[RE & s 155 % s

(]

PR 23 4E 5 A

RERZRESMEBARETYMEFPREICHTS
ANS7TORRELVORST-NRENE

AN S SR L ol
BITATECE A KBRSl 7R

(ZAy PR 2343 H 9 H)
(B SPRK 23 4E 3 23 H)

=
B2 B S8 E e I EARISHE S » b (SHRSP) DAELFMIICH T A5RXT Fa X b &

TRy — V50

=
=]

R L7ze X 7u X MrGAE 200 u gkg/ H) Tl A

7% SHRSP OEFIIMIER RS MR SN2 a2y V' — W58 (200 mg/kg/ H)
TIIHEAI W S OOEAFHI O HEEI A S N7z HERRIFHE Tl Il
LI BT S 0 % 2 5URRO LN 0o 7225, BB CLI IRBE IR B 2 & FE
DRERREAL, TRAEZNE JRIAE, SSEMEHIIRE B L 0BRSS ORILA 2 7 0

MASFED HNI=DITRF L, RXT TR MEGRECIERETIIC

BLEIREA 27 OWd

&L ESITHRERRE LA 2 7 ORAMEIN SRS STz —T, Y B A Y ) — VR E5EETI,
AETIEIZVWLOOTRTOFFEZ a7 THIMEN 2SO bz, lEXbh, Yaxy

V= ERS T A Tl SHRSP OAELFI I 5

B/
7

WZEWD D B & DHERE

S IS OFER OB 02D BIFR L T b LR SN

F—7— K NG ISESIE HRISAES v b (SHRSP), AAEH., N5 71 A b,
YHRAY V=), BIREEH

F X

YU A ¥V —)Vid, cyclic adenosine mono-
phosphate (cAMP) 73 f## % 3% C& % phospho-
diesterase (PDE) % [HEY 2 Z &1 X hAflaN
CAMP LR A S8, VIMESEIIHIER &
MRV % PR3O A TH Y VL ki
RIS 2 R & 3 2 12V BI IR PA 285
V24T B [ BA T R0 N ZE e 1 D P S ]
DIEHFITHNSGNT WS, — /T YHAY ' —
WiE, & HRSERET 5 ET VT v FTH
B B SR R MU HARFERE T » b (Stroke-
Prone Spontaneously Hypertensive Rat / Izumo :
SHRSP) 1ZBW\TC, DAL % A B A
SHBTENREINTVEH Y, ZORHEIEE
T LHHLNIZENTW R,

TRy T L, (PGL) I EEE LT
HNEAINLCEA S, PGL, ZAMEE RS 5

285

Z LK DAHIBIN cAMP iEEE ER- X8 F0
A ML/INCEE SR E <2 A I BEaRAE A
I PR PR 55 2 J6 45 5 AR BTG
BThs Yy N 7T M. PGL, DREE
PasE L, BIOEGEE L L7z PGL, 758K
Tdh 0., EVEIIREZERE 2 7% < BHEhIR VAT
BILESEDHEHSE L L TIL SR THWHT
Wb, N5 7T A M, SHRSP IZBWTIY TR
&=V E TR ) AR A A BICER T 5
TR HT 5 2 e shcns 7,
UEDOZ NS, cAMPD EHZ (72532
AT X o T IMREEE TG 2 7R 3 354 A
V9" L b SHRSP DEFIHIC B W TR 2
BarRsS 3, L LASHMOIEH AT 5 HE
PSR I N D, LA LGA S, WA D2
OWEHE, Y B Ay V= VIZRERSTHDHD
WXL, RXT 7 a A MImEREORSch bR



PRep e W 85155 % WS

L ST THE - B L7z b DT R,
< ZTAMIZETI. WA % [ — D FERSEMT
FeB L. SHRSP DAAFHIMININ 3 % 528 2 iRl

T5E L DI, WA ORI ZEE DD - 728
Bl F DO RO % iAo

KERME & Fik

1. By

HEPE SHRSP (5 i, HATZATVY —) %
WEA L CEBRICH L 720 flRHE SP SR (i
HEY) 252, AHEM. ARPOKT CHE
L7z0 3YPG-FaERT (7 M) 12 tail-cuff
% BP98, V7 huy) IZXDIMmEZWEL
T AT 150 mmHg U E A% L.
8 M & D FEEBRITHH L7z b, AWZEICE
VBB IR, [ ATBOE A KE KA E)
WEBERS | OBHOD &1 [HATBEEA
TREEREFREEN Y FEFHRE | % 3857 L1\ S
L7z

