface antigens on BMSCs and PMSCs, respectively. These
results show that both BMSCs and PMSCs express a similar
pattern of surface antigens: CD45, CD73*, CD90%, and CD106™.

2.2, Growth rate

The number of BMSCs and PMSCs was counted at weekly
intervals in order to characterize the proliferation rate (Fig. 2).
BMSCs slowly proliferated in the initial 2 weeks, and entered a
rapid growth phase for the next 4 weeks. Proliferation of BMSCs
became slower after 6 weeks, but cell number was maintained
for the next 2 weeks. The number of BMSCs increased more
than 4 logs for cultures maintained for 8 weeks. In contrast,
PMSCs displayed slow but constant growth over 8 weeks in
culture, and expanded over 6-fold.

2.3. Transformation of MCSs to neurospheres

BMSCs transformed to nestin-positive neurospheres using an
induction protocol (Fig. 3A) described in Experimental

g g
~-T cpas -~ CD73
£ 21 »
= gl e
g O ; Av : .
10 10 10% 107 104 10% 10 107 10° 10
g 2
=t cpgo = CD106
e ®
B /:*\ €
Q 5 fo3
O e [ 93
o s o
100 1Q° 107 100 108 10° 10¢ 102 10® 10°
Q =
s secfonc
o cp4as = cD73
4l ) M
£ =4 I
8 3
<o o - e
oioﬂ 101 107 1% 104 °10° 100 107 10° 10
= Il cD106
@& @
= =
3 3
(6] O
[ [}

10° 100 10% 106° 10 10° 10' 107 107 10¢

Fig. 1 - Phase-contrast photomicrograph of May-Giemsa stained BMSCs (A) and PMSCs (B} at 2 and 4 weeks in culture,
respectively. Flow cytometric analysis of cultured BMSCs (E) and PMSCs (F) with CD45, CD73, CD90, and CD106 antibodies.
Dotted lines in each panel indicate isotype-matched mouse IgG antibody control staining. Scale bar=10 pm.
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Fig. 2 - Gulture expansion of BMSCs (black) and PMSCs
{open square). The cell numbers of both MSCs were counted
at each week. Error bars represent one SD from the mean,
*p<0.05 (n=16).

procedures. BMSCs began forming floating cell masses and
nestin positivity when they were inhibited from adhering to
the culture dishes {(non-treated dishes) and maintained in the
appropriate medium and growth factors (see Experimental

B-Actin

Nestin

procedures). More than 90% of MSCs transformed to neuro-
spheres. RT-PCR analysis for nestin mRNA expression in cDNA
samples of cultured adherent BMSCs (Fig. 3E-a) and floating
spheric cells (neurospheres) (Fig. 3E-b) are shown in Fig. 3E. The
floating spheric cells displayed an amplification of a PCR
fragment of the expected size for nestin (420-430 bp), but the
cultured non-transformed BMSCs did not (Fig. 3F-a). PMSCs
also showed similar transformation to nestin-positive neuro-
spheres after induction (Fig. 3B), which was confirmed by RT-
PCR (Fig. 3F-b).

2.4.  Differentiation from MSC-derived neurosphere to
neural ceils

MSC-derived neurospheres differentiated into neuron- and
glia-like cells in the appropriate culture condition. BMSC-
derived neurospheres differentiated into adherent neural cells
when they were mechanically dissociated, plated on plastic
culture dish, and maintained in NPBM without growth factors.
Adherent single layers contained abundant neuron- and glial-
like cells. Immunocytochemical analysis indicated that the
neuronal cells showed NF-M positivity (Fig. 4A), which was
confirmed by RT-PCR. A sample of adherent cells displayed an
amplification of a PCR fragment of the expected size for NF-M
(330-340 bp) (Fig. 4E-b). In addition, GFAP-positive cell differ-
entiation was also demonstrated with immunostaining

PMSC

Fig. 3 ~ Transformation from MSCs to nestin-positive neurospheres. When BMSCs {4) and PMSCs (B) were placed in NPBM with
growth factors and were inhibited to adhere on the culture dish, the cells formed neurospheres (scale bar=20 pm). RT-PCR
analysis demonstrated that neurospheres transformed from BMSCs showed nestin positivity (E-b), which was negative before
transformation (E-a). Nestin also became positive following transformation of PMSCs (F-b), which was negative in the primary
PMSCs (E-a). Panels C and D showed control mRNA expression of B-actin of BMSCs and PMSCs, respectively.
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BMSC

