180

CROSS-FLOW PUMP OXYGENATOR 243

Figure 5 shows the experimental circuit which consists of an
integrated oxygenator with the CEP {n= 4}, & reservoir; the
15410 flow meter (Transonic Systems Inc.), and a BFE41 water
bath (Yamato Scientific €O, Tokyo, Japan). The index artificial
tungs used aCUBE 6000 {Daintppon ink & Chemicals Co.).
The oxygenator and the original model were connected to the
roller blood pump Mera HAD101 (Senko Medical lnstrument
Mig., Tokyo, Japan). The experiment used bovine blood with a
hematocrit of 35%. The blood reservoir was placed in a tem-
perature controlled bath at 37°C. Standard bovine venous
blood (O, saturation, 65 = 5%; hemoglobin, 12 g/dl; and
partial pressure of carbon dioxide, 45 £ 5 mm Hel was sup-
plied to the inlet to evaluate O, and CO, transfer rates. Gas
exchange performance was evaluated at blood flow eates of 1,

-3, and 4 Vimin, with bload and gas flow ratios set at 1. O, and

CO, wansfer rates were estimated from the blood gas analysis
data. O, and CO, transfer rates were calculated using ‘the
following formulas:
Cycontent = (Hb X 1.34 X 50,)/100 + PO; % 0.003
O, transfer rate = a0~ vOy X Q
Total COy =HEO; +0M3 X PCO,
CO; transfer rate=22.3 X (COv~ tC )y

where Hb is the hemoglobin, PO, is the oxygen partial pres-
sure, Ca0, is the arterial oxygen content, CvO, is the venous
oxygen content, (3 is the blood flow rate, HCO, _ is the plasma
bicarbonate jion concentration, PCO, is the CO, partial pres-
sure, 1CO,v is the venous total CO,, and tCO,a is the arierial
total CO,. Blood gas samples were analyzed using the gas
analyzer Ciba Coming 248 (Bayer Medical Inc., Tokyo, Japan).
Values are expressed as mean * S0,

 Results

The relationship between flow rate and pressure head in the
CFP at different motor speeds is illustrated in Figure 6. The
maximum flow rate of the CFP was 5.38 l/min at 3000 pm
when the pump head was 142 mm Hg.

Computational fluid dynamics (CFD} analysis results are
shown in Figure 7, and Table 2 shows a comparison of the
uniformity of the blood flow at the hollow fiber membrane
part. The standard deviation of the blood flow of the original
design at the hollow fiber membrane part was 6.996-5. The
standard deviation of the blood flow for design 1 was 7.80e-6;

for design 2, 1,17¢-5; and for design 3, 3.426-5. Compared to

the original design as the standard, the uniformity of blead
velocity was improved by 88.8% in design 1, by 83.3% in
design 2, and by 51.1% in design 3.

The effect of the uniformity of the blood velocity at the
hollow fiber membrane part on oxygenator pedormance was

“evaluated by gas exchange pedformance in an in vitro expar-

Table 1. Analysis and Boundary Conditions

Porosity of the hollow fiber membrane 0.6

Blood contact sutface sondition Nonslip

Outlet flow condition Free from pressire
Inlet flow rate 3 Umig

Gravitation forcs From outlet to inlet
Fluld type Newtonian
Viscosity of blood 0.0033 Pag
Density of blood 1060 ka/m 3

Beservoir

Reservoir

Flow meter

i
Water bath  Integrated oxygenator
with CFP

Figure 5. The measurement eircuit of gas exchange performante,
Gas exchange performance was evaliated using the single path
method, The experiment used bovine blood maintaingd at a fem-
pevature of 37°C.

iment. The O, and CO, transfer rates are shown in Figure 8
and Figure 9. The O, and the CO, gas transfer pedormance of
the original design were 211 mUmin and 116 m¥min (V/Q =
1), respectively, ata blood flow rate of 4 Vmin, With design 1,
the O, and the CO, gas transfer rates were 255 ml/min and
157 mifrin, respectively, The Oy and CO; transfer rates with
designs 1,2, and 3 were higher than in the original design.
Overall, when the blood flow rate was 4 Vmin, O, transfer
tates were increased by 20%, and CO, wansfer ratés wern
increased by 35% in design 1 as compared with the original
axygenator,

At the high flow rate, designs 1, 2, and 3 achieved a higher
gas exchange performance than the original oxygenator using
a 3/8-inch port. However, no differences in gas exchange
performance were found between deslgns at the low flow rate.
The average outlet PO2 of the original design was 531 + 16
mm Hg at a blood flow rate of 1 Umin. The average outlet PO2
for design 1 was 541 ® T6mmHg; for design 2, 555 * 19 mm
Hg: and for design 3, 555 * 13mmHg al the same flow rate.

