Effects of a -Sympathetic Nerve Activity on
Acetylcholine- Induced Endothelium-Dependent
Vasodilatation in Human Forearm
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Fig. 1. Schematic illustration of the procedure for forearm
perfusion method.

Table 1. Clinical characteristics in the volunteers

Arterial pressure monitoring
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Fig. 2. Time course of percent change in forearm blood flow

after phentolamine infusion (A) and hydralazine infusion (B),
and during LBNP at -10 and -20mmHg (C). Each point
represents the mean and vertical bars indicate SD. V7,
phentolamine; <, hydralazine; &, LBNP at -10mmHg O,
LBNP at -20mmHg. FBF, forearm blood flow; LBNP, lower
body negative pressure.

No. of

Protocol volunteers Age(yrs)  Height (cm) Body weight (kg) Body mass index (kg/m*) Forearm volume (ml)
1 8 21.8*1.5 164.0:£6.3 56.06.9 20.8%1.5 1236.3+85.8
2 8 220405 169.1£3.9 59.3k£5.6 20713 1356.3£57.8
3 8 23.1x1.2 172.1£5.2 65.8+6.7 22.1£15 1375.0470.7

Values are expresed as x+=SD.
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Table 2. Systemic hemodynamic effects of drug infusions

Baseline Acetylcholine (4.5 y« g/min-dl-1)
ions No. of T

Interventions volunteers Mean arterial pressure Heart rate Mean arterial pressure Heart rate

(mmHg) (bpm) (mmHg) (bpm)
Control 8 88.116.1 64.9+7.6 87.1+5.8 643+7.3
Phentolamine 8 88.1+7.0 65.819.1 87.8£8.0 66.5+8.8
Control 8 93.8+5.5 66.3+4.5 92.3£6.0 65.5t4.8
Hydralazine 8 94.0+6.0 64.5%5.1 93.4%6.8 67.116.0
Control 8 83.1%+5.0 71.6+10.1 83.9+43 723£92
LBNP-20 8 83.6£4.5 70.1£8.7 84.4+39 70.5+8.1

Results are expressed as x=SD. LBNP-20, lower body negative pressure at -20mmHg,

A Control Phentolamine
éaséliné | ACh infu:sion‘ Baseline ACh infusion
B Control Hydralazine
I ﬂ \
,J%.![L,/\‘ / ’i \\AL_
Baseline A(f'h infusion Baseline ACh infusion

C Control LBNP

Baseline ACh infusion Baseline ACh infusion’

Fig.3. Typical examples of experimental records showing the effects of phentolamine (4), hydralazinge (B), and lower body negative
pressure at -20mmHg (C) on acetylcholine-induced increases in forearm blood flow. LBNP, lower body negative pressure.
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&b 240BBFBIEA L. JEAR, 30T 120405, &
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ACh 0.15, 0.45, 15, 45 g/ -dl"ZH$5 2> ra—
RN KT M B IREUE 7 WER, P2 L b2058 U Lo
LM % By 7z, FBRASH O T & b O — VR OMEIZIEL
T2y M7 3 0Img/dlEBIRAICIES L, 72T
I T A MEILRKICORMGEZBIEL, #5%120
~ 360 FpMI3 %5 L 72 FBF ¥ IMBIS 254 &, MLE L4

it

BICHEBL B E ML~ FBFA 2 Y bo— Ly
HROMICE L7, 7= b7 3 01mg /dl % FHORRR
W25 L, 12080 ACh 0.15 x g/% - dI' # B R AIZIEA L FBF
DEMBOEEBIE L7, FEO#RMEE ACh 045, 1.5, 4.5, ¢/
G- dlCHR DGR U REAT L 7.

4. ACh DMEKFMEMBEIRITICRITTL NI SV v
HE (T ba—-12)

Tx v M7 325D AChORBKEENE IR~ D
B, MAEIIRIZEE D SRR AL ) N EW S T A1
o, WEIERGFHELEILRECHALL N5V 0 DR LR
L7, AChIZx 4 2 3> b o — L AR TR S iR R s %
WER, 2050, EORIER % B\ /z. FBEAF 2 P-4
HIEOMEIZIELA®R, B N9V r0.1mg/dl 2 B8lRMIZES
L7z, BiRIE, L%, FBRFEZBEWEMIZEEL, e Ry
W2 & B MBRREUS A DA L L b 300 MEREL, MIEL
HIBIZELR W R MR L2, 20, FBFA oY -
WVEBEOMIZE LR, € F59 Y2 01mg/dl % BIIRMLZ
%5 L 1208% ACh 0.15 1 g/47-dl* & BIIRAIZiE A L FBF O
MBS Z B L7 FMOMRES ACh 045, 1.5, 4.5 . g/4
dI' T D R LiiTT L7z,

5. ACh ORI LR UG 12 & 133 LBNP 0 %
(7 ba—-n3)

ACh O PR B (A 14 ML 95 SO S BT 3 B 28 AR5 )
TEDOHEE AL, LBNPOEEZHRE L. HHEEr R
MENRAL & L7ztg, 7o bha—v1, 2x@BEICh BRI A b
LAy r—Ya%EL, FHBRIZF)ZFL o857 -5 0
ALK, EO%, WOBIRIENED 20 ENERIZAR)
FLIRATF—FUERAL, HF—F e MENE il
Of, WLERENEIEN S > AFa—F—FE=sF v b
(87 A% =) #HWTH -7 LBNPIE, #HEOBF® LY

Table 3. Effects of phentolamine on acetylcholine-induced changes in foream blood flow and forearm vascular resistance

Time after ACh infusion (sec)