B-Actin

neurofilament-M

PMSC

Fig. 4 - Neurofilament expression in differentiated neurosphere cells. Cells differentiated from neurospheres which had been
transformed from BMSCs (A) or PMSCs (B) showed NF-M positivity in culture. RT-PCR analysis demonstrated that BMSCs (A)
and PMSCs (B) differentiated from neurospheres showed NF-M positivity (E-b; F-b), which was negative in neurospheres
(E-a; F-a). Panels C and D showed control mRNA expression of B-actin of BMSCs and PMSCs, respectively. Scale bar=10 pm.

(Fig. 5A) and RT-PCR analysis (Fig. SE-b). The expected size for
an amplified PCR fragment of GFAP is 430-440 bp. PMSC-
derived neurosphere showed similar differentiating potential
to NF-M-positive neurons (Fig. 4B) and GFAP-positive glia (Fig.
5B), which were confirmed by RT-PCR in Figs. 4F-b and 5F-b,
respectively.

3. Discussion
The present study demonstrates that fibroblast-like adherent
cells with phenotypic characteristics resembling those of
mesenchymal stem cells prepared from the bone marrow
can be cultured from rat peripheral blood. These cells showed
proliferation and differentiation into neural lineages in vitro,
confirmed by immunocytochemistry and RT-PCR.
Mesenchymal precursor cell populations obtained from rat
peripheral blood and bone marrow of the rat metaphysis easily
expanded in vitro and exhibited a fibroblast-like morphology.
Flow cytometry analysis to study the surface protein expres-
sion on undifferentiated BMSCs and PMSCs indicated that the
myeloid progenitor antigen CD45 was not expressed by these
cells. On the other hand, PMSCs and BMSCs expressed CD73
(SH3), which has been used to characterize mesenchymal stem
cells (Majumdar et al., 1998; Kobune et al., 2003; Honma et al,,
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2008). In addition, nestin expression by PMSCs and BMSCs and
their ability to grow in suspension in defined culture condi-
tions brought them nearer to a neurosphere phenotype. When
nestin-positive neurospheres were dissociated and plated
onto an adherent surface without growth factors, neuronal
and glial differentiation was observed. We are not certain from
our results whether strictly regulated neuronal and glial cells
were present in the PMSC population, or culture conditions
determined cell fate into neurons or glia.

A distinct difference between PMSCs and BMSCs in the
present study is their growth rate in culture. The BMSCs
showed a sigmoidal growth curve and extensive expansion
over 8 weeks. In contrast, the PMSCs had a more linear growth
curve and were much less proliferative. A possible explanation
is that samples of BMSCs contain more primitive progenitor
cells than samples of PMSCs. Although the CD34 antigen has
been used to identify hematopoietic precursor cells, CD34*
cells were present in the circulation in only one-tenth the
concentration of bone marrow and had a different spectrum of
antigen expression. Indeed, CD33 (myeloid antigen) and CD45
{leukocyte common antigen) were highly expressed in CD34"
cells in the peripheral circulation, but not in bone marrow
(Bender et al., 1991).

Another hypothesis is that PMSCs require specific culture
medium or growth factors which are different from those of
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BMSC

B-Actin

GFAP

PMSC

Fig. 5 - GFAP expression in differentiated neurosphere cells. Immunocytochemical analysis indicated that BMSCs {A) and
PMSCs (B) differentiated from neurospheres showed GFAP positivity in culture. RT-PCR analysis demonstrated that cells
differentiated from neurospheres which had been transformed from BMSCs showed the GFAP positivity (E-b), which was
negative in neurospheres (E-a). GFAP also became positive following differentiation in the PMSCs group (F-b), which was
negative before induction (F-a). Panels C and D demonstrated the mRNA expression of B-actin of BMSCs and PMSCs for control,

respectively. Scale bar=10 pm.

