Cilostazol Prevents the Progression of
Experimental Diabetic Nephropathy: Beneficial
Effects on Glomerular Na-K-ATPase Activity and
Glomerular Charge Barrier System
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va AR E Y= (cilostazol, {L24 . 6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) butoxy]-3, 4-dihydro-2 (1H)-quinolinone) ¥,
cAMP R AR = AT T —EHHETLZ L L b, WMREREMGIER & RMOTIRRERA L F oK TH L. AR
T, AEFAIERFREBEOCERCRETHELS>WT, EREREBEF A 2AVTRE L. AL 7Py by
(streptozotocin, STZ) BFRERFE S v POFEHRT7 L7 3 vERITERFRIE S BUBIZEENES » M LEZ ML
72 (0.77£0.26 vs. 0.17+£0.01¢g/min, p<0.01). ZDEHIL, 12BBO v v 2 &2V —AEn# S5 20mg/kg hE/day) KX hE
Bl &7 (0.28+0.174g/min, p<0.05). BERFHETIXB RS Na-K-ATP 7 — €FEROET, B L UBRRGEER
(glomerular basement membrane, GBM) D&M BH T OWA #3RD btz (8.5340.20 vs. 27.0+4.91umol/mg & H/hr,
p<0.01. 484£0.36 vs. 7.8+0.42 {8/1000nm, p<0.01) 78, ZhBDOELbv e A V- AREC IV EECHHE I A
(14.540.55 pumol/mg &M@ /hr, p<0.01. 7.6::0.45 {E/1000nm, p<0.01). BABktk cAMP € BFEERBE L LERKERT
WA LTED (301434 vs. 73.3+£11.0 fmol/mg &M, p<0.01), v r A2 V- AR ZTOBALHIEITA2ERLATD Hhi:
(37.740.42fmol/mg &, p=0827). —J, &, I, /L7 F=v -2 V753 VA, BIUCRFIevE+H v B, &
B-7 M-TRREIS UV F, LRI, veRE Y- BB IAFERBDbAh otz UEXD, vrREV -1
ik Na-K-ATP 7 — 2{E% 0K, LU GBM BMMERERERO L2 L TBRFEBECERY N T 20 RM1 D

h, TOBHRCIT—IEARKEHEA cAMP BEOBEMPEEE LW B RENERE L bh.
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SRR (BHE) 1, HM e EnEREI X - Thieh
FNAMNMEEERECBARBICET AL L D, BA
CBBEOETEREL, BROREOBITBARLIC W2 HFRE
THB., FOREBFIOWTINE THRAZHRIBIEEINLT
BY, RRE LU ES RN S B, HEDL
IABMBIC Y - TEI I SN B EHOFERIE LAY
= ARARE DB ARGOBEEE, I5ICBENE(LY
LRbTETHERNEAEIRTNE". Tihbb, AEkhE
EBECAy ¥y LB BOCTHFBEEMCENL? Shica
- VIic EOBBERL, BEHOMERCIDNHBEZT
e Y RFMZEBRE LT bk, EEBEDEER £+ v
FULAGHOEAERETY, —FTELOETICE - TEEAR
hOEMBERT CHANEBRCEELR T, i+
HRMET 2 4 v ¥y 2RO ) + - L REEBROTTEY
Licbh L, ABIMBRIAA ) v F—LEERIV
Na-K-ATP 7 — ¥ EHOE T ERITER, »~ v ¥y
LRI ORREEES 2 BT LT, AREERIRE R A V¥ Y
LAEBDOHM, B VCREEROCRMEMERES 7)) av iy
7'V % v (glycosaminoglycan) DA EE LB ETHLDTH

