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Renoprotective Effects of Azelnidipine by Improvements of Renal
Microcircuration

Sohachi FUJIIMOTO

Hypoxia induced tubulointerstitial injury is proposed to be associated with a progression of
renal diseases. Tubulointerstitial hypoxia is caused by loss of peritublar capillary (PTC) blood
flow. Therefore, maintenance of the blood flow in PTC may protect from loss of renal function. A
long acting calcium channel blocker, azelnidipine, is useful in progressive renal disease. However,
this mechanism is not elucidated well. The present study was made to elucidate whether
azelnidipine, a new long acting calcium channel blocker, kept the blood flow in PTC and improved
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At first, PTC blood flows in
WKY rats were monitored using a pencil-lens interval microscope before and after intravenous AIl
PTC blood flow was reduced

after AII infusion. However, after bolus injection of azelnidipine, PTC blood flow was improved.

a tubulointerstitial injury caused by angiotensin II (AII) in rats.

(30 ng/min) infusion with or without azelnidipine (0.1 mg/kg).

Next, WKY rats were treated by chronic infusion of AIl (500 ng/kg/min) via an osmotic
minipump with or without the azelnidipine (30 mg/kg/day, orally) for 14 days. Tubulointerstitial
damages (PTC loss, interstitial fibrosis, tubular atrophy) were observed in chronic AII treated rat
kidney.

biomarkers (intracellular accumulation of hypoxyprobe-1 adducts and expression of hypoxia

These changes were associated with the hypoxic conditions measured by hypoxia
inducible factor-1 alpha protein). These tublointerstitial injuries in AII infused rats were not
blocked completely but reduced by azelnidipine treatment. The area of hypoxic condition in
the kidney was also improved by azelnidipine. These findings suggest that azelnidipine may

increase PTC blood flow and improve a renal hypoxia and tublointerstitial injury by AIIl. (Accepted

(#30% 2% 2004)

on October 19, 2004) Kawasaki Igakkaishi 30(2) . 111—122, 2004
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RANE M EEE R, BEEOERLLERKT
THHVY, HRAEEMME PTC) HOWK
A - H5 L PTC DI TIZ & 52, TR
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TVBIEIRENRTVEYY, fE-T, BE
EAERPPH] I PTC MITIRFRIC & 2 MLRRIER 3=
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REBFHEL72DOTHS. SHOBEFICLY,
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PTC it % ¥ S &, RMEHE R Mm%
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[y

MEEFTE

Treatments with angiotensin Il and azelnidipine.
Analysis of the renal microcircuration.

FTRTOERZ, NIFERRZHYWEREER
KORBE R, NFERKF OB FEEIEE
WCHDSEERI NIz, 6 AEAKRE 200~250¢g
#t o Wistar 5 v b (Charles River Japan) 7% H
Wiz, AV 7 NVL YIRAREET 7 v MR
WR~A 7 — 7 Vv 2 B AR K % FifeiE A
(0.06ml/%) LIMEEERLA. £4, Lo
HBRAD AT —TIVEEEL, MWEOREZE
1To7z. BB B % %RERMKK OF PTC Ifl
WMOBILE - FHllE, IWALOREZHKII=—F
V7u—JHOCCD Tt AfrsnRAa—7
(CCDV) % F\ififT L7229, PTC L1,
H KM IC CCDV & B Eeffil < ¢85 - Rls
L7z, RIS, BHRBHEIC 0.5-1 mm O
/NEIBE & AN CCDV 0560 % B2 S e B L
7z, ReERL7z#mA, WHUMENIRE O 2L,
NIH image % iV CERBMICHIT L7z, £72,
SRERR K OF PTC i 3 B2 % 5HEl 3 5 72912,
MENZ RN ZHRIMER (RBC) it % HllE L
fE AT 7 1 75 5 MATLAB (MathWorks, Inc.)
% F TRt L7z,

9, EHAEHEKERIEAT TPTC LY
SRERARIMGE %2 B1%5E - sk L. RICEHEAR
Ko, HFAIEAKICER L 7 ALl O FfETE
A (30ng/43) ICEEL, 1057#% D PTC KU
SRERRIMLGE % 308k L7z, RIC AL O FefeiE A
TiZBWTTEV=VE Y (ZHkREH, &
W) R AEAIEKICEM L 0.1 mg/kg FHFIR X

DG LE. TENLNS IV V51041,
PTC B USRBRRILT % FR8%k L 72,

Long term effects of angiotensin Il on renal
microcirculation and ameliorative effects with
azelnidipine.