BMSCs. To maintain viability and retain the ability to proliferate,
stem cells need cell-to-cell contact and a microenvironment
which provides necessary growth factors in adequate quantity,
which may be supplied in an autocrine or paracrine fashion
(Huss et al,, 2000). The PMSCs in mobilized peripheral blood
required BMSC conditioned medium which showed high
proliferative potential with high express of Oct4, a transcrip-
tional binding factor (Tondreau et al.,, 2005). Moreover,
mesenchymal precursor cells in the peripheral blood of normal
individuals proliferated logarithmically in 20% fetal calf serum
without growth factor (Zvaifler et al., 2000). Thus, PMSCs may
require a novel culture medium. The difference between cul-
tures of BMSCs and PMSCs will be important in future consi-
derations of PMSCs for clinical use, where a large number of cells
will be necessary.

The morphological and antigenic characteristics of MSCs
are different among species (Kebune et al,, 2003; Honma et al,,
2006; Rochefort et al,, 2005), which may indicate that the
appropriate culture medium or growth factors of human
PMSCs is different from rat PMSCs. Nevertheless, in the present
study, we showed that the rat PMSCs proliferated, highly trans-
formed to nestin-positive neural stem cells (neurospheres),
and differentiated into neuronal or glial cells in vitro.

Thus, autologous peripheral blood could be an important
source of cells for a cell therapy, since they are easy to isolate
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and expand for autotransplantation with little risk of rejection.
However, further investigations are needed to better charac-
terize PMSCs and as well to further define their transplant-
ability and differentiation potential in animal models.

4. Experimental procedures

4.1. Cell preparation

The use of animals in this study was approved by the animal
care and use committee of Sapporo Medical University and all
procedures were carried out in accordance with institutional
guidelines. Bone marrow was obtained from femoral bone in
adult female Sprague-Dawley rats weighing 200-250 g. Rats
were anesthetized with ketamine (50 mg/kg) and xylazine
(10 mg/kg) i.p. A small hole (2x3 mm) in the femoral bone was
made with an air drill following skin incision (1 cm). Bone
marrow (0.5 ml) was aspirated, diluted to 25 ml with Dulbecco’s
modified Eagle’s medium (DMEM) (SIGMA, St. Louis, MO)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) (GibcoBRL, Grand Island, NY), 2 mM t-glutamine {(Gibco
BRL}, 100 U/ml penicillin, 0.1 mg/ml streptomycin (Gibco BRL),
was plated on 50-cm? Tissue Culture Dish (IWAKI, Tokyo,
Japan), and incubated in a humidified atmosphere of 5% CO, at
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37 °C for 3 days. BMSCs, when selected by plastic adhesion,
require the elimination of nonadherent cells by replacing the
medium 48 h after cell seeding. When cultures almost reached
confluence, the adherent cells were detached with trypsin-
EDTA solution (SIGMA) and subcultured at 1x10* cells/ml.

Peripheral blood was obtained from adult Sprague-
Dawley rats weighting 200-250 g. Rats were deeply anesthe-
tized with ketamine (50 mg/kg) and xylazine (10 mg/kg) ip.
Peripheral blood (about 8 ml) was aspirated from vena cava
superior with a 18-gauge needle. Peripheral blood was
diluted 1:3 in Puregene RBC Lysis Solution (Gentra systems,
Minneapolis, MN) and was incubated in a 50-ml conical
centrifuge tube for 5 min at room temperature. The tube was
centrifuged at 3500 rpm for 2 min and the supernatant was
discarded. The cell pellet was suspended in DMEM supple-
mented with 10% FBS, 2 mM r-glutamine, 100 U/ml peni-
cillin, 0.1 mg/m] streptomycin and was plated on 50-cm?
plastic tissue culture dishes and incubated in a humidified
atmosphere of 5% CO, at 37 °C. PMSCs, when selected by
plastic adhesion, require the elimination of nonadherent cells
by replacing the medium 48 h after cell seeding. When cultures
almost reached confluence, the adherent cells were detached
with trypsin-EDTA solution and subcultured at 1x 10* cells/ml.
The cell numbers of both BMSC and PMSC were counted in a
cytometer every a week.

