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The Alteration of Endothelium-Dependent Vascular Response
at Early Stage of 1K1C Renal Hypertensive Rats

Ju Won Kim, Hak Lim Kim, Jo Young Park, Ji Hyoun Youm, Hyen O La,
Young Wook Lee, Hyung Soo Ahn*, Uy Dong Sohn and In Hoi Huh?*

Department of Pharmacology, College of Pharmacy, Chung Ang University and
Dong Duck Womens Universily, *Seoul 156-756, Korea

Abstract — We investigated whether endothelium-derived NO and endothelin-1 might result in the enhanced
vasoconstriction induced by administration of norepinephrine (NE) at the early stage of one-kidney, one-clip
(1IK1C) renal hypertensive rats. We also studied the relation ship of renin-angiotensin system (RAS) using rat
aorta in this hypothesis. L-NMMA (30 pM) and L-NAME (30 uM) enhanced vasoconstriction induced by NE
in thoracic aorta of control rats. However angiotensin converting enzyme (ACE) inhibitor didn’t. The aorta of
1K 1C rats showed a significantly exaggerated contractile response to NE as compared with control rats. Rub-
bing the endothelium abolished this difference. Ach and SNP-induced vasorelaxation show no significant dif-
ference between 1K1C and control rats. The treatment of phosphoramidon (10 uM) and oral administration of
captopril (0.05, w/v%) abolished the exaggerated contractile response to NE at early stage of 1K1C rats. These
results suggest that the increase of contractile response at the early phase in 1K1C rat is partially involved in

the activation of ACE.
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captopril & 7]& AleFZ Sigma(St Louis, MO,

USA)eliA lstsict.

J. Pharm. Soc. Korea



Y $79] vip] o dvike 845

WY 8

Sprague-DawleyA] 87 478 Algsigion, oigh
AREEAE (Korea)oll Al -Fd3taivt. &= 3520+
1°C, 5513°C)2] %7 stollAl AR%aion, &3 A

2= AgtelA gkokth A BAFH AFS
180~250 go At}
Ale} =x|

Qoo o Krebs' solutiond ARE3ISIoH AL o}
23 2ok (2] mM):NaCl 118, KCl 4.8, CaCl,
2.5, MgS0, 12, NaHCO; 24, KH,PO, 1.2, glucose
11. A3 A] NaCl, KCl, MgSO,, NaHCO,, KH,PO,,
glucoser= 1091¢] stock solution® s At Krebs'
solution 2! A Al stock solution 200 m& 33}
ZHPE AEe] ARSI T, 91710 2 M CaCl,
25miE 71sked HF Tt 25 mMe] EHEE Sigint
IN HCIlO.Z pHE 74% 374sk] A¥sisich

Pentobarbital sodium 2 thiopental, atropine>
] 2)hge] o] AMEEIT, L-NMMA, L-NAME,
Ach, phenylephrine(PE), arginine, phosphoramidon

50 BE FRe] ol Agc,

=&£7]| gelel 5%

AHE vhHeH %S AHE EEX
(temperature controller box)ujellA 30:%7t
NEAR tail-cuff methodZ A3l 5%7] <l

o, = 3
qureg st

S
o, o
¥ 2L

—

One-kidney, one-clip renal hypertensive rats
of %%

)%= atropine sulfate(l mg/kg i.p.)o% A2
ok 1587 kst AlZl ¥, pentobarbital
sodium (40 mg/kg i.p.) o= vi&lsl EHe oF o

Mg At 95 AR THE A & As
star, #FH& A3 arteryol: clippings 3
stenosisZ F2Frt. oz :rLOﬂ’ﬂE clippingS #)2]
o TAS TS Bk T $ 48xte] Aost
o FI Eme sl )gaqauq 2z B o2y}
AlRE ASEA AHEE &9low, ACE A

Hol & 5ol 0.05 w/v%el captoprils &35k
o AAEE 3t

Vol. 43, No. 6, 1999

B2 Sy HE

3175+ thiopental sodium(50 mg/kg i.p.) PHH&HY,
MESE O, sl s Addsio] AFEAl) L, '*/‘]
NEste] AT a7 F e Azt %
3 4 37°Co% 4% Krebs' solution °ﬂ
A akas Fshd, A 223 43 242 AAs
o] 7o) 3~5mm M9 ring®® At o]
ringS 28G needle hook®] Zo] organ bath W<
%o]lA] hook holder$} force displa-
cement transducer® 1] Atole] H4 Gt
Organ bath jelli= Krebs' solution® 15 m/% -
1, organ bath 2|¥2] water jacket= F3l circu-
lator® 37°CE FAIAIZA S, medical oxygen(95%
0,+5% CO,& 7] AT

Krebs' solution

=&, olgt Htg &H

Arterial ring®ll 2g% resting tension®] FOIR|L
= base lineg 3L 2 cm/g tension® 2 ‘3}%?5?
EE gensitivity®s £33 o3,
solution® 2 M| Hepas 60 &<t JS‘%‘% o|FLE
2slet. 7= ﬂ?” M BE-E ofF rings 100

mM KCIE %A1 & Krebs' solution® = |25}
I, oA 3057 FHE olFEE & A
1o FYHE AYoIA BIL ol ring

10~7 M PESE F5A17] § o]gAE 718l A
8 A= force displacement transducerE low-
level D.C. pre-amplifiero| <323l isometric ten-
sion?] W8Hs polygraph® 715sto] Hyke] 5, o
& qh3-5 71F3inh

L-NMMAS} L-NAME A2 To|x& NEA@ 10
Aol M=% 5193}, Phosphoramidon®]d] ollM+&
NEA2] 30%-3el Hzjataict.

