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[(Bf9] 5 7 7))y (CAP) O FEMEHIHF
AT B0, OKBMERRT > ¥4 7 v
> (ANG) U ZHEEKENT B/ VZELRT Y ¥
(NE) st VER & @NE (A3 A B IS
HI%H % ANG I ZEMAERTH (24 v % >, LOS)
L He#g L7z, [J7#:] pithed rat % vy, CAP (1 mg
/kg) & LOS (1mg/kg) #x5GHif T, OMEMEK
AR ES R B (SNS) E& M4 NE #RE 2§

%, @FHEONE #HiEICXs0TE AR, 77,

Q@FMED SNS I X AIME LAREEZ RO 72, [
#] @ CAP & LOS 1 SNS 2 & A IM4E NE i FED
FRAEFZICHH L. @QCAP I NEICLAHH
B — MLE B AR % A B I8 L A2 2%, LOS &
HEBA5 2 Mo, @LOSICCAP # EhILS
L 7z % O SR — I SUG B 13 LOS B o> i 4R
W, & 5 hR CHIfl S 7z A%, LOS & CAP

CERES L BOMEIE, CAP Bk o,

HEICHE S N h o7z [Fiw] CAP O FEH]
Bt E o —#iE, O3CEMERN A S O NE #HE
PHl L, @NE 2L A “MEPHEIH" fEACTd
BT LIRS N,

#

ABMBERmIIE T F4 72~ (ANG) 11
ZEEVEL, ZORBHEIHNIC X > TRBAHRE
Ko ) VI ¥ 37 >~ (NE) i EESIH A
5D, LaL, ACE [HEHRIA 22 58T % i
L TR K o > & o NE W8k 2 364 % » &

* I RS BEEAR A R
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05 Wr, O 8 # BE, 1L
BeOE B, & B O R, B F oA, B A &

(R S N W e

MIZDonTIX, FR—EORBIBTLN TV RN
2,3,

Afal, H 7 hTYIV (CAP) O AIEAPEEFK I A
& o NE #BE#If &, NE 2 X5 “m%& s
B XITTREE ANG I B HRERHICTH BT
¥y v (LOS) & HEMRES L, CAP O R IEH
HtE R (CHEE 2 R 7.

;] *

1. pithed rat D1ERL

HE #4300 g DM Sprague—Dawley rat & v,
XY MNVEY =V (1mg/kg) BEREAEG X
% Rket4, Fig 11OR$T & <, EHEBIRICFEY
IFLyFa—TEHAL, EFT VAT 2—
# — (P 2310 ; American Gould CO., Ltd.) T¥3#
M+ % i$k L 72 (WS-180 G ; NIHON KOHDEN
CO., Ltd). —7h, E¥@Rk,- LR TF L F
2= T7EEBAL, tOEmEAEICMEL, A
DEANCHW 2, KEDRZ, NILMFRE
(Natsume Seisakujo 60 CO., Ltd.) # Hw, AL
-0 (frequency : 608 /45, tidal volume : 2 mé
/100g) T2, HGIRE»SEEHL.5mD R T~
L 28 steel rod (S50 SemZ BR\v T2 F X V4%
fEL7zrod) WA, FHENLRET, BHET
WAL TR Lk, BitikETHHY KRS 7
) v (1mg) %#&EL 7. Stimulator (SEN-2201
: NIHON KOHDEN CO., Ltd.) © [ 8 % pithing
rod |2, BB % EbE TSR L2z, EEUHIME
FTRTOERRIER TR, MESZE L2155
BhLBGHL .

2. JVI¥R 7Y CflE

H—mEH B[R E ML, BXRBERICH
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1 mé DI % $FALTE, donor rat DI (1 ml)
RENEL 2. BUMESLE L%, AREEK
CAP, LOSOWEFhh 2 FiEL, ZOBRMAKD
BIE%1T- 7 (Fig.2, A).

I 4% NE B THI # 6 & HPLC (SHIMAZU
LC- 6 A, ZORBAX SCX-300, RF-500 LCA) %
v CilllE L7z,

3. VI ¥RT7) YEREICX S MERE

pithed rat * F\», A AIEK, CAP, LOS O
WENRPEREL, FORBICTEHARZEO NE %
bolus Bk L 7z. NE WX AEHIMED ¥— 7 fE
ko, AE-—MERclfEiECz. KHEED
NE #iFid, MEAITIEBMEICEL 201 5%
1247 - 72 (Fig.2, B).

