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The role of nitric oxide in deoxycorticosterone acetate-salt hypertensive rats

Toshiaki ISHII, Yuji OTSUKA, Tatsuya OKABE, and Katsuo KANMATSUSE

Department of Cardiology, Surugadai Nihon University Hospital, Tokyo, Japan

The relationship between nitric oxide (NO) and blood pressure (BP) in deoxycorticosterone acetate-
salt hypertensive rats(DOC) was investigated. Although urinary NO,~4+NQ,™ (NOx) excretion (UnoxV)
increased 2 weeks after surgery (2W-DOC), UnoxV decreased 4 weeks after surgery (4W-DOC) compared
with that of the control. BP and UnoxV did not change in DOC after treatment with L-arginine(Arg-
DOC). Aorta from 4W-DOC and Arg-DOC had significantly decreased relaxation responses to acetyl-
choline. Deendothelialized aorta from 4W-DOC and Arg-DOC had significantly decreased relaxation

responses to lipopolysaccharide.

These data suggest that : 1) transient increase of NO synthesis is accompanied by elevation of BP, but
long-term elevation of BP decreases NO synthesis in endothelium and smooth muscle cells ; 2) L-arginine
supplement has no effect on the development of hypertension nor on NO production by endothelium and

smooth muscle cells in DOC.

Jpn J Nephrol 1999 ; 41 : 43-48.
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THILEDBREENTVREY, b BT HREERDL
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Z &, Dahl REMEZH F v b (Dahl-8) Tid L-arginine
OEMERSEMERERMHEIET 2 2L L0, BMESR
IE & BIME & 5 RS MEEET O KK L-ar-
ginine-NO pathway DEFMEE L TWATEEELE L S
s,

SH, bhAbnEEMEE: NO QOBEEHE&EMZT 2
728, deoxycorticosterone acetate (DOCA) BB INE S v
M EAWEMEDOERICFHES NODELRE, Achick?
AEREEME R, INOS 247 2 MR 2 HE Lk
METo,

) Al |

T~8 B O MM D Wistar-Kyoto rats (WKY) 36 & % 5=
BRiCH W, =—7 VBT T 200 mg/kg ® DOCA #&
A2 silastic strip 2 F T WHEZAA R, EFEREHL,
09%D&HEKkES 2 DOCABEBMEZ v F 2ERK L
J2o 5% L-arginine 258 Ll 4 85 2 1%
Arg-DOCEH L, BH¥EMB 25 2 B2 DOCHH L L
Too WHRBEE LT WKY ZHwiz, v PRER25CO
ST EEER, ke Lk,
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DOCA # 5.5/, #&5 2 EM%, %5 4:EM#E D DOC
#(n=8), Arg-DOCH(n=8)8 & ' BHn=8)D &
B, IVHSEAME % Rat Tail Manometer-Tachometer System
(KN-210 ; HERMFRT, W) & D HER, NO DR
BEY) T & % NO,”+NO,™ (NOx) §f iitt & (UnoxV) & [R o
cGMP HEitt it (Ueomp V) BIE D72, R — % Fv 24
RER R % $RE U 72, BR Fh NOx @ #ll 5 i autoanalyser
(TCL-NOXI1000 ; 3RIEALAE T2, ) % A v Green 5
DOHETHE LY, R cGMP i3 radicimmunoassay 3
THIEL 7z,
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BT % DOCA# 5 4:H % © DOC #(n=
8), Arg-DOC#(n=8), X n=8)% EE21xft L
feo 7y M OMEAREMRERL L, BRMSET CIRERER
PEBILIz, 6 XEDHRF 258U, —HRAKEHE
PRI L Ach(Sigma, St. Louis, Missouri, USA) iz X 54
SR IMAE 0 & SNP (Sigma) i” X 5 N FEEFEME
Mg %, il 713 PR ML & Bk & U 7z & Escherichia coli
lipopolysaccharide (LPS ; serotype O127 : B8 ; Sigma) iz X
% iNOS %413 % & MiE % 8 E L 7. BiERER i3 37
°C, 95% 0,, 5% CO, &K T T, physiological salt solu-