2. Wl

NT 7R A M, FvF—§ (L) » 5
L7280 D% ZRKITHEM L 50 u g/mL HR %
BB, G E Lz YO ATV — VI,
TLF—VEE 100 CRFEEEE) X OHEL72d
D% 05% HNVKEFIAF Vo —AF MY
7 AEEWEIC SO0mg/mL & A X EE L. Y
H & L7z

3. BT B X 0SS

Ty M 7 BEREO DHE T IE 2 5 ONE
WSRO EYEICL DL X ), AR (Y
APeH), XF 7R bMEGRE (200 ugkg/ H)
BXOyuazsyy— #5518 (200 mgke H)
D3 BEHETT L7z Ty M 8 ML hX
S7a A MEGHEEHHNIEI TR Y — K
G382 1 H 2 | (CFai. F). e
L7z 5% miE 2mlkg & L. Rl T
DO¥EG- ML 6 BRI E L7z

4. A R AR
1 HH7-0 24 ~27CDF v FEHWT, &

286

PR 23 4E 5 A

AR 2 i U 7 AEAEBIE I
BT o 720 AEAEIIIE. SECER D
FERHZEH & UCHYAL TN L72e EAF
W ElsEAEI, WO ELFEN 20 % LI
W27 % F TRk L 720

5. TR ERARR A A S AT 2

1 HEH720 15EDF v b2 HWT, FWEH
R HRHI R 2 FEhE L7z T v M. 14 JBiG
WIS T — 7 OVRREE TSR L. IS REIIR A &
FmMBEE S, B Olisds & OVl 2 PRI L 720
T U 72eE. 10 % V) YRRy <)
YHIRIE L2, NF 7 1 L7z, M
L 723808 122w T Hematoxylin-Eosin  (HE)
Pt R AT OWEIR L 720 BTROMEFIT, KEHMIE
HiZoWT, EFLL; 237 0. BEOE;
A7 1, PEEEORE ; 237 2, BEORKE
A7 3, D4 EBETAaTILL,

6. 7— % fEHT

FERHFHTIZIE SAS System Version 82 (SAS Hij
ffEPR 7 X o1 — 3 Ver. 5.0, SAS Institute) % i FH L 726
A ORITIX, SECEA XY MELTHT
SURAXN =R T T U IRERIT o720
HRESREHMIC DWW T, Dunnett 7945 5 Helichs
E (TaALrhvgrxorE) o7

=
1. A I B g
A BlESAR. MIEEOAAFEERDT 20 %
VN & o 28 550G 25 AEE (7 v bl :
33 Bl TRT L. ZOWRSECTHELE L TW72H
WEFTHY BIE LTRo 720 FHEDT v O
A AR BRI 2 1 1 W R U7z IR 7258
CHNIZn e, xFHEE 24 B 20 B, NZ
TR MEGREE 24 Bl 10 PlB LY BE RS
V= WVIRGBE 27 Bl 24 BITH o 72 EE
ke, MR 215 HE, N 7T R
MEGEE 247 BB LY a 2 ¥ — k5
178 Bl TH o720 XNTTUA MELHO
F v M. SRR TR I B
WM 2SR LTz (P<0.005), YHAZ YV —

*



[RE & s 155 % s

W ERETIINS 70 X VSR TR EN4E
FHMEE RO SN, SICHFETIERVD
ODHEAEI R FEEE 5 U AT & -

el

1.0
0.9
0.8
. 0.7
il 0.6
1O
‘.H'l 0.5 e '.....‘
044 =" NZ7OXMNEER o
031 o YOREY—IITEH
0.2
0.1+
8

............