Dose of ACh Interventions  No. of volunteers Measurements Baseline
60 120 180 240
0.15 ¢ g/min-dl~ ' Control 8 FBF (ml/100ml-min ") 42124 46+26 5.6%34 77162 10.216.1
FVR (units) 204+t64 28.0+£59 25.0%59 20.0t5.6 14.6+4.8
Phentolamine 8 FBF (ml/100ml-min ") 7.8%44 T4E£35 79+38 9.1+44 10.3%£5.1*
FVR (units) 17.1£49 17.7£55 164+47 14.3+4.6 12.6£3.9*%
0.45 . g/min-dl”"  Control 8 FBF (ml/100ml-min"')  54+37 64%49 72452 8.0£56 105%63
FVR (units) 27.3£7.3 25176 20.5£57 17.5£5.1 12.6 3.6
Phentolamine 8 FBF (ml/100ml - min ") 6.9+3.2 7.9+4.0 8.8+4.5 8.8+42 10.0%6.1%*
FVR (units) 17041 163%£45 149x45 12.8+2.9 11.8+3.0%
1.5 g/min-dlI”"  Control 8 FBF (ml/100ml-min~") 52432 59%32 92+4.0 12.6+9.0 13.3%97
FVR (units) 254+£59 194%34 12.5£3.0 11.3£34  10.6x£29
Phentolamine 8 FBF (ml/100ml- min ") 8.4+53 7.9+3.6 99+53 10.3+5.0 11.2%5.7*
FVR (units) 159%£46 16.0+48 14.2%50 122+3.3 10.3+2.0%
45y g/min-dl”'  Control 8 FBF (ml/100ml-min~")  53£3.0 6.6%+3.1 114%43 160£84 198%12.1
FVR (units) 26.1£8.0 18.0£39 11.6%£3.2 9.0+3.4 7.9+3.0
Phentolamine 8 FBF (m}/100m!1- min ") 8.0t3.6 9.0+4.1 9.0+3.8 10.1£3.8 17.1£9.3*
FVR (units) 15.1£4.0 14.0%43 13.4%39 11.1£23 7.9+23%

Results are expressed as X+SD. Ach, acetylcholine ; FBF, forearm blood flow ; FVR, forearm vasculér resistance.

*, p<0.001 between control and phentolamine analysed by repeated ANOVA.
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Fig.4. Effects of phentolamine (A), hydralazine (B), and
LBNP at -10 and -20mmHg (C) on acetylcholine (4.5 p
g/min - dI")-induced increases in forearm blood flow. Each
point represents the mean and vertical bars indicate SD. (A)
[, control; 7, phentolamine. (B)(J, control; <, hydralazine.
(©)O, control; <>, LBNP at -10mmHg; O, LBNP at -20mmHg.
Ach, acetylcholine; FBF, forearm blood flow; LBNP, lower
body negative pressure.
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Fig.5. Effects of phentolamine (A), hydralazine (B), and
LBNP at -10 and -20nnHg (C) on acetylcholine (4.5 y g/min -
dI")-induced decreases in forearm vascular resistance. Each
point represents the mean and vertical bars indicate SD. (&[T,
control; ¥, phentolamine. (B)[(], control; <, hydralazine. (C)
O, control;<>, LBNP at -10mmHg; O, LBNP at -20mmHg.
ACh, acetylcholine; FVR, forearm vascular resistance; LBNP,
lower body negative pressure.
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Fig.6. Effects of phentolamine (A), hydralazine (B), and
LBNP at -10 and -20mmHg (C) on dose-FBF response relation
for acetylcholine. Each point represents the mean and vertical
bars indicate SD. (A)[J, control; ¥, phentolamine. (B)[],
control; <, hydralazine. (C)[], control; C, LBNP at -10mmHg;
O, LBNP at -20mmHg. Ach, acetylcholine; FBF, forearm
blood flow; LBNP, lower body negative pressure. *, p<0.001;
** p<0.05 between control and drug infusion or LBNP.
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Fig.7. Effects of phentolamine (A), hydralazine (B), and
LBNP at -10mmHg and -20mmHg (C) on dose-FVR response
relation for acetylcholine. Each points represents the mean
and vertical bars indicate SD. (A)[J, control; ¥, phentolamine.
(B)[, control; <, hydralazine. (C)[J, control; &, LBNP at -
10mmHg; O, LBNP at -20mmHg. ACh, acetylcholine; FVR,
forearm vascular resistance; LBNP, lower body negative
pressure. *, p<0.001; **, p<0.05 between control and drug
infusion or LBNP.
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— V521 ACh Eried% 5- 60 Fo 7 & FBR IS A E KN L 24080
fi'é:?z’)xm'}f%t Bt LFTI Y EEHIFL L R
B4 # TFBE O INASA L7 (M4B). FVRbE FF TV ¥
EERTE L b 60R L IR L 240 B I RR AL E R
L7zas, e ¥9 7905 Hﬂ@émmxf IZAChIZ X B FVRUD
BT OBMNRBICAEEE L) -2 (U5B). AChDIFS ]
KFBFU)%’)CFEL»@BQ%%DBBLI]\T. ACh 0.15, 0.45, 1.0,
45 g/ B-dNoWT B FBF OB, ¥ Pa~VTiRE
N2 +237.4+£91.7%, +186.1£56.5%, +239.9+67.3%,
+314.6 £1042% 123t L, ¥ F3 9 ¥ 55T, #hEh
+154 1435.2%, +172.5+33.4%, +231.9+32.9%, +253.344.9%
Ll WEROAChEEIZEVWTLE FT 7Y v B5HD
FBFV)i‘%JJHB(LN;t gy bO—-LERBLTHEEERO Lo
7= (I26B). ACh 0.15, 0.45, 1.5, 4.5 g/%dlI'iZx¥ 5 FVR
DAL, 20 MOl TIEENZEN-59.3+20.8%, 563+
20.5%, -63.6+19.3%, -67.1+£19.5%, & F7 7 ¥ yiGHTIE
Z R EI-56.1+15.9%, -64.2+6.5%, -67.9+£10.0%, -67.1=%
16.9%Td 0, WFHLOAChHEE 2BV T FVROMAKIG L
ariro-NEeFTI Y EGEROBIIEEI Lo (X
7B).