FH54E12A 8 HEZA, P64 1 AL2AZE

3. L, ZhbLORENMRNOLSD X5 B BHR
DI N LTHE LT B2 TR AR A .

cAMP RZBAEREERCBITIHIEEL AV F 2 vyt
vy ~ThhH, cAMP (KEMHER Y vERILEER (Ax s —
) REHILL, BA0E&G ) vERLENTHZ & THREE
REOFHIL EORERBLT > T 5. BREHMICE T
L7F ==t - VI F—ERIFEL, FTHARENTO
cAMP O LIXBMTBBCEELX IET L2 bh T
M. Zh¥T, cAMP & BiE L OB F o>\, MG
BWAR R LT EY by (streptozotocin, STZ) FHREKK
5yt OBRECEITSE cAMPEEBDET Y, ITALP2 4 v
AV vIERFEEERKE (non-insulin dependent diabetes
mellitus) £FLTHB KK = 2OBAKEHE D, cAMP
A AR Y= AT 5 —+ (phosphodiesterase, PDE) DR EH|TH
%7 %57 — )b (phthalazinol) D#EEIC L VBRI hizZ &
PHRELTED, BEOHRIC cAMP 26105 F T
DIENHENINES, TOSRELTRE LSRR
[N

va A &Y — I (cilostazol, (L34 : 6-[4-(1-cyclohexyl-1H-

Abbreviations : AER, albumin excretion rate ; BGG, bovine gamma globulins ; BSA, bovine serum albumin ;
Cer, creatinine clearance; DM, vehicle-treated diabetic rats; DMC, cilostazol-treated diabetic rats; EDTA,
ethylenediaminetetraacetic acid; ELISA, enzyme-linked immunosorbent assay; GBM, glomerular basement
membrane ; GFR, glomerular filtration rate ; 6-keto-PGF,, 6-keto-prostaglandin F..; N, vehicle-treated
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tetrazol-5-yl) butoxy]-3, 4-dihydro-2 (1H)-quinolinone) ¥, X1
WRTI A%V &/ ) vHEEEO#EYE T %5 cAMP-PDE
fEEHTH B . MEFHIMLPMRME FEBMBAD cAMP
ERBIMES BT LI X M/NMRESSIER & RKig MEIRE
ERY R T, BRTRFCHRE(LEERCHLTCH
WHERT WA, f/NMEER S8 & T HERFEOBEEOHE
CELTR, REMEERCETESELRNIRE b
THhERDLREDKRT, BERBITHRFIZL o7,
X CHEEEL, FEORE - ERCBITET7F=1L— 1 -
v 7% —H-cAMP-A%+ —EROBERZ OV THRETHZ &
RHME LT, STZ BRERRZ v tevym ARV -2
LU, BEOHKELLTORFT7TAT $ vEER (albumin
excretion rate, AER) DERFME L E A, T, BEERT
B HEEIENI N EBREED Na-K-ATP 7 — €M,
BBk E B (glomerular basement membrane, GBM) D&
HRE, F = v A$H v B, (thromboxane B, TXB,) ¥ L T°
6 +-F R XK YIS v v F, (B-keto-prostaglandin Fy,
6-keto-PGF..) DR Bt &7c LizonTd, EFHOREFIE
TZOF LR L.
HEB LU FHZE

I.2EX 8

BIC &R ORBO L WEEREIT, FXEHME (KIR) OB &
ERW. B, vrAZY A OFRL, KIEEE ER &
DR ZT .

1. RE®HY

SBEBMOBEM Y 4 A&~ Ty I+ (BEMH 150g) ZLAITD4
B,

1. BREFY ARV —AHER (cilostazol-treated diabetic
rats, DMC # : n=6).

2. BRE Y v A &2V — LIEHERE (vehicle-treated diabetic
rats, DM # | n=6).
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Fig.1. Chemical structure of cilostazol. It is one of the
2-oxoquinoline derivatives and is a novel specific inhibitor
of cAMP phosphodiesterase.