P=0.004

20 24 28 32 36

SylEE GE)

SHRSP DA 35T 7T X b
BIOVORy ) — e H R %
| Hd7-0 24 ~ 27 VLo 8 JEiH SHRSP % v, *FHA
B GEEAREES) OALEHED 20 % K & 725 F TN
70 AL (200 4 ghkg) F/lZT T A V=)L (200
mgkg) & 1 H 2 b, @EEEHRS Lz, MR L X
I 7a A MEGHOMICHEEERA LD LN (07
5 ¥ 7 Mg P=0.004) o

12 16

X 1

2.5 A

NS

1.5

NUN

0.5

1.4 1

12 F NS

NS

0.8
0.6 [
0.4
0.2

NUN

POE]

] 2 SHRSP Dk OIiEAHRREH A 2 7

8 ik SHRSP % Fiv», 255K Giti) . R Z 71 & b (200
ugkeg) T3 A&V —) (200 mgkg) % 1 H 2
M, 6 ERIERHEIREIR S U7, LRk % BRI LR
MRS HORHG 2 S0 L 720 WA OB IS, B
A& 0. 1. 2. 3D 4 BERECTAaTILL, £
fili & BEHERRE & R 7z (VSR IV A; ZElufk, 2SRV B;
kL) o XHHEEE 10 B, NF 702 MESEE 12 flB &
Ky Ay —)Vik5# 13 Bl NSIIEEE 0
FEHNZ L ERT,

NZ7OXN  YAOXZI—=Ib

287

PR 23 4E 5 A

2. T PR AR I AT R

MR (14 JES) T CTOITHNL, RFHREE
15 B 5 B, NS 7 a2 M ERSE 15 Bid 3
Bl, BXO, Yazxy ) — V58 15 B 2
BITH o720 MHREICB VT, W IEEETIIRY
DZERIfLB L O bAEIgE S e (K 2). %
7o BRI B VT, IREECIEIIRSE. SO
PRI B & OV OZN: - BB b
72 (K3)e TNOOHBETIZ, WFHHRE & SR
DGR CTH O D% 22RO SN o 72
(42, 3)o HFEIZoWTIid, WHEETIE X
4A DA G EIZIAIG 2R L7z & H1S, &6l
THRERMRIAL, MM, MR, %
SEPEMIRE B & OBIIR IS 7 EDOIREHFRD ©

2.0

1.5 NS

1.0

NN

0.5

0.0
2.0

1.5 NS

1.0

NUN

0.5

0.0
2.0

1.5
NS

1.0

NN

0.5

0.0
HER NZ7ARN YARZY—IL

[ 3 SHRSP DA DR BLAHFRET A 2 7

8 ik SHRSP % Fv>, 288K FHIR) . X5 71 2 b (200
ugke) 2130 2% =)L (200 mgkg) % 1 H 2 [al,
6 BRRBIFRIINE G U7zt O 2 PRI L B R 2
BRI 2 920 L 720 A DIEB RIS, BALOREEZ 0.
1. 2. 3D 4BBECcRaTIbL., ZHOIHE &
MERRDT OSSRV A BIRE. 2SRV B KIEN
MR, 7SV C O - BE3E) o *THRTE 10 1,
NT 7O MEGHE RABITYOR Y =S
B 13 Blo NS IZAIEHEE L OB BEDPEENZ & 2R,



[RE & Aps: B 155K s PR 23 4FE 5 H

Nize XTI 7R MEGHTIE, INHORE 4 (P=0007) A L TREMA LA 27128
AR ENTEY (K 4B). FEBIC, BIREA  WTEDMEN (P=0.061) 25iED SNz (K 5),
IT7ICBWTHIEEFICI L TRETICERE R —hH, YuRA ¥ —xGRETlE. MREEIC

X 4 SHRSP OE-HIHEIE
8 Wik SHRSP % JHvy, ZEK GHIR), XS 7a 2+ (200 ugkg) F7-idvm A%V —) (200mgkg) % 1 H 2
], 6 ERBRGIREI G Utk BNEGHAL % PRI LW AR (HE Jett) 2R L7z WHEE OSSRV A), RT
TaZ MMESRE OSSRV B) BLOY B RSV — VP55 OSSRV C) OB O SR Ze kSR E R