V. ACh DM ERIFENEIRRIGICRIZ T LBNP OF

LBNP |- & % FBF O#%I5H%{L Cld, FBFIZLBNPB#R%30
@f‘ﬁﬂzd\ L, 20k, SHMIEEEL DENHERLL
(3 2C). . FBF L2867 4.8 4= 0.3ml1/100ml- -1 #EL T,
LBNP- 10mmHg“C‘“(i 4.1+ 0.4ml/100ml- %', LBNP -20mmHg T
FBF143.5+0.5ml/100ml- ' L WFR b FEIKF LT
(FNZFNP<0.001). L7:d"> T, AHEAChOHEG&, LBNPIZ
L 25 L IS A% 5 M B 60 ~ 300F D W TF» 7z,
Lo ERR T 1L B 4.8 £ 0.8mmHg A 5 LBNP-10mmHg T 3.6 =
0.8mmHg~~, LBNP-20mmHg T 2.2 + 0.9mmHg ~H BT

Table 4. Effects of hydralazine on acetylcholine-induced changes in foream blood flow and forearm vascular resistance

Time after ACh infusion (sec)

Dose of ACh Interventions  No. of volunteers Measurements Baseline
60 120 130 240
0.15 s g/min - dl’ ' Control 8 FBF (ml/100ml - min ") 3.2x10.( 3714 55+29 8.1+54 11.6*83
FVR (units) 58457 313+54 245+61 203%63 16.8X£6.5
Hydralazine 8 FBF (ml/100mi-min ") 78427 102146 135+64 166378 221103
FVR (units) 145429 11.8%£3.0 9.6+2.8 8.6+2.8 7.0x2.5
0.45 72 g/min-dl " Control 8 FBF (ml/100ml - min ') 3.6+14  54+30  68%E38 87+£58 116193
FVR (units) 1024+58 241151 21.0%57 19.0£63 154+48
Hydralazine 8 FBF (ml/100m! - min ) 92427 133+45 179+72 228+9.8 266%103
FVR (units) 12.6+2.7 9.0£1.9 7.3%2.2 6.1 k2.1 57x24
1.5 g/milrdl"1 Control 8 FBF (m!/100ml - min ) 40+1.6 61+£39 100+85 122+£101 151£114
FVR (units) 285+47 20.6%48 16.11438 144£5.0 12243
Hydralazine 8 FBF (ml/100ml- min y 109438 14.1+50 248%114 30.8+11.9 378%£157
FVR (units) 11.4%3.1 R4+1.7 5.6+1.8 47%1.9 42+1.9
454 g/min-dl*1 Control 8 FBF (ml/lOOml-lnilf‘) 42%1.6 §.1+52 1224102 155%+122 205%+18.9
FVR (units) 273+44 177+43 15.1%£48 132+48 106£39
Hydralazine 8 FBF (ml/100ml - min "~ Y 11435 224%113 292+15.0 36.5+159 420174
FVR (units) 10221 6.51+2.3 55%£23 4,621 4019

Results are expressed as X SD. Ach, acetylcholine ; FBF, forearm blood flow ; FVR, forearm vascular resistance.
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Table 5. Effects of lower body negative pressure on acetylcholine-induced changes in foream blood flow and forearm vascular resistance

Time after ACh infusion (sec)

Dose of ACh Interventions No. of volunteers  Measurements Baseline
60 120 180 240
0.15 1 g/min-dl™" Control FBF (ml/I00ml-min~")  40£09  45+09 72+312 11.5+39 [28+37
FVR (units) 220%+22 19.0£1.7 13721 82+12 70408
LBNP (— 10mmHg) FBF (ml/100ml-min~")  41+17 52421 66+14 11.0+£55 15.1+76
FVR (units) 225426 177220 13.1%13  95+1.8 75+17
LBNP (—20mmHg) FBF (ml/100ml-min~') 35409 49+1.8 69+24 87443 115+74
FVR (units) 253+20 18.8+24 135%19 11.7+21 96+17
0.45 1 g/min-dl™" Control FBF (ml/100ml-min~")  42%15 64%22  95%38 11.5+42 142455
f FVR (units) 220426 149+25 108%22 85%14 7.0+1.1
LBNP (— 10mmHg) FBF (ml/100ml-min~")  44+17 77434 95429 124+43 162+67
FVR (units) 22.1£34 128+23 98%14 79+14 63+14
LBNP (—20mmHg) FBF (m)/100ml-min~")  3.8%18 55+20 75%24 94+33 127439
FVR (units) 247430 165+1.8 122%15 100+1.6 7.1209
1.5 g/min-dl™"  Control FBF (ml/100ml-min~')  48%1.8  80%25 141%41 182:+49 264101
FVR (units) 203£29 11.1+£12  64+07 49405 3.7+05
LBNP (— 10mmHg) FBF (ml/100ml min ')  44+18 117438 147+63 22.6+80 29.7+147
FVR (units) 216530 85+21 69%15 40+05 33+04
LBNP (—20mmHg) 8 FBF (ml/100ml min~") 42414 107429 16.7£7.0 257+15.1 299147
FVR (units) 214+22 8312%1.1  60+1.1 49+13 3.1+04
4.5 g/min-dl™"  Control 8 FBF (ml/100ml-min"")  57+23 157480 257%12.0 32.0£104 353+125
FVR (units) 168+24 83%28 58+25 38%+1.3 3.1+08
LBNP (—10mmHg) 8 FBF (ml/100ml-min~")  6.0%2.7 25.1%22.8 317165 384=L17.6 45.6+ 190
FVR (units) 16.1+£22  53+12 32405 26+05 2.1+03
LBNP (—20mmHg) 8 FBF (ml/100ml-min™")  37%1.6 16.1%104 30.5+153 40.1£19.3 47.7+20.9
FVR (units) 269+43  87+31  33%£06 2.6+05 22+0.5%

Results are expressed as X £SD. Ach, acetylcholine ; FBF, forearm blood flow ; FVR, forearm vascular resistance.

