
 

Sarpogrelate Hydrochloride, a Selective 5-HT2A Antagonist, Augments Autologous 

Bone-Marrow Mononuclear Cell Implantation-induced Improvement in 

Endothelium-Dependent Vasodilation in Patients with Critical Limb Ischemia 

 

 

 

Brief title: Cell therapy, 5-HT2A antagonist and endothelial function 

 

 

 

 

Yukihito Higashi, MD, PhD, FAHA; Masanori Miyazaki, MD, PhD; Chikara Goto, 

PhD; Hiroaki Sanada, MD, PhD; Taijiro Sueda, MD; Kazuaki Chayama, MD, PhD 

 

Department of Cardiovascular Physiology and Medicine (C.G., Y.H.),  

Department of Medicine and Molecular Science (K.C.),  

Department of Surgery (M.M, H.S. and T.S.),  

Hiroshima University Graduate School of Biomedical Sciences 

 

 

 

Address for correspondence: Yukihito Higashi, MD, PhD, FAHA 

Department of Cardiovascular Physiology and Medicine 

Graduate School of Biomedical Sciences, Hiroshima 

University  

1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan 

Fax: +81-82-257-5124   

Phone: +81-82-257-5122 

E-mail: yhigashi@hiroshima-u.ac.jp 

 



 2

Abstract 

Background: The purpose of this study was to determine the effect of a combination of 

bone-marrow mononuclear cell (BM-MNC) implantation and sarpogrelate, a selective 

5-HT2A antagonist, on endothelial function in patients with critical limb ischemia (CLI). 

Methods: We evaluated the leg blood flow (LBF) responses to acetylcholine and 

sodium nitroprusside (SNP) before and after BM-MNC implantation in 16 patients with 

CLI. We divided CLI patients into two groups: those co-treated with sarpogrelate orally 

for 12 weeks (sarpogrelate group, n=8) and those who remained on conventional 

therapy (control group, n=8). LBF was measured by strain-gauge plethysmography. 

Results: BM-MNC implantation improved ankle-brachial pressure index, transcutanous 

oxygen pressure, and pain-free walking time. There was no significant difference in 

these parameters between the two groups. Before BM-MNC implantation, LBF 

responses to acetylcholine were similar in the sarpogrelate group and control group. 

Twelve weeks of BM-MNC implantation enhanced LBF responses to acetylcholine in 

the sarpogrelate and control groups. After 12 weeks of BM-MNC implantation, LBF 

response to acetylcholine was significantly greater in the sarpogrelate group than in the 

control group. BM-MNC implantation did not alter the LBF responses to SNP in either 

group.  

Conclusion: These findings suggest that BM-MNC implantation improved not only 

limb ischemic symptoms but also endothelium-dependent vasodilation in patients with 

CLI. A combination of BM-MNC implantation and sarpogrelate had a more beneficial 

effect on vascular function in these patients. 

 

Key words: angiogenesis, cell therapy, endothelial function, limb ischemia 
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Introduction 

Bone-marrow mononuclear cell (BM-MNC) implantation increases collateral vessel 

formation in both ischemic limb models and patients with limb ischemia.1-3 Endothelial 

dysfunction is the initial step in the pathogenesis of atherosclerosis and plays an 

important role in the development and maintenance of atherosclerosis.4 Limb ischemia 

is generally associated with endothelial dysfunction.5-8 We have recently shown that 

autologous BM-MNC implantation improves not only limb ischemic symptoms and 

findings of angiography but also endothelial function in patients with critical limb 

ischemia (CLI). 9 

Serotonin (5-hydroxytryptamine, 5-HT) released from activated platelets has 

various subtypes of receptors.10,11 In general, serotonin mediates vasodilation by 

binding to 5-HT1 receptors on endothelial cells and vasoconstriction as well as 

promoting platelet aggregation by binding to 5-HT2A receptors on vascular smooth 

muscle cells and platelets,12-14 resulting in regulation of a balance of vasodilation and 

vasoconstriction. In the case of injury of the endothelium, serotonin would 

predominately bind to 5-HT2A receptors, leading to vasoconstriction and platelet 

aggregation on vascular smooth muscle cells and platelets. It has been reported that 