30 :
A NS NS B NS

I I _ I
2.5 (P=0.061) T NS

20

1.5

NUN

1.0
0.5

0.0
30 r

- NS D

25 r T
20

NS

1.5
1.0

N UN

0.5
0.0

35 1 e NS
3.0 T

25 - P=0.007 [ ] xm@
2.0
1.5
1.0 F
0.5 f
0.0
[X| 5 SHRSP OB HBAGEEEG A 2 7

8 JEifh SHRSP % JH\v, ZK GHIR), XS 7a 2k (200 ugkg) F7-idvm A%V —) (200mgkg) % 1 H 2
[bl, 6 FEEHIRECH G L7z, B A PRI U R BRAL AR I 3P4l 2 FE 0t L 720 WA OIHB IS, BLoREE 0.
2. 3D 4EMTAaTbL., FHOFHHE L FHERELRD: ORIV A SREREM L, 2S3V B IR
P, 28ROV C R NIEE. 284V D KEVEHIBLRE, AV B BIRSS) . HEREE 10 B, XTTE R b
PG RABIOTY U RS V=GR 13 Fl. BikE OSRIVE) IZBWT, WL XT 7o X MESHEO
MICHEREDSAR LD LIz (P=0.007)o NSIIRIRRE L OFEAEIPIENZ L 27RT, ZB. SREEEL OSFLA)
2BV, ML XT 70 2 MESEEORIZHIHIEmA RS Sz (P=0.061),

NZ7OXb

@ SAx&Y—Jb

NUN

288



[RE & s 155 % s

BUILRERIL LAWMESTLZFNTHY (K
4C), HHHODFFEA A TIZOWT H XA L
&) SHEhER R0 Sz (X 5),

z B

PEPEBIIR A ZERE S B TUE, U R bR
Wy EARIE 2 BRI H LT A BEDS
WZ E R ELHMOENTEY, HREORRUIE
INOLORBATDICER L TLINLIRET
Hbo L7zh o T 18PEBYIR I ZEAE G T
SN M4 DM IMEESIPHIZEICOWT S,
o OB ORB AR 8% 2h
ZFUALNCTHZ L ZEETH L, AFZET
V272 SHRSP (&, AEMESEMEET IV TH S
Spontaneously Hypertensive Rat 72> 577 HfE, HfE3/.
SNTZRMTH D, WEFOET VT v M TH
% LIRS, (iR E IR 72 &0 Sk
WA 2 PR AN SINTEDET VT v b &
LTHIAELAD LN TS, SHRSP DAAEHEL
V29 B ISR DI D R R D T
MEVEEIIR P SERE ISR DT TH R U L cAMP %
FHRELZXRG Tz v ax sy — )V TH
FF B 7Y RS NTVBA, [A—5T
TW3EA] 2 R L2 RIE A D5k, €2
TABIZE T, M ORI 2 L L7,
SHRSP DAL X, NT 71 A M
TR ICHARTHREICER L T 202k
L. YaRY V= V5T S 5 HEh
VRO NIz, ORI A ORI Z Z
NZRR A A L7 > s % 1312
HIs30TH-72

SHRSP Tl LI UASHAEZE &[RRI H A
BlgshsZ i <HMBNTnD, L2l
Mo, YHRAY V=R BT B AL
SRR ARSI X 2 I O FEAE B A5
B3 20200 Tid, BRSO Rl
HRERLZNED, WOHPRIFEDZETILGED
SI¥, B5-oWRE kv Bbh s, 72,
T a A% —)ViE SHRSP DML % # i &
5T EDHLNTVREA Y, LIICOWT D
SRR R CORMECI, AR & FIREIHA
DFEFRL, YaRAY =V X BOED

289

PR 23 4E 5 A

FEMELERED SN o7z EHIT, LA
ERDEKR % EOLEAREF T THiRENS
brain natriuretic peptide ® LX)V IZ % 70372 702>
o (REFEF—%) a8 5L, v
A — )V QAL BRI, O A N
Y IBEGLThWAIRBED RV DL b
bo —J BEIZOWTIE, IEPRRIE T O
flilcBVT, X7 R MEGHTRE 28
L. YaR¥ V= VE&EGRECRERE & FSEr T
L AEAUEmAEIZE S, BRI ORWRE IR
% M3EA DR AEAF N5 BRI R & 8T
LIV E oz L7235 T SRV
SHRSP D REHEST B 5 W IZFE R D —HF 12 Bl
DR B 5 \WIFZFE LA B L T 5 1]
REVEDSE 2 b7z, BIROIRZE AT SHRSP DA
M OB T A 2 & & LTIE, JHTH
SHRSP DAEAFWIIZ 95 22 ba sy 50
FMRIAR % EICE OB NMIEREEZ N LT 5
Zr%ster b MBHIELTWD, &b, YO
A F )= &P L7z SHRSP OB PR %
ERHIRRE L (T WS L RR L Y b
AFFEDFERNNIHE T OENDD 5%, w7z
SHRSP Ok, $45-F71 BEMEOMEIC
R L7200 Ltk v,

