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ABSTRACT Neutral endopeptidase 24.11 (NEP) degrades both kinin and atrial natriuretic pep-
tide (ANP) in vitro. We have reported that the administration of the NEP inhibitor UK73967 (UK)
increases urinary kinin, urine volume (UV) and urinary sodium excretion (UNaV), but does not
affect plasma ANP level in normotensive rats. In addition, the kinin receptor antagonist Hoeld0
(Hoe) clearly canceled the increases of UV and UNaV produced by UK. Therefore, we thought
that the renal effects of NEP inhibitor could mainly depend on the suppression of kinin metabolism in
normotensive rats. Some reports have suggested, however, that the renal effects of NEP inhibitor
might act through inhibition of the ANP metabolism. In this study, we employed UK with or with-
out Hoe and evaluated the renal kallikrein-kinin system and plasma ANP in deoxycorticosterone
acetate-salt (DOCA-salt) hypertensive rats in an attempt to further elucidate the mechanisms of the
diuretic and natriuretic effects of NEP inhibition.

Twenty-nine DOCA-salt hypertensive rats were employed. All rats were anesthetized with
sodium pentobarbital, and polyethylene tubes were cannulated into the trachea, bladder, femoral
artery and femoral vein. After the control period, the rats were divided into the control group (n=
9), UK group (UK 10 mg/kg, i.v., n=10) and UK+Hoe group (Hoe 20 nmol/kg, s.c., n=10). Uri-
nary total kininase, NEP, ¢cGMP, UV and UNaV were determined before and after injection of each
reagent, and plasma ANP was measured at the end of the protocol in each group.

UK injection decreased total kininase and NEP activities, while vehicle injection did not change
any of the parameters. Plasma ANP was significantly higher in the UK group than in the control
group. With injection of UK, UV, UNaV and urinary ¢GMP increased significantly. There were
significant positive correlations between plasma ANP level and the change in urinary ¢GMP, and
between the change in urinary ¢GMP and the change in UV or UNaV in the control and UK groups.
Simultaneous administration of Hoe showed no effect on the increases of UV and UNaV induced by
UK.

In conclusion, it was suggested that diuretic and natriuretic effects of NEP inhibitor are mainly
due to the suppression of ANP metabolism in DOCA-salt hypertensive rats, while previous results
from our laboratory have shown those effects are mainly due to the suppression of kinin metabolism
in normotensive rats. Thus, the main mechanism of renal effects of NEP inhibition should be con-
sidered to be different between normotensive rats and DOCA-salt hypertensive rats.
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REINZZEERHELLY, Ldad, Z0Kk-Nafl
FRAERHS kinin ZAGREHIFICH o cilifl s s
6, P LYIEEEMES v b TiE, NEPHEHRID
B AL kinin SFROIENCED ATREE 2 8RS
L7210,

—7, LB NaflR~<79 ¥ (atrial natriuretic
peptide: ANP) &, /K-Na RBfCMFHRHfIcEE,
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A5, LrLiad»ns, NEPHERIOEREFR2, B
kallikrein-kinin 5% & ANP O & [Fk - T L7z

Kinin receptor antagonist,
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BAE 1D B TR, WENBREERERTRICD
WTIFERB—E L 7z RIEDIE S LT,

%2, AW TIX, NEPREEH, UK73967 %
DOCA BIEFEINED v MicHEL, 20Dk Na fi
EEIR & & kallikrein-kinin RERF, Mm% ANP &
B, Rf cGMP BEOEH ZRIEHNGER L. 2517,
kinin 52 & & # #1551 Hoeld0 % #£F L, kinin B1EE &
ANP BREDTHE 2 & FEIIC G L, DOCA BiEEIm
EZv bizBig %, NEPBEEAOBEROREFERY
RATe,
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2.1 ERMHE

5-6 38 4% D M ¥ Sprague-Dawley 5w b (ff &
140-160 g) 32 VLAENHR & LT, 100 mg @ deoxycor-
ticosterone acetate (Sigma Chemical Company,
St. Louis, MO) % medical grade erastomer
(MDX4-4210 ; Dow Corning, Midland, Mich) z¥%
BUTHER Uy y P EFETREZRASL, 20% 38
B 1% EEAR RS ¥, ZOM, BPfRe Lz 32
PR 2 P tail-cuff k12 & 2 MEABERFOX b VX,
BIUZOBOIMER MV RiIZE 3 L Bbh 3 Mng
BEDDILT, 1EIFV Y MBE THoHE L
HINERFRE, FBOO 29 MzowT, IHEHEMmEDS 150
mmHg AR EPHELTWw3 I EREEL- LT, 20
#Y 1% B KROBIEMGE S, EMURNICERD
EERRIERTT - 2.