LBNP, lower body negative pressure.
*, p<0.001

L7z (FN21p<0.001) . K3CIZ, ACh 4.5, g/5 dI'EH12
& D MR RS 139 LBNP-20mmHg D #%8 4 &7z, A b
VA=V T LFRAETS S TOEREERT. AT,
3 Y U - LOFBFIZAChH% 5447 4.9ml/100ml- 53" TH 1),
ACh % 240 % H$%5- L 2 #13 14.5m1/100m1- 4" 128 L 7. =
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£ =
WLAE, NS { OB 20§ 5 ILHEY & 2 ik
WEETHRH L, NEOFREFMBLTHWE I EXFHELhE R
Foo WMEMEE LTz Ky y, rorKEdUA, R
WEL LTIENO, 7urs 3y v, MEHRESER




P4 R A IS RO 3§ B o SRS B O S8 199

T BB B DY, NO ISR b B 7 NIk O MU 39RO A
wHEn 1oL E8hTwd. NODIERIL, Furchgott ©"4%1980
g2 v KBRS AR O ACh (243 B I IR UL 1
ot B B 2 TS IR & A ) 5
AR & D MAFDRN THRM SN I EIlL b I L AR
L, EDRF & LTHEL 7. Z0OH1988FEEHE TIINOAED
T Th B2 LAbEm, HERN, &2 0EEFENETo
MEMEIC L DR s 86 \ZHIIN T HONO D& AT
NOSIZ& D, L7TAF=yaREELTERENLZ LARE
n o BfEClE, EE)Z t(D_’EiiJ B2 33 0T B 1) R0 %
MEIRREEC BT DN BN E(L™ b S (RE SN T D,
—75, M OBROHEIC im&wﬂwiﬁk TYEFET
Yoy ISR E SRS KRR, ) & (RB)EAhfE 2K
ety EOMBEER TS L TWA7, FRFENORE N T
amiq¢mﬁﬁméhgm“%%%ﬂﬁwaé#m+ﬁ%
ShElin o T S ORIZE L, Lacolley H™IXEN 5
BIZBW T ONOA & W o REMFE RS EE R &
%wa ARtk AL, EHENA, ThabL, kbidT
IV NOSIHER CHLLN-Z PO T A FZ V2L b
w&mu,mm """ SHCHD, MEBIRHCHLO LRA5, SSRANEHTE
W THL rO= v ¥ IO ERNESh, samv ey
I LR o M TH B T 2L 7)) Y ERE TS e
PR AT T A 2 L R L2, & HISNE IR
ﬁ%f&%tFaﬁvyfmbNLFDwa;yuﬁfaﬁ
I REE Rl E s, o REMERNER2LO
Nomam,m&%%ﬁt,W&@%t@ﬁﬁw%®MEwm
AMEBEORE T EECHAH I B @E LA, E MIBT
BASERANERIT & D R R OB E IS A R, £
OFETE % BRI RS T 2 EF A SRS, IR (UEHE
B X O E IS FOG 2 L, NOSHLESH THDLNAE / AF
VLT AFE S L), s & N s Z & AT
WA XU NN T AR R T R R N - & oI
TR TWD, F72, AChidk b o> MAF N I e D REAT LS
FV: 54T 59785, ACh DN ~DEH] dWQKWKAZ
7)) S E A L3 ) oA o B & wa&:
EARLTVA. SRS ORISR MBI
e btie At ) o PEEDPE S R ARG AR 2 & o 11 R i
WA STV IR AR L TV AR, & MBIk
BT LB NI R OIS IS B AR o Bl A S L
v T4, b R RTRALET IC 3507 B ACK I KT B MR
PE LA LA RO L2 BT 2 R B O B S D TR & 17
o7,
L OREITIE, o ERETHDL Ty PF I2I2EDACh
Vo B R AR AR A LRSS A B S e L L,
71/+7\/>w$*“mmm """ %mmsﬁamy coe F
55 YL OEETIE, AChIZHET B AR UL BL BOE
HEAEtiEA s hdor, Thbb, 7y b7 IV
BHBIZ L - TTES <, o AHEPREEITIC £ U NBRTEPEIR
BHGERIL % WMLt.~b,IWP~l%XWEx%M¢£
BHTCERAETIE, AChIC & B NIRRT B B R U X A S
kL7 STROOEREE, b MIBVLTh o WRMIEERI
PR MR A 58 L T WA Z L 2RE LTV 5
SEOE MIB B PRI SRR OFFE, BTk
R R R WTIT o 7o, A, ERBIRCERZHES LA

LAY =Y FLFAESY T 7ICCFBFOELE BEET 5
LT, EREIMRICES L2gERz &b géﬂ)ﬁﬁ%ﬁmﬁ.ﬁ\%ﬁéﬁ%
P EAHHR L A, SHIGEREIEASEIL 22K
FBF DAL ST & “Lt%%ﬁWbétmf&%.¢Mmﬁ
CiE, ACh, 72> F7 3y, BFITIYOVTROES
2B VT LI BIRE A &A% ki3 % {, LBNPIBE®D
ACh#E5 - L 2 LERIED L Aok odz. &1
Taddei 5™1Z ACh % 0.15 ~ 15mg/ 53 - dl' D £ THi ﬂ@n’\%'iif
A, AR MOFBE, LAKE & UBIIRITIZHEES S
FEELTBY, SHEORVAEEETHACh, 7273
>, kF73Y /f(i S EEBRBEANOBBIIAVEEZLR
7.