Discussion

The performance requirements of an arfificial implantable
lung include having a low resistance, achieving adequate gas
transfer performance, being nonthrombogenic, and having a
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Figure 6. A shown in the graph of pump pedomance, the CFP
aenerated 538 Vimin at 3000 rpm when the pump head was 142 mm Hg
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Figure 7. Results of CFD anat-
ysis. Showr is the blood veloeity

De

compact size. Much research has been conducied to improve
these performance problems in order to achieve clinical ap-
plicability of the adtificial implantable lung. Because an inte-
grated oxygenator uses a blood pump, oxygenator resistance
that might cause cardiac faflure is of no concern. We evaluated
the effects of various changes on integrated oxygenator perfor-
mance by using a combination of CFD analysis and in vitro
experiments,

Overall, the standard deviation of the blood flow at the
hollow fiber membrane part was low with the improved Oxy-
genator models; design 1 had the lowest standard deviation,
followed by design 2 and then design 3. One can surmise that
the metbrane surface area would be used effectively, because
the Jow standard deviation value indicates uniform flow at the
hollow fiber membrane part. O, and CO, transfer rates indi-
cated high gas exchange performance, with design 1 having

- the highest performance, followed by design 2 and then design

3, From these results, it can be deduced that uniferm blood
flow in the hollow fiber membrane part influences gas ex-
change performance. Thus, uniforni blood flow ¢an be used as
a design parameter for the oxygenator. We compared the gas
transfer relationship between the port inflow oxygenator and
the wide inflow oxygenator. The bload was fully saturated with
any Inlet design, because the bundle is overdesigned for a low

Table 2, Cornparison of Restilts

Improvement
Standard Deviation Hate (%)
Original design B.8pe-5 —
Design i 7.80e-5 8.8
Design:2 147e-5 833
Design 3 3.42e-5 51.1

at the holiow fiber membrang
part.

Design3

flow rate. Therefore, at low flow, there is very little difference
in the gas exchange performance between the port inflow and
the wide inflows. However, the difference between the perfor
mances of the oxygenators increased ata high flowrate. When
the oxygenator with the: port inflow was used, a'high flow rate
caused channeling and decreased the efficiency of the hollow
fiber membrane, Therefore, gas exchange performance was
reduced, However, use of the wide inflow oxygenator
avoided channeling because the CFP produced a wide uni-
form flow to the oxygenator. Therefore, the oxygenator used
the membrane surface area effectively to achieve a high gas
exchange performance. Compared with design 1, design 3
had nonuniform flow and low gas exchange performance.
The space between the infet housing and the hollow fiber
membrane was small in design 3. Therefore, chanseling was

EiCedginad Destn =4 mesn=8h
| mha
DD
-G Erevignd
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Figure B. Relatlonship between O, transfer rite dnd flow tate. O,
transfer rate of the design 1 was 255 mVmin (//Q = f)at-a blood
flow rate 4 min.
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Figure 8. Relationship between CO, transter'rate and fiow rate.
CO; transfer rate of the design 1 was 157 miimla (WQ = Y at &
blood flow rate 4 Vmin,

caused in the hollow fiber membrane pad, and gas ex-
change performance was reduced, because the membrane
surface area could not be used effectively. In design 1,
kinetic energy was effectively converted to pressure snergy,
because there is a large space between the inlet housing and
the hollow fiber membrane, and the membrane surface area
could be used effectively. However, design 1 needed a big
priming volume because of the large space. We are plan-
ning further studies of integrated oxygenator size, thrombo-
genicity in the oxygenator, and gas exchange performance.

Conclision

The result of our experiments suggests that a CFP, which
produces a wide uniform flow to the oxygenator, increases the

efficiency of the hollow fiber membrane part. We think that
this device can be used as an implantable pump oxygenator.
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EFFECTS OF ORAL BERAPROST SODIUM, A PROSTAGLANDIN [,
ANALOGUE, ON ENDOTHELIUM DEPENDENT VASODILATATION IN
THE FOREARM OF PATIENTS WITH CORONARY ARTERY DISEASE

Shuzo Ohata,* Yutaka Ishibashi,* Toshio Shimada,* Nobuyuki Takahashi,* Takashi Sugamori,* Takeshi
~ Sakane,* Yoshifumi Hirane,* Nebuyuki Oyake,* Yo Murakami* and Tetsuya Higami'

*Division of Cardiovascular Medicine, Department of internal Medicine, Shimane University Faculty of Medicing, lzumo City,
Shimane, Japan and ' Division of Cardiovascular Medicine, Department of Cardiovascular Surgery, Shimane University Faculty
of Medicine, Ieimo: City, Shimane, Japan

SUMMARY

1. Previous climical studics with prostaglandin [, (POL)
analogue beraprost sodivm suggested the potential effects on
protection of eardiovascular events in patients with peripheral
artery disease. Although the mechanism v mot well knowa,
experimental studies have shown protective effects ol endothelial
cells. This study was designed to examine the effects of beraprost
sodiom on vasenlar endothelial function in the forearm of
paticnts with coronury avtery disease.

2. Beraprostsodium {120 pe/day) was orally administered to
14 zoronary wriery disense paticnts for 4 weeksand then stopped
for 4 weeks. Eleven control patients did not receive beraprost
sodium treatment. Reactive hyperemis was induced in the
forearm, endothelium-dependent vasodilatation was assessed by
plethysmiography, and wrinary S-iso-prostaglandin F,, (8450~
PGF,,) was measured at baseline, 4 weeks and 8 weeks.