non-diabetic rats; NC, cilostazol-treated non-diabetic

4

3. EERIKFv v 2 2V — L5 (cilostazol-treated
non-diabetic rats, NC # : n=6).

4. EERFE Y e R &Yy — LIEHEERB (vehicle-treated
non-diabetic rats, N # . n=6).

BERERE, EETy P2 0.IM 7 = VERRREI (PH4.6) 1
MR LUt STZ (Sigma, St. Louis, MO, USA) %, =— F Lk
TRk » 50mg/kg (0.1ml) 5 LCIER L. FEERRK
iz, AED 0IM 7 = VEREERO SR U BEIR L »
HEH L., ¥, YeA2Y =X, ERY 1757 54
BRIC—FCRE X, 20mg/kg (1.0ml) #5 » FHECSEA
B (EFARFEH, ER)2HAVT, STZHSBAI VERREOHK
Elf, veAZYV—AHEREBHCIE, ABD7SET TLAE
BOLEFRULSEARE L., 3XTDFy MZFV=v L
EERE (A = X LEER, B THE L.

0.5 &

1. MRz

STZ B&7, VXU 4,8, 12BHEIZ, LUF 0k CHERmE
PRE L. Ticbh, FEORE—ERICESIR L D 64
OME (&) ZBRL, Fra—ArFv X —FERIBALE
BEFSAral0024 FG(BLEAT 1+ dVY AT &, BKR)
HWTHIE L.

2. BR

STZ #5001, 3LV 4, 8 12 BBy — 2 (EHHEME
AN 2BV, feRBEBEMRAKT CUREOBR2ITV, RELH
L7 kT, AER, R TXB., IR 6-keto-PGF., Z V7 +
=V + 7 Y7 F VA (creatinine clearance, Cer) DHIEICH L
7.

3. Rh7AT I vOUlE

Rep7r7 3 vORER, BEEEAREREFIRER
(enzyme-linked immunosorbent assay, ELISA) &' & TT »
o, ¥, 968 ~v 4 7 w7 L — b (Costar, Cambridge, MA,
USA) 1= 0.05M fREE - EREAFEBIW (carbonate bicarbonate
buffer, pH9.78) T 0.25ul/ml HER LM v b - TAT 3 v
v ¥ 2 1gG (Cappel, Malvern, PA, USA) % %8 C904-EEE
bl BERECEF T RRICOERELY 7Ry 2751
DI, 1YDEHvy=rwd V) (75273 v1) (bovine
gamma globulins (fraction 1), BGG, Miles, Naperville, USA)
Ltz 0.05% v 4 —v-20 (Sigma)/0.01M V VEREE A B A
¥iK (pHT.2) (phosphate-buffered saline, PBS, 7' v v 7 F#&H
W) THE 004/ =, 3E) L4, 1%BGG/PBS
(PBS(G)) T1000fS =M L=k R), HA\% 1, 2, 5 10,
20, 50, 100, 200, 500, 1000pg/l CHER LA F v b - TAT IV
(Sigma) % 50ul/% = Fonz, ERT1EMNBEL:.
0.05% ¥ 4 — v-20/PBS (¥i# FBER) T¥EH 200ul/v =¥,
3E) Licth, Bl L LT FF v —-EBHBMS v b

c 77 3 ve Y2 IgG (Cappel) % PBS T 0.25ul/ml i #HR
LT 50u/v =0k, BRTLRUEREL:. SRR
ERTEURE (200u/Y =, 3E) Lok, £BELT
0.12%4N b —T 2=V w27 3 v/0.06M 7 = vEEREE
(pH4.6) 50ml 1T BEA{LAFEK 10ul 2Nz izt D% 100p/Y =

rats; PBS, phosphate-buffered saline; PDE,

phosphodiesterase ; PEI, polyethyleneimine ; sCr, serum creatinine; STZ, streptozotocin ; TCA, trichloroacetic

acid; TXB,, thromboxane B;; uCr, urinary creatinine
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AEoik, EXTERCISHMRIE S ¥4, IN iy
50ul/ Y = ATOME TG IED, 492nm KB 5 RAEESR
MTP-2 =4 7o v—XEH (2B, ZE)ICLD
FEL. F9 b TAT I vOFRRINL D BLRCRERE
PR 77T m e  UCEERMRE(FR L, ZOMhRn
LEBEOT AT I VEBEYRD, REYR U TEMMRYD
OB (ug/min) THE L. KUERDOEBRET6.8% LT
THoT.