tion [#AFk(mM/L) : NaCl 130 ; KCL 4.7 ; KH,PO, 1.18
: MgSO, + 7H,0 1.17 ; CaCl, + 2H,0 1.6 ; NaHCO, 14.9
; dextrose 5.5 ; CaNa ethylenediaminetetraacetic acid 0.03]
7z Uz tissue bath i LFER 7 v 7 #F0THESL,
force displacement transducer (UL-10GR ; HAEBR =25,
Rz Ay, SRECRNVOELCZ VY Z F5 ) —
(8KS1 ; HABR=5%, HF) skl . WieRaEh ik
1,500 mg D B /12T | BifflZZ € ¥, phenylephrine(PE ;
10°M | Sigma) % AW E&ANEERDIzo KT PE 2 [
by SO BUNHE & & 7 RIET, PURHENE R IRAE L iRk S
FrE v T Ach(107°M~107°M) & % V> 2 SNP(107'°M ~
10-M) = BRHE L MEMERIC 2 HE L 72, BRI,
WEMIIE 2 brE LB EREF 2 AW PE I L D 50%D
BTHE & &, LPS(100 ng/m/) %5 U 4 Refl M & 5th#E K
JEEHIE Uiz, Ach, SNP, LPS iz X 5 3#E K& PE 2 &
HUEROMER IS TIHMEL, Ach, SNP, LPS 5§D
PE 2 X B IHERIICHT B3R TRL 2,
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%< v b @ UNoxV % Fig. 2 1R L 72, DOCE D UnoxV
BN R TR 2BRCRERCHEMU 228
(13.8+0.6 vs 10.9+0.6 yumol/day, p<0.01), fif % 4
BB SRR LB L TER B L7z (7.1£05vs 11.2
+1.1 gmol/day, p<0.01), Arg-DOC E£% DOC 2 & Fl#
CBBECHEBEL T, MRERCERICHEML 22
(14240.6 vs 10.910.6 gmol/day, p<0.01), i 4E%
IEBEEA L7 (7.3£0.9 vs 11.2+1.1 gmol/day, p<
0.01), Arg-DOC # & DOC BRI T3 fif ek 2 B, 4:8%
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Table Body weight(BW) and food intake (F1) in DOC, Arg-DOC, and WKY
DOC Arg-DOC WKY
n 8 8 8
Pre 2w 4W Pre 2w 4w Pre 2w 4w
BW (g) 184+2 247x4 285+4 178 +2 2495 288=x3 1812 255+3 295+4
FI (g/day)} 17.1£06 18.4*x06 165+05 179*+05 166*06 17.3+06 16706 17.0£05 17505
Values are expressed as mean* SEM.
BP(mmHg) _ UnNowV
g i:cmc E:;gg (wmol/day) —e— poc  (n=8)
2507 W owy (n=8) 204 —&— ArgDOC (n=8)
¥p<0.01 vs WKY ®OX —O— wky (n=8)
2007 % X %p<0.01 vs WKY
154
150
100 10+
501
5 -
o
Pre 2w 4W
Fig. 1. Blood pressure (BP) in DOC, Arg- 0
DOC, and WKY Pre 2w 4w
Values are expressed as mean =+ SEM. Fig.2. Urinary NO,~ and NO, (NOx)

—&— poc (n=8)

UcaMpV
(nmol/day) —f&— Arg-00C (n=8)
S04 —0O— wky (n=8)
¥p<0.01 vs WKY
40
304
204
10
0
Pre 2W 4w
Fig.3. Urinary cyclic GMP(¢cGMP)
excretion (UcgmpV) in DOC, Arg-DOC,
and WKY

Values are expressed as mean £ SEM.

EHEERERRED oI, MBEEO UNoxV BE L%
B irinoie,

&7 w hOUwmpV % Fig, 31257 U 72, DOCEED UcampV
Vo HRE I Bl U TR 2 R I B RSN L 72 A3 (37,1
+2.2 vs 32.0+ 1.6 ymo//day, p<0.01), 7% 4 B i3t

excretion (UnoxV) in DOC, Arg-DOC,
and WKY
Values are expressed as mean* SEM.

BRI UEBEER 2 po72 (321118 vs 311 +25
umol/day, NS), Arg-DOC# % DOCE .+ A
AR L U T, Mi%22BH% I 3B IR L 72 43 (38.3
+1.9 vs 32.0+ 1.6 ymol/day, p<0.01), 7% 4 BEIZIEHE
EEE2FDIho72(333+£23 vs 31.1£2.5 ymol/day,
NS), Arg-DOC # & DOC #f Tt 2:8%, 4:8%
EHWHEEERRD Lol HEEO® UconrV BE1L
RO NoT,

Ach ic & 2 M& 4B R G % Fig. 4 2R L7z, DOCH# L
Arg-DOC B0 i KEHIRAE A 12 13- 2 Ach o I ith %
SR et IR L U TR ICE T LT wiz, Arg-DOC
B DOCHETREEEZ2#ED ol SNPIZ XS
& o8 I b5, HIREE & DOC Bz #4037 , SNP
DI0M TENEN 466 %, 41£5% THYH, SNP 107
MTZRENI8+2%, 97+2%TH o712,