3. Both groups had similar resctive hypeéremie responses at
baseline. In the control group, reactive hyperemic response and
urinary 8:s0-PGF,, remained unchanged for 8 weeks. In the
herdprost group, maximum forcarm blood flow inercased signifi-
cantly (P = (.01} after 4 weeks of reatment and vefurned to base-
line at 8 weeks. Duration of hyperemia increased significantly
{#=0.003) after 4 weeks, aud remained greater than baseline at
8 weeks (#=0.02). Urinary 8-is0-PGE,,, decreased significantly
{(P=0.03) after 4weeks, and fended to be lower at 8 weeks
{#=10.07). Changes in reactive hyperemia corrclated weakly but
significantly with changes in 8-i50-PGF,, (P < 0.001}

4. Beraprostzodiwm decreased sxidative stress and improvid
forearm endothelium-dependent vasodilatation in coronary actery
disease patients. The favorsble effects on vascular endothelium
could potentially Tead fo a decrease in vascular events,

Key words: 8-fso-prostaglandin ¥,,, beraprost sodiuni, pro-
staglandin 1,, reactive hyperemia,
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INTRODUCTION

Prostaglandin 1, (PG}, which is synthesised fn vascular endothelial
and smooth muscle cells after appropriate stimulation by specific
apents, shows antiplatelet action' and vascdilating action.® In
addition, PGL scts in vorcert with aitic oxide, setoruclestidase and
other endothelial molecules-to mainiain vascular homeostasis and
vasoprotection.’ Béraprost sodium is 4 'stable and orally sctive PGL,
analogueand it has antiplatelet and vagodilating properties. Beraprost
sodium has been widely used for treatment of pulimonary hyper-
wensionand atherosclerotic peripheral arterial disease, The treatment
effects with beraprost sodium have been well known in pulmonary
hypertension.** Incontrast, there are conflicting results showing that
beraprost sodium as an effective” or insfective® teatment to improve
sympioms of intermittent ¢landication in patients with peripheral
arterial disease, Howsver, these previous studies suggested the potens
tlal benefit in cardiovascular events. If beraprost sodivm has a
protective effect-on cardiovascular events, it may improve vascular
endothelial function as one sfthe mechanisms. The favourable effects
of beraprost sodium on vascular -endothelial function have been
reported in expérimental i vive studics *'® However, humean study
regarding the effects of beraprast sodivm on vasenlar endothelial
function hag mot been fully documented,

The present study investigated the ability of beraprost sodium to
improve endothelium-dependent vasedilatation in the forgarm
vessels of patients with endothelial dysfunction. Furthermore, the
present study was.also desigoed to examine the effects of discon-
tinuation of treatinent with beraprost sodium, becauise ‘we have
experisnced some cases that show Improvement of symptoms in
patients wifh peripheral artery disease after cessation of treatment
with beraprost sodinm,

METHODS
Study population and desicn

The study was performed prospectively in 30 patients with coronary artery
disease. Paticnis were randemly assigned to either a beraprost group, treated
with beraprost sodium, or & sontral geoup, treated without beraprost sodium.
Beraprost sodium (120 wp/day) was orally administered 10 15 patisns for
4weeks, followed by 4 weeks withont beraprost sodium, The other 14-age-
and gender-mutehed patients were followed but not treated with beraprost
sodium. All other medications were continued hroughout the course of the

163




382

study ingll the patients and all drugs ineluding beraprost sodivm were stopped
12 Wbefore the study. Current smokers and patients with s history of smoking
withitithe past 2 vears were excluded from the study. This study was approved
by the Homan Subjects Research Conmittee of Shimane University Hospital,
Wiilten informed consent was ohtained from all participants.

Measurements of forearm blood fow

Forearm blood flow (FBE, mL/min per 100 mL forearn tissue voline) was
measured using mercury-filled silicone strain-gauge plethysmography as
previously described elsewhere. " Briefly a strainsgauge was placed in the
widest part of the left forearm and the ammr was slightly élevated above the
level of the right atrivim, The swalo-gaiige was conngcted to & Hokansen EC-
SR Plethysmograph (FHokanson, WA; USA) that was calibrated fo measure
percent changes irvolume, and this was-connected in turm to 4 chart recorder
1o record the flow measurements. For each measurement; & ouff placed around
the upper &rm was inflated to 40 mmbe with 2 rapld cuff inflater (E-10,
Hokanson, WA, USAT tooeclude venous outow from the extremity, A vrist
cuff wat inflated o suprasystolic pressure Lmin before each measurement
o excluds the hand ciroulation. Flow measurements wore recorded for 5 5