4. Cer DHllEE

BnAEEYRTEEE LT, STZ #4548, 3 X U12BHEI
Cor ZPE L. Tiehh, BER L VBRI LmE R HT
M7 V7 ¥ = (serum creatinine, sCr) %, EEOHETH
SREREBWTERSE 7 V7 F = v (urinary creatinine, uCr) %
% 4flEL, Cer (ml/min)=uCr-V/sCr (V: RE (ml) 253K
W, HE (kg) THRUTHIE L. sCr, uCr iZEE S HTEEEBT36
% (H3ir, BIK) CTHELR.

5. R TXB,, 6-keto-PGF,. DHIE

STZ #E7, BICLBHC EEROHTER L ELALR
R, TXB, B LU 6-keto-PGF . @ [P1] 5YF A4 A/ T v
4 ke b (Fafy, ER) CTEARE L.

6. GBM &V} 5 et ERAE D #EY

BY=xF LA i v (polyethyleneimine, PEI) #F|/H L 7=
Schurer HOFEPIHENT -7, FEHLEFACIETD
B, =—F VERE:Tw PEl (4 F& 70,000, Polysciences,
Warrington, PA, USA) D1.5% %% (IN EE, £BAEKC X
» pH7.4, 400mOsm W §i%) 1.0ml/kg ¥ E#EIR L D #EL,
16558 A AR 50ml CHBE R ERERL, 80—
I hEEEALIFE L GBM OBREWEYEHE L. BEAED
L, Immi L TICHE0.1% 7 v EATAF e F—2%
VVERVIAT VEABRICTHIEZEL, 1RHR 0IM 23y
NERREET WO T3040/ (1040f, 3[@) ¥ L7=. Epon (Epok)
812 WMEE, wAPT <A 7R b — A CHEBEYA 2IEH
L, Bffy S =& 7 = VBN X A ZERE 105 HT-,
EFEME H600 (B3, BR) %fAVT GBM O ER R T
PEl yefa R4 B2 Lic. Tibb, &5 » P DBETAND
GBMS#HiBF 2 &% 1 55 THCTHRELLFEXFH L, GBM
1000nm 4 b @ PEI etafidu o Mz, EIEAEAIZI0HEF
DFHETHR L.

7. BAEE Na-K-ATP 7 — £ iEHORIE

Na-K-ATP 7 — #iEM DIEIL, Cohen HDHE™ 12# LT
Fote., Tibhb, AFvL A, v (AR 63 150,
2501, SRFBLCERT, KER) RAVe B W HTER L O RHHE
MR E A BEEE L, 10mM Tris-HCl (pH7.4) 2ml iz 7z
D%, Na-K-ATP 7 — €iEHRERD 204 % 24K (A, B) & &
BRIEAD Iml CERAEhoE L. AiZ 60mM L+ b
Uy a, 5mM B{ka Vv A, 2mM #ilbk=2s % v v 4, 2mM

ATP (49 = v 2 VEER), 0lmM =F LY o7 ¢ v AR

(etylenediaminetetraacetic acid, EDTA, ¥H, F#) # &L
100mM Tris-HCl (pH7.4) %, B ImM v 7 A1 v
(Aldrich, Milwaukee, MO, USA), 2mM #E{k~ 7 x v v 4,
2mM ATP 0.1mM EDTA %41 100mM Tris-HCl (pH7.4) %
2ml Foin%, 37C CIOHHMESR, K& Liz 10% (W/V) +
Y 7 w VBEEE (trichloroacetic acid, TCA) 0.5ml #inx TRG%
IE%, 34 (3000rpm, 10min, 4C) W X W& b hic L