gene expression of the 5-HT2A receptor was enhanced in an animal model of limb 

ischemia.15 It has also been reported that patients with peripheral arterial disease (PAD) 

have higher plasma serotonin concentrations than those in healthy subjects.16 

Sarpogrelate hydrochloride, a selective 5-HT2A antagonist, has been used as an 

anti-platelet agent for treatment of PAD.17,18 Sarpogrelate inhibits thrombus formation, 

suppresses platelet aggregation and inhibits vascular smooth muscle cell 

proliferation.19-23 Sarpogrelate improves ischemic symptoms such as intermittent 
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claudication, pain and cold sensation of the lower extremities, and objective indices 

such as ankle-brachial pressure index (ABPI).24 Recently, we have shown that 

sarpogrelate improves endothelial function in patients with PAD who have Fontaine II 

or III. 25  

It is expected that a combination of BM-MNC implantation and sarpogrelate will 

greatly improve much more endothelial function in PAD patinets with CLI. In the 

present study, we evaluated endothelium-dependent vasodilation induced by 

acetylcholine (ACh) and endothelium-independent vasodilation induced by sodium 

nitroprusside (SNP) before and after BM-MNC implantation in the presence and 

absence of sarpogrelate.  

 

Methods 

Subjects 

Sixteen patients with CLI (15 men and 1 woman; mean age: 64±9 years) who had rest 

pain and non-healing ulcers and who were not candidates for angioplasty or surgical 

revasularisation were enrolled in this study. The diagnosis of limb ischemia was 

confirmed by angiography. CLI was classified according to the guideline of Trans 

Atlantic Inter-Societal Consensus II.26 All enrolled patients received antiplatelet agents 

(100 mg of aspirin once per day or 100 mg of ticlopidine three times per day) before the 

study. All patients underwent BM-MNC implantation. The patients were randomly 

divided into two groups: a sarpogrelate treatment group (n=8; 8 men; mean age, 65±8 

years), in which patients were treated with sarpogrelate hydrochloride 

(Mitsubishi-Tanabe Pharma Co., Osaka, Japan) at a dose of 100 mg three times per day 

for 24 weeks in addition to previous antiplatelet agents, and a control group (n=8; 7 
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men and 1 woman; mean age, 64±9 years), in which treatment with previous 

antiplatelet agents was continued for 24 weeks. All patients continued to receive 

conventional therapy throughout the study. Lifestyle also was regulated throughout the 

study. Data for one patient in the control group who dropped out of the study were 

excluded from the primary analysis. The study protocol was approved by the Ethics 

Committee of Hiroshima University Graduate School of Medicine. Written informed 

consent for participation in the study was obtained from all subjects. 

 

BM-MNC implantation 

BM-MNCs were sorted and implanted in patients with CLI, as previously described.2,9 

Briefly, we aspirated about 500 mL of bone marrow from the ileum of each patients 

under general anaesthesia and immediately isolated BM-MNC using a CS3000-Plus 

blood-cell separator (Baxter, Deerfield, IL, USA) to obtain a final volume of about 50 

mL. Then we intramuscularly implanted about 0.75 mL of BM-MNCs into each 

injection site (total of 40 sites, 1.5 cm in depth) in the gastrocnemius of each ischemic 

leg with a 3 x 3 cm grid using a 22-guage needle. 

 

Effect of BM-MNC implantation on endothelial function in patients with CLI  

Leg vascular responses to ACh chloride (Daiichi Pharmaceutical Co., Tokyo, Japan) 

and SNP (Maluishi Pharmaceutical Co., Tokyo, Japan) were evaluated using a 

mercury-filled silastic strain-gauge plethysmography (EC-5R, D.E. Hokanson, Inc., 

Issaquah, WA, USA) before and at 12 weeks after BM-MNC implantation in all 

subjects. They were kept in the supine position in a quiet, dark, air-conditioned room 

(temperature, 22°C to 25°C) throughout the study. A 23-gauge polyethylene catheter 
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was inserted into the BM-MNC-implanted femoral artery for the infusion of ACh and 

SNP under local anesthesia. After each patient had spent 30 minutes in the supine 

position, we measured leg blood flow (LBF) and arterial blood pressure. Then, the 

effects of the ACh and SNP infusion on leg hemodynamics were measured. ACh (7.5, 

15, and 30 µg/min) and SNP (0.75, 1.5, and 3.0 µg/min) were infused intra-arterially for 

5 minutes at each dose. The infusions of ACh and SNP were carried out in a random 

order. Each study proceeded after the LBF had returned to baseline.  