XBREWMET IV

R 170~200 g Bk Wistar 7 v 1 (Charles
River Japan) % W27z, 5 v b @B FIZ osmotic
minipump (Alzet model 2001 ; Alza) & & L,
AlFERE (n=16) & L CHMARKICHER
L 7z Al % 500 ng/kg/ 53 ¥ 5 L7z, £ 7251
ff (n=8) [ZIZMERDHETHEERIRKE 14
AE#S Lz 72, ARG T v bz 2 B
S, BHZEHE =8) TET7TEV=VE
v 30 mg/kg/ H & # Bk 5 L7z, Al i
ABEIKI G 14H %, 24RHEREZIT- 72,
BRI T T — T OVERIE T2 LRI O
MEEzZRHHE L7z, fH LB RO—83 4%
T T H VAT VTR FICTREREZITV,
NT 74 YR L7z, £72, —#Bld Tissue Tec
Fr5 774057 2=2A, HE) ICXVH
HEEEZIT- 7.

B R OABRESLRET

4um O8F 7 4 YIABYI R R NT T 4 v
# 12 periodic acid-Schiff 4 1 (PAS ¥ fa) %
1To7z. PAS 4eft L 7B BB L 0, HEIC
BT 5 RAME W E & E B % Velasquez 5 D J7
BT Ry b b v 7 ABICE D g
BEICEHG L 7z, 3% b b REMiiR®E, R
BPLER - A, BVEMGEL, RS AL o
HEP SRR O LRI SO L EEG% A0
TALL72. 0 =REEIMEL, 1=0-25%, 2
=25-50%, 3 =50-75%, 4 =75-100%& L,
KBS MMRMIRIC BT, KRR TERIE
BRI L2108 B Ml L 72, 1088 X
a7 %P L EMBREOMEREZ a7

(Interstitial injury score) & L7z,
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PTC D&

I v FOMEHNE~Y—%—Tdh 5% RECA-1
(rat endothelial cell Antigen) ¥LJE % FH\»C PTC
OMMEIT o 72, 4 um OHBEY %271 b~
HE LMW/, JLRECA-1E ./ 7 0u—F Vil
K (2 AE/)N4 4, ®E) % Phosphate buffered
saline (PBS) C 25 ug/ml iEFEICHML, 4T
T—HEUE & ¥ 72. KIZ Histofine Simple Stain
MAX-POkit (=5 L A, HH) % HvT0.02
% 3, 3‘'-diaminobenzidine (Sigma-Aldrich Japan
KK.) THthl72. RECA-1 Jeft Chth S 7z
B E o PTC O N HIRE % B EAT 7 1 7
< 2 NIH-image % Fi\» TR L 7.

FRfEE MO

B HLAR o I 1l % Pimonidazole (hypoxyprobe-
1 ; CHEMICON International, Inc. CA, USA) %
FvCTHEH L 72, PBS T f# L 72 Pimonidazole
hydrochloride 60 mg/kg % Rk & V) B4 2 I
BHICERG Lz, N9 7 40 REBY R %
)85 7 4 V1% IZPBS T 10 pg/ml i E AR
L 7> $i Pimonidazole £ / 7 1 — J+ JU ¥ 4k
(CHEMICON International, Inc. CA, USA) T4
JE—RRUS S &7z, Bl & AERDJEET0.02%
3, 3 ‘-diaminobenzidine THt L7-. BEED
Pimonidazole B VETHFE D 5 © % & %, NIH-
image |2 CAHfi L 7=.
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TARTORRIL, FME £ EHEFGETE L 72,
WEETALIR L, Statview SE (Abacus Concept, Inc,
Berkeley, CA, USA) % 7=, KH#ER o
i&, Fisher's £ E LI TIT W, 0.05LLF
fEbE L o TRESED D & LT

b xR

Evaluation of renal microcirculation in All infusion
rats.