(1.5ml) e i\ v2UToRKRClE L. T
febt, FROLE 1mERKERE (1Y =V FF @7 v+
=94 (B—, ER)/LIN FiBE K 10ml WS —#%
400mg #Nx7=b D) 1.5ml 2Rz CTHEAL, 25COKBFIT
104 R - 7o, 700nm DOBNER TE Lic. EHEfsaH & L
T, VvEEH Y Y A 136mg % 10mM Tris-HCl (pHT7.4) Iml iz
LT 100umol/ml & L, X HICRABEREYAVTI006EH
RETO, TOBIT2EFRLBEVELTHERRIILE- 0.
ZOXICLTHELICARIUOBOERK) vOEYENER
BEY ) OfE (umol/mg/hr) & LTHEL, KH %5 Na-K-ATP
T —EiERE L, B, ANEROEBREILE. 9% LT T
%Ot.

8. BEHOEE

BEATE, Lowry B RECUTOFIETT -2, T7tb
b, RHEL TR RSB, 2 %R by 2 5/0IN K
Ei{bo- bV v a E0.5%FHER 5 KR/ | BTEEEF L) YA
% 50: LICEALLL D% 2ml iz CER T HKE, 5
w72/ —ABREEA A VTRKT2HECFRLLLOY
0.2ml % THIB TI0HMKE L, 750nm R 52 BEEZN
FElkoi., EigHE LCEnFET V7 v (bovine
serum albumin, BSA, Sigma) % 10mM Tris-HCI (pH7.4) T
10, 20, 40, 80, 160, 320, 640ug/ml WHRR L TH .

9. BARERGMRA cAMP BEDOWIE

Bt D BRIk R0 E (BER) D 6% TCA (2~8C)
THREBLLBAS Y Y 5 ARBREWH L, 2000g, 2~8C T
ISHREEO L. Bohik kB 5 FE (BR oKkgf=—-7
Nz, EREE - T A BERSIRETHIREL 4T DE
L, BohtHE2EEERL, TORARFD cAMP B%
CAMP [®[] 7 w2 A Y AT LA (T Vv b Tptv, K
) RRAVCTHIEL, AREERM ) OBHESETRLLE.

V. #EEHSasEt

RIEEZ TN TPy L EEEETH L, FHECEORER
QBB TR O W tREY B, 3BEMULETI—TRE
DB Scheffé DL EHBIERAVTIT -7z, ¥z, 28
RO #EEE, [EIRFHHT L Pearson OFEERE, EURSHT AT
BE L. EBRRS AR EEED & LIz,

59 #

1. REOZEIL
BEIIEERFETIIERCHE NS 5—7, BREFTIE
MEEZETLTE Y, 12BBICIERBRT 37471778
(n=12) &, FEPRHEBD 574.0+173g (=12 K LTHEK
EETH -7 (p<0.01, ®M2). veA&xy—AOHRECL Y,
FRRR, ERFMEE DCHFBRERELRRDbAh 12
(X 3).

I. EEmEOE

MRS BT, ERRETIE STZ &5 4BLUESEEYR O &
Far—7F, EERRETIREILLL, R2BEERRET
484.0425.9mg/dl (n=12) &, IEEERHFBD 161.8£6.34mg/dl
(n=12) T LCERBREMETH -7 (p<0.01, K4). ¥rA
2V —NOBRE I AELRGELARRD bRk o (K
5).

. AER OZ{t

AER 12 STZ 538 RRENC 3\ CRRFIC R N L, BER
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REES S BLUMIEERREC L CERBRCEHE TH -2
(p<0.01, [ 6). 12BHD AER 12, DM BT 0.77+0.26ug/
min (n=6) &, NE® 0.17+0.0lgg/min (n=6) K LTHE
fe#m% R L1 (p<0.05), DMC # T2 0.28+0.172g/ min
(n=6)THbH, YRR V- LOEKEIZL HEFOEMIFE
Ml ahiz (p<0.05, ® 7).