Baseline fasting serum concentrations of total cholesterol, high-density 

lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, 

malondialdehyde (MDA)-modified LDL, triglycerides, glucose, insulin, electrolytes, 

interleukin-6, and high-sensitivity C-reactive protein (hs-CRP) were obtained after a 

30-minute rest period before the study. The 24-hr urinary excretion of 

8-hydroxy-2’-deoxyguanosine (8-OHdG) was determined. 

 

Measurement of LBF 

The blood flow was measured using a mercury-filled Silastic strain-gauge 

plethysmography (EC-5R, D.E. Hokanson, Inc.), as previously described.9,27  

 

Analytical methods 

Samples of venous blood were placed in tubes containing sodium EDTA (1 mg/mL) and 

in polystyrene tubes. The EDTA-containing tubes were chilled promptly in an ice bath. 

Plasma was immediately separated by centrifugation at 3100g for 10 min at 4°C, and 

serum was separated by centrifugation at 1000g for 10 min at room temperature. 

Samples were stored at -80°C until the time of assay. Serum concentrations of total 
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cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, glucose, and electrolytes 

were determined by routine chemical methods. Serum concentration of hs-CRP was 

measured by a high sensitive nephelometry assay using a CRP kit (Dade Behring, 

Deerfield, IL, USA). Serum concentration of interleukin-6 was measured by a high 

sensitivity ELISA (R&D Systems, Minneapolis, MN, USA). The serum concentration 

of MDA-LDL was assayed by ELISA (anti-MDA-modified LDL antibody, SRL Co., 

Atsugi, Japan). The urinary excretion of 8-OHdG also was assayed by ELISA using 

8-OHdG kits (Nihon Yushi, Fukuroi, Japan). 

 

Statistical Analysis 

Results are presented as the mean±SD. All reported P values were two-tailed. Values of 

P<0.05 were considered significant. The Mann-Whitney U test was used to evaluate the 

differences in variables at the baseline between the sarpogrelate treatment group and the 

control group. Comparisons of parameters before and after BM-MNC implantation 

were performed with adjusted means by analysis of covariance using baseline data as 

covariates. Comparisons of time course curves of parameters during the infusions of 

ACh and SNP were analyzed by two-way analysis of variance for repeated measures on 

one factor followed by the Bonferroni correction for multiple-paired comparisons. Data 

were processed using the software package Statview (SAS Institute, Cary, NC, USA) or 

Super ANOVA (Abacus Concepts, Berkeley, CA, USA). 
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Results 

Clinical characteristics 

Baseline clinical characteristics before and at 12 weeks after BM-MNC implantation in 

the sarpogrelate and control groups are summarized in Tables 1 and 2. The numbers of 

BM-MNCs implanted into ischemic limbs were 1.8x109±0.6x109 in the sarpogrelate 

group and 1.7x109±0.4x109 in the control group. The numbers of CD34+ cells included 

in the implanted BM-MNCs were 3.7x107±1.8x107 in the sarpogrelate group and 

3.6x107±1.2x107 in the control group. There was no significant difference in the 

numbers of implanted BM-MNCs and CD34+ cells between the sarpogrelate and 

control groups. Twelve weeks of sarpogrelate treatment significantly decreased serum 

concentrations of interleukin-6 and hs-CRP. In the control group, serum concentrations 

of interleukin-6 and hs-CRP were similar at 0 weeks and 12 weeks of follow-up (Table 

1). BM-MNC implantation improved transcutanous oxygen pressure, and pain-free 

walking time in the sarpogrelate and control groups. There was no significant difference 

in these parameters between the two groups at 0 weeks and 12 weeks of follow-up 

(Table 2). BM-NMC implantation did not alter other parameters, including systemic 

hemodynamics, lipid profiles, glucose metabolism, and oxidative stress markers in the 

sarpogrelate and control groups. 