AL & 5 BNBUMERZAICH§ 2 7 ¥V
—VErOuENREE, PTC OIMFEHEE,
HAMIBIIRPEDZAL %2 FHA L CaMili L7z, LA
BimAE (SBP) 1%, AL IC L Y FEICLA
L7z (Al #%5-8i 101 =4 mmHg vs. AIl 5%
139 = 5 mmHg, p< 0.05 ; Fig. 2A). 7 ¥ Vv =¥
VL, ALIICE ) A L7 SBP 2 FEICIKT
KRz (TN VY V&S5 118+ 7 mmHg,
p<0.05vs. Al ¥¢5.%% 139+ 5 mmH Fig. 2A).
Figure 113, CCDV <Tai4k L 72 PTC I it i {%
THbH AUFKGIZ LY, PTCE D HiE/ &
PTC DI A D BN/, TENV= VY
v O 5.0%, PTC & DG/ K O PTC H s D i,
Yr®HE L AR5 HOPICIZEIT A
RBC Dyt # 1%, $ 50 & H55.2+10.8%12
FCTHEICEA L (Fig. 2B) 7¥LV=VE
v E, A% 512 X % PTC P @ RBC 4 FE »
AT % 5-Ri081.2 +4.7%\Z M8 L 7= (Fig. 2B).

C

Fig. 1. Effect of azelnidipine on acute AII infusion-induced PTC microcirculation. Typical images of PTC hemodynamics
in basal (A), after AIl (30 ng/min) infusion (B) and after azelnidipine (0.1 mg/kg) administration (C) recorded
by CCD videomicroscope. AIl caused reduction of PTC volume. Azelnidipine recovered PTC volume in AII infusion.

Scale bar ; 50 ym.
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F 72, AL, #5801 % A SRERMAO i A ED
IR & mHAEIIROZEE FNFNSL5+2.5% &
76.1+1.3% F CTH BT 2 &7 (Fig. 2C
and2D). 7E¥N =TIV i, A5 & H
N AFIEIIR % 110. 3£ 4. 1% LR & 872 (p<
0.05 ; Fig. 2C). ¥ - BY AR = ALL % 5-Hi
fED89.2+1.7% % TYPHEH L E S 17z (Fig.
2C and 2D).

Amerilarative effects with azelnidipine in long-
term All infused rats.
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7z (158.7+3.6 mmHg, p<0.05 vs. control)
W, TENVZVE VEHECRARLBRERNR LR
7> (A5, 158.7+3.6mmHgvs. 7 ¥
V=V U, 126.8+7.1 mmHg, p<0.05).
BREROLAEERIE, 3HHTIE, AELEIR
BOoNL oz, RP&EAOHHEEX, Al
BEGHTHBEICLEAL, 7TELV=VEVRETIE
M 7z (AU$ 58, 23.32 + 3.13 g/day
vs. TEN =TV VB, 14.75+1.37 g/day, p<
0.05). Creatinine clearance 1%, AIl ¥ 5 # 12 &
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Fig. 2. Effects of azelnidipine on acute AII infusion-induced systolic blood pressure (A), RBC velocity in PTC (B),
afferent arteriolar diameter (C) and efferent arteriolar diameter (D). AIl (30 ng/min) infusion induced increase
of systolic blood pressure, reduction of RBC velocity in PTC, and constrictions of afferent and efferent artery. Azelnidipine
(0.1 mg/kg) injection reduced systolic blood pressure but not to basal level. Azelnidipine also recovered reduction of
RBC velocity in PTC and constriction of afferent and efferent artery. The afferent artery was dilated more than basal level
by azelnidipine but the efferent artery was not dilated as much as basal. * p< (.05 vs. Basal, # p<0.05 vs. AIl infusion.
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Table 1. Biological parameters of Ang II chronic infused rats.

N R & &S

(5530% 25 2004)

Control All AIl+ Azelnidipine
(N=8) (N=8) (N=8)
Body weight
éByW“g 212.4+4.7 198. 6= 10. 8 201.5+9.5
M d
ELRES 91.5%3.4 158.7+3.6° 126.8%7.1%
pressure (mmHg)
Right kidney
weight 0.45+0. 01 0.47+0, 02 0.48+0.02
(2/100 g BW.)
Uringey protein 4.17+0.81 23.32+3.13° 14.75+1, 37
(mg/day)
Creatinine
clearance 1.46+0.09 0.67=0.09* 1.36+0.11°
(mL/min/100 g BW.)

mean* SE, a ; p<0.05 vs. Control, b ; p<<0.05 vs. AIl

DEBIZBDT LY, TV VYV BTHE
LCTw/ (A58, 0.67=0.09vs. 7€
=TVY R, 1.36%0.11, p<0.05).