V. BRE{E Na-K-ATP 7 —EFHOZE{L

BEREkE Na-K-ATP 7 — € ¥:1x, DM B Tix 8.53+0.20
umol/mg FEH/hr (n=6) LN D 27.0+4.91pumol/mg BB/
hr (n=6) W LTHEKET L (p<0.01). DMC ## T2
14.540.55umol/mg ZH/hr (n=T7) THH, 8 AZ S —1D

6001
C \
= 400
o
0
=
=3
S 2001
m
0 T T 1
0 4 8 12
Duration of treatment
(week)

Fig.2. Serial changes of body weight in diabetic (@,
n=12) and non-diabetic (O, n=12) rats. Values are
expressed as mean®:SEM. #*p<0.01 vs. non-diabetic rats
by unpaired t-test.
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Fig. 3. Body weitht at 12th week in vehicle-treated non-d-
iabetic (N, n=86), cilostazol-treated non-diabetic (NC, n=8),
vehicle-treated diabetic (DM, n=6), and cilostazol-treated
diabetic (DMC, n=6) rats. Values are expressed as
mean+SEM. #p<0.05. NS, not significant by one-way
ANOVA with Scheffé’s multiple comparison.

BEC IO EZDETHERCHE I (p<0.01, E8). N,
NC &£ 61, DM, DMC BER 5 L% W 21 AER &
Na-K-ATP 7 — € & DERIC DWW THRE LAt 2 A, FEOM
WCARBIREL r=—0.543 DEFF LA OHBEBGRAED bhiz (K
9).

V. Cer %1t

Cer ¥ DM £ 3.71+0.27ml/min/kg (n=6), N & 3.71+
0.24ml/min/kg (n=6) L MEMTHEEZIED LA T, vur
RV =N DREI L > TLIERE, BWRBEEEL L
eh o,

VI. Rep TXB, 54U 6-keto-PGF.. DE{L

R TXB, i DM ¥ T 7.056+0.80ng/24hr (n=6) &, NE®D

600 7
3 *
o
E 400-
Q
(7]
o
Q
=
)
- 200 T
<
9
m

0 T T 1
0 4 8 12
Duration of treatment
(week)

Fig.4. Serial changes of blood glucose in diabetic (@,
n=12) and non-diabetic (O, n=12) rats. Values are
expressed as meantSEM. #*p<0.01 vs. non-diabetic rats
by unpaired t-test.
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Fig.5. Blood glucose at 12th week in vehicle-treated
non-diabetic (N, n=6), cilostazol-treated non-diabetic (NC,
n=6), vehicle-treated diabetic (DM, n=86), and cilostazol-
treated diabetic (DMC, n=6) rats. Values are expressed
as mean®+SEM. #*p<0.05. NS, not significant by one-way
ANOVA with Scheffé’s multiple comparison.
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3.734:0.52ng/24hr (n=6) T L L CTH BEw#mlLTtwik
(p<0.01, & 11A). £7, R 7 6-keto-PGF,, {¥ DM ¥ T
21.7+4.20ng/24hr (n=6) &, N# D 12.4%2.46ng/24hr (n=
§) WHLTHENT AEARED SR (R 11B). LaLl, »T
hbvrAZ Y- LOHE L W ERERELIRD bR
. MR TAHEREETHME O (TXB,/6-keto-PGF.) %
Lo THizh, DM # 0424006 (n=6), N 0.35+0.06
(n=6) +MEMTERZRL, vrAX - ILORETL -
THEE Lish o7z (B 11C).