 

Effect of BM-MNC implantation on endothelial function in patients with CLI  

Intra-arterial infusion of ACh increased LBF in a dose-dependent manner. Before 

BM-MNC implantation, LBF responses to ACh were similar in the sarpogrelate group 

and control group (Fig. 1, top). Twelve weeks of BM-MNC implantation enhanced LBF 

responses to ACh in the sarpogrelate and control groups (Fig. 1, top). After 12 weeks of 
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BM-MNC implantation, LBF response to ACh was significantly greater in the 

sarpogrelate group than in the control group (Fig. 1, top). Intra-arterial infusion of SNP 

also increased LBF in a dose-dependent manner. BM-MNC implantation did not alter 

the LBF responses to SNP in either group (Fig. 1, bottom). No significant change was 

observed in arterial blood pressure or heart rate in response to intra-arterial infusion of 

either ACh or SNP before or after BM-MNC implantation. 

There was a significant correlation between interleukin-6 levels and hs-CRP 

levels (r=0.47, P<0.001). After 12 weeks of BM-NMC implantation in combination 

with sarpogrelate, changes in interleukin-6 and hs-CRP were parallel. There was no 

significant relationship among the vascular responses to ACh and SNP and serum 

concentration of interleukin-6 or hs-CRP or among the increase in FBF responses to 

ACh and SNP and change in hs-CRP or interleukin-6. 
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Discussion 

In the present study, BM-MNC implantation improved not only limb ischemic 

symptoms but also endothelium-dependent vasodilation in patients with CLI. In 

addition, a combination of BM-MNC implantation and treatment with the 5-HT2A 

receptor antagonist sarpogrelate had more beneficial effect on vascular function in these 

patients.  

Several possible mechanisms by which sarpogrelate greatly improves 

endothelial function in patients with CLI who have undergone with BM-MNC 

implantation have been proposed. Selective blockade of 5-HT2A receptors on vascular 

smooth muscle cells or platelets by sarpogrelate may inhibit serotonin-induced 

vasoconstriction or that serotonin may stimulate 5-HT1B and/or 5-HT2B receptors on the 

endothelial cells, resulting in enhanced NO production in the endothelium.  

Interestingly, sarpogrelate significantly decreased circulating levels of 

inflammatory markers, interleukin-6 and hs-CRP, in patients with CLI. Several lines of 

evidence have shown that PAD is associated with systemic inflammation.28,29 In 

addition, it is well known that there is an association between inflammation and 

endothelial dysfunction. Under the condition of chronic inflammation, production of 

proinflammatory cytokines results in activation of endothelial cells, leading to 

excessive induction of adhesion molecules, cytokines, growth factors, and 

vasoconstrictors.30,31 In addition, it has been reported that proinflammatory cytokines 

downregulate the expression of eNOS.32 Administration of these cytokines, including 

interleukin-6, attenuates endothelium-dependent vasodilation in human veins in vivo.33 

CRP also directly decreases eNOS mRNA and protein levels and enzymatic activity in 

human aortic endothelial cells.34 It is thought that endothelial dysfunction promotes 
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inflammation of the vascular wall, leading to a vicious circle between endothelial 

dysfunction and inflammation. We have recently reported that chronic infection with 

Helicobacter pylori impairs endothelium-dependent vasodilation in healthy male 

subjects.35 Periodontitis, which is an ideal model for determining how 

endothelium-dependent vasodilation is affected by inflammation, has been shown to be 

associated with endothelial dysfunction in subjects without cardiovascular risk factors 

as well as hypertensive patients through a decrease in NO bioavailability.36 Periodontal 

therapy has been shown to improve endothelium-dependent vasodilation in these 

patients.41 These findings suggest that systemic inflammation might be, at least in part, 

a cause of endothelial dysfunction. In the present study, there was no correlation 

between changes in vascular response to ACh and changes in levels of inflammatory 

markers, interleukin-6 and hs-CRP, suggesting that the effects of sarpogrelate on 

endothelial function are at least partly independent of these inflammatory markers. In 

addition, there was no significant relationship between basal levels of interlukin-6 and 

hs-CRP and vascular response to ACh. However, we cannot deny the possibility that 

reduction in inflammation contributes to the improvement in endothelium-dependent 

vasodilation in patients with PAD. Discovery and rigid validation of potential 

biomarkers of inflammation-related endothelial dysfunction would enable a more 

specific conclusion concerning the role of inflammation in endothelial function to be 

drawn. 