LPS iz & 2 Mm% & It % Fig. S 2R L7z, DOC B &
Arg-DOC B o M K Bh AR A 12 x4 % LPS o il it i
RGN EB i bl L THEEIET LTz, Arg-DOC
L DOC BHTHAREEERD BT,
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% Relaxation ®— oo (n=8)
(%) —A—  Arg-
. Arg-D0C  (n=8)
0 —O— wky (n=8)
¥p<0.01 vs WKY
25 -
50
75
100
9 8 7 6 5
Acetylcholine(-logM)
Fig.4. Relaxation responses to acetyl-

choline in the thoracic aorta of DOC,
Arg-DOC, and WKY
Values are expressed as mean = SEM.
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b S 647157 pg/ml THH WKY (2t~ DOCA A& 1l
FEZ w MAFE (p<00NINL Tz,

| " I
FWFPE T2 DOCA REFMEZ v b & F v, ME L
NO DBHEME I D W TR L7z, SEOR L D, DOCA
AHEIME Z v b ® UnoxV 114 2:B% ML, g
4384 i34 U #2 #8, L-arginine X DOCA £ 45 5 I [E
Zv FPOIME & UnosV IZEM S RIT S otz 2 &,
DOCA &HEME S v N @ Ach i & 2 PN &M 5% ith
# & INOS % /v 2 M M IX{E T L Twva iz, L-ar-
ginine |3 21 & OIIE MR B E RIZS oo iz 2 L8

RERT,

% { ORBRBFEIEE 7B BT NO EL DK
THE SN TV B, HILEEAREIES v b TR NO
PEARETLTWARL EW I ML {, \IEE T VI
X DG iR 59, DOCA BB andFaf FeELT
OAEFIC & D IEBR Mt OB % & 7237z, DOCA &
WEILEZ v b R AEBHEROENEE 7 v ES3h Ty
%, DOCA RHiEIIE 7 v b2 3B\ % FIIESAE &
DB EREZ 2N T T 308, JHBRIITEHt 1Y
OHCEMEFSRE % BN 2 2 L BEETH 5, WBFE, £
R IR D REA P —H5 1 22 Ofa it o RN 2 £ O IATHH

% Relaxation
(%)
0
25
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—®— poc (n=8)
—f&— ag-00C (n=8)
—— wky (n=8)
75
¥ p<0.01 vs WKY
100
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Time (min)
Fig.5. Relaxation responses to lipopoly-

saccharide (100ng/m/) in the thoracic
aorta of DOC, Arg-DOC, and WKY
Values are expressed as mean SEM.
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EREBRL T3,

L O Tik DOCA RIEFEIMLE 7 v + Oif#: 2 fk
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@ UcampV ORIHNE ANP 2 L 20D EF LN S,

R LE O FAE P RIS NO ELE DK T ORE D —
2 & LT L-arginine DR EMBHEEI N T3, eNOSIC
¥t 9 % L-arginine @ Km {# (X 2.9 yumo!//L TH 3 D iz %)
L, W5 @ L-arginine i3 #) 100~800 ymol/L,
X 2,200 ymol/L W H¥REHH B Z £, L-arginine H3
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S ML 5%@ L-arginine &4 Ukl % 4 3%
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LR U Tl 2 I 3 N U fo A8, itk 4 I
BB bl L T E B A Lz, Arg-DOC # &
DOC Bz 2B ko7,

3) UcoMpV X DOC Bt & Arg-DOC #% & & 1o 3f Wi 3%
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B BAMLOBWEE, 9 37 [ R WIRSE S & 0 The  Inter-
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Protection 2 &5\ THER L 72,



48

X
L

DOCA fXHigsMiLE = & b & —A bR

73
Furchgott RF, Zawadzki JV. The obligatory role of endoth-
elial cells in the relaxation of arterial smooth muscle by
acetylcholine. Nature 1980 ; 288 © 373-376.

Palmer RMJ, Ferrige AG, Moncada S. Nitric oxide release
accounts for the biological activity of endothelium-derived
relaxing factor. Nature 1987 ; 327 1 524-526.

Ranjan V, Xiao Z, Diamond SL. Constitutive NOS expres-
sion in cultured endothelial cells is elevated by fluid shear
stress. Am J Physiol 1995 ; 269 : H550-HS555.

Palmer RMJ, Ashton DS, Moncada S. Vascular endothelial
cells synthesize nitric oxide from L-arginine. Nature [988 ;
333 © 664-666.

Rapoport RM, Murad F. Agonist-induced endothelium-
dependent relaxation in rat thoracic aorta may be mediated
through ¢cGMP. Circ Res 1983 ; 52 . 352-357.

Rubanyi GM, Romero JC, Vanhoutte PM. Flow-induced
release of endothelium-derived relaxing factor. Am J
Physiol 1986 ; 250 : H1145-1149.

Liischer TF, Vanhoutte PM, Raji L. Antihypertensive treat-
ment normalizes decreased endothelium-dependent relaxa-
tions in rats with salt induced hypertension. Hypertension
1987 ; 9(Suppl 1II) : I 193-1I1 197.