2:2 EBAHE

2-2-1 NEP [RESIZS5=E

Z v b % sodium pentobarbital (Abbott Labora-
tories, North Chicago, IL)50 mg/kg D EEN#E S,
KT 0.2 mg/kg/min OFFIRNFFFERS 12 & 0 kB
LU, REROSERIIEBAROL DI 37CimEsh
7z heating pad ETiTo 7.

Xiz, polyethylene tube (Clay Adams, Division
of Becton Dickinson and Company, Parsippany,
NJ) #5% (PE-240), KEREIR (PE-50), ABREHIR
(PE-50), BEBE (PE-90) NicZhZhiEAL, FERL
B & Uiz, MEE - OFAEEIE, B & OEImz ik
KEEEIIR %, %72, sodium pentobarbital, ZE¥fris
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A¥ & P UKT73967 (UK ; Pfizer Central Research,
Sandwich, Kent) Q5 i3 ARREIREH 2.

L EoErEESO 70 b a—vE Fig 1wy, &
B 5% DOEBAEAK (20 ml/hr) O &R T 2kt
%, 90 SO LEEE RIS, 60 SHEON R
FRIZEE< 60 HTHOERER, REHORHKRKR &
D EEIOKRTE % T 6 mi/hr DL EEAR KRS
AR s 5 U Te, & & BRI OB, con-
trol B (n=9) TRREEEEA (Imi/kg, i.v. & 0.5
ml/kg, s.c) %, UKE (n=10) T 10 mg/m/! & 7%
2 X5 CEBAEKTHE LU UKBE 1ml/kg, i
v.) EEBEANK (0.5ml/kg, s.c) BEThLZThES
L, ¥5E112E%60 SEOREKgIzEE L7 poly-
propylene tube ICEEER L7z, B L IZRIZDOWT, K
2, R Nafiit 8, R # kininase ¥ £, R F
NEP BB L URS cGMP HitE28E Lz, 3512
EER TRICREMZTY, ~< 27Uy b (HY) &M
% ANP BEORIZE I L7z,

2:2:2 NEPPHEHDOK - NaFRIEBICRITT

kinin 2EAFERBOEZEDRE

NEP [HEHFIDAK -Na FIIRIEAH &, IhAD kinin D
BEx & o EllicRE T 2 o, EREOKRD I
UK (10 mg/kg, i.v.) &N %, Hoel40 (Hoe; 20
nmol/kg, s.c., Department of Pharma Synthesis,
Hoechst AG, Frankfurt) %#[REB#5 L7 UK+Hoe
B (n=10) %37, kinin FEAIGEIOZEEREHED 7
O b a—ATHE LT, B, Hoe Z4EERIEAKT 40
nmol/ml IZFHEE L THWw,

2-2:3 & &

2.2-3-1 FR#2 kininase $ & U° NEP &%

R & ¥4 kininase 7& M 1%, Sephadex G-25 fine
(Pharmacia LKB, Biotechnology AB, Uppsala)
column Tl U= FREE 2 vy, &K bradykinin (-2
7F FHSERT, KR OafeE s L THEIEL Y. NEP
SR, NEP OFFERIHZEHRITH 5 phosphoramidon
(1 uM, X7F FHFER, KB 2z REE, 2
DIEEHIFERE ARED bradykinin S EEEDZE % FWTHI
E L 729, %7z, NEP LSO R kininases &4 %
non-NEP M & U, # kininase ¥E#4 & NEP &%
BELBIWTRD T,

2-2:3-2 R eGMP

Rt cGMP ZHiERD ¥ v + (Cyclic GMP assay
kit, v~y EmERNswt, $fF) XY, radioim-
munoassay (RIA) ¥ CHIE L 2.

DOCA &EEIES v M2 B0 5 NEP HEXR OB IEROBF 15

Protocol Anesthesla: pentobarbital 50 mg/kg (1.p.) + 0.2 mg/kg/min (i.v.inf.)

UK or vehicle {i.v.)