every 155 and four readings were obtained for each misan value

Reactive hyperemia and bloed sampling

All participaits were instructed 1o abstiin From esting food snd deinking cafe
feinated beverages foratleast 12 hbefore the study. The study was performed
in the supine position e roomaisconditioned to 4 temperatite of 25-26°C.
After mieasurerent of resting FBE the effest of reactive hyperemia was
mieasured, To induce reastive hyperemid, FBF was cucluded by inflating the
cuffonthie lef upper arm 4o 20--30 menb g shiove the systolic blood pressire
for 5 min. After theischaemic cuffocclusion was selensed, FBF was measured
for 5 min. The sane procedure was rep fof 15 min.
Forearn blood flow values were obtained by averaping the two measuréments.
Three parametess were used to dssess the otensity of reactive hyperemian
mazimora FBE; mintmum foresnmvescular resistance (FVRycalculated from
mean blood pressure and FBE; and dumtion of reactive hyperemia defined
a5 the isterval (seconds) bevween the release of oclusion and the retiith 1o
+5% of vesting FBE" Blood and urine samples were taken befove the study.
Sergm analysis was performed for chomical factors including total cholesterol,
high density lipoprotein (HDL) cholesterol, low density lipaprotein (LDL)
cholesterol, slucose; haemoglobin Ale, vitaming € (ascorbie asid) and E,
Bbrinogen, trombomodulin {TM), von Willebrand {2ctor (VWI), highly
sensitive C-resctive protein (he-CRPF)y and interleukin-6 (1L+6). The urinary
coneentration. of B-iso-prostaglardin Fy, (8«is0-PGF,,) was also meastred.
Blood pressure was mensured with a enff'sphygmomanometer plaged on the
contralateral armat rest snd every | min aferrelease sl suffosclusion, Thsse
measurements were repedted at 4 and 8§ weeksalter enrolment inthis study
inthe sdme matiner:

An 3
atleran

Caleulation of forearm blood flow

Foreaom blood flow was caleulated by two indépendent observers with no
knowledpe of the subjects” profiles, including the drups used, Inwa-observér
and interobserver costficients of variation were 2.1 +2.6% and 4.2 4 3.6%,
vespectively, in resting FBE, 5.7 £4.9% and 7.2 £5.6% inmaximun FBE,
6,3%74.9% and 8.6+ 1.9% inminunum FVR and 1.34 3. 1% and 2.6 £3.6%
in duration of reactive hyperenita. In the preliminery sindy, the mean
valuesin age-and genderimatched apparently healthy subjscts (30 maleand
18 female) were 2.95 +1.02mlfmin per dl. in resting FBE 3LI5%
9.07 mL/min per dL. in maximim FBE, 3.1 £ L1 mmHy/mL petmin per di
wminimum FYR and 131427 s n duratich of réactive Ryperemia,

Laboratory measurements

Pasting blood sonaples were obaied ot baseline and at'the'end of each 4~
week period. Serum and EDTA plasma samples wete stored at ~-80°C and

& Ohata et al,

analysed atthe end of the stuily, Total cholesterol and LDL choleswers] were
mensured by enzymatic procedures. High density lipoprotein cholesterol was
quantificd after procipifation with phosphotungstic acid magnestum chloride.
Frozen serum orplasmawas used tomeasore ascorbioacid by high performance
liquid chromatography, TM and VWE by enzymeé immunosssay, hs-CRP by
latex immunonephelometty -and 1L-6 by chemilumineseence enzyme
immunocassay. Urine for measurement of $-150-PGF,, was sampled inubes
containing indomethacin and stored at~80°Cuntil the end of the study.
Measurament of 8-180-PGF,, was performied by enzynie iinmunosssay (Assay
Desigus, M1, USA). The mean values in age-and gendecmatched appacently
healthy subjects (7= 30) in our laboratotywere 7.5 £ 2.4 mg/dL in vitamin G,
1.540.2 mg/dL invitamin E, 280 1 100 mg/dL infibrinogen, 3.2 & 1.5 Fl/mL
i TM, 1283 66% in VWF, 1026 x 100 tig/ml 1 hs-CRE, L5 £ 0.5 pa/ml
iniL-6 and 142 %72 pp/mil in §-is0-POF.,,

Statistical analysis

Abthe follow-up for 8 weeks, four patients had dropped out because of infes-
tion (1 patignt), bratn attacke (1 patient) and Juribago {1 patient) in the conirol
groupandiarthea (1 patiant) in the berapiost group. Statisbcal analysis wis
vonsequently performed for 11 patients in the control groupand 14 patients
i the beraprost group: Data are expressed as meint S0 unless: otherwise
indivated. A value of P < 0,05 was considered statistically significant,
Intergroup differences were gnalysed with the chi-square test or unpaired
ttest-Tor baseline characteristics, except for BINE, hs-CRE, IL-6, VWF and
8-is0-POF,, levels. Either the Manw-Whitniey €-test or Kruskall-Wallis
analysis of variance {awova) follawed by Schefe’s post hoe testwas used
to compare the non-parsmetric variables BNP hs-CRE 1L-6, VWP and 8-
is0-PGF,,, Comparisons of time-course curves of percent changes in EBF
during redctive Byperemia weréanalysed by two-way (groap and stedy point)
anNova for repeated messures followed by the Bonferroni cortection for
multiplespaired comparisons, Maximum FBE mintmum FYR and domtion
of resetive hyperemis were compared with two-way {group and study point)
AaNOva Tollowed by the Scheffe’s past hoe test.