VI. BAREEMEIEACAMP OZ1L

WARERGHIER D cAMP £13, DM # T 30.1%3.4fmol/
mg B@ (n=3) &, NEOD 73.3+11.0fmol/mg H (n=3) ¥

o
o

o
>

Albumin excretion rate
(1L g/min)

0- r . )
0 4 8 12
Duration of treatment
(week)

Fig. 6. Serial changes of albumin excretion rate in diabetic
(@, n=12) and non-diabetic (O, n=12) rats. Values are
expressed as mean+SEM. =*p<0.01 vs. non-diabetic rats
by unpaired t-test.
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Fig.7.  Albumin excretion rate at 12th week in vehicle-
treated non-diabetic (N, n=86), cilostazol-treated non-
diabetic (NC, n=6), vehicle-treated cilostazol-diabetic (DM,
n=6), and cilostazol-treated diabetic (DMC, n=8) rats.
Values are expressed as mean+SEM. #*p<0.05. NS, not
significant by one-way ANOVA with Scheffé’s mulitiple
comparison.

*k *k

[ . i 1
— 1

Na-K-ATPase(u mol/mg/hr)
-t N w Py (41
o © o o ©o o

N NC DM DMC
Rat group

Fig.8. Glomerular Na-K-ATPase activity at 12th week in
vehicle-treated non-diabetic (N, n=6), cilostazol-treated
non-diabetic (NC, n=6), vehicle-treated diabetic (DM,
n=6), and cilostazol-treated diabetic (DMC, n==6) rats.
Values are expressed as mean:SEM. **xp<0.0l. =*
p<0.05 by one-way ANOVA with Scheffé’s multiple
comparison.

100

Na-K-ATPase (umol/mg/hr)

0 0.1 0.2 0.3 0.4 0.5 0.6
Albumin excretion rate (j.g/min)

Fig. 9. Correlation between urinary albumin excretion rate
and glomerular Na-K-ATPase activity at 12th week in
diabetic and non-diabetic rats. Solid line shows the
regression line (y=—113.35x+62.375, .r=—0.543, p<0.0l,
n=22).
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Fig. 10. Creatinine clearance at 12th week in vehicle-treated
non-diabetic (N, n=6), cilostazol-treated non-diabetic (NC,
n=06), vehicle-treated diabetic (DM, n=6), and cilostazol-
treated diabetic (DMC, n=6) rats. Values are expressed
as mean+=SEM. NS, not significant by one-way ANOVA
with Scheffé’s multiple comparison.
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HLTHEEBERCETL T (p<0.05) 28, DMC # T2
37.740.42fmol/mg BR (n=3) &, FETRARZLLDOD ¥ r R
B = ABE LY EOETHNG I A BERIBED L.
VI. GBM (Cds(T DEMFTERIEDOLE(L

£BEO GBM 0BESYRIICRT. Cord DM #Tiz,

12+ | * |
m 101
2
§c 87 T
X o
oN 6-
=N
gfﬁ 44 _—T
£
= 21
1] : . .
N NC DM DMC
Rat group
A
2] 30 1
[T
o
s T
SE 207
g
25 1T
©L£ 101
'Y
o
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-
o 0 . . -
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Rat group
B
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C

Fig. 11. Urinary excretion of thromboxane B, (TXB) (A),
B-keto-prostaglandin Fi. (6-keto-PGF,,) (B), and the ratio of
TXB, to 6-keto-PGF,, (C) at 12th week in vehicle-treated
non-diabetic (N, n=6), cilostazol-treated non-diabetic (NC,
n==6), vehicle-treated diabetic (DM, n=6), and cilostazol-
treated diabetic (DMC, n=6) rats. Values are expressed
as mean+SEM. #*p<0.05. NS, not significant by one-way
ANOVA with Scheffé’s mulitiple comparison.
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' Fig. 12. Glomerular cAMP contents at 12th week in vehicle-

