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Renal angiotensin converting enzyme (ACE) expression in diabetic rats :
the effect of ACE inhibitors

Hiroko YOSHIKAWA

Department of Nephrology, Toho University School of Medicine, Tokyo, Japan

Renal excreted angiotensin converting enzyme (ACE) inhibitor captopril, and renal « hepatic bile
excreted ACE inhibitor temocapril, were compared by monitoring serum ACE and renal ACE expression
(protein and mRNA) in streptozotocin-induced diabetic rats.

Serum ACE levels did not change in untreated diabetic rats or in those treated with temocapril,
compared with normal control rats. However, serum ACE levels significantly increased in diabetic rats
treated with captopril after 3 months(153.8+23.0 vs. 43.5+551U///37°C, p<0.01) and 6 months
(113.6+9.3 vs. 36.9+291U/1/37°C, p<0.01) compared with normal control rats.

Compared with normal control rats(3.610.4), proximal tubular ACE protein expression significantly
(p<0.01) decreased in untreated diabetic rats(1.6+1.1), but significantly (p<<0.01) increased in diabetic
rats treated with captopril (3.7+0.3) and temocapril (3.5+£0.4).

Renal ACE mRNA levels decreased in untreated diabetic rats (125.5+£20.3 vs. 313.3+53.4, p<0.01)
compared with normal control rats for 6 months. Renal ACE mRNA levels tended to increase in diabetic
rats treated with captopril (184.4+51.2 vs. 1255+20.3) and temocapril (165.4+43.2 vs. 125.5:+20.3)
compared with untreated diabetic rats for 6 months.

In conclusion, diabetic rats had lower proximal tubular ACE protein expression and lower renal ACE
mRNA levels compared with normal control rats. Furthermore, both ACE inhibitors increased renal ACE

protein and mRNA expression, but differed in their effect on serum ACE levels.
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1. XREREM)

1 B 220~240 g O #E P Wister 8 7w b 12 50 mg/kg @
streptozotocin (STZ) # Bk & b #&5. L, BEEFIMSEAHS 300
mg/d/ A LZRLUbDEHRFEZ v b & Lz, FIRRE
7y MEA YAV LB ba—ETDT, £
16% 308 v [ IR LB % 300 mg/d/ LA Bz g% L7z, STZ 355
MEREFRR T v DS B, captopril (S3k) 285 L% |
B (n=8), temocapril (Z3t) ##5 L 1-# % [ (n=8),
RERATLREG LR W)BEZIBEN=8) L L, &,
F#HSvhE2ay ba—NVOIVEEM=8)k L7, capto-
pril, temocapril |3 & APz HELT5mg/l, Smg/! @
MR VAR L, free drinking Iz TS L7-, BEFHEZ v b
VER R, EbLICKRREMMAL 72, RE, ME, FERED
B, R 77 s R, i ACE EikE (0 5 AR
WERd), 2v7F=v2V 77 A% 150, 34A,
64 HBRICHIE Lze RPT VT S V1 24 REEERIC &
D& S NI RRIET, Keen ' OIS UTe 2 Hifkik
radioimmunoassay % fTWH#ll5E L 72, Mi#% ACEEM: D #l
BIREFREY CTT ol ZVT7F=22 V77 AR
24 IR (Y), MEP)BLUVRP(UV)Z7 Vv T7F =
EEHEL, UV/PORLDRDL, 34 ARICERHOF
BOIZvr % 6V ABECBYODEHED Iy %
pentobarbital i PYRREE T I BARE L, #RIM, 7% 64
WEHE LTz, B o—#ix ACE g% OCT
compound TEHEH, FEHEE L 1z, IR XE B 1 BF
SR TR L RNA offiHiicfit L7,

2. ACE R &R eEn+ERMETE

ACE BHDFEIR %, IRV % F O BEE iRk
PR W TRRY Lo —RIUEIBHE  ACEx Y A€/
7 1 > — N (Immunobiological Laboratory, ) %
R LIz, ZOFEDZ v v ACE & ORIt
SERIWE W THERR & iz, ZRPIE I ¥ ¥ horseradish
peroxidase < 7 A 1gG Hiif (Tago, Camarillo, USA)
BHEAL, 3v b=V i—XbiEoRb D Ik
fagg~= v A 1gG Hiff (Tago, Camarillo, USA) Z{EH L 7z,
%y b & 10E, AE 80 EDEALRME % 100 512 T
B, BEMREME L Ce{fE> TR ubD%E
04, EWIHM{RE-oTILDEIEEL, ZOME
1, 2, 3L, BIBRME L WCA2T7 %252, 20
EHEEEREO A 27 & UALE R T L 72,