4. BRI X B ME S

pithed rat \2AEBAEIFEK, 72 7 3, LOS,
CAP DWW 2 fiEL, ZOHITEIC THEE
DBEZRBEMLZ, FHMEDO Y — 7 fEL KD 7.
EHUAMEA T IEIEEICE L 28 1 %Ik
Hz OBRME % 0 2, SHEE — I e KOG iR % 4
w7z (Fig.2, C).

5. % &

fl 12+ ~<T mean + SE TF/r L7-. I+ RIE
MR ORE R, FHAEAKELr I Po—

Electronic
Stimulator

Pithing Rod

(30v, 1msec, 30sec)

Respirator

Trachea

Polycorder

Injector
Jugular Vein

Carotid Artery
Shielded with Enamel

Fig. 1 Pithed rat model

B & 2 K FEAIHE D overall significant difference
% analysis of variance of the mean difference %
AW THE L2, 2 BB o #id Student's t test
%, 3R O I#EE two-way analysis of variance
AW, wERb p<0.05% b o THETFEMIC
HEL L.

] R

1. BRI X AM4E/ V¥R 7)) ViBED
Ak
Fig 3ICmRT &, HAHAERKESH
(control) & A AIEKEFFER (saline) DEK
FEc X HIM4E NE BEICEAEE RO Lo
7z. CAP #iER] (control) & # ¥ (captopril)
DBERINEZI KD 721 4E NE IRE (& CAP#ET
HEICEMETH -7 (71.61£3.0 %). LOS FHiE
Hi (control) & % (losartan) O &M A 123K
o 7214 NE S, LOSHTAHEICRMETH -
7-%%, (66.1+£6.4 %), CAP & & LOS #ED M4

Protocol A)
1st Electrical Stimulation 2nd Electrical
(2Hz. 1msec, 30V, 60sec) Stimulaf
15min [
Completion of ~ Blood Sampling Blood Transfusion | Blood Sampling
Set Up 1ml 1ml 1ml
Drug Injection
Saline 0.3ml
or
Captopril 1mg/kg
or
Losartan 1mg/kg
Protocol B)

1st Norepinephrine Bolus Injection
(0,1,0.2, 0.5, 1, 2 ug/ml)

2nd Norepinephrine
Bolus Injection

}

Drug Injection
Saline 0.3ml

Completion of
Set Up

or
Captopril 1mg/kg
or

Protocol C) Losartan 1mg/kg
1st Electrical Stimulation
(1,2, 5, 10Hz, 2nd Electrical 3r(_1 Elec?rlcal
im 30V, 30sec)  Stimulation Stimulation

g:n%etion of 1st Drug Injection 2nd Drug Injection

Saline 0.3ml —-¢1#  Saline 0.3ml
or or

Losartan 1mg/kg » Captopril 1mg/kg
or or

Captopril 1mgr/kg = Losartan 1mg/kg
or

Phentolamine 10mg/kg

Fig. 2 Schedule of experiment
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NE BRI RICGAEEZRO LD o 7.

2. JNVIERT) YERHEIC XS ME RS

Fig. 4 O/ X fdh 1 NE 12 X A FilE o -
A%, MEICHELZNEOHBZMY, AH
KL 5- 80 (control) & & (saline) O M= —
ML B B AR % 7R 4. control (2 B 1) % basal @
MFE & A E ARS8 % basal O ILE [

Plasma Norepinephrine
Concentration (ng/ml)
20

1.8
167
147
1.2+
1.04
08
06
04
02

]

Control Losartan

1mg/k
(n=4)( mg/kg)

Captopril
(1mg/kg)
(n=4)

Control Saline Control

(n=4)

Fig. 3 Plasma norepinephrine concentration after
electrical stimulation ( 2 Hz, 1 msec, 60 sec) in
pithed rats (Mean & SE). Both captopril and
losartan significantly decreased plasma nore-
pinephrine concentration (*; p<<0.05, **; p<

225

35RO %57 (Table 1).

NE i Ko mE LA % & 725 L7225,
A AR K G-I 0 B & — U BOS #R I3 H
BEAEERBED LMo T,

Fig. 4 O Hde[Xix, CAP &HERT (control) &%
(captopril) T NE @ & — Il & S B A% % b #g
L72KTH%. CAP % basal DILFE#KTE Lo,
Y& 580 (control) DMHIZH L THE O KE %R
L7: (Table 1).