Hoe or vehicle (s.c.}
Inltial
load | Stabllize | Control | Experiment
T T T |
Sallne load -80 min 0 min 60 min 120 min
S%ofBW:  6mihr
20 mivhr

MAP and HR
Urine
Blood sampling i

Fig. 1 Protocol of the experiment. Deoxycortico-
sterone acetate-salt (DOCA-salt) hyperten-
sive rats were anesthetized with sodium
pentobarbital (50 mg/kg, i.p. and 0.2mg/
kg/min, i.v. inf.) and placed on a heating
pad at 37°C. Polyethylene tubes were placed
into the trachea (PE-240), femoral artery
(PE-50; blood pressure and heart rate
monitoring, blood sampling), femoral vein
(PE-50 ; test solutions and pentobarbital
administration), and bladder (PE-90). After
a 60min control period, UK73967 (UK; 10
mg/kg, i.v.) and normal saline (0.5m/kg,
s.c.) were injected in UK group rats, UK and
Hoeld0 (Hoe; 20 nmol/kg, s.c.) in UK+Hoe
group rats, and normal saline (1ml/kg, i.v.
and 0.5m//kg, s.c.) in control group rats. i.
p.: intraperitoneal injection; i.v.: intra-
venous injection; i.v. inf.: intravenous infu-
sion; s.c.: subcutaneous injection.
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ANP EEZHERO* v + la-ATRIAL NATRIURE-
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2:2°4 RETFEVRET

FHEMEE Ty L ARHERSE (mean+ SEM) TF
L7z, 2B OMEHEREEZORS ¢, paired %7z
{% unpaired data LTl Student D t ES, 38
FMOEEEICIZone way analysis of variance
(ANOVA) 22wz, %7, HEMREOEHE
21X linear regression analysis % vy, Wihd p<
0.5 2FEL L,
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3-1-1 REFIURSD NaHESICRIZTHR

Vehicle # % >3 UK #58{#DKEB L MR Na
PRt S % Fig. 2 wnd, UK BEOREISEIID 252+
22 ul/kg/min 2> &, EEREAIZ 340231 w//kg/min &
BE 0<0.0D) ¥z, %7, R Nafhits s g
HH D 4444 4Eq/kg/min iz b U T, EERH 235845
#Eq/kg/min L BE (p<0.01) B SEE k-7, —H,
control BEORE, R NaPEtE &4, BRI
257430 ul/kg/min, 46+5 uEq/kg/min, 3B HY 1%
229420 u//kg/min, 40+3 uEq/kg/min &, RE X
BELERZEL, R Na fiftEisdBfcihLcE
BHEINER (p<0.05) ZEEEH o7, 21T, Eig
BB 5 REB L RS Na FEftE w31, UK
FE0S control FEICHLL THE (p<0.01) KBETH -
7z,

3-1-2 JR™#E kininase j&4, FRef NEP &M E &

U'FRe non-NEP B RIZTEHR

Control #3 X 0" UK Bz 173 NEP [HEH[ 55
DR kininase ¥, R NEP M6 L MR+
non-NEP &% Fig. 3 \&Rd. 39, WESHCEIT3
£Z OfEIIE control B X UK Bt ORI TEEEEIT
Rleinote, UK BEOEBIAR R kininase #E1kIZ
124+9 ng/kg/min, R v NEP 35 % i3 10+2 ng/kg/
min & X BB HI D 246 +13 ng/kg/min, 12948 ng/kg/
min KWHLTHWINLEE P<0.01) Z{EKETH - 7=,
—%, UKBZ B 2R non-NEP 1G4 1Z, SR
#3116+ 12 ng/kg/min, SEEREADS 115410 ng/kg/min
CHEMICERRD BT,

it 5, control # T i3 vehicle & 5% 0 R &
kininase #&1:, R NEP 55 & R non-NEP
wEE, #h7Fh, 240%11ng/kg/min, 128+9ng/
kg/min, 113+10ng/kg/min &, #% 5 B @ 229+13
ng/kg/min, 12947 ng/kg/min, 110+9 ng/kg/min
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Fig. 2 Urine volume (UV) and urinary sodium
excretion (UNaV) before and after a bolus
injection of UK73967 (UK ; 10 mg/kg, i. v.,
n=10) or vehicle (n=9). Values are shown
as mean = SEM.