NT 70 A ML, PORERMAIEE DTG F5E
BRETFIVT v MIBWT, R ~O&EAKH
RMF 7 LT F = EAZEHIL. 720 BER
WEIRIIE T v MZBWTHEARRIM AR
SBEROLAZWHIT L2 L, BEREUGEER %2
HLTWD I A HEShTwS o, %
512, NF 71X b7 5T PG, 1 Monocyte
Chemotactic Protein-1 % intercellular adhesion
molecule-1 OIHNZ X APRIEVEHZH L TH
p ARV F i RS FE R ML ORI
L o TERR I NS IMAE B MR E 2 39§ %
TEAHEShTWD MY Rl
TEHO—FRIZIZ. Z OB PUISEERIZ A
SRERAR A B2 A R 5 R A A L oD A B2 e
PREZ A L 72 B OS5 2 E 2 5
N TW 5%, SHRSP Tld, WIMELC X % HEh Ik
D74 7)) A FEBERPEHMBKIC X D B
PR 2 R MR IR > TV A, XT 71 2



PRep e W 85155 % WS

I & SHRSP OB MATERE % fRFEED 5 I3
THIEICEY ZORIMIKERZUEEL T A1
REVEDSE 2 bbb, FEBL XTI TB A MBLY
PGL, BT 2 B S 2060 > 24 1L
TWh, L7723 T KRICEITEXRT 71
2+ OBIRIHERE O E L, AEROET
5 MNEIEA M E > TR S h 7z b ok
Bbhs,

—F. YORAY = I BWT D ILERELE
Y RN 1 2R ARG s
THY., SR ILET 2 EH A 2 5A L
TWh, SHIZVBRAY = ViERT TR b
[k BEIRIRERISET v MIZBWTT7 IV 73
VIRZEWRIT 2 2 L bHEEshTws T KRf
Z2CTI. SHRSP IZBWT, A7 L & b imRBIHKE
MIZIZY TR Y ) — VOB RIS
ozl Eid. COREETNVIAET LHEAE
DOEIRBIZE 2 O EPEEEHS I LT
CRLEDD Do B, B3 AR BE
L7zvaAy =)L bexRS 70 & OMES
ELTIE YBRAY Y= VTIEMEA XI2BW»
T BRI VT2 L v (BYIRPIES) 7s,
NZ7aA N CTIIHEERANIIES ¢ 5 (§
TRMEES) S EAVRENTEY 2, ZoMAE
IMATENRELZ 51T 2 WA DR R D E DI S
NTWLO0s Lk,

AL TlE. cAMP % A4 5 &\ ) Hil
HOH 5 2 HEOIM/IMUEEEIHEECH LR T
TOAMNBILWYNTYTASY YV —)V®D SHRSP 123
VB A A~ DR 6] — 5 TRl L 72
£ Z A, BPS TIXAEIAEAYMZIER L7228
YURY =TT A H T 2O
WL, WA OIS A OE W ATE

B R
O

HLTwadhnkEz 5N,
X @k
1) EAERE= B TEBIIR P 2 16 s o AL
H AP ERE 130: 393-397 2007
2)  KIFBIE  Cilostazol K [E FDA A2 HI G5
e
3) Moncada S, Gryglewski R, etal @ An

enzyme isolated from arteries transforms

290

4)

5)

6)

7)

8)

9)

10)

11)

12)

PR 23 4E 5 A

prostaglandin endoperoxides to an unstable
substance that inhibits platelet aggregation.
Nature 263: 663-665 1976

Wise H:
prostacyclin. Acta Pharmacol Sin 24: 625-
6302003

Hirano T, Yamori Y, et.al. : The effects of

Multiple signalling options for

beraprost Na, a stable prostacyclin analog,
on animal models of stroke. Mol Chem
Neuropathol 17: 91-102 1992
S, Watanabe K,

pharmacological properties of cilostazol, a

Shintani et.al. - General
new antithrombotic drug. Part II: Effect on
the peripheral organs. Arzneimittel- forschung
35:1163-1172 1985