treated non-diabetic (N, n=3), cilostazol-treated non-diabe-
tic (NC, n=3), vehicle-treated diabetic (DM, n=3), and
cilostazol-treated diabetic (DMC, n=3) rats. Values are
expressed as mean+SEM. #p<0.05.. NS, not significant
by one-way ANOVA.with Scheffé’s multiple comparison. -
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Na-K-ATP 7 — € iEHDET AR Z 528, Na-K-ATP 7 — £
A4/ V=L OMEANORIAZCHEE LTS
W, RAEEOETREHITHEA S 442 v b — AR %5
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BECEDLTHOREY A =L - S 447 v b= A REEH
FehsHY. Lrl, BRI DETLS NaK-ATP 7 — £
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W, ZHhET, BRFEZ v P OBAREIC BT S Na-K-ATP
7 - EESDETERLCHEY Th, RP707 3 vHEE

Table 1. Number of polyethyleneimine (PEI) particles
per 1000nm glomerular basement membrane at 12th

week

R Number Number of PEI particles
at group of animals (mean+SEM/1000nm)
N 3 7.840.42
NC 3 7.7+0.35
DM 3 4.8+0.36*
DMC 3 7.6+0.45%*

*p<0.01, vs. N, **p<0.01, vs. DM. by one-way ANOVA
with Scheffé's multiple comparison.
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Fig.13. Electron micrographs of polyethyleneimine (PEI)-stained glomerular basement membrane at 12th week of vehicle-treated
non-diabetic (A), cilostazol-treated non-diabetic (B), vehicle-treated diabetic (C), and cilostazol-treated diabetic (D) kidneys
(x15,000). (A) PEI particles (arrows) are distributed at regular intervals along the lamina rara interna (LRI) and externa
(LRE). (B) Administration of cilostazol makes no differance in concentration of PEI particles in non-diabetic kidneys. (C) PEI
particles in the diabetic kidneys are diffusely reduced along the LRE and LRI. (D) Administration ‘of cilostazol prevents the
reduction of PEI particles significantly in diabetic kidneys. En, endothelium ; fp, foot processes.
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Cilostazol Prevents the Progression of Experimental Diabetic Nephropathy: Beneficial Effects on Glomerular Na-
K-ATPase Activity and Glomerular Charge Barrier System Yasuhiko Ieki, Department of Internal Medicine (I),
School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 103, 163 —172 (1994)
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Abstract

Cilostazol, cAMP phosphodiesterase inhibitor, was given to streptozotocin-induced diabetic rats to examine its effect on
the progression of experimental diabetic nephropathy. At 12th week after the onset of diabetes, the urinary albumin excre-
tion rate (AER) was markedly increased compared with non-diabetic controls (0.77£0.26 vs. 0.1720.01 x g/min, p<0.01).
Administration of cilostazol (20 mg/kg body wt/day, p.o.) significantly prevented the increase in AER in diabetic rats
(0.28 =0.17 p g/min, p<0.05). Glomerular Na-K-ATPase activity and the density of anionic sites on the glomerular basement
membrane (GBM) were significantly reduced in diabetic rats compared with controls (8.53%0.20 vs. 27.0%4.91 zcmol/mg
protein/hr, p<0.01. 4.8%0.36 vs. 7.80.42/1000 nm, p<0.01), and these reductions were also prevented by cilostazol
(14.5%+0.55 2 mol/mg protein/hr, p<0.01. 7.60.45/1000 nm, p<0.01). Glomerular cAMP contents were reduced in diabet-
ics (30.1£3.4 vs. 73.3%=11.0 fmol/mg protein, p<0.01), and this reduction was only marginally prevented by cilostazol
(37.71+0.42 fmol/mg protein). Cilostazol had no effect on body weight, blood glucose level, creatinine clearance, and the
ratio of urinary thromboxane B, to 6-keto-prostaglandin F,,. These results suggest that cilostazol prevents the progression of
experimental diabetic nephropathy by enhancement of glomerular Na-K-ATPase activity and by restoration of the charge
barrier system on GBM. The increase in glomerular cAMP contents may partially contribute to these effects.