It has been reported that 5-HT stimulates interleukin-6 synthesis in aortic 

endothelial cells, leading to vascular inflammation in the process of development of 

atherosclerosis.37 It has also been shown that interleukin-6 production in human 

vascular smooth muscle cells is due to the action of 5-HT on 5-HT2A receptors through, 
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at least in part, a PKC-dependent pathway and that the interleukin-6 production is 

significantly inhibited by sarpogrelate.38 It is likely that 5-HT also plays an important 

role in vascular inflammation associated with atherosclerosis. Therefore, we believe 

that sarpogrelate lowers interleukin-6 and CRP in the absence of BM-MNC 

implantation. Yamanaka et al.39 have shown that circulating interkeulin-6 levels tend to 

be decreased, but not significantly, during 2-month treatment with sarpogrelate at a 

dose of 300 mg/d in diabetic patients with atherosclerotic PAD. Further studies are 

needed to confirm the effects of sarpogrelate on systemic inflammation in patients with 

PAD of various degrees in the presence and absence of interventions, including 

BM-MNC implantation. 

Several lines of evidence have shown that sarpogrelate decreases the production 

of reactive oxygen species from macrophages and neutrophils through inhibition of the 

adhesion and proliferation of macrophages and suppresses neutrophil function.40,41 

Therefore, sarpogrelate may inhibit the degradation of NO by inhibition of the 

production of reactive oxygen species. However, in the present study, BM-MNC 

implantation per se and a combination of BM-MNC implantation and sarpogrelate did 

not alter oxidative stress markers such as urinary 8-OHdG excretion and serum 

MDA-LDL concentration in patients with CLI.  

 

Study limitations 

Although significant improvement in endothelial function was observed following 

a combination of BM-MNC implantation and treatment with sarpogrelate, the number 

of subjects enrolled in this study was small. This phase 1 clinical trial was not 

placebo-controlled. Controlled studies using large populations of patients and with long 
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observation periods are needed to determine the role of a combination of BM-MNC 

implantation and treatment with sarpogrelate in endothelial function in patients with 

CLI. In addition, evaluation of a large number of subjects may enable more specific 

conclusions concerning the roles of inflammation, especially inflammatory markers, in 

endothelial function after combination therapy of BM-MNC implantation and 

sarpogrelate to be drawn. 

 

In conclusion, a combination of angiogensis with cell therapy or gene therapy and 

interventions that are known to improve or augment endothelial function should greatly 

improve endothelial function in patients with PAD, leading to prevention of 

cardiovascular or cerebrovascular complications. It is clinically important to select 

appropriate interventions for improving endothelial function in patients with severe 

atherosclerosis.  
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Figure Legend 

 

Fig. 1. Comparison of the leg blood flow (as % change from basal flow) response to 

acetylcholine administration (top) and sodium nitroprusside administration (bottom) 

before and after BM-NMC implantation of 12 weeks of follow-up in the sarpogrelate 

and control groups.  

 



 21

 



 22

 



 23

 
 



Baseline 0.75 1.5 3.0
Sodium nitroprusside (µg/min)

Le
g 

bl
oo

d 
flo

w
 (%

)

N.S.

0

10
20

40
50
60

80

100

30

90

70

12 weeks after BM-MNC-I + sarpogrelate
Before BM-MNC-I + sarpogrelate

12 weeks after BM-MNC-I (control)
Before BM-MNC-I (control)

Baseline 7.5 3015

0

10
20

40
50
60

80

100

30

90

70

Le
g 

bl
oo

d 
flo

w
 (%

)

Acetylcholine (µg/min)

P < 0.001

12 weeks after BM-MNC-I + sarpogrelate
Before BM-MNC-I + sarpogrelate

12 weeks after BM-MNC-I (control)
Before BM-MNC-I (control)

P < 0.01

P < 0.001

Figure 1


	JCVP-09-246R1 manuscript Hiroshima U.pdf
	JCVP-09-246 Figure.pdf