CAP # o H = — Il = ROe B AR 1% control ## 12 ke
L, HEICTHICAELZ.

Table 1 Baseline Mean Blood Pressure Before and After
Administration of Drugs in Each Group

Before Administration  After Administration

(mmHg) (mmHg)
Norepinephrine Injection Group

Saline (n=6) 454+69 52.1+43

Captopril (1mg/kg. n=6) 43.4+29 334317

.

Losartan (1mg/kg. n=7) 359x29 26123
Electrical Stimulation Group

Saline (n=6) 384+36 392+33

Phentolamine (10mg/kg. n=5) 458+20 41835

Saline (n=6) 482+x24 50.0 2.0 50.7+1.9

313425
e
31.0x16 302+ 16

Losartan + Captopril (img/kg. n=5) 41822 302+28

Captopril + Losartan (1mg/kg. n=6) 44.4 + 16

Mean + SE.

O 01) wx | P<0.01, compared to betore administralion
Saline (n=6) Captopril (n=6) Losartan (n=7)
Increments of Increments of Increments of
MBP(mmHg) MBP(mmHg) MBP(mmHg)
90 7 90 - 90 1
—o— Control —o— Control —ao— Control

80 4 -~®~  Saline 80 --m— Captopril (1mg/kg) 80 1 --w-- |osartan (1mg/kg)
70 4 70 | 70 1
60 60 A 60 7
50 A 50 50
40 A 40 40 1
30 1 30 4 20 7
20 - 20 20 1
10 1 10 101
Q T T T 1 L T T ) T T T 1

0102 05 1.0 20 0102 05 10 20 0102 05 10 20

Norepinephrine (ng/kg)

Norepinephrine (ng/kg)

Norepinephrine (ng/kg)

Fig. 4 Mean blood pressure (MBP) responses to norepinephrine injection in pithed rats (Mean * SE).
Dose-response curves to i.v. administration of norepinephrine were not altered by saline and
losartan. The curves were significantly decreased by captopril (p<0.01, ANOVA).
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Fig. 4 ® A X & LOS #F #l (control) & £
(losartan) (231} 5 NE 5B HE —ILE X
IGM#ERY. LOSICXL D, basal DILFE XA E
IZIETF L7 (Table 1). LA L, LOS 45 Hifk
WBWTHEG L7z NE I &5 H&— I KOS fh
WRAEEzRO D7,
3. FHESTEAMERE SRS X B I UG

Fig. 5 O X ftwhic FHmE» FRE %, #
ICESR ML 2 ), AR KRS

(control) & #%5-#% (saline) D HEE — ME KIS
AR % ~$. ABEAEKIZKD, basal DIMEILC
AEEIBOON LA 572 (Table 1). ‘

ARAE KRG RRICB I AERIEICE - T,
IR v AR B AR A 12 B A L 72 2%, control B
& A AR KB O SRR — IR FUG AR B IS B 2
REED LN Lo 7.

Fig. 5 DAMIZ 7 = ¥ T 3 v #iERT (control)
& % (phentolamine) 22 W CHEARIZ/RL 72K T
HBH. 72253 I2& 5T, basal DIMLFEIF
LR TE2EL 22 o7 (Table 1).

72y b7 o5, BRRBUC X AHHEK
FEomEEFRBBLAEROOAT, HE—Mm
FERIGH#A I control HEOZ N LN L AEEICTH
ICHLE L 7z,

Fig. 6 O/ K&, ABAE KBS H (control),
R ABAEE KIS % (1stsaline) &5 [0
HABAIEKIE S % (2nd saline) 125 BHEE—
M R AR % 78 3. saline fR G-RiZIC BT 5
basal D MF DM IZHEAE TS (Table 1), 3
FEOBE —MERCHHREIC O BEEEYZO 2 d
> 72,

Fig. 6 @ H9[X] X control, LOS &£ (losartan),
& 5|2 CAP * HAFHER (losartan + captopril)
DR — MUESUCHI AR 2 7R $. LOSIC& D, bas-
al DMERAEIET LD, EHICCAP % &
RS L TYH, basal DMERTFTIZAEL 2o o7z

(Table 1).

WA — I+ SO A% (2 LOS 12 X 5 T control &
DOHEBICTHIL, 7, CAPEGICkD, &
CILEEDOTHBENZ/RL 7.