RESULTS
Baseline characteristics

The baseling clinical characteristics of the beraprost and control
groups are shown in Table 1. There wereé no significant differences
betweenthe two groups in age, body mass index, blocd pressure,
heatt a8, lipid data or haemoplobin A, Coronary angiographic
findings and left ventricular funetion were comparable, as were the
drugs being administered, listed in Tables 7 and 3.

Tablel The baseline chacacteristios of the study patiet

Control Beraprost
# 11 "
Age (years) 248 6046
Sex (M/F) &3 1074
BMI (kg/m®) 2553 2443
Mean B (remHg) g1 13 BE+9
HR (beats/min) 65213 551l
TFeho (mp/dL) 173 &3] 170 x27
LDL-cho {mg/dl} 99 427 04220
HDL-¢ho (mg/dL) 39£9 42412
HbA L) 58+09 54405

Data are nigan+8D0, BMI, bady niass index; BF, blood pressure; HR, heart
rate; T-¢ho, wtal cholesterol; LDL-cho, low-density Tipopioteln cholgsteral;
HDL-cho, high-density lipoprowin cholesierol
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Effects of beraprost sodium on endothelium

Haemodynamics before and after administration of
beraprost sodium

Haemodydamics during terctive hyperemia are shown in Table 4,

At bageline; blood pressure and heart rate at rest were similar betweer
the beraprost and control groups. Forearm blood flow at reit

TableZ Clinics] characteristics in study patfents

Control Berapiast

Prior niyacardial infarction () 8 9
Prior bypass graft suigery (1) g 1
Prigr grgioplasty (1) 7 ¥
LVEF (%) 53+9 59 10
BNP (py/mL) 9564+ 1348 0.2+ 1124
NYHA (m)

I 4 &

4] 4 7

i 2 1
Coronury angiography ()

1-Vessel distase 4 11

2-Vessel discase 4 3

3-Vessel disense 2 [t}

Dataare meandSD, BNE, B-type naviuretic peptide; LVEF, left venitricilar
gjection fraction; NYHA, New York Heart Assocfation Classification.

Table 3 Background therapivs in study paticnts

Control (%) Beraprost (%)

ACE-I T{64) 9 (54}
ARB 4(36) 4 {29)
Beblocker 6(35) 8¢57)
Czantagonist 9(82) 11 {78}
Diurstics 2{18) 2 {14)
Digitalis 19} 1{n

Mitrate LO(91) 12 (8%)
Aspirin 11 (100 1309
Statin 32D 4.(28)

AUE-l, angiotensin converting enzyme inhibitor; ARB, angictensin 11
receptor blocker:

Tabled Changes in hasmodynamics at restand during renctive hypersmia
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tended to be higher in the beraprost group than in the control group
(3.604 1.31 and 2.98 % 0.46 mL/min per dL, respectively), but the
differspice was not statistically significant. Duning feactive hyperestid,
tnean blood pressure slightly but significantly decreased immediately
after the orelusive cuff was released in both the beraprost group
and the control grovp (862 9to 84+ 7 mmHg and 83+ 1310 81+
1 mmHg, respectively; both P < 0.05). Heart vate tended to increase
after release of the ecclusive culf, but the difference was not signifi-
cant (data not shown). Maximutn FBF were 22.97 £+ 6.63 mL/min
per dL 1o the beraprost grovp a6d 22:45 £ 3,03 mlmin per dL in
the eontrol group and thers was no difference between the two groups.
Oral adminishration ofberaprost sodiv did not change blood pressnre
and heart rate; but significandly increased resting FBF to 418 2 143 mL/f
pin per dL (P = 0.03) and maximure FBF to 28,27 4 §.89 mL/min
perdl, P=0.01} and returned to baseline 4 weeks after stoppinig
beraprostsodium (22.58 £ 9.09 b min perdL), There were nochanges
in the haemodynamics of the control group. Percent changes fn FBF
from resting level during reactive hyperentia in the 105+s period after
release of the cuff occlusion were significantly preaterafter 4 weeks
ofberaprost sodium treatient thar #t baseling in the beraprast group
{Fig. 1). The duration of reactive hyperemia was unchanged over the
Baweek course of the study in the control grotip. Inthe bésprost group,
however, the duration of reactive hyperemia-increased significantly
from 77 £ 27 10105 146 s alfter 4 weeks of treatmest with beraprost
sodivm (P=0003) and remained lonper at4 woeks aRer the boraprost
soditm treatment was Stopped (86 £ 28, P=0.02) Fig. 2).