TENVZIE UHFANIZ L BHBFHICDH
BERELYWESTLINE ) D, BHOBERED
AR E % PAS 4o o |2 THRET L 72, AR 5
RETIIERELC, RS OLR, i, R
BWNICHAEER 2 & OMBE L BE I
(Fig. 3B). Zh o ORMERELILIE, T
V=V BB D ARICHR S Lz (Fig
30). RAEMEREL PEEWIHITT S L
TENZ VY VEETIE, ATTHRS5C X 5 RAE R
BREAITHFABEICLEIN TV (ALK
G#E, 1.19+0.15vs. 7EL =V Y VB, 0.70
0.09,p<0.05 ; Fig. 3D). SR BRI 213, ALl P
58, TENVZVE CREEILICIZEAERED
LN oz,

Evaluation of renal hypoxia by pimonidazol protein
adducts.
RMERERECSTL2TEL=ZIVE YD
%A A%, PTC ML O 2 3 O v T Lk R Il
DHUBIZLEDE) PEBM~Y—H—TdH5b
pimonidazole % i \» THEAT L 72. Pimonidazole
&, MEREREZRE T2 — -2
)BT EFHREIN TS, BT,

pimonidazole {%, FZHEHEF L FHIVEORME
MBI R 2R DR T, BRET
i3, FEAELRDLEDN -7 (Fig. 4A). L2 L,

ARG FE OB R E T3, A &2 pimonidazole
Bk RS F MR o3 mASRAo 7 (Fig.

4B). 7TEN= VY UFEEICE Y, AUKERE
TH & W72 % &8 @ pimonidazole [ 1 #ll i
B, FUNCHE S e (Fig. 4C). £EHo
% [% 8 T @ pimonidazole [ VETH A& % K L 72
7" 7 % Figure 4D |Z 7/~ 3. pimonidazole [
PEE AR, of BB L B L AL 5-TF T
WCHER LTz G B#EQ. 4 £3.3% vs. AIL ¢
5.#33.5£5.4%, p<0.05). L&»L, 7EWNm
SV VIRERTIE, ATTRGEE L i LBz
' T @ pimonidazole B P W 1%, A F 24
LTWw7: (7N VY U BE17.0£4.8%, p
<0.05 vs. ATl $¢ 5. 5) .

Determination of PTC volume by RECA -] staining.
TENVZ TV URPTIC D, HWEIZS 25
W R T 5729, HURECA-1HiEZ Hw
TPTC % g L7z, MEREF OB RE T,
PTC 3B FEICHE~Hi LT\ (Fig. 5A).
ANl #% 5 B Tl%, PTC @ &£ 234k /ME L, PTC
oW b RO LN/ (Fig. 5B). BFREICB
7% PIC © 5% % [HfE d 5 BB L L AL
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Fig. 3. Effects of azelnidipine on All-induced interstitial injury. Light micrographs of rat renal cortex from control rat
(A), Al (500 ng/kg/min) chronic infusion rat (B), and AII chronic infusion and azelnidipine (30 mg/day) treated

rat (C) (PAS stain ; Scale bar ; 200 mm).

(D) Interstitial injury score. AIl chronic infusion for 14 days developed

focal interstitial injury. However, All-induced interstitial injury was prevented by azelnidipine treatments. 3 p<<0.05 vs.

control rats, #p<C0.05 vs. All infusion rats.

BECRARELRBRIHRD 6 N7z (R IREE, 33.4
+3.0% vs. AL % 58, 21.2%2.4%, p<0.05;
Fig. 5D). Z O # F1%, PTC o IfL ik A% AII $%
EHTRALTWAZ L& SES. L L,
A5 HTOPTC OERLKOEAIZT €V
—VEVHTIE, FRICHHIShTw: (Fig
5C). BHEIZBITLPICO LD L HEHMED
ARSI, FELZLEAZRD: (T
W=D ¥ U HE28.5%33%, p<0.05vs. Al #¢5-
% ; Fig. 5D).

Z &=

CCDV % fIH L, BREFKE D PTC LUk
RO MBI HERE L. ZoFER,
PR 72 R BE T OB ST BE TR ERfR R PTC
OWMEBRIMTEALOFHEIICFIHTE 5 2 &2°
HHENTWEHHD8 SEOFERIZE D D
TOHEEHIHHE L, 1) AL, #AMBEIRK
LA ENIR 2 I L2 D T TdH % PTC O
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Fig. 4. Effects of azelnidipine on AIl-induced hypoxia. Immunohistochemical micrographs of rat renal cortex stained with
anti-pimonidazole antibody from control rat (A), AIl (500 ng/kg/min) chronic infusion rat (B), and AII chronic

infusion and azelnidipine (30 mg/kg/day) treated rat (C) (Scale bar ; 1 mm).