Some of cultured cells were rinsed in PBS for three times
and fixed for 10 min with a fixative solution containing 4%
paraformaldehyde in 0.14 M Sorensen’s phosphate buffer,
pH 7.4, at room temperature. The cells were counterstained
with May-Giemsa (Honma et al., 2006), and phase-contrast
microphotographs were obtained using a Zeiss microscope.
4.2.  Phenotypic characterization
Flow cytometric analysis of BMSCs and PMSCs was performed
as previously described (Honma et al., 2006). Briefly, cell sus-
pensions were washed twice with phosphate-buffered saline
(PBS) containing 0.1% bovine serum albumin (BSA). For direct
assays fifty thousand cells were incubated with FITC-con-
jugated CD45 (Leukocyte Common Antigen) (BD Bioscience
Pharmingen, San Jose, CA), PE-conjugated CD 73 (Ecto-5'-
nucleotidase) (BD Bioscience Pharmingen), PE-conjugated CD
90 (Thy-1) (eBioscience, San Diego, CA) and PE-conjugated
CD106 (VCAM-1) (BD Bioscience Pharmingen) at 4 °C for 30 min,
and then washed twice with PBS containing0.1% BSA. The cells
were analyzed by cytometric analysis using a FACSCalibur flow
cytometer (Becton Dickinson, San Jose, CA) with the use of
CellQuest software.

4.3.  Induction of MSCs to floating spheric cells

When inducing MSCs to floating spheric cells like neurospheres,
MSCs were detached with trypsin-EDTA solution and were
collected in a 50-ml tube in DMEM +10% FBS. After rinsing with
DMEM, cells (1x10° cells/ml) were suspended in 20 ml Neural
Progenitor basal medium (NPBM) (Cambrex, One Meadowlands
Plaza, NJ) supplemented with 2 mM t-glutamine, 10 ng/ml
epidermal growth factor (EGF), 10 ng/ml basic fibroblast growth
factor (bFGF), 100 U/ml penicillin, 0.1 mg/ml streptomycin, were
plated on 100 mm non-treated dish (IWAKI), and were
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incubated for 3 days. Growth factors (EGF and bFGF) were
added every day.

4.4, Differentiation of neurospheres to neural cells

When inducing the floating spheric cells (neurospheres) to
neural cells, floating spheric cells were collected by centrifu-
ging at 1500 rpm for 5 min, suspended in NPBM supplemented
with 2 mM r-glutamine, 100 U/ml penicillin, and 0.1 mg/ml
streptomycin, mechanically dissociated, and were plated on
plastic tissue culture dish for 1 week.

4.5. RT-PCR

Total RNA was extracted from each cell culture using RNeasy
Mini Kit (QIAGEN, Hilden, Germany). We performed the reverse
transcription with 100 ng RNA using the SuperScript II RNase
H™ reverse transcriptase (Invitrogen, Carlsbad, CA). Briefly, we
used a final volume of 20 pl containing 100 ng RNA, 4 ul First
Strand Buffer, 10 mM dNTPs, 100 mM DTT, 0.5 pg Oligo(dt)12-13
and 100 U of SuperScript Il RNase H™ reverse transcriptase. We
then carried out a PCR reaction using the Hot Star Tag Master
Mix Kit (QIAGEN]) in a final volume of 50 pl containing 25 ul Hot
Star Taq Master Mix, and 10 mM upstream sense and down-
stream sense primers. Cyclical parameters were denatured at
94°C for 30 s, annealed at 60 °C for 30 s, and finally elongated at
72°C for 30 s. Thirty five cycles were performed for each primer
set. We resolved the PCR products on 2% gel agarose. Primer
sequence of amplified products was: mouse p-actin sense (5'-
TGGAATCCTGTGGCATCCATGAAAC-3'), mouse p-actin anti-
sense (5'-TAAAACGCAGCTCAGTAACAGTCCG-3'), rat nestin
sense (5'-CTTAGTCTGGAGGTGGCTACATACA-3"), rat nestin
antisense (5'-GAGGATAGCAGAAGAACTAGGCACT-3'), rat
neurofilament M (NF-M) sense (5'-GGTCACTTCACATGCCA-
TAGTCAA-3'), rat NF-M antisense (5-GGCTCAGTTGGTA-
CTTTGCGTAA-3"), rat glial fibrillary acid protein (GFAP) sense
(5’-ATTCCGCGCCTCTCCCTGTCTC-3'), and rat GFAP antisense
(5'-GCTTCATCCGCCTCCTGTCTGT-3').

