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谷酰多巴在清醒兔的交感神经抑制作用 
／7 ’ ／ 

王 志 勤 ，Ka 蚰1a sH1M1zu，l w／
A
／
Y"／Joh 

SECA)MBE ，Batry P McGRATH (Mona~h大学 医学 

中心内科 ． 临床生化科，墨尔本3168，澳太利亚 ) 

 ̂一 摘要 给清醒兔 iv车岛洼谷酰多巴 (GD)25和 100 

·kg ·rain ，MAP、HR和动脉血浆 多巴胺 (DA) 

浓度无显著变化． 尿 DA排泌率和肾DA增加． 动脉 

血浆 GD和 ，一多巴分别达到3．2土0．8 g·ml 和lG．I 

土5．I Ilg·m1 ．肾脏和肾外去甲肾上臁索(NE)溢出率 

均降低 ，肾 NE增加．作为具有相对 肾脏选择性的 DA 

前体 ，GD能抑制清醒家兔肾脏及肾外交感神经活性． 

关键词 苎墼堕；主里堕；多巴； 左旋多巴+圭 
甲肾上腺索 
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Presence of endothelium masks direct vasodilator effects of pyrogallol 

and m ethylthioninium chloride in perfused rat mesenteric artery 

LI Yuan—Jian!， Sue Piper DUCKLES： (Department of Pharmacology． College of Medicine， 

University of California，Imdne CA 7，USA) 

ABSTRACT In the perfused rac mesenreric artery 

responses to transm ura[nerve stim ula 

ti0n (TNS) were enhanced by pyr~gallol fPyr、0．1 

mmol·L_。or methylthioninium chloride (Met)0．O1 

mmol·L 1 But the duration of the effect of Pyr was 

hrief，while the effect of Met remained stable． Met． 

but not Pyr，slightly increased the basal level of perfu— 

sion pressure． Contraetile responses tO the alpha 

adrenergm agomst m ethoxam ine靴 re aLso potentiated 

by b0th Pyr and M et，and in both CflSES their effects 

persisted as lung as Pyr or Met was present． Super— 

oxide dismutase (SOD)abolished or in1,5hited the po- 

tentiation produced by Pyr or Met． Both Pyr and M et 

inhibited the vasodilation produced by acetyleh61ine 

(ACh)． However．after bloekade of endotheliaI func— 

tion both Pyr and Me【inhibited vasoconstrictor re— 

sponses to TNS n the presence of nitro—L-arginlne 

methyl ester (L-NAM E)0．1 mrⅡ0卜L～ ．an inhihitor 

nirric oxide synthesis，or rEmovaI of endothelium ． 

After remoral of endothelium buth P and M et prO- 

duced vasodilator responses in a concentration-de·pe n- 
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dent manner． These resuhs suggest that the ability of 

both P" and Met to potentiate contractile responses 

and inhibit vasodilator responses to ACh is due to gen- 

eration of superoxide anion， and  that the actions of 

Met may also involve direct inactivation of guanylate 

cyelase． The  present study also sugg~ ts that both 

pyr and M et have direct relaxing effects on vascular 

smooth muscle，effects which are masked by Enha ncing 

actions in the presence endathelium． 

KEy WORDS mesenteric arteries} pyrogallol； 

methyhhioniniu舶 ehiorid~} N'-v2tro—L-arginine 

methyl ester；superoxide dism utase 

M ethyhhioninium chloride (methylene 

blue，M et)，an inhibit~r of guanylate cyclase， 

is widely used as a tool to evaluate the mecha— 

nism of action of vasodilators[ ．2]． Besides in— 

hibiting guanylate cyclase， M et has been 

shown to produce superoxide anion ． 

Pyrdgallol(Pyr)，a generator of superox— 

ide anion．produces pharmacological responses 

similar to those of Met．including inhihition ot 

relaxation to endothelium—dependent vasodila— 

tot and potentiation of contractile responses to 

vas0c0nstfict0rs． as welI as inactivation of 
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guanylate cyclase ‘ 