3. RNA D& /=70y MR

B> 5L RNA 24 VY v (=y By v—r, B
RFHERALMHE LS, RTmRNADHE .2/ —¥ > 7
Oy METHET Lz T48b5, £ RNAE 5 ug 2
ELT, ThERVLATNTE FTUBELI, %74
O —AFNCHESKKEI L&, A o VB L, ¥P-
dCTP TZ~/N Lzt b ACE ¢cDNA 7o—7(PB 3519)'®
Eng T4 &R, 02XSSC, 0.1 % SDS(65°C) T
LA — Y4757 4 —%1Tol, mRNA DFHR
W RIA A=Y 77 F 74 ¥ —Fuji BAS2000(E -5 H
TANLER) EAV, &4 — 7V 77 AeEERL
Ltze A ¥F—Fnarvibo—neLTB-T7F %A
Wiz,

Table 1. Body weight, blood pressure, blood glucose, urinary albumin and creatinine clearance
Group Body weight Blood pressure  Blood glucose  Urinary albumin  Creatinine clearance
(8 (mmHg) (mg/dl) (ug/day) (ml/min/kg)
| month | (n=8) 272.5+36.0* 109.5%11.3 507x112* 500.1 = 253.4 13.6£1.9
N (h=8) 245.0%+33.9* 975%17.8 469+ 93* 298.0+ 258.3 16.2+3.0**
Nl (h=8) 252.5%32.7* 133.8+16.5* 461 £ 95* 4043+ 173.6 17.5+5.3*
IV(n=8) 387.5% 83 105.1 = 7.0 130+ 17 296.0t 300.5 11.0£4.3
3months | (n=8) 302.5+4].8* 945x11.9 564+ 64* 977.1 = 500.0 96+2.2*
Il (n=8) 267.5%+39.6* 95.0%+19.5 508+ 92* 1,359.5+ 926.7 10.8£1.7*
({n=8) 283.8+458"* 95.8+ (4.9 577+ b55* 1,673.8+1,796.0 10.3+1.5*
V(n=8) 490.0£30.0 101.6+18.8 181+ 35 1743+ 483 6.2+2.1
6 months | (n=4) 315.0£62.2" 90.8* 6.8 573% 47 8165+ 236.3 10.2£2.0
Il (n=4) 257.5%40.2* 84.8+14.1 551 + 85* 1,915.0+1,700.8 104+26
m(n=4) 280.0+86.0* 106.5+18.8 600+ 0* 829.0+ 393.5 9.3+2.6
IV(n=4) 565.0+29.6 ND 244+ 66 215.0+ 1324 6.5+0.7

Values are expressed as mean+SD. *p<0.01 compared with group IV, **p<0.05 compared with group IV

ND : not done
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Table 2. Serum ACE levels
Group Serum ACE
(lu/1/37°¢c)
3months | {(n=4) 153.8+23.0
Il (n=4) 37.4+19.7*
N(n=4) 485+ 6.3*
IV (n=4) 435+ 55*
6 months | (n=4) 1136+ 9.3
Il (n=4) 355+ 5.2*
I (n=4) 456%11.9*
IV(n=4) 369+ 2.9*

Values are expressed as mean £ SD.
*p<0.01 compared with group |

4. iETFEROAEE
fERE, BRFCBY 2 PIELFEEREE TR L, &iF
M OEEE T THRE L 2.

I " I

1. (A8, mFE, M RP7LTIHEERS LU

L TPFZ21) 75 A (Table 1)

REIEERAV)ICHLIL, 3, 6 EEE bERFER
(I, II, IDTREBI(p<0.0) i hotz s, BRIE
SEHMTREDOBHICBL T EEERIED sk
72o

MEGEEHEIVCELI A BEBONBETHE I (p<
0.0) B fE7E o 7248, ZOMIIFEEEZRDL» o7,

M BV iU 1, 3, 6 2 BH & bR
(I, II, M) TIREEIC (p<0.01)ElE TH -7 HERNG
IHHTREOHHcBLTHEREERBED SR,
72o

FREp7 N 7" 3 PRt AR R (IV) i L UBEERISRE( T,
I, D) BEETRL» > AEMOERSS > 2,

IVTF=r )T ARBERAOV)ICHL | A HE
DOIFE(p<005), IIEE(p<001), 3AHE® I #:(p<001),
II#E(p<0.01), HEE(Pp<OO)BHEEICHMEIETBZED
i FEE 2 Rd Lo Tz,