A xe|

NEol| 2jgt =% 438 A= 100mM KClof| ujgt
% %202 ERNITE o]k ¥hgelrl 107 M PE
oz AFE ARl ¥ 8% olgk 24F 7I8le] PE
FEoll gt % olegoE VRt A=
meanTSEM® 2 M A|3FIT}. pD,i= pharmacological
calculation system& AREslo] Aleialos F-2142]
Yelle= Student's t-teste} ANOVAE ARg-38191 o,



846 W7 - e s - GAE - e - olus - B - 20 - 3llg)

ANOVA°ME= P<0.055 FAI8H Foido] e A 160 -
o7 3Tt 140 -
c 120
K]
Asda ¥ @ B 100 9
£ 80
8 60
Table 12 control rats®} 1K1C, 281 ACE ®

40

inhibitor?] captoprity FoI3t Al 72 A tail- 2

cuff methodg ©]-88}] F43% +57] s} Huk=
S QoK Zot}, 2 tixWe Azl A =4

¥ A4S AFE el o Sk Aol nold

NE (log M)
Fig. 1-Dose-response curves show the effect of NOS

ololr}, 47| &ole A

“’M‘E}" 7] _lch el Al dA inhibition and ECE inhibition on norepinephrine

= 3 48A10] A Folli= ek7he] Ao) “d’%}ﬂ?\i induced vasoconstriction in control rats. (),

t}. olgjst &) et ARRS captopril Eo] Fo control; (M), L-NMMA 30 uM; (SA), L-NAME 30
= . uM; (@), phosphoramidon 1x107°M. Error bars are

Mz 2= 1KIC 9 captopril FoIT FollA SEM.

Auee) Wishs B Ak,

Aol Ag3to] PLCE 432174 1P, DAGY)

Control rats 0Off A0{M NOS X2l LNMMA  Z7I= AlZEW e Ca®*Y 552 Z7AA g
2t L-NAME % ECE Mol phosphoramidon — +&Wh3-& vpehdct

Ol NEOfl 2|8t #as-&030 ojXls A8 NOS inhibitorg! L-NMMA= rat®] tjsjo|A] basal

NE (107*~1puMpl 23t arterial ring®] %] Q1 N0 A4S oAlsh= E2d24% NEo| )8 s

oJA LNMMA@OuM)et LNAME@30 uMy= 1084 559 wheA) @ $388 KA A Z7H A

o, phosphoramidon(lOuM}"— 30He W At F (Table ). L-NAME:= basal NO®w o)}l agonist

7} Fig. 1% 3& £ % 15 A& 5 AsTh o 9gk NO2| BHE AAlshe H|50]3Ql AAA=
NE= w474 g% oex WHFETY o, AP LNMMAY vEHA2 NEO o 83 53

Table I -Body weight, systolic blood pressure, and heart rate in control and 1K1C renal hypertensive rats, before and 48 hours
after renal artery stenosis.

Body weight,g Systolic BE, mmHg Heart Rate,bpm
48h Start 48h Start 48h
Control 217=10 1443 146+3* 3264 330+4
1K1C 215+5 144+3 161=+6* 334+5 330+6
Control +captopril 231+6 1438 138+5 330+8 335+5
1K1C+captopril 238+3 1355 138+3 325+5 325+5

BP indicates blood pressure; bpm, beats per minute; start, time at which renal artery stenosis or sham operation was performed; 48h,
48 hours after renal artery stenosis; control, sham-operated rats; 1K1C, one-kidney, one-clip renal hypertensive rats. Values are mean =
SEM. *P<0.05 vs 1KIC; *P<0.05 vs start. (by t-test).

Table II - Norepinephrine-induced vasoconstriction in control rats

Max Const,
Group pD2 % vs KCI
Control 6.85+0.07 120+4
Control+L-NMMA (3 % 10~°M) 7.32+0.04** 130+2*
Control+L-NAME (3 X 107°M) 7.35+0.05*%* 136+5*
Control +phosphoramidon (1 X 107°M) 6.94+0.01 116+1

pD, indicates the negative logarithm of half-maximal constriction; Max Const, maximal constriction of aortic strips; L-NMMA, N°-
monomethyl-L-arginine; L-NAME, N°-nitro-L-arginine methyl ester. Values are mean + SEM. *P<0.05 **P<0.01 vs control (by t-test)
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Fig. 2 — Dose-response curves show the effect of endo-
thelium removal (rubbed) on norepinephrine-indu-
ced vasoconstriction in one-kidney, one-clip (1K1C)
and control rats. (@), control + intact; (). 1KI1C
+intact: (), control + rubbed; (L), 1K1C +rubbed.
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Table III—Norepinephrine-induced vasoconstriction in IK1C
rats and control rats