CEMTHL Ty b T Iy o5 LY, ACKIZHT S
A R A T P I DR B T 3 B LI & s, [l L 2P
FBE DB IMA & & . MM 5 ONO &R, HitioA R
ORI b0k LTMFES Y IEES ), Sk
m‘ébu 1| ')HILEMJL)U-, Jmm tl_a“é BESTD) ) L»th%h

V‘Z:”’ Tohda &™1%, MLEBEHMZHE D BUE mlﬂlﬂﬁﬂbﬁﬂ N
PR TS T B 2 & 23 L PR AS LR o S 2
MR S & Bl 2 W g & /R L7z, & b 12 Korenaga 5™
13, NOREHELIH 7 ) BN QW ER Y 7= VilkY 7 7 —
BATEHAL S P cGMPASE T 5 Z L 2RI L, K&

ML P R AT 87 0[50 & AR L 72 O MM cGMP
WO R L. FOME, ALMITLIENIILY
CGMP# .74 5 Z &, NOSHERTH BENG-E / A F LT
LEZEMACBLEZDERPHRIERDL I L, S5
NODEE THALTAFZ MRS & UMM cGMP i
EA LTI EERLE, Z0X9ID, MFEON] I BES
DB A SR RNEL S ONOM Z{EELTE Y, 4o
B Ta b7 ey T 3 v IZ & 2 FBFOMIING, ZREATK
AP - A T AN H L. £IT, L FT
ST EY, Ty N Ty &[ii$‘*l§£!‘FBb‘7&l'?%}JlI§
A, AChIZ i ¥ 2 P H M- PR A mmym Mn.;‘j fo. DR
P NTR L RV IA R O R JE I N AN i FBF’&iFg‘J}H
sz dhhbh s T, AChIZH ¥4 FBrmhnum’«ftiACh i
MyE OB LA SRR, Ty P T I THELIIA
Vg B AL PEMAS DR LGOI A S e oo, B BT TV >
VTN AR A 2 350 T b PN B AE A & Ll R AT DL
BB AL, INHEAOPENNE A RIS VO B AL
Wi XNTVLY, Lo, 7xr b7 12I2L5ACh
SEEE A A LB RGO B, ARSI b TE S <,
o SRR O S A B F 0 b O A IR(EY R R
AR L3 AVATAL SRS S ST 1

i AR T SO O N AR AE PRI A B 2 BT
‘ﬁ-é’b")\«\ft.i el LBNP & Fil v, RO SR i Bl 1

A TE 4 FE 3 LMaS L7z, LBNP &4, RS IZBBIEE 1T D
ga LRI A G S, IR R AR SR )
ECH Y, FORLEREOWAN (unloading) AT Z 5.
JESAD 5 DRLHEA ¥ 7OV 1%, R 5 O ZREHIHEIT B)
O BB IR LB Y, FESREOMARIZ & Dk
HHETE D) Y 5. LBNPA20mmHg % B 2 % & BIRLE S
L LIS EED R REM S 575, -20mmHg AT T
VOISR E D HASREMN S LRGSR



200 =2

EHMENOZTEMEFRH 0L RIFGLENE L ST
B0 AROMF T, K IE O ANOSEMFEEE O T
H#EEZHME L T-10mmHg &-20mmHg CLBNP # jifT L 72, #
OFER, POBIREOKTFIC L Y FRFIZMA L FVRIZ#ML
72A%, L, BIREIZEELEASNT, KRNSO A~D
TRMEER LEREESE SN, CORETACh 2455 L7
&2 %, FBEOMMEIZHERCHINL, EAEEE I
&) NERARFEEIERE LG OE KA AL/, Lzd»> T,
SO OMETH SN o ERTHIC X 5 PRI SR RIS
DY B & O BCFHEZC EEARE BT L2 X B AR MR L
BRICOMEDN S, ¥ FONEE AT LMEEEOREI « K
AR A EEA B A T-o TV LD LR L TEY EEbR
3.

b MBI B o ORI X B PR B RE O SR 1 B B i
FEZORLLHPEN TR SN VD, B0 s % i
WS ERRIC B VT NI o« SEESFET B
FEEARENT VS, Cocks 5%, 1 XBIU T 7 DREBRE
BRI BV T, MENEHEHEARTIERNEREEARICEEL T
JNIERT) T 2MEEOMEIMETLTEY, &
KILAE DK T BHY, BEH ) 7 LRI B IS & A R
DHEMIZEDEN LW EE®RE LA 862, 1 XETHT
JWIE R T NIKT BN R & A R AR O [
HOENRBEIZEVDHALNDEZ LZRLE. 2 e D5,
MBEFREI o FHREHFHFEEL, IO o SHREOTHIC X b M
R OBREIEEH EN TV ATEEE L MERED « SEAKE
N AEREHYRICE )V Z20BEE0RESRL D 2 L ERIE
LT3, %72, Zanzinger 5™i%, #I12BW\T, WRIERE
ST 2 HT 5 Z LA X0 PR & OB H A bk L
ZREEIZBWT, VIR 7Y YiZi$ B BERE, NO
ERMHEETH AN PO-L7LF= > 25575 L EE
ek h, NOMBHWETHAES-= FEN-TELFLRZLF
IVICEDRERESIRSh A EERLE — ), TrF
Ty MIZEBRERCHIEMBEAZL DL L Bdh T
e, JNZERT) yOMBEIEIEINO A L B
RSB AHZ e WELA. &512, Martin 5™E 7 v M KBEIR
FHERIIBOVT, o LEHREREOfMETHL D=
Tod, NEBREEEARTIE MR AT Lot L,
NERFEATIIIGEREA A SN kol L HE L, &
OACEEAMREFICNOBEAEIIATRTHE 77 = LT 17
L—2A%lETIAEIOE Y FMATEL &, NRIRFER
ZBWTh 7 0= P Il X DINMRIEA SFHR I L Z L 2R L
7z —H, o EREOEBRARIMETHL 7217 v,
JEBIRYE o CRATRHIER TH B / V¥ 37 1) ¥ TlaPis
WEREAR & N TR A & ORI TUE B AR S L D
2. OB, MEONKMIC « EERIFEEL, FO
FBIZ & ) NO D& AR S WA I L@ Ef L
TWAHILERLTWA, 20, 74 w®ER, 7 %Aidhiks
FU7 v PEBBBROMBERIIBCT, o BIREOTRE
MWRFEMETH LTIV 2R LGS TTO/ L E R
T DHRGR, o BREORBRMBNHETHL I 0
¥ R UK14303 DI 512 BT, NEZIREFIEAR Tl ™ Rz #l MR
CHELTHEOMBIREIALNE I EAREE T,
00 WFNOWRED, o BRSSO LiE
BRI IAER T 525, —HAEMIRICE « SEBEEPFEL,