4.6. Immunocytochemical analysis

To identify the cell type derived from the BMSCs and PMSCs,
immunocytochemical studies were performed with the use of
antibodies to neurons (1:400 monoclonal mouse NF-M, SIGMA),
and astrocytes (1:400 monoclonal mouse anti-GFAP, SIGMA).
Cultured cells were rinsed in PBS for three times and fixed for
10 min with a fixative solution containing 4% paraformalde-
hyde in 0.14 M Sorensen’s phosphate buffer, pH 7.4, at room
temperature. After washing twice in PBS and incubating in PBS
containing 0.1% Triton X-100 for 10 min at room temperature,
fixed cells were incubated for 30 min in a blocking solution
containing 0.1% Triton X-100, and 3% BSA before incubation
with the primary antibody. Primary antibodies are labeled with
Alexa Fluor 488 or Alexa Fluor 594 using Zenon mouse IgG
Labeling Kits (Molecular Probes Inc., Eugene, OR) according to
the manufacturer’s instruction. After immunostaining, cover-
slips were mounted cell-side down on microscope slides using
mounting medium (DAKO Corp., Carpinteria, CA). Confocal
images were obtained using a Zeiss laser scanning confocal
microscope with the use of Zeiss software.
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4.7.  Data analysis

All data are presented as mean values+SD. Differences among
groups were assessed by ANOVA with Scheffe’s post hoc test
to identify individual group differences. Differences were
deemed statistically significant at P<0.05.
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In this study, the effect of sarpogrelate
hydrochloride, a 5-hydroxytryptamine,,
receptor antagonist, on platelet aggre-
gation at the site of injured carotid ai'tery

endothelium was examined. The rat

common carotid artery was clamped for
30 min to induce endothelial injury.
Sarpogreldte hydroCthride was admin-
istered before and after the injury, and the
effects were compared with those in rats
receiv‘iyn,y‘g sham operation only and those
receiving clipp’ing: injury but no

sarpogrelate hydrochloride. The animals
were killed 24 h after the procedure. The

common carotid artery was examined by
scanning electron microscopy and stained
immunochemically for factor VIII.
Sarpogrelate hydrochloride treatment was
associated with reduced aggregation of
platelets on electron microscopy and
lower expression of factor VIII at the
injured intima. Sarpogrelate hydro-
chloride has an inhibitory effect on
platelet aggregation at the intima in the
acute stage after injury, suggesting that
this drug may be used to prevent early
ischaemic complications after surgical or
endovascular arterial intervention.

Introduction

The introduction of interventional treatment
for cerebrovascular disease using endo-
vascular techniques has offered new options in
conditions that are difficult to treat by
conventional surgical techniques, such as
arterial steno-occlusive disease and cerebral
aneurysms. Endovascular treatment involves
the use of a variety of instruments inside the
arterial lumen, including microcatheters,
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guidewires, stents and coils. These instruments
may, however, occasionally injure the intima
of the artery. Injury to the endothelium is a
primary cause of ischaemic complications
associated with endovascular treatment; it
results in platelet aggregation in the acute
stage and atherosclerotic changes in the
chronic stage. Even minimal endothelial
injury results in platelet aggregation at the site
of injury.! It is therefore conceivable that
anti-platelet treatment to inhibit platelet
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aggregation after injury to the arterial
endothelium may prevent ischaemic compli-
cations following endovascular interventions.
The endogenous monoamine serotonin
(5-hydroxytryptamine, 5-HT) plays an
important role in platelet aggregation. It is
stored in dense granules and is released
when platelets are activated at the site of
vascular injury. Plasma serotonin levels have
been reported to be substantially increased
at the site of the injury.2 -4 Serotonin itself is
a weak agonist, but its effect on the platelet
functional response, which is mediated by
the 5-HT,, receptor, is amplified by the
presence of low concentrations of agonists
such as collagen and adrenaline, even when
the level of each agonist alone is insufficient
to induce platelet aggregation. This
amplification effect is strongly inhibited by
selective 5-HT,, receptor antagonists.>®
Sarpogrelate hydrochloride is a selective
5-HT,, receptor antagonist that is widely
used in Japan for the treatment of peripheral
arterial disease. It strongly inhibits the effects
of serotonin such as platelet aggregation,
vasoconstriction and vascular smooth
muscle proliferation.” Sarpogrelate inhibits
human platelet aggrégation induced by

collagen and secondary aggregation by

adenosine diphosphate or adrenaline by
50% (IC,,) at a concentration of 1 uM, and
this effect was potentiated for aggregation
induced by collagen plus serotonin, with an
IC,, of 0.1 pM.® Furthermore, a major
metabolite of sarpogrelate hydrochloride,
M-1, was approximately 10 times more
potent than the unaltered substance.?