2. I ACE &Ml (Table 2)

3 HE O ACEf#f(1U/1/37 °C) i3l IV (43.5+
SN L U BRI R B 0 N FE48.5+6.3) & §i R IR
temocapril 5. D 1374197 TIFHEEE X S hot
3, BERRIF captopril 8 5.0 [ HTRE RO B % (153.8+
23.0, p<0.01)7R L 7z BRI OLLE TS 1 T
I, MECHLEZED (p<00)DEiEe s L, BRI
B E U R 2 7% Lz,

6 % F B ol ACE{#(U/1/31°C) b 32 HE &L
<, HEHIVIEE(36.912.9) 1 b L I FE(45.6£11.9) & 11
(35.5£52) EWENMN 2L, [ HTREEOEIEZ (113.6
+9.3, p<O01)/R U7z, BERRME IBEMOLLE TS 1 HEid
II, MECHLEED (p<00l) D7 L, ITHI
T H LR T A 2R Uz,

Thibb, FiIRFE T Y bIZB W T temocapril i [ 5
ACE{H 2 {ETF X ¥ 2 HAH H D, captopril iXIMK ACE
lEEBC LA S5 2 LR,

3. B ACE BA®%; (Fig. 1, Table 3)

Ry 72 AL PRE ACE A OFEBLZ Fig. 1 Ry
T ThoTz, FEMMFIL% Table 3 R Lz, #E
IVH# (3.6 £0.4) ([ LE UBERRIFRIEGIDOIIFE (1.6 = 1.1) TRE
2 (p<00DET L, captopril 5 @ [ B£(3.7+0.3),
temocapril # 5. @ I ##(3.5+04) TR I IC L LEE I
(p<O0ONiEWFEB 2R L, BEIVELFEBECEEL T
Wi, #RE{E ACEEHOERIZLFEVTFh b trace LR
NTERR S, STZHERKZ v o8B 2% ACEEH
FEOESAIIHRTE L »r o7z,

4. BACE mRNA(/—¥>7n0v Mg, $ER)

(Fig. 2, 3)

Fig 2itRTZEL, /=¥ 7oy MERTE, ik
28S 4T, REMIZ28S X ndwoiy 3R &7, Shiota
59 Jonsson 5" D FRE T H 7 v b D somatic ACE
mRNA T# 2B ACE mRNA |3 28S iz, germinal ACE
mRNA [ 28S XDy F@b SR TEY, KPI%E
TI7v FOBEBI TR SN 288D /v F iz ACE
mRNA & it L7z, EEIVERICELL, BEREO 3BT
WARIERDITET Y 7> V3L %> TusizHs, captopril
BeL5.0 18 & temocapril 5.0 ITH TIAEH LV L~
WETY T FNDEL B> Tl

Fig. 31 Fig.2 D/ —¥> 7 v bt O R 2L e/
LR UTze 377 HE TRAENTVIEE(176.6 74.0) 12 kb U SR
FARERONF CTHRBOBTMERA % (1174£31.6) R L 7z
A, [ETF UL, captopril # 5.0 1 #E(216.7+
197.0) 38 & UF temocapril £45.00 [T (172.5435.6) 13 TH U5
WoREEmSRES i, 65 FE THEEIVIE(GI33+
S3.4) WL UBEIRB R ERBEONBCHRBMOBEE LET
(125.5£203, p<0.01) %R L7228, {EF LB L
captopril 5. [ #(184.4+51.2) 8 X UF temocapril & 5.
@ 117 (165.4£43.2) CREER W FEBL o [ R % 7R U 12,
I, UEMTEREZR» >,
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Light m:croscopic findmgs of ACE immunostaining of proximal tubulus(PT)

In diabetic rat without treatment(Ill), ACE immunostaining in PT was decreased compared with normal control rat(IV). In both
diabetic rats treated with captopril ( | ) and temocapril( Il ), ACE immunostaining in PT was more intense than diabetic rat without

treatment(1I1). (% 100)

Table 3. Histological score for
semiquantitative analysis

of proximal tubulus(ACE
immunostaining)
Group Score
| (n=8) 3.7x0.3*
Il (n=8) 3.5+0.4*
Nl (n=8) 16£1.1
V(n=8) 3.6+04*

Values are expressed as mean £SD.