Chemical Tactors before and after administration of
beraprost sodium

Table 5 shows changes in chemical: Factors sver the 8-week period
for the two groups. At baseline, there were no significant differences
it chemical factars between the béraprost group and the control
group. In the control proup, chemical factors emained tnchanged
through the follow-up, but in the berdprost gronp, beraprost sodium
treatment significantly reduced urinary 8-iso-PGF;, from 270 ¢
221 pg/mlatbaselime to 140°# 53 pa/ml after 4 weeks of treaiment
(P =10.03) and the value 4 weeks after beraprost sodiam treatment
was stopped tended to be lower than baseline (1894 116 pe/ml,
P =0.07). voun Willebiand factor; hs+«CRP and 1L-6 did not change

Rest Reactive hyperemia
HR SBP DBP FBF (mb/min.  EVR {mmHpiml Max. FBF (ml/min  Min FVR (sunllp/mL
(bpm) (EoHp) wHy per 4L} per min per dL) per 6L) per min per-dl} Duration (5}

Baseline

Beraprost 611l 125532 7+1r  3.60%131 285+ 109 2297 %663 43+ 1.4 T1x27

Control 68013 12§19 910 208 i D48 289+ 715 22454303 48439 F5EL
4 weeks

Beraprost 66210 125323 75#14  418% 145 269 & 17.6 2827 & 88941 K i 105 Hdett

Control G613 I25%18 314 2974065 289+ 8.1 2397 +4.45 46207 sx2l
8 weeks

Beraprast 59+ 10 125z 21 1%L 395931721 287x68 2258 £9.09 49 +22.5 86 £28%!

Contral 59414 123+ 16 70213 28940383 28.84£ 78 2548 35,10 4.2+ 0.5 6+ 12

&weeks in the beraprost group indicates 4 weeks aRer stopping beraprost sodiuny. Data are meanctSD, DBE diastolic Blood pressurg; FBE, forearm blood
flow; FVR, foreur vaseolar resistance; HR, beart rate; SBP, systolic blood préssurs,
*P < 0,03 versus corresponding valve at baseline. 1P <0.05 versus corresponding sontrol valus,

©2006 The Authors
Jourmal compilation © 2006 Blackwell Publighing Asia Pty Lid

165




384 & Oharg et al,
Beraporst Control
1200 1200 -
*
. BOD - . 800
@ o
B {
£ £
&
g g
5 &
K A
o O
X
F 400 - = 400 -
0 H |3 3 i T ¥ 1 T H ] ] ¥ 1 0 i ¥ ¥ H T i { T T 13 T H 1
0 30 80 1) 120 150 - 180 0 30 B0 a0 120 150 - 180

Time afler release of cuif coglusion (s)

Time after release of cuff ooclusion (s)
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after treatment with beraprost sodium was stopped (8 weeks), Right panel: Percint changes in foréarm blaod flow from rest at baseling, after 4 weeks and
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Fig. 2 Duration of reactive hyperemia at baselite, 4 weeks (4W) and
Bweeks (8W) in the control ‘and beraprost groups. Data are expressed as
meantSD.

Baseline

significantly after 4 weeks of treatinent il the beraprost group, but
decreased significantly 4-weeks after treatment was stapped.

Relationship between duration of reactive hypereminand
8-is0-PGF,,

The percent changes in duration of reactive hyperemia weakly but
significantly correlated with the percent-changes i 8«is0-PGF,,

600 Fe .01
£ 4001
Ly
=
2
o
{5
o,
2 200-
o0
0 .
»25% < 25%

Inereases in duration

Fig, 3 Urnary concentrationef B-iso-PGF,; at baseling and 4 weeks (4W)
i patients in the heraprost group. Patients were classified into two-patient
groups based on the percent of increase, 225% and < 25%, in the duration
of reagtive hyperemia from baselite afier 4 weeks featment with heraprost
sodium, Data are expressed as meandSD.

(¥ =0.34, P < 0.001). 8-156-PGF,, significantly decreased from
340275 to 117246 pe/ml. (P=0.02) after 4 weeks in those
patients showing an increase in duration -of reactive hyperemia
2 25% of baseline after beraprost sodium treatment, while it did not
change inthose patients without anintrease in duration sf hyperemia
(from 190 112 10 168 552 pgml., P =069 Fig, 3,
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Table 8 Changes in venois and urifiacy concentrations of chenical factors

385

Control Beraprost

Baseline 4 weeks Bvieeks Baseline 4 werks 8 weeks
Vitamin C (mg/dL) 72246 63226 3.2 5.1 b4 2T b4 %36 50+13
Vitamin E (mp/dl) 1.00.£0.25 L12£038 0.86% 0.31 LI3£0.25 1122831 097+ 0,28
Fibrinogen {mg/lL) 338+ 101 282 £.57 269+ 66 298+ 115 272 £45 200423
T (FUdml) 33412 34 £1.1 32+15 3.5+ 14 35%135 39419
VYWE (%) 198 +89 182 £69 1791 66 180.+.48 151 £41 125 % 39%t
hssCRP (% '180:ng/mlL) 30433 23+33 28138 29.& 31 194717 13184
A6 (pg/ml) 31+18 33+£27 34416 265ELS 28408 1.8 207
&-i50-PGFy, (pg/ml) 238 & 183 220% 257 21886 24221 140 53 18 £ 116%