Experiment pD, I\é[/(axVSC(I);lcslt
Effect of endothelial removal
Control 6.85 + 0.07 120 * 4
IKIC 7.29 £ 0.02 130 = 3**
Control+rubbed 7.25 7 0.13 164 = 9**
IKIC +rubbed 7.28 = 0.13 160 £ 12**
Effect of L-NAME(3 » 107°M)
Control+ L-NAME 7.35 £ 0.05%* 136 + 5%*
IKIC+L-NAME 753 £ 0.09%% 163 = 5***
Effect of phosphoramidon(l * 107°M)
Control +phosphoramidon  6.94 = 0.01 116 ©* 1
1KIC + phosphoramidon 7.09 + 0.02% 121 = 2*

pD, indicates the negative logarithm of half-maximal constric-
tion; Max Const, maximal constriction of aortic strips; rubbed,
endothelium removal; L-NAME. N%nitro-L-arginine methyl
ester. Values are mean = SEM. *p<0.05 and **p<(.01 vs control;
*p<0.05 vs IKIC
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Fig. 3 — Relaxation response curves show no significant dif-
ference between 1KI1C and control rats in vaso-
relaxation by (A) acetylcholine and (B) sodium ni-
roprusside (SNP). (), Control; (). 1KIC.



N
©

A - My - G

848 k4

i A - e R o ki

A2 A%E 45 & AQUTh Fg 3-AdA & 5 3
0] Achell ¢Jgt d#e] o]ehhg-& 1K1C# control
rats?tel] ZjolE HolA] okttt

3 9leld NO donor®Z 2HE-3k= sodium nitro-
prusside(SNP)& H#XH 02 (10°~107 M) 713t 4
2}, SNPE Ach®} vlabiAlz 77k faA e A
olF HolA WUrhFig. 3-B). olefgh Ayl udY
Aol 3] eJEAR1 o|ehukgo] hagithe Bargl
B ks Ao g xR oknte] &t s
= 1K1C rats®] Z7] w@Alo)4= Ach, SNPol| 2J3k
Yol ojgto] WFeHA| & <nlgith

1K1C rats®] ¥Hg-2] WH3bt EDRE9} o] ¢l
& Ak oke] AFS FRlsh] {13 NOS <Al
AQl L-NAME®] 2]} 1K1C3# control ratsitel NE
o o5t FEHEEe Ao|7h s A E A3 A3t
Fg. 49} 22 275 4S5 Utk NEAZ] 1083
of A A7)sr L-NAME:= control rats®t w3 EA2
1IKI1C rats®] NEo o3t g8knkg =48 55078
olFA|1L, FHe] WA TEHES ST Table
. “12{v} LNAME 2] 7| control rats?} 1K1C
ratsel] QloIA 24 Sl A7) AR o ¢ U
(P<0.05 by ANOVA). o] 1KIC ratsollAe] whgAl
o] 7t W 599 F7PL NOd &gk Zo] opd&
aEor Sl Aol

1KIC rats®] NEeol| thgh vhgJ9] wislel ET-13
o] #HAS ERIE7] el phosphoramidon(1x107°
M)S Axxg A7} Fig. 59 #o] 1KIC rats®]
aortic ringellA] #zHEl NEO| oist whgAde] S7tet
%99 F71= phosphoramidond2] oAl A4

J
x

o

A2
[oRN+Y

<

180 -
160 |
140 4
120
100 {
80
60 -
40
20 A

% contraction

NE (log M)

Fig. 4 — Dose-response curves show the effect of L-NAME
(3x107°M) on norepinephrine(NE) induced vasocons-
triction in 1K1C and control rats. () ), control; ([_]),
IKIC; ( @), conro+L-NAME; (M), IKIC+L-
NAME.
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Fig. 5—Dose-response curves show the effect of pho-
sphoramidon (1x10°M) on the potentiation of
control+phosphoramidon; (I ), 1KIC+captopril.
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Fig. 6 — Dose-response curves show the effect of oral admi-
nistration of captopril (0.05%) on norepinephrine
(NE)-induced vasoconstriction in 1K1C and control
rats. (C ), control; ([]), 1KIC; ( @), control+cap-
topril; (), 1K1C+captopril.
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Table IV — Norepinephrine-induced vasoconstriction treated
with oral administration of captopril

Group pD, Max const, mg
Control 6.85+0.07 120+4
1K1C 7.29+0.02* 130+3*
Control +captopril 6.82+0.03 123=5
1K1C +captopril 6.94+0.13% 127+2

pD, Indicates the negative logarithm of half-maximal constric-
tion; Max Const, maximal constriction of aortic strips. Values are
mean + SEM. from 6 experiments *P<0.05 vs. control; P<0.05
vs. 1KIC (by t-test).
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