*p< 0.0l compared with group Ill

[
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Fig2. Northern blot analysis of rat ACE mRNA
|~6 : kidney of diabetic rat
treated for 3 months with captopril, group |
treated for 6 months with captopril, group |
treated for 3 months with temocapril, group |l
treated for 6 months with temocapril, group I
not treated for 3 months, group Ill
not treated for 6 months, group Il

7: k|dney of normal control rat for 3 months, group IV
8 : kidney of normal control rat for 6 months, group IV

p-actin

U’!_U'l_h_w_l'\’_—

Eﬁﬁﬁr Lﬁb)‘(:&{ﬂjﬁﬂ]}ﬁ‘ 9 : lung of normal control rat

D ACEEHDOFHHOET & B ACE mRNA O H»H 10 : testis normal control rat
D, ZhSOREHMIE ACE i & ik d L b BERe 91z Signal of 28S appears to be relatively lower in 5, 6 (group III,

BEshzZ L8RS,

diabetic rat, not treated) compared to 7, & (group IV, Control).
Signal of 283 appears to be relatively recovered in |, 2(group
|, diabetic rat treated with captopril) and 3, 4(group I,
diabetic rat treated with temocapril) compared to 5, 6(group
IIl, diabetic rat, not treated).
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Fig3. Semiquantitative analysis of ACE mRNA
in the rat kidney
Values are expressed as mean=+SD.
*p<0.01 compared with group IV.
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WAL, RERAETIEIWINT 2 EWELTEY, Er4 >
AN 2 JEEAF R AR A S BB TE R E c B W T b 2 h
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TELIolz, HEMA ACE A OFBIC DV TOXRMR
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BIZ v MIcRoNLTESBE TS e bicb kb
Bbhs,

B ER S 1 BHE 1 81 5 B ACE mRNA iz DWW T b Lai
5 b FRHEHERD in situ hybridization 2 & 2 8RET,
PRANAE - BRIA L b H X DY sl L ARF O
T L S 2GR LT D, OEIC W TIERiEEL,
sz, R, SRR O L F 2 S, SHOME &3
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B S ACEESEOMINE L U 2R 2h s OB
ACE mRNA O#ifl# i o h, # ACE mRNA ZH®ED
AR RE L holc ZERWEL T, 15 13% ACE
mRNA OO KANC DWT, T v b TRIALIRMEE O
ACE giit234 72 <, B mRNA tfiz i o 2 Slithsd 7 »
7z o, MHT %2 ACE mRNA ORI hotzDTH
D, B TO ACE #{ETF OIS O %R T 2R Tk
B EFLEL T3, KPR TROEMRME O fuE @i
& &% ACE mRNA O ZLHBREIETH oo s s,
JRF® ACE £ EES b5 B ACE mRNA 1t & Rl
BT encode & 15 BEHOEEABEHEIITRIE S iz,

ACE L5 354¢ 5.4 1L ACE fHOMS R o % &
V) R~ 1k Costerousse S OFRED DIz b H b, #
DBFETHTH 505, % 7 v i captopril 253
% LNl E TD ACE ST S W5 12 1K ACE ¥F
DS LA 2 E OGS H D, iizEe L, Kz
< DD T b ACEMEFOIES £ ACED G
BE « SUWORIMD D 5 72 D2 TR BRVHEHZ SN T X
fzo BERIEZ v M BT B ARWFE T captopril,
pril DL FIIC L > THRHTD ACE mRNA B L URHMI
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DI & HS N TV 353, [FF kininogen RANZ v b
T4 ACE[HEHIC L 2 ACE #ife FREOHEMIIA s h
o L ERED A RTEB D, bradikinin OFE/IZ L H ACE #f
EFRBOREEBEC L bF LI v, ACEHFED
BE#ERIC & 5 ACE #{ZF OiEM (L DY somatic  promor-
tor DAL U FREMIRF R D 5, L L, RGO
R#Z v b ACE [EESEC & 5 ACE BHOFHBR O ETE
REMEOACRSNTBY, REEOACHEET 20 E
REIS T wizys ACE OEE PEY % L T ACE #i{E
FREOEBENECIATEELTETE R, E,
ACE [HE3E & 5 ACE FIROMNE ACE [HEIER S 7
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B ACE %4, ACE mRNA o7 FEIER AL AL R A
BThd I erHand, FFRTHRN L2 O ACE
mRNA 33 & U TEA R ACE mRNA %ML TH
D, &FLbKEKEACE mRNA ZRML Twa Lidwv
A, Lic2o T, ACERHEIRW & D ACE mRNA
TEHSHEM U EAIFRANE ACE B OFEBM TR ol b
D AW DRERL, SRERME ACE #5143 ACE BH3E THR
D USRI PE BHE O SR BRI ZE S IR S b L v S ek D
FrHEFETHHOTRAWERbR,

| " I

BERREEHE 1 38 1 2 BHE AR ACE BEEFEH O
T EA8E ACE mRNA O34, ACE [HEETEE s
LA H B Z LS ISR, AU ACE [T
% % captopril & temocapril iZ_FEOBRME/ERIC DWW T
EEFAR o T8, I ACE SEMCt 4 2 )8 as 5
b, temocapril TIXHEE &4 < captopril TIEHEEO
AB@Rb oI,
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