Stier CT Jr, Chander PN, et.al. : Estrogen
promotes microvascular pathology in female
stroke-prone spontaneously hypertensive rats.
Am J Physiol Endocrinol Metab 28: E232-
2392003

Yamada M, Sasaki R, et.al. : Amelioration
by beraprost sodium, a prostacyclin analogue,
of established renal dysfunction in rat
glomerulonephritis model. Eur J Pharmacol
449: 167-176 2002

Kushiro M, Shikata K, et.al. : Therapeutic
effects of prostacyclin analog on crescentic
glomerulonephritis of rat. Kidney Int. 53:
1314-1320 1998

M, Nakashima H,
* Amelioration of diabetic nephropathy in
OLETF rats by prostaglandin 1(2) analog,

Watanabe et.al.

beraprost sodium. Am J Nephrol 30: 1-11
2009

Sakai A, Yajima M, et.al. : Cytoprotective
effect of TRK-100, a prostacyclin analogue,
against chemical injuries in cultured human
vascular endothelial cells. Life Sci 47: 711-
719 1990

Kainoh M, Nishio S, et.al. : Cytoprotective
action of beraprost sodium against peroxide-

induced damage in vascular endothelial cells.



[RE & s 155 % s

13)

14)

15)

Pharmacology 45: 61-70 1992

PERMIORER, AL At FREER 0O
BRI K 9§ A PG, #% E 1K, beraprost
sodium (TRK-100) OFEH. HAIEH =4
it 94: 351-361 1989

Nielsen CB, Bech JN, et.al. @ Effects of
prostacyclin on renal haemodynamics, renal
tubular function and vasoactive hormones in
healthy humans : a placebo-controlled dose-
response study. Br J Clin Pharmacol 44: 472-
476 1997

Wang F Li M, etal. : Intervention with
cilostazol attenuates renal inflammation in
streptozotocin-induced diabetic rats. Life Sci
83: 828-835 2008

291

16)

17)

PR 23 4E 5 A

Matsumoto T, Noguchi E, et.al. : Cilostazol
improves endothelial dysfunction by increasing
endothelium- derived hyperpolarizing factor
response in mesenteric arteries from type 2
diabetic rats. Eur J Parmacol 599: 102-119
2008

Tohma T, Shimabukuro M, et.al. : Cilostazol,
a  phosphodiesterase  inhibitor, reduces
microalbuminuria in the insulin- resistant
Otsuka Long-Evans Tokushima Fatty rat.

Metabolism 53: 1405-1410 2004

S TR

AT B NI FER PR bR R Lo an B RE 7l
I F BITREANT 2-7-1 (F 759-6595)

TEL: 0832-86-5111

E-mail: matsushita@fish-u.ac.jp



[RE & Aps: B 155 % s SR 23 4E 5 H

Effects of beraprost and cilostazol treatments on the survival time of
stroke-prone spontaneously hypertensive rats

Teruo MATSUSHITA, Ryusuke TANAKA

Department of Food Science and Technology, National Fisheries University

Summary

Effects of beraprost sodium (BPS) and cilostazol treatments on the life span of stroke-
prone spontaneously hypertensive rats (SHRSP) were examined. The treatment with BPS
(200 ug/kg/day) significantly prolonged the survival time of the SHRSP. The treatment
with cilostazol (200 mg/kg/day) showed a tendency to shorten the survival time of the
SHRSP, although the effect was not significant. Histological evaluation revealed that lesion
degrees, such as the score of inflammation of arteries in the kidneys of the SHRSP were
significantly reduced and ameliorated by the BPS treatment, but not by the cilostazol
treatment, although such differences between the BPS and cilostazol treatments were not
clear in the brain or heart of the SHRSP. The present study confirmed the differential
effects of BPS and cilostazol on the survival time of SHRSP, and such differences might
be explained in part by the difference of protective effects on the renal lesion in SHRSP
between BPS and cilostazol.
(Med Biol 155: 286-293 2011)

Key words: stroke-prone spontaneously hypertensive rat (SHRSP), survival time,

beraprost, cilostazol, renal cytoprotection
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