Linder L, Kiowski W, Buhler FR, Luscher TF. Indirect
evidence for release of endothelium-derived relaxing factor
in human forearm circulation in vivo. Circulation 1990 ;
81 :1762-1767.

Haynes WG, Noon JP, Walker BR, Webb DJ. Inhibition of
nitric oxide synthesis increases blood pressure in healthy
humans. J Hypertens 1993 ; |1 1375-1380.

Huang PL, Huang Z, Mashimo H, Bloch KD, Moskowitz
MA, Bevan JA, Fishman MC. Hypertension in mice lacking
the gene for endothelial nitric oxide synthase. Nature 1995 ;
377 1 239-242.

Imaizumi T, Hirooka Y, Masaki H, Hirada M, Momohara
T, Takeshita A. Effect of L-arginine on forearm vessels and
responses to acetylcholine. Hypertension 1992 ;20 : 511-
517.

Chen PY, Sanders PW. L-Arginine abrogates salt-sensitive
hypertension in Dahl/Rapp rats. J Clin Invest 1991 ; 88 :
1559-1567.

Green LC, Wagner DA, Glogowski 1, Skipper PL. Analysis
of nitrate, nitrite, and("*N)nitrate in biological fluids. Anal
Biochem 1982 ; 126 : 131-138.

Van de Voorde J, Leusen [. Endothelium-dependent and
independent relaxation of aortic rings from hypertensive
rats. Am J Physiol 1986 ; 250 : H7I11-H717.

Lockette W, Otsuka Y, Carretero O. The loss of endoth-
vascular relaxation in

elium-dependent hypertension.

21,

22,

23,

24,

25,

20,

Hypertension 1986 ; 8 (Suppl II) : II 61-1I 66.

Larivigre R, Day R, Schiffrin EL. Increased expression of
endothelin-1 gene in blood vessels of deoxycorticosterone
acetate-salt hypertensive rats. Hypertension 1993 | 21 [ 916~
920.

Hirata Y, Hayakawa H, Suzuki E, Kimura K, Kikuchi K,
Nagano T, Hirobe M, Omata M. Direct measurements of
endothelium-derived nitric oxide release by stimulation of
endothelin receptors in rat kidney and its alteration in salt-
induced hypertension. Circulation 1995 ; 91 [ [229-1235.
Granger DL, Hibbs JB Jr, Broadnax LM. Urinary nitrate
excretion in relation to murine macrophage activation. J
Immunol 1991 ; 146 . 1294-1302.

MacMicking JD, Nathan C, Hom G, Chartrain N, Fletcher
DS, Trumbauer M, Stevens K, Xie Q, Sokol K, Hutchinson
N, Chen H, Mudgett JS. Altered responses to bacterial
infection and endotoxic shock in mice lacking inducible
nitric oxide synthase. Cell 1995 | 81  641-650.

Haung PL, Dawson TM, Bredt DS, Snyder SH, Fishman
MC. Targeted disruption of the neuronal nitric oxide
synthase gene. Cell 1993 ; 75 1 1273-1286.

Otsuka Y, Dipiero A, Hirt E, Brennaman B, Lockette W.
Vascular relaxation and ¢GMP in hypertension, Am J
Physiol 1988 ; 254 : H163-H169.

Tikkanen T, Tikkanen [, Fyhrquist F. Plasma atrial
natriuretic peptide in DOCA-NaCl-treated rats. Acta
Physiol Scand 1987 ; 129 : 151-155.

Baydoun AR, Emery PW, Pearson JD, Mann GE. Sub-
strate-dependent regulation of intracellular amino acid
concentrations in cultured bovine aortic endothelial cells.
Biochem Biophys Res Commun 1990 ; 173 . 940-948.
Wakabayashi Y, Yamada E, Yoshida T, Takahashi H.
Deficiency of endogenous arginine synthesis provokes
hypertension by exhausting substrate arginine for nitric
oxide synthesis. Biochem Biophys Res Commun 1994 ;
205 : 1391-1398.

Diederich D, Yang Z, Buhler FR, Luscher TF. Impaired
endothelium-dependent relaxations in hypertensive resis-
tance arteries involve cycloxygenase pathway. Am J Physiol
1990 ; 258 : H445-H451.

White RM, Rivera CO, Davision CB. Differential contribu-
tion of endothelial function to vascular reactivity in conduit
and resistance arteries from deoxycorticosterone-salt hyper-
tensive rats. Hypertension 1996 ; 27 . 1245-1253.
Hayakawa H, Hirata Y, Suzuki E, Kimura K, Kikuchi K,
Nagano T, Hirobe M, Omata M. Long-term administration
of L-arginine improves nitric oxide release from kidney in
deoxycorticosterone acetate-salt hypertensive rats. Hyperten-
sion 1994 ; 23 (part 1) : 752-756.