—O— Control group p<0.01 vs Contro! group
—&— UK group #* p<0.01 vs Cont. period
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Fig. 3 Urinary excretion of total kininase, NEP and
non-NEP before and after a bolus injection of
UK73967 (UK : 10 mg/kg, i.v., n=10) or
vehicle (n=9). Values are shown as meanz=
SEM.
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T, WEEOE L A X OB CERE Tk d 2 VMR %2 5
L7272, kinin OMIFEICE S 2w EE 2, HNEE X
DRI L 72,
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HUTEER (p<0.05) cEETH-7. 2B, Ht{E
i3 control #2%45+2%, UK BiZ 41 1% L 58 nE
BITED SNz T,
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Fig. 4 Plasma atrial natriuretic peptide (ANP) level
after a bolus injection of UK73967 (UK ; 10 Cont. Exp.
mg/kg, i.v., n=10) or vehicle (n=9). Val- period period

ues are shown as mean=+SEM.

DOFL%E Fig. 5 wind, UK BicBlr3, MEHHORS
cGMP e 1% 62+ 8 pmol/kg/min Th 0, EEEH
1213 104419 pmol/kg/min L HE (p<0.01) &N
L7z. —J, control B#fDFRF cGMP HElitt &Y, vehi-
cle BB FNFh, 62+6pmol/kg/min, 576
pmol/kg/min L EBELEEE 2EOEh-o%, 2L T UK
BEOEEHIORT cGMP HEiltE 1% control D # iz
HLUTEE p<0.05) CEETH->7-.

3:1-5 [M%F ANP B~ fReh cGMP #EttnZ{LE

& DH1ERE

Control # & UK #%—F L, WHEOINEE ANP &
[ & NEP [EFIBSEIHORS cGMP HiftoZ{c 8
(AcGMP) & DM % Fig. 6 1077, [M#E ANP
& AcGMP & Oz 3B ERIEDHE (r=0.793, p<
0.01) 2FD 5Nz,

3:1-6 Frrb eGMP HEHNZ{LE L, RE-FR Na

BE#DZE{LE L DFERE

Control # & UK# %2 —HF L, EFRE/ED
AcGMP & REOZE(LE (AUV) L DfEE% Fig. 74
2, AcGMP & FRe Na #Eft oz b& (AUNaV) £ o
HE % Fig. 7 HWRY. AcGMP & AUV (r=0.455,
p<0.05) B XU AcGMP & AUNaV O (r=0.507,
p<0.05) KEWTNIEEREQCHELED ST,
3:2 NEP JEEH|ND/K-Na FRSHEIZRITT kinin

BREEmROEE

NEP fHEH| & BRI kinin SRGETFIPERES UL

UK+Hoe BEDOREIZ, MEHD 249433 ul/kg/min

Fig. 5 Urinary cGMP excretion before and after a
bolus injection of UK73967 (UK ; 10 mg/kg,
i.v., n=10) or vehicle (n=9). Values are
shown as mean+SEM.

AcGMP
(pmol/kg/min)
1404
120
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40

0 100 200 300 400 500 600
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" Fig. 6 Correlation between plasma atrial natriuretic

peptide (ANP) levels and the changes in uri-
nary ¢cGMP excretion (AcGMP) in UK73967
and vehicle treated rats (n=19).
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..l S—
200 . p<0.01
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Fig. 7 Correlations between the changes in urinary
cGMP excretion (AcGMP) and those in urine
volume (AUV) (left panel), or urinary
sodium excretion (AUNaV) (right panel) in
UK?73967 and vehicle treated rats (n=19).

5, EEHAIC 29529 ul/kg/min L HE (p<0.05)
2, %7, R Na PRt bHHI0 3744 4B/
kg/min 2L T, EERHIA 4413 yEq/kg/min & &
H(p<0.05) kEEE%>7, #I7T, control #, UK
B XU UK+Hoe B0 3 FizBIF 5 AUV & AUNaV
BB, OfE% Fig 8 &6 R Lz, AUV i,
control # 5 —30+19 u//kg/min, UK B 13 84+25
ul/kg/min, UK-+Hoe # 13 46 +19 u//kg/min & 7%
D, UKEZ control BREIClE LU THEE (p<0.0D) X
THY, %7z, UK+HoeEEd control HIZH L TEERE
(p<0.05) W KTH-o7, LrlL, UKEE UK+ Hoe
FHEOMTREBENMEEL ZR -7, BEECIEE
5 7% Motz, AUNaV &, control B 25—-5.8+3.0
#Eq/kg/min, UK # ix 14.5+3.1 uEq/kg/min,
UK+Hoe Bt 1% 7.9£2.5 4uEq/kg/min & 7z 1, UK
7, UK+Hoe @& 12 control EIClE L TEE (p<
0.01) iZKTHoledd, UK FEEr UK+ Hoe # & ORI
BFEEGTRED o7z,
33 ME & OBENE:L