Many studies have evaluated the inhibitory
effects of selective 5-HT,, receptor antagonists
on platelet aggregation® - ' but none has
studied their potential effects at the site of
vascular injury. This study investigated the
effects of sarpogrelate  hydrochloride on
platelet aggregation using scanning electron

microscopy and immunochemical staining in
a rat model of acute arterial injury.

Materials and methods

Male Sprague-Dawley rats were used in this
study. All animals were obtained from an
official supplier, and had free access to food
and water. The conditions they were kept
in prior to the experiment and the
experimental protocol were approved by the
Animal Experiment Committee of Hokkaido
University School of Medicine, Sapporo, Japan.

EXPERIMENTAL PROTOCOL

One group of rats was injected intra-
peritoneally with 50 mg/kg sarpogrelate
hydrochloride 1 h before the induction of
anaesthesia. A further group, acting as the
control group, received saline solution intra-
peritoneally. All rats were anaesthetized with
an intraperitoneal injection of 50 mg/kg
sodium pentobarbital and the right common
carotid artery was exposed via a midline
longitudinal linear skin incision (Fig. 1A). In
the sarpogrelate hydrochloride and control
groups, 10 Yasargil aneurysm clips (Aesclap
Co., Tuttlingen, Germany) (Y-710, closing
pressure, 120 g) were applied to the right
common carotid artery for 30 min (Fig. 1B).

Al 10 clips were then removed and the
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circulation was re-established (Fig. 2). In a
third group of rats (the sham operation
group), clips were not applied. The skin
incision was then closed in all rats and
anaesthesia was permitted to wear off.

In the sarpogrelate hydrochloride group,
50 mg/kg sarpogrelate hydrochloride was
again administered intraperitoneally 3 h
after the first dose. The control group
received saline solution intraperitoneally
after the same time interval. -

The animals were killed 24 h later using
an overdose intraperitoneal injection of
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FIGURE 1: (A) Exposed right
common carotid artery (CCA) and
(B) right common carotid artery
after application of 10 aneurysm
clips in rats exposed to clipping
injury alone (untreated) or 50 mg/
kg sarpogrelate hydrochloride
intraperitoneally before and after
clipping injury, to investigate the
effect of sarpogrelate hydro-
chloride on platelet aggregation.
ICA, internal carotid artery; ECA,
external carotid artery
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FIGURE 2: Right common carotid
artery after removal of aneurysm

clips and re-establishment of
circulation in rats treated with
clipping injury alone (untreated)
or 50 mg/kg sarpogrelate hydro-
chloride intraperitoneally before
and after clipping injury, to
investigate the effect of sarpo-
grelate hydrochloride on platelet
aggregation

pentobarbital, and the common carotid
artery was isolated.

SCANNING ELECTRON MICROSCOPY
The isolated artery was fixed by irrigation of
the left ventricle with 2% glutaraldehyde,
and was then dissected. An arterial segment
was post-fixed in osmium tetroxide for 60 min,
rinsed in distilled water for 5 min and fixed
in 50% alcohol for 15 min before being
examined by scanning electron microscopy.

IMMUNOCHEMISTRY OF FACTOR
VIII-RELATED ANTIGEN

A second arterial segment was subjected to
immunochemistry using a factor VlIil-related
antigen. Fixed frozen sections were dipped in
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cold acetone for 10 min and incubated in
5% normal goat serum for 10 min to block
non-specific reactions. The sections were
incubated with the primary antibody (poly-
clonal rabbit anti-factor-related antigen)
(DakoCytomation, Kyoto, Japan) for 1 h,
then incubated in 0.3% 'hydrogen peroxide
in cold 100% methanol for 10 min to inhibit
endogenous peroxidase activity. The sections
were then incubated with rat avidin-biotin
complex reagent (StreptABComplex/HRP,
Dako) for 15 min and with 0.02% diamino-
benzidine solution for 15 min, dehydrated,
stained with Mayer’s haematoxylin for
nuclei and examined using light microscopy.