Fig. 6 A XX, CAP #{E# (captopril) I
LOS # HE faf#iE L 2B (captopril + losartan) @
W — M ROS #2789, CAPIZX D, basal
DOIMERHEICET LA, LOSDE RS
L0, SO EEOKTIEAEL % d 5 72 (Table
1).

PR — T RO MARE CAPIC K, HEOT
KB E AL A, LOSOEREGIZLY, &
LhLHEBEOTHBHRED LN o 7.

Saline (n=6) Phentolamine (n=>5)
Increments of Increments of
MBP (mmHg) MBP (mmHg)
%07 —o— Control 1 —o— Control
Lol --a- Saline 801  --=- Phentolamine (10mg/kg)
70 7 701
60 - 604
50 j 50
40 ] 40
30 1 30+
20 20+
10 1 101 o et [ RPN SE [}
T3 : o T2 ; &

(
Electrical Stimulation (30V, 1msec, 30sec)

Electrical Stimulation (30V, 1msec, 30sec)

Fig. 5 Mean blood pressure (MBP) responses to electrical stimulation in pithed rats (Mean +
SE) Frequency-response curves to electrical stimulation were not altered by saline. On
the other hand, the curves were significantly decreased by phentolamine (p < 0.01,

ANOVA).
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Saline (n=6) Losartan + Captopril (n=5) Captopril + Losartan (n=6)
Increments of Increments of Increments of
MBP (mmHg) MBP (mmHg) MBP (mmHg)
807 _o5— Control 807 —o— Control 807 —o— Control
70] --m- Saline1 ]-®- Losartan (1mg/kg) -8~ Captopril (1mg/kg)
wntree Saline 2 70] wwo. Losartan + Captopril(1mg/kg) 70 w0 Captopril + Losartan (1mg/kg)
60 . 60 1 601

50 1 50 4

407 40 1
30 30 1

204

et

504

401

301

— T ! 0 +—r

12 5 10 (Hz) 12

Electrical Stimulation
(30V, 1msec, 30sec)

Electrical Stimulation
(30V, 1msec, 30sec)

d 0 y T )
10 (Hz) 12 5 10 (Hz)
Electrical Stimulation
(30V, 1msec, 30sec)

Fig. 6 Mean blood pressure (MBP) responses to electrical stimulation in pithed rats (Mean £
SE) .Three frequency-response curves to electrical stimulation were not altered by two
times saline injection. The additive treatment with captopril to losartan further decreased
the curves (p<0.01, ANOVA). The additive treatment with losartan to captopril did not

alter the curves.

% E 3

ABF7E TR\ 72 pithed rat model 13, FRARELIR
RETREIBHE MY S o & 2, EIRIICEL
REMBE AT 5 2 LI ETH HY. 20X
% 7% pithed rat D ESRIEC L 5 M £ 7S 1E
JEEIRW @ EWHI THDH 72 b T IVITELT
BiIrgEscmfl sz (Figb) 2&Emn, ER
B X B IME EFESIRAME R S &
72 NE X AMEINHEICD LD LEZ bR,
I FE SIS A0 © 28 A oK Ui 0 NE 3% Bl #0 i) — 12
WHEEEMA .

CAP O B EMHIBFED—>2 L LT, ANGII &
H O RAS) =2EAMFE K I ANG I B K% T
% NE OE#Em AV AN S b, LA L, ACE
RELSE #1) A3 38 AR AR S 40 & NE e % J#l+ % 2
BT, —EDRMBIELRTELT
NE O 28 E T 5 & v ) HED, I+ 5 &
WIOMEI A CHEIC STV R, ARFEICE
WTIE, CAP & LOS 13 & b ICELM I L 1L
WNE O LEF ¥ L (Fig. 3), CAP 333
AN D ANG 11 &M% A L T NE tE#E 0 —E
2HEIHEI L TV B 2 AR S hrs.

—75, ACEFHEH] (CAP) i3 pithed rat {25\
T NE#EIC X 2ME EH 286 L, “MmE Ko

T #ETHELDH LI LS, F72, ANG Il Z%
AGERTH] (LOS) 1& NE BHEIC X AIME E& %3]
HTzzEndD, T “MERGHE KT
ELZwEwnbhTws, AFETDH, LOS I
NE #HEIC L ML EARICICEEY 5 2 2D 5
7-A%, CAP i3 NE $iE 12 X A MF L7 KIG %8
il L7z (Fig.4). 2D X 5 7% CAP ® NE |2 X 5 “IfiL
BRI KTEAORRE & LT, MKW Cal
RIS, PGlaibs i — I B 9L R E 12 & 2 M8
BOW L B EI N TWD, FHEBRTIZH S
M, 77VF = B2 XEFEDAl (HOE 140)
BIALEIC XY, CAP DO NEFFICX AME L&A
DEHNEIHEERT A LB H BN, CAP ® NE
WX AIMEIHEIIHIRh R E, CAP—>75 U F=
> HE— EDRF 8 1C & 5 %% O ] G A5 8
Enh5,