8 weeks in the beraprost group indicates 4 weeks after stopping beriprost

sodimn. Data are mean28D. he-CRE highly sensitive Coreactive protein; 10.-6,

interleukin 6, 8-is0-PGF,,; 8-iso-prostaglndin Fiy; TM, thrombomodilin: VWE, von Willebrand fastor.
*P<0.01 versus corresponding value at baseline, 17« 0,05 versus corresponding control valus,

DISCUSBION

The salient finding of this study is that oral administration of
beraprost sodivim, 4 long-acting and orally active stable analogue
of PGy, resulted in ap increase in reactive hyperemia 48 an index
of endotheliim-lependent vasodilatation in patients with coronary
artery disease, Inaddition, utinary 8-is0-PGF,,, a marker of oxidative
stress was reduced significantly by tréatment with beraprost sodium.
These findings supgest that the beneficial effects of beéraprost
sodium on the vascular endothelivm in patients with-coronary artery
dissase is-associsted witha reductionin oxidant stress. Furtherraore,
the ‘forearm vasoreactivity ‘enhancsd by tredtoment with beraprost
sodium was still sbserved even 4 weeks afier the freatment was
stopped.

Effects of beraprost sodium on vascilar endothelial
function

‘Numerous previous studies have demonstrated the beneficial
effects of acute and chronic therapeutic interventions such as lipid-
lowering, " angictensin-converting etizyine inhibition, ™ physical
activity, L-argirtine,' and anti-oxidant therapy™ on endothelial fiine-
tion in thie forearm arid Have showi that sofie of thess resulied in
lowering the catdiovascular ovent rate. However, thers have been only
afew repotts omthe effvet of beraprost sodivem on the endothelivm.
Since Sakai 1 o/'° first demonstrated the cyfoprotective ffect of
beraprost sodium against chemical injury incoltured human vascular
endothetial-cells, experimental studies have reported the beneficial
effects of this agent on impaired endothelial cells. Matsumoto éral?
showed that impairment of the vasodilator response ofthe abdorinal
avrta to acetylcholine was restored by treatment ‘with beraprost
sodivm for 28 daysin the diabetic rat. Ina clinical setting, Nishimura
&t af ¥ measured TM and plasma tissue-type plasminogen activator
beforeand after treatmient of patients with diabetes by oral admin-
istration of beraprost sedium for 1 month and ‘demoistrated its
favourable effect on endothelial fusiction. Recenitly, Tomivama et a2
demonsirated that sirigle administration of beraprost sotium increased
reactive hypereinia in the foreanm associated with a decrease in
plasma TM level in patients with coronary artery diseass, sugpesting
acute effects of beraprost sodium on vascular eidothelis] function,
Inthe present study, despite beraprost sodium not being administered
on the study day, vasoreactivity in the forearns was significaatly

inereased by treatment for 4 wesks. These previous and present
resuits indicate a beneficial effect of beraprost sodium on impaired
endothelial function. The favourable effects might lead toa decrease
it cardiovascalar events, though the efficacy of treatment with
beraprost sodivm for syimptoms in patients with periphieral arterial
disease has been conflicting awmong previous repoits.™ Lonptenn
studies should be performed in the future to confirm the beeficial
effocts of beraprost sadiuin on the endothelial funstion and the
prevention-of cardivvascular events,

Mechanisms of beneficial effects of beraprost sodium on
the endothelium

Ttds-well known that PGl is an unstable sidosanoid secrited by the
vaseular endathelial cells that produces strong vasodilatation® and
suppresses platelet agpregarion,**** thus supporting blood circuls-
tion. Beraprost sodivim has been developed asa long-acting and orally
active stable analogue to PGL™ that mimics the biological propetties
of PG, such a5 sctivation of adenylate eyclase and elevation of
intracellular cAMP lovels, through activation of the PGI2 eceptor ™%
Elgvated cAMP activates protein kinase A, which inhibits cytokings,
the transmenibians receptor tssue factor; E-selectin and vasenlar
cell adbestonmolecule-1 in human mionocytic and endothelial cellg,
leading to a cytoprotective effect on the endothelium P Previcus
studies have furthermore demonstrated many favourable effects on
endothelial cells, such as an anti-inflsmmatory effeot,* inkibition of
superoxide, ™ and up<epulation of hiepatocyte growth factor® and
TM expression from the endothetial cells®