Results

Eighteen Sprague-Dawley rats were used in
this study. Each weighed approximately
330 g (range, 320 - 340 g) and all were
7 — 8 weeks old. Six rats were injected intra-
peritoneally with 50 mg/kg sarpogrelate
hydrochloride, six acted as the control group
(receiving intraperitoneal saline solution)
and six underwent sham operations.

On scanning electron microscopy, there
was less platelet aggregation in the
sarpogrelate hydrochloride-treated group
compared with the untreated injured group.
Four specimens from each of the three
groups are shown in Fig. 3. The differences
were difficult to quantify, but platelet
aggregation is clearly suppressed in rats
treated with sarpogrelate hydrochloride.

On immunochemical analysis for factor
VIII-related antigen, normal endothelium
and platelets aggregated on the injured
endothelium were stained. In the sham
the endothelium was
positively stained (Fig. 4). In the untreated
group, staining of aggregated platelets was
seen on the denuded wall of the injured
artery, but in the sarp&grelate hydrochloride
group, platelet aggregation was rarely

operation group,
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observed on the endothelium. Factor VIII-
positive cells observed on the arterial surface
of rats in the sham operation group were
considered to be normal endothelial
membrane (Fig. 4).

Discussion

Ischaemic complications are one of the
main causes of morbidity associated with
endovascular procedures. For example, in
carotid stenosis, migration of soft atheroma
stripped from the fragile intimal wall to
the distal side of the internal carotid artery
can occur as an ischaemic complication
of angioplasty using a stent. Platelet
aggregation to the injured endothelium is
also presumed to be associated with
endovascular treatment. Indeed, the process
of platelet aggregation is integral to some
types of endovascular treatment; in
particular, the primary aim of embolization
treatment of an aneurysm using coils is to
induce thrombus formation around the coil
and consequent obliteration. Moreover, as
we have previously shown, in surgical
bypass surgery, early occlusion of the
anastomosed vessel is caused by thrombosis
at the site of the anastomosis.*?

Various treatments have been applied
before and after endovascular treatment
in an attempt to avoid ischaemic
complications. Intravenous administration
of an anticoagulant such as heparin is the
standard treatment in the acute stage after
placement of an intravascular foreign body
such as a stent or coil, but currently no
treatment avoids platelet aggregation in the
acute stage after surgical or endovascular
treatment for cerebral ischaemia.

Experimental injury to the endothelium
using aneurysm clips has been widely used
as a standard technique to observe the acute
and chronic changes after damage to an
artery.** This procedure does not induce
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A Sham operation Untreated Sarpogrelate

B Sham operation Untreated Sarpogrelate

FIGURE 3: Scanning electron microscopy findings in the right common carotid artery
in rats treated with sham operation, clipping injury alone (untreated) or 50 mg/kg
sarpogrelate hydrochloride intraperitoneally before and after clipping injury,
to investigate the effect of sarpogrelate hydrochloride on platelet aggregation.
(A) Magnification x 26. (B) Magnification x 400
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Sham

operation

Untreated

Sarpogrelate

higher magnification (x 550)

FIGURE 4: Immunochemical analysis for factor Vlil-related antigen in the right
common carotid artery in rats treated with sham operation, clipping injury alone
(untreated) or 50 mg/kg sarpogrelate hydrochloride intraperitoneally before and after
clipping injury, to investigate the effect of sarpogrelate hydrochloride on platelet
aggregation. Left column shows lower magnification (x 110) and nght column shows

substantial ischaemic or post-ischaemic
hyperperfusion damage to the rat brain,?
and several authors have investigated
longitudinal change after arterial injury
using this technique.!® - ¥ Experimental
injury produces a number of changes,
including acute denudation of the
endothelium on the arterial lumen surface,
platelet aggregation on the denuded intimal
surface of the damaged and exposed smooth
muscle in the acute stage, and endothelial
regrowth from the denuded end to cover the
damaged area in the chronic stage. This
procedure does not necessarily induce
atherosclerotic degeneration. From this it
can be seen that control of platelet
aggregation in the acute stage has a crucial
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role in avoiding ischaemic complications in
clinical endovascular treatment.