f

NO D % 4 L Tl L tE izl L v s 2 %
ARLTwA. F7:, Flavahan 53, WA T 2518« %
BRI L, o b= VOB A TNOAKED o4 e
PREDLIEDD, o ZREPHNOBARIZEL BRI LT |
SVERBRLRAMEERERLTVA, 2O X 2N
a VERARDTEAE LB e M L TV 2 MER % A
NBEY, o FRELIZEROBEGL2FRRTI2HELALA
%. Alosachie 5™E T v MEHKBEIIRO 7= b5 3% 0
IUEARATY AT BIUHRKBIZN L, o« JEWETH B TS
VL Y DTN IR A TR AT 2 ol L TR
B EARCBAMECHIL, —F oW THEIL LV
STIZRENH TIZMD &3 o P C K LT AR
BIEDD, o EREENT HIEHI TR C S L
TWAIEMYERL T4, F72, Hempelmann 5™ 5 v b
OFSHMEBIRERIZB VT, #F T -7 I V2L BHMER
ISP OARIE SRR TH Y, ORI « KL
D 3EFEFRENTIREVEETH L THERHZHE LT
A, Db X9 IcBiEBROSETIE, MEMRAE AT 50
FROPEIIZTZRMERDPECHG LT A I EEHL AT
3H BN, THEEOHEIZOVWTR—EORBIEESA TV
W B o AR O D EEIEE S 2T v, RK
DAV BN OFO BN R MAFRDE I &) B2 5 e
HbH. AEOE MIBITLBMETIE, o BB L L TIhERY
DEFNTHAET7 T IVEFVTEY, L MaikEmECs
VT o FERB IV a EEROVTNUYEELRHEEZ L T
LMDV TIEH S TIE R W, 5%, o BINEB X«
PN ERISE R L 72T S E L b B,

AREOMFTIE, & MIBWTHRBIRSHE D 5 ONO
DEK, BUIBERBH L TVDE I L% LAY, —J7NO IS
PREIZBES T2 L OMENAS5 NS, Kumagai 535 v b
2BV, NOABMERETHEINCE ) AF VLT LEFZ 0D
HIRPIE 12 L 2 NOARIEE1TH &, SRS E) 2370t
L, BVIRIESARKGHERED 2T 5 2 L IS L, MHSMN
HHRIEENCNO S G- B W EE 2 R L 72, £ 72, /s % fig
{ZHEYH & LCNO D REM: & o5k 41, NO {EG P L5 55 i
BROGEFHE IR THEYY, ULzl T, 4
HESITHIMERNTONO TR, £0SZHEMEK, 8612
NO EB IR O IHE A IYFE] 20 & O M % MidH¢ 2 L B2 D 2
LEbND.

A, ST, (LA EOR 4 OIFREFEBIZB VLTI
BREICHEERALN L Z L HE IR TVAE., 26 OmD
£ <13, & MIBULNEEREOFM L L TAChIZHF 5 i)
R R WML S O MAF IR MG IZ L DT Twa, LiL, &
[ DR 51, AChIZ 3t B N ARAEPE I B ML BOG 1 o %6
BAEOREPREBICL DB snTB Y, FORBKOMRIZIZ
TEPLELEEDLNE., tbb, o CEAIFEATTELL
FRETIE ACh I3 B N R AR FE I I A 9k R SO 1358 RV 23Rl &
N, o REAPIGEIAMICT LR TR/ s Twa 2
LEhh, Sk, B MIBUTBNEEIEON L VEE Mg O
MPLELEE DN,

& B

b 2B B PO AR I EEIR S o SRR B AR A
BT B PEPEPELPIIT S0, b b ERMEIROACHhIZ




PR ARTEVE M BUG S ¥ D o SCIRARETR B O B 201

¥ PR AR A M B RREUE IS RIE T, o BT TH S
1y NI I ESORE, NERMREELENRETSH D
N5 Yk OBE, 506 ZLBNPIC & B S
B HBIZOVWTHRETL, MTO#RERL

1. ACh, 7xzv b7 3V, EFTF TV 00 LBBR~NDE
Bizk b, L%, BIREIZPIS 2 %EREEC, SEOHEY
B TRESBRUE~OEEI LT,

2. ACh#% 512 & Y B B MAF ML ISR L8 D IL5RATA b
7.

3. 72y T3 rONESIC & D AChIZ T A MK
LRSS I3 A I & e

4. NIRRT RLSLERTHL L F T TV X OHiik5T
W7z T3 oS e AREICEEGFBF 28N S 2 7248
ACh Iz 2 NRARFEE M A IR 3Rl sy, 72> b
T 3 VA2 & B PR AR M B FUE O3RN ML IR
RN E TR r o .

5. LBNPIZ & & FATH R BAEEEI U £ ) AChIZX T
BRI PRI B IR BUS A L 72

PEOFRE LY, & OIS RROMEIIGHERT L

HEPE T ORI (EMAH B AL, P ARAF I SRR G 1 o

AT ENRAE I X 0 58 ST 2 TS RIR S L7z,
] i

FERR DA, BRHEWRE Y E L BRI

BN B B — R B SRS B MR R L E T E 7,

BORWISE, WETEABY F L GIRREE AR R R B AR
BLUSRAEE—NRERBROBEET LD HEHHELET.