(D) Semiquantatative pimonidazole

positive area in cortex. Hypoxia, determined by pimonidazole positive area, in renal cortex was enlarged in chronic All
infusion for 14 days. However, Azelnidipine treatment limited enlargement of All-induced hypoxia in renal cortex. *p

<0.05 vs. control rats, #p<0.05 vs. All infusion rats.

MmEEsETFSEE. 2) TELV=VE VT,
AILZ X 2 i AHHEDAR & B A B AR o0 Ui % ¢
#L, PICOIME %NS 5. AL, ¥
HHIBIAR 720 C 7% < T AMIBIIR S MG <& 5 2
L, HERFHICRPFRAKTXEL 2 &L
A, TTRHMEIhTwa®, Lal, PIC
DI LB & O PTC MLk % B 52 W % THi%E
Lz7z@EEmw. SEOoFERIZED, BHE
PTC ® [ % in vivo TEIZ$ 5 Z L AW HE &

0, AU#512 X % PTC ML 4K F 238 & %
Lot

AL, ZRLIEHE N LEREICES T4
ZENMBLENTWA, Ty bADOAUDER
R 513, RERRMEMEREL T Sk
29, UL, SRERARBEE IR BRI
RARBMTH DI EDBHMENTWE20, D
A2 5 AILIE, JRANE B E Mo EZE AL
230 JERE MBI A BT B T L AUR
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Fig. 5. Effects of azelnidipine on All-induced reduction of PTC volume. Immunohistochemical micrographs of PTC in rat
renal cortex stained with anti-RECA-1 antibody. (A) control rat. (B) AII chronic infusion rat. (C) AII chronic infusion
and azelnidipine treated rat. (Scale bar ; 200 um). (D) Semiquantatative volume of PTC in renal cortex. The PTC volume
that was provided by PTC number and PTC lumen was markedly reduced in AlI treated rats and ameliorated by azelnidipine.
% p<0.05 vs. control rats, #p<0.05 vs. All infusion rats.

ENTWiz, INBITAT, 4 hoERER
5, AlliE, PTC Mk O FiZ X ) JRME
MERE2FERITIEFHER SN A
i 512 L 2 EEETFVOERTDY, R
R REE L, Pimonidazole |2 X V) /R L 72 B
B OMBKBEOILRIBLE SN, Thb
DFEREH S, AILIZ X 5 PTC LA T 25, B
BB MR & R EE R 2T &R L, R
MEMEEEZERZLTVWAZ NS

/il

Oizumi 5 HAA®IME (SHR) v b%H
WTTEN =YV 3mg/kg/day D158 x5
\2& ) RPF D% 78 T 5%, Yagil 5
B7EN= V¥ 52X b, RREOZELE
SANVEVERKL, FEORETICEBNT
TEN=ZIVEOFE R RPFHEIMNZ #E LT
Wwa, F7ELZIE UHEE5I2L ) GFR
WFAN L7245, RPEO BN IR LT
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H o 7. & 5 |2 Kanazawa & O 5 T,
SHR 5 v FD5/6BFHEFNIIBNTT EIL=
JEVICE D ACE HEEREG L REORER
PR E2 D2, ZALOHER, TEV
=V U hE A HBIIR & A B R O T E 2 Pk
REEEMRHENEZEBRLTNAEI L%
RLTWAS, —fRIZYe FrE) Y %R CCB
iLﬂﬁWVﬁA%¥/$W®&%m%T
H. LB ANV AF v VAV, i AME)
PRICEEICHAEL T Y MHMEIRICIZ 2w
W, Ye Favy I ryRCCBIE, #AMBE)IR
FERGICERT S EENTEL LAL,
SEAE, o Ye Fuvry Y& CCB I, W
WHEIRZ HILE XL EPHE ST
é33>.

Z N E TIZCCBIZ X % PTC O Ifil ifi k3 %
AL 7B A O W T DN RS X0 5
NnNiew, 7LV UESICID, ALIZX
ZIRMIE R EREORM &, B EBOMMBIK
BEOWE T BTz,

SHERAR B Bk 2> S 450k L 72 PTC 1L, B
FHETmMEREETEERT S, 20, PICOI
i, REREOMMAL L BEICHEL TS
Al O EERT, Al FEfid 512 & ) PTC o
WA B L OPTC WER /MU % BB 7. PTC I
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