In the present siudy, beraprost sodium augmented the reactivity
of the forearm ‘vessels in patients with dovonary artery-discase and
the degree of augmentation of hyperemia correlated with the
reduction of wrinary 8-i50-PGF;,, suggesting that this drug has an
antioxidative effect in patients with high oxidative stress, Teatling to
improvement of impaired endothelial functitn. This possibility is
supported by pievious experimental studies demonstrating inhibi-
tion of superoxide production from Human®™ and w6 neutisphils.
As anether mechanism, the increased vesting FBF after treatmisnt
with beraprost sodium might also sontribute to the enhanced réuc-
tivity of the forearm vessels, sinice endothelial cell fimction might
be enhanced by elevared shear stress in ‘2 flow-deperident matifier,
However, it is difficult o asecértain a precise mechanism for this
phenemenonfrom ourtesulis, It is interesting that although IL-6 and
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hs-CRP were not affected by beraprost sodium after 4 weeks, they
were sipnificantly lower than at baseline 4-weeksafter the freatment
was stopped. This was aceompanied by a decrease in VWF after
8 weeks, suggesting a reduction in endothelial cell damage., The
duration of reactive iyperemia was also still greater than at baseline
4 weeks afier the treatment was stopped. These findings might
suggest that beraprost sodivm Increases the vasoreactivity via the
antioxidative effects inthe early stage of treatment and that the effects
might link-to suppression of inflammation and eytokine production,
leading to an increase jn vasorgactivity even afler treatment is
stoppetl. However, our resulis donotallowas to draw sny conclusions
a¢ to-whether the beneficial effects of berdprost sodiurm arise from
a divector indirest effect on the endothelial cells. Furthermiore, it is
difficult to explain the prolonged anth-inflammatory effects after thie
cessation of treatment. Niwano er al® recently reported that
beraprost sedivm increased ‘the steady-state levels of ‘endothelial
nitric oxide synthase (6NOS) mRNA and protein in cultured hurian
aortic endothelial cells, indicating NO-mediated protective cffects
on the vascular endothelivm, whersas PGl hiad litle effect on eNOS
gene expression. Their study might suggest the possibility that
beraprost sodivm directly evoke ¢NOS gene expression in the
endothelial cells, leading to prolonged anti-inflammatory effeets via
increased NO production. However; PGL, veceptor has not been
identified on the endothelial cells, To vlarfy this issue, additional
studies will be needed in fature,

Study Hmitations

The present snidy has several lunitations, First, there is methodological
Himitations in measurerent of blood flow by plethysmography:
Although blood fow values obiained by plethysmography correlate
with actual flow, they may under- or over-estimate the actual flow
I somie patients.* However, this limitation may be cbviated by the
fact that the present study focused on changes in blood flow in
individual patients rather than absobite blood fAow valies. Second,
isthe effect of background therapies on endothelial function. By the
present study, treatment with angiotensin converting enzyme
inhibitor, angictensin receptor blocker and statins, which have been
reported 1o improve endathelial dysfimction,' % were contitived
thtoughout the study. Although these agents were unchanged
throughout the study, we cannot exclude the possibility that these
drugs influenced the present results. Third, is & difference in severity
of corenary artery disease bietween the two groups. The control giouy
included two patisats with 3~vessel disease, whereas the berdprost
sroup did not, However, we did not find any ‘effect on resctive
hyperemis even in four patients with l-vessel disease’in the cotitro)
group. Finally, the small aumber of subjectsand the lack of placeho
contro] limit the statistical power of the data and may perhaps mask
differences between the two groups.

CONCLUSIONS

The present study demjonstrated that beraprost sodium, a stable
analopue of PGL,, caused an aupmentation of reactive hyperemia in
the forearm of patients with coronacy drtery disease accompanisd
by a reduction inurinary 8-is0-PGF,, levels, These findings indicate
& tytoprotective effect on vascular endothelial cells for beraprost
sodivm, These phénomena might contribute to the protective effects
of beraprost sodium on cardiovascular svents, which have been

suggested in previons studies.™ Fusther studiesare niceded ina larger
sample size and inva placebo control shudy to confirm out findings,
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Pancreatic Acinar Cell Carcinoma Successfully Treated with Combination of Oral TS-1 and Intra-Arterial Cisplatin:
Yoshiki Kataoka, Yoshinori Nig, Seiji Yano, Makoto Koike, Koji Hashimolo, Masayuki fakura, Tomoko Hagaki,
Takeshi Nishl, Shinichire Endo and Tetsuya Higami {Dept of Cartiovascular and Digestive Surgery, Shimane
University School of Maedicing)
Summary

Pancreatic -acinar cell carcinomas are rare, and litle is.reported on thalr chgmotherany. We report a 48-year-
old male patient with pancreatic atinar ¢ell carcinoma and mullipie [ivér metastases, which responded o oral TS-
1 and hepatic arterial infusion of cisplatin, The patient underwent a partial hepatectomy, MCT abrasions and
extision of the pancreatic tumor. Postopérative pathological studies revesled meiasiases of acinar gell carcinoma
to the liver and lymph notes: the primary fesion was undetermined. After surgery, the patient was treated with
hepatic arterial infusion of cisplatin and orat T8-1. Metastatic tWmors complétely disappearad, and serum lipass
decreased 1o norinal levels. Abdomingl CT one year after surgery revaated a panoreatic body tumor, which was
surgically removed. Pathological studies showed primary pancreatic acinar ¢élf carcinoms, whils previcus
metastases remained under control, To Summarize, T8 and cisplatin can be effective reatrsnts tor pancreatic

acinar cell carcinomas. Key words: Acmar cell carcinoma, T8~1, Hepatic arterial infusion {Received Sep, 5, 2005/
Accepted Nov. 8, 2005)
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