X s

1) Furchgott RF, Zawadzki JV. The obligatory role of
endothelial cells in the relaxation of arterial smooth muscle by
acetylcholine. Nature 288 : 373-376, 1980

2) Palmer RM], Ferrige AG, Moncada S. Nitric oxide release
accounts for the biological activity of endothelium-derived
relaxing factor. Nature 327 : 524-526, 1987

3) Ignarro LJ, Byrns RE, Wood KS. Endothelium-dependent
modulation of cGMP levels and intrinsic smooth muscle tone in
isolated bovine intrapulmonary artery and vein. Circ Res 60 : 82-
92, 1987

4) Furchgott RF. Studies on relaxation of rabbit aorta by
sodium nitrite : The basis for the proposal that the acid-
activatable inhibitory factor from bovine retractor penis is
inorganic nitrite and the endothelium-derived relaxing factor is
nitric oxide. In PM Vanhoutte (ed), Vasodilation : Vascular
Smooth Muscle, Peptides, Autonomic Nerves, and Endothelium,
1st ed, p401-414, Raven Press, New York, 1988

5) Hibbs JB Jr, Vavrin Z, Taintor RR. L-arginine is required for
expression of the activated macrophage effector mechanism
causing selective metabolic inhibition in target cells. J Immunol
138 : 550-565, 1987

6) Marletta MA, Yoon PS, Iyengar R, Leaf CD, Wishnok JS.
Macrophage oxidation of L-arginine to nitrite and nitrate : Nitric
oxide is an intermediate. Biochemistry 27 : 8706-8711, 1988

7) Ignarro LJ. Endothelium-derived nitric oxide
Pharmacology and relationship to the actions of organic nitrate

esters. Pharmaceutical Res 6 : 651-659, 1989

8) Moncada S, Palmer RM], Higgs EA. Biosynthesis of nitric
oxide from L-arginine : A pathway for the regulation of cell
function and communication. Biochemical Pharmacol 38 : 1709-
1715, 1989

9) Moncada S, Ress DD, Schulz R, Palmer RM]. Development
and mechanism of a specific supersensitivity to nitrovasodilators
after inhibition of vascular nitric oxide synthesis in vivo. Proc
Natl Acad Sci USA 88: 21662170, 1991

10) MacAllister R, Vallance P. Nitric oxide in essential and
renal hypertension. ] Am Soc Nephrol 5 : 1057-1065, 1994

11) Sigmon DH, Carretero OA, Beierwaltess W. Endothelium-
derived relaxing factor regulates renin release in vivo. Am ]
Physiol 263 : F256-F261, 1992

12) Toda N, Okamura T. Mechanism of neurally induced
monkey mesenteric artery relaxation and contraction.
Hypertension 19 : 161-166, 1992

13) Toda N, Okamura T. Reciprocal regulation by putatively
nitroxidergic and adrenergic nerves of monkey and dog temporal
arterial tone. Am J Physiol 261 : H1740-H1745, 1991

14) Toda N, Kitamura Y, Okamura T. Neural mechanism of
hypertension by nitric oxide synthase inhibitor in dogs.
Hypertension 21: 3-8, 1993

15) Okamura T, Ayajiki K, Toda N. Neural mechanism of
pressor action of nitric oxide synthase inhibitor in anesthetized
monkeys. Hypertension 25 : 341-346, 1996

16) Okumura K, Yasue H, Horio Y, Takaoka K, Matsuyama K,
Kugiyama K, Fujii H, Morikami Y. Multivessel coronary spasm
in patients with variant angina : A study with intracoronary
injection of acetylcholine. Circulation 77 : 535-542, 1983

17) Okumura K, Yasue H, Matsuyama K, Goto K, Miyagi H,
Ogawa H, Matsuyama K. Sensitivity and specificity of
intracoronary injection of acetylcholine for the induction of
coronary artery spasm. J Am Coll Cardiol 12 : 883-888, 1988

18) McLean AJ, du Souich P, Barron KW, Briggs AH.
Interaction of hydralazine with tension development and
mechanisms of calcium accumulation in K+stimulated rabbit
aortic strips. ] Pharmacol Exp Ther 207 : 40-48, 1978

19) Lipe 'S, Mould RFW. In vitro differences between human
arteries and veins in their responses to hydralazine. ] Pharmacol
Exp Ther 217 : 204-208, 1980

20) Jacobs M. Mechanism of action of hydralazine on vascular
smooth muscle. Biochemical Pharmacol 33 : 2915-2919, 1984

21) Drieu la Rochelle C, Dubois-Randé¢ JL, Hittinger L, Richard
V, Berdeaux A, Giudicelli JF. Hydralazine dilates large epicardial
coronary arteries in conscious dogs through an endothelium-
independent mechanism. J Cardiovasc Pharmacol 23 : 315-318,
1994

22)  Gurney AM, Allam M. Inhibition of calcium release from
the sarcoplasmic reticulum of rabbit aorta by hydralazine. Br ]
Pharmacol 114 : 238-244, 1995

23) Stevens PM, Lamb LE. Effect of lower body negative
pressure on the cardiovascular system. Am J Cardiol 16 : 506-
516, 1965



202 =

24) Worthuis RA, Bergmann SA, Nicogossian AE.
Physiological effect of locally applied reduced pressure in man.
Physiol Rev 54 : 566-595, 1974

25) Mark AL, Mancia G. Cardiopulmonary baroreflexes in
humans. In JT Shepherd, FM Abboud (eds), Handbook of
Physiology, Sect Il The Cardiovascular System, Vol I
Peripheral Circulation and Organ Blood Flow, First ed, p795-813,
American Physiological Society, Bethesda, 1983

26) Whitney RJ. The measurement of volume changes in
human limbs. J Physiol 121 : 1-27, 1953

27) Gilligan DM, Panza JA, Kilcoyne CM, Waclawiw MA,
Casino PR, Quyyumi AA. Contribution of endothelium-derived
nitric oxide to exercise-induced vasodilation. Circulation 90 :
2853-2858, 1994 '
28) Endo T, Imaizumi T, Tagawa T, Shiramoto M, Ando S,
Takeshita A. Role of nitric oxide in exercise-induced vasodilation
of the forearm. Circulation 90 : 2886-2890, 1994

29) Hirooka Y, Imaizumi T, Tagawa T, Shiramoto M, Endo T,
Ando S, Takeshita A. Effects of L-arginine on impaired
acetylcholine-induced and ischemic vasodilation of the forearm in
patients with heart failure. Circulation 90 : 658-668, 1994