pithed rat model % A\ =354, BEARAIBLIC X
5 ARG basal ODMEAEKL o728 &, 1l
FEEREZHH S P HESRTWAID,
CAP & % ik LOS X, W9 h b BT basal ®
MEBKT% &725 L72a%, CAP 2 LOS, & 5w
& LOS IZ CAP & Eh#&5 Licipa, #/-% bas-
al DIMERTIZAEL D572 (Table 1). #h
W %, CAP O BESMIEIC L B 7 E RN 5h 5
EMETT AI2H/-N, CAP L LOS DEREE *
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To7:. LOSH5#I2 CAP * ELFKG L-GA,
CAP i3 LOS Hih# 5-Fp L 0 b ESHMIC X 57
JE SO % 58 < JIH L 72 (Fig. 6). —7, CAP %
B2 LOS # Ehik 5 L4, CAP ZELM
B X B FERIE %5 < HIH L2225, LOS BN
BEIZE 5T, E6RAFERICOEGIZAS N
ol (Fig.6). B TlX, LOSIZ&L - TK
BRI A S O NE #gE 0 HIfl & h, 61
CAP |2 X % ANG I AR A T & % 238 REAMHE K b
75 O NE #EEEHIHNC, NE (28 5 “If & e E”
DETER MDD, FERILA S S8 S
AR LHEES NS, —F, HBEICTIE, CAP
DR EAMABEAR UG NE ERHEMHIER & NEWL X 5
“HL RS PE” TR 2% LOS 12 & A 3 B %
KA & O NE ESHHIER % L@ b, LOS &
BHI2LBH 8545 NEBBENHIIZEA AL
Lol EHESNS.

] B

ACE HEA R EMHEIET L LT, 2&lL
b O EMIE KGO ANG I ZHER 5% A,
IEAE RSO NE B2+ 22, @
NEIZX2 “MEREHE OETEzL-6T L
D2oDEFNEG LTWAE I LARIBE L.
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The Mechanism for Inhibiting Effect of ACE inhibitor (Captopril) on the Pressor Response
—A Comparison with an Angiotensin Il Receptor Antagonist—

Shinya Minatoguchi, Hiroyasu Ito*, Hitomi Yokoyama, Yoko Imai,

Masatoshi Koshiji, Masao Kakami, Yoshihiro Uno, Hisayoshi Fujiwara

2nd Department of Internal Medicine, Gifu University School of Medicine, Sawada Hospital*

Gifu, Japan

We investigated the mechanism for inhibiting
effect of captopril on the pressor responses, by
comparing with losartan. Plasma norepinephrine
concentrations were measured during the sym-
pathetic nerve stimulation (SNS, 2 Hz, 1 msec, 60
sec) before and after the administration of captopril
(1 mg/kg, i.v.) or losartan (1 mg/kg, iv.) . The
pressor responses to exogenous norepinephrine
were obtained before and after the administration
of captopril (1 mg/kg, i.v.) or losartan (1 mg/kg,
i.v.). The pressor responses to SNS before and after
the administration of losartan (1 mg/kg, i.v.) with
additive treatment with captopril (1 mg/kg, i.v.) or
captopril (1 mg/kg, i.v.) with additive treatment
with losartan (1 mg/kg, i.v.) . Both captopril and

losartan significantly decreased plasma nore-
pinephrine concentration. Dose-response curves to
i.v. administration of norepinephrine were not
altered by losartan, but were significantly de-
creased by captopril. Captopril and losartan (1
mg/kg) decreased the frequency-response curves
to a similar extent. The additive treatment with
captopril to losartan further decreased the curves.
However, the additive treatment with losartan to
captopril did not alter the curves. It is suggested
that captopril decreases the pressor responses to
SNS by both norepinephrine release inhibiting
effect and decreasing “vascular reactivity’ to

norepinephrine.

Key Words : Captopril, Losartan, Norepinephrine, Angiotensin II receptor, Pithed rat

(Circ Cont 17 :223~229, 1996)
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