Control #, UK ##5 X Uf UK+ Hoe BRl2BIT 2y
MmEDZE % Fig. 9 iz, LIEROZEE Fig. 9 Az
AT, MBSO MmE I, control B 131+6
mmHg, UK #131+6 mmHg, UK+ Hoe #£139+3
mmHg, EEHERDZ N FNiX, 12515 mmHg, 124+
6 mmHg, 1314 mmHg &, MEEAICEE L CEBRE
@ 3F ¥ 1 FE i control B (p<0.01), UK#E (p<
0.05), UK+Hoe#(p<0.0) wFhitBWwITLEER
WRETH - 72, HRH, ERL b 3EMTo
FRIEIFED S odz, e, DIEEBIITRIHE 2
346415 beats/min, 325+21 beats/min, 354-£18

Fig. 8 Changes in urine volume (AUV) and urinary
sodium excretion (AUNaV) in rats treated
with UK73967 (UK; 10 mg/kg, i.v., n=10),
Hoeld0 (Hoe: kinin receptor antagonist, 20
nmol/kg, s.c.) in combination with UK
(UK+Hoe, n=10), or vehicle (n=9). Val-
ues are shown as mean changes from those
during the control period.

—O— Control group * p<0.05 vs Cont. period

—®— UK group A 0, . peri
UK Hoe group p<0.01 vs Cont. period

MAP HR
(mmHg) (beats/min)
200 5007
150 400
-
ET o
100 300
0 0
Cont. Exp. Cont. Exp.
period period perlod petlod

Fig. 9 Mean arterial pressure (MAP) and heart rate
(HR) before and after a bolus injection of
UK73967 (UK ; 10 mg/kg, i. v., n=10),
Hoel40 (20 nmol/kg, s.c.) in combination
with UK (UK+Hoe, n=10), or vehicle (n=
9). Values are shown as mean+SEM.

beats/min, EERHE] 34 % 339413 beats/min, 325+
21 beats/min, 362+19 beats/min &%, 3L H3E
M5 L 28820, EFC 3HEHMEOEE
bRD T, oTe,

4 & =

NEP %, in vitro T, kinin, ANP, enkephalin,
endorphin, substance P % angiotensin (s) %2 ¥ OfE <
@ peptide ZRRFFT 2 Z ¥IsTHBY, NEPIck
D kinin iZF1Z Pro™-Phe® &, ANP i3F1z Cys’-
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Phe® f& & CUINT - ARk e s, B2 3B, EEMD
EZ v b~@ NEP [HEA# 553, M ANP BEEOE
B LTI, BRHH#R kininase, NEP IEHOET LR
th kinin FEltE, RE, RP NafiiEEERs €3
ZERRBLED, L»b, kininZHEREHA
Hoel40 (D-Arg [Hyp?, Thi®, D-Tic’, Oic®] brady-
kinin) ZFEERE T 2 &, NEP HER|OK-Na FR
TERABHEET R I e, P EDEEMES v b
Tid, NEPBEEXOEEA»ZZE BT 3 kinin 43
EOMHENZFED  TREME B WS L7219, %72, Smits
et @l X, IEFIMET v P2t NEP [HEHIIC
X M4 ANP BEOE SR AR L, 0K Na
FIRIEF X kinin ZAEESH] (D-Arg [Hyp?, Thi®,
D-Phe?, Thi®] bradykinin) T5a&iHlH S iz L8
ELTBY, ZOMEFIFRLADIEENMET v bzBIF
IHMHORE L~ TB2LDTH B,

—77, NEP HZEHIOEBERS ANP {BHEECED
SHREE b DL s THESIN TS, Hirata e
al ¥ 1%, NEP HZEAITH 5 thiorphan % SHR BXLU°
Wister-Kyoto 7 v M (WKY) &5, SHR, WKY
DVLTNRBWTHIMR KL UIRF ANP BEDOEX L,
R Na PRt E0#EmE8®, 20 Na FlR» ANP 3
MIFEDHTERSC L 0 FINIRFTL, kinin ZEEREGA
T » % D-Arg [Hyp?, Thi®, D-Phe’, Thi®] brady-
kinin Tk E I i hole E BRT W 3B, %o,
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