30) Egashira K, Katsuda Y, Mohri M, Kuga T, Tagawa T,
Shimokawa H, Takeshita A. Basal release of endothelium-derived
nitric oxide at site of spasm in patients with variant angina. J Am
Coll Cardiol 27 : 1444-1449, 1996

31) Lacolley PJ, Lewis SJ, Brody MJ. Role of sympathetic nerve
activity in the generation of vascular nitric oxide in urethan-
anesthetized rats. Hypertension 17 : 881-887, 1991

32) Taddei S, Virdis A, Matteri P, Natali A, Ferrannini E,
Salvetti A. Effect of insulin on acetylcholine-induced vasodilation
in normotensive subjects and patients with essential
hypertension. Circulation 92 : 2911-2918, 1995

33) Kamiya A, Togawa T. Adaptive regulation of wall shear
stress to flow change in the canine carotid artery. Am J Physiol
239 : H14-H21, 1980

34) Tohda K, Masuda H, Kawamura K, Shozawa T. Difference
in dilatation between endothelium-preserved and -desquamated
segments in the flow-loaded rat common carotid artery.
Arterioscr Thromb 12 : 519-528, 1992

35) Korenaga R, Ando J, Tsuboi H, Yang W, Sakuma I, Toyo-
oka T, Kamiya A. Laminar flow stimulates ATP and shear stress-
dependent nitric oxide production in cultured bovine endothelial

il

cells. Biochem Biophys Res Commun 198 : 213-219, 1994

36) Ookuwa H, Takata S, Ogawa ], Iwase N, Ikeda T, Hattori N.
Abnormal cardiopulmonary baroreflexes in normotensive young
subjects with a family history of essential hypertension. J Clin
Hypertens 3 : 596-604, 1987

37) Cocks TM, Angus JA. Endothelium-dependent relaxation of
coronary arteries by noradrenaline and serotonin. Nature 305 :
627-630, 1983

38) Zanzinger J, Czachurski J, Seller H. Inhibition of
sympathetic vasoconstriction is a major principle of vasodilation
by nitric oxide in vivo. Circ Res 75 : 1073-1077, 1994

39) Martin W, Furchgott RF, Villani GM, Jothianandan D.
Depression of contractile responses in rat aorta by spontaneously
released endothelium-derived relaxing factor. ] Pharmacol Exp
Ther 237 : 529-538, 1986

40) Cohen RA, Zitnay KM, Weisbrod RM, Tesfamariam B.
Influence of the endothelium on tone and the response of isolated
pig coronary artery to norepinephrine. J Pharmacol Exp Ther
244 : 550-555, 1988

41) Flavahan NA, Shirhokawa H, Vanhoutte PM. Pertussis
toxin inhibits endothelium-dependent relaxations to certain
agonists in porcine coronary arteries. J Physiol 408 : 549-560,
1989

42) Nakamura T, Prewitt RL. Effect of N - monomethyl-L-
arginine on arcade arterioles of rat spinotrapezius muscles. Am J
Physiol 261 : H46-H52, 1991

43) Liu SF, Crawley DE, Evans TW, Barnes PJ. Endogenous
nitric oxide modulates adrenergic neural vasoconstriction in
guinea-pig pulmonary artery. Br ] Pharmacol 104 : 565-569, 1991
44) Alosachie I, Godfraind T. The modulatory role of vascular
endothelium in the interaction of agonists and antagonists with
« -adrenoceptors in the rat aorta. Br J Pharmacol 95 : 619-629,
1988

45) Hempelmann RG, Ziegler A. Endothelium-dependent
noradrenaline-induced relaxation of rat isolated cerebral arteries :
Pharmacological characterization of receptor subtypes involved.
Br ] Pharmacol 110 : 1321-1328, 1993

46) Kumagai H, Averill DB, Khosla MC, Ferrario CM. Role of
nitric oxide and angiotensin II in the regulation of sympathetic
nerve activity in spontaneously hypertensive rats. Hypertension
21:476-484, 1993




R AL U 2§ B o ZCRAMFRE D) O 38 203

Effects of o -Sympathetic Nerve Activity on Acetylcholine- Induced Endothelium-Dependent Vasodilatation in
Human Forearm Masayuki Takamura, Department of Internal Medicine ( I ), School of Medicine, Kanazawa
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Abstract

To clarify whether the interaction between endothelial factor and neural factor exists in the regulation of human vascular
tone, the effects of pharmacological sympathetic blockade and reflex sympathetic activation on endothelium-dependent
vasodilatation were studied in 24 young healthy volunteers. Forearm blood flow (FBF) was measured using a strain-gauge
plethysmograph. Endothelium- dependent vasodilatation was assessed by intrabrachial infusions of acetylcholine (ACh) at
doses of 0.15, 0.45, 1.5 and 4.5mg/min -dl'. The effects of pretreatment of phentolamine (0.1mg) and hydralazine (0.1mg),
and lower body negative pressure (LBNP) on ACh-induced vasodilatation were studied. No drug infusion did not altered
heart rate or arterial pressure. ACh dose-dependently increased FBF. Phentolamine significantly increased FBF from 6.0 =
2.3 ml/ 100ml - min" to 9.7 == 7.0ml/100ml-min" . After an intrabrachial infusion of phentolamine, FBF responses to ACh
were significantly inhibited (p<0.001) and the dose-response curves were shifted to the lower right. Hydralazine lead to
similar forearm vasodilation, but did not alter FBF responses to ACh. LBNP at -10mmHg and -20mmHg significantly
decreased FBF (p<0.001, respectively). During LBNP at -10mmHg and -20mmHg, FBF responses to ACh were significantly
activated (p<0.05, p<0.001, respectively) and the dose-response curves were shifted to the upper left. These results suggest
that « -adrenergic nerve activity may modulate endothelium-dependent vasodilatation in the human forearm.