Several anti-platelet drugs are available
for clinical use, each acting via a different
mechanism, and each having particular
advantages and drawbacks. Aspirin and
ticlopidine, the most frequently used anti-
platelet drugs, take several days to achieve
their anti-platelet effect.’ Refractory
bleeding may occur if these anti-platelet
drugs have not been withdrawn prior to
surgery, so they are frequently stopped
several days before major surgery or
endovascular intervention.

The biological actions of serotonin are
mediated by a number of different receptors.
To date, 14 distinct subtypes of serotonin
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receptor have been identified by molecular
techniques on the basis of their binding
profile, the functional activity of ligands and
sequence homology.?® The 5-HT,, receptor on
platelets and vascular smooth muscle cells is
mainly associated with vascular events;
acceleration of serotonin-mediated platelet
activation via 5-HT,, receptors at the site of
vascular injury leads to vascular occlusion.
Sarpogrelate hydrochloride is a novel
5-HT,, receptor antagonist that has been
approved for use in peripheral arterial
disease in several Asian countries. One
unique characteristic of sarpogrelate
hydrochloride compared with other anti-
platelet drugs is its swift inhibition of platelet
aggregation. Sarpogrelate hydrochloride
inhibits aggregation of platelets 1.5 h after
treatment,?! which is similar to the
immediate response observed in the present
study, and acts via direct antagonism of
5-HT,, receptors on circulating platelets.® If a
sufficiently large dose is given, this effect
occurs without a time delay. Furthermore, as
the effect of sarpogrelate hydrochloride on
the platelet is reversible, it can be withdrawn

only 1 or 2 days before surgery, which is an
advantage compared with conventional anti-
platelet drugs.?>

In the present study, aggregation of
platelets to the injured intima observed by
electron microscopy was inhibited by
50 mg/kg sarpogrelate hydrochloride. This
dosage has been shown to be effective in
an experimental model of peripheral
obstructive disease.?® Expression of factor VIII
at the injured intima was also suppressed
by sarpogrelate hydrochloride. Our study
suggests that serotonin may play an
important role in platelet aggregation via
5-HT,, receptors at the site of endothelial
injury. These results indicate that
sarpogrelate hydrochloride may be used to
prevent early ischaemic complications after
surgical or endovascular arterial interven-
tions; however, further quantitative analysis
is required to validate the effect.
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R OFD area 1 TIEEFELRS DV E L (22 TilE3ce), BEET (22 TIHREE
EBhro4h, BEELARD. BEILIEBRO area 2 TREGFLRFS—ERESHY (TR
18cc) & MRS (22T 258, BRICESAVL. LAL, 226 4MHHICKH,
RUSSEE D D4hh, BEEES. TACKHLT, FHEBELRNS 53 (22 TR 25c0)
area 3 T, BFEIZEEL THEEICE SR,

HTE 2w, ¥ROZ L4, RIIOBEICIE, =M% heterogenuity (R¥—&) PFEHE
T5. Thabb, B EEEETE, BOOBEFELS. LT, REOPFLEED
T, BMOFHHFRIEMASETHHBEORENRR L >TSS (B 1-5). Therapeutic time win-
dow DE LN, BB ZOBREZEMNT LI LB —ERFHERTA L, CORICHE
£ (RHEEL) ORI, BRTs2Lii2s (F1-6). Ihid, WwWwikz 2 L EBEEHE
IR P OO HEEEAYERL, EFEWRAEAKEEZEboTw{BRLEIZ L
WTED., COEFTREZENS, penumbra (RF ¥ 7)) &mBsh, BHZN S A—F—
& UTHRERYICE LT 2 “BEWREEER" L LCHBES o 2. 2 oML, MiEim s
LCTOABMERE, Ay Py~ —EMEIckbhTwa, UL, ATP OEAELRICE
BIANF—EEPLENIR EBEOERICEE > Tk v, —7F, BlfOLTE, Frva—
R EBFMEIEOFRICL Y, BRABEIESCEES S (R1-7). BEEEREHC L ) ILEFE
BUZHEML, MEMEO marker TH A N-acetyl-aspartate (NAA) AWHZELT A & L SmEA Lt
B4t #: (magnetic resonance spectroscopy) R ETHLMIZENTWAS, —7F, penumbra
T, BAEAHCL2AROMBIES 5%, TOEREIEWL, NAA MREELTWE (¥
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