relaxing factor (EI)RF)．which has been pos 

tulated t0 be identica1 with nitric oxide (NO)． 

activates guany[ate cyelase，with a subsequent 

elevation of tissue【evels of cGM P resulting in 

re【axation of vascular smooth musele。 ． 

Thus inhibition of endothelial function tira 

duced by both Pyr and Met could possibly be 

due to inactivation of N0 via generation of su— 

peroxide anion． 

In contrast．Met．hut not Pyr．decrea>ed 

the bass1【evels of cGM P as well as increasing 

basal tone of blood vessels。。 ． At higher 

eoncentrations Met produces constriction of 

isolated rabbit aorta due to release of endoge— 

nous n(]re p1nephrine from intramural adrener— 

g Jc nerves rio a mechanism independent of the 

lowering of cGM P ,71． These results suggest 

that the mechanism of pharmacological effect 

of M el is not total1Y similar to Pyr． 

1n view of the dissimilarities between Pyr 

and M et fn the mode of inhibition of endothe 

lia【function．as we1【tin effect on contractile 

responses to different vasoconstrietors，in the 

present study we compared the effects of Pyr 

and Met on contractile responses to the selee 

tireⅡ adrenergic receptor agonist．methoxam— 

ine· and to endogenous n0repinephrinc re— 

leased by TNS． Furthermore，we investigat 

ed the effect ot"inhibition of N()synthes bv 

the —arginifle antagonist，N nitro L—arginine 

methyl ester (L—NAM E)，on contractile re 

spouses to TNS and the effects of Pyr and 

M et． 

M ATERIALS AND M ETHoDS 

Tissue preparation and perfusion M esenterie 

yasculature of 2 Sprague Dawley rats( 一60，275~s 

25 g) isolated for perfusion as described previous— 

lY Rats were decapitated， and the m esenteric 

artery was qu Lckly cannulated at its origin a r the aorta 

w hh PE 50 tubing and perfused with wa rnl Krebs’so— 

lution，saturated with 95 O1 4- 5 CO2． Prepa 

rati0ns were then ph,ced in a water Jacket ‘200 m 1) 

m dntained at 37 (． The system was perfused with 

Kreh ’snlution with peristaltic pttm p at rate o} 5 

± 0． ml·min and superfused by gravity feed at rate 

0f 1± 0．2 m l·ra in ． The Krebs’suludon had the fol— 

lowing composition：NaCI tl8·KCI 1—8，CaCI2 2-5· 

KH2PO． 1．2，NaHCf)3 25．M gSO， 1 2．edetic add 

0．107+and dextrose l1．5 mm ol·I ． The pe rfusitm 

pressu re ㈣ recorded by a pressure t ransducer- The 

resulting electric signals ~-erp digitized hy M acinm sh 

SE computer- 

Two platinum electrodes．one placed arottnd the 

superio r ITleSenteric a rtery and the other resting on the 

culatu re in a lov,,er part of the intestine，~-ere used 

t re it t ansmural field stimuIation． TNS (ampli— 

rude uf 60 V and pulse duration of 3 ms)w{l applied at 

8 Hz for trains of 80 pulses using a Grass$48 stimula 

tar For vasocon~trictar responses to TN S， 2 m in 

were allowed lJetween each stim ulation tra Ln 

Experimental procedures Tissues were equili— 

brated for 60 nlin before beginning each experiment· 

All drug~~-ere administered by switching the perfusion 

solution “) solution containing drug For measure— 

m ent of respon~es to Pvr． M et．or ACh，the t Lssues 

were pretreated with guanethidine 5 gmlol’【l for 20 

min and then contracted by merhoxamine 5~*rnol·I， 

In the case of ACh，drugs were given into the per— 

fusate in a cumulative fashion by changing r0 perfusion 

solution conta n ng the ind Lcated concentration of ACh 

In the case of studies of the effect of Met on responses 

to Pyr，various eoneentrations of Pyr~-ere tested in a 

non—cumulat Lve fashion． To remove the endotheli LLm ， 

preparations were perfused with distilled water ctm 

taining saponin 50 g·m l 。for 3 rain． For all studies 

a paired design was used，that the same tissue ~e-as 

studied both before and after treatnlent w】th Pyr or 

M et． 

Drugs Pyr， L—NAM E， SOD， saponin． ACh 

chloride．and methoxamine HCl(Sigma)： Met <Na— 

tional Aniline)and guanethidine (Ciba Pharmaceutical 

Co)． Al1 drugs were dissolved and diluted in Krehs’ 

solution． Pyr and Met were freshly prepared each 

day． 

Statistics Resuhs 41re expressed as or± s C,on 

traction—response curveN and EC of values f agonist 

concentrat on needed to produce 50 of the n~'zxinlal 

l-espause) were derived from nonnnear，least squares 
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sigm aid regression analysis 0f the concentration—re— 

sponse data． Staristical⋯ ly s wei-e performed us— 

“g paired test and 0ne way A N0VA． Tukey's te t 
、 

was used for m uItiple comparisons when AN0VA indi 

cared statistically significant differences between 

groups· 

RESULTS 

Vasoeonslrictor regponses to TNS or 

methoxamine TNS of the mesenteric vascular 

bed caused an increase in perfusion pressure， 

and this response was completely blocked by 

the adrenergic neuron blocker，guanethidine， 

confirming that vasoeonstdctor responses were 

due to activation of adrenergic nerves(Fig 1)． 

Pyr 0．1 man卜 L一 potentiated vasoconstrictor 

responses t0 TNS，from 2．7士 1．0 to 4．0士 1．0 

kPa，control and Pyr，respectively ( 一 4，，)< 

0．01) (Fig 1)． The potentiation by Pyr of 

va8oc0nstrictor responses to TNS was tran— 

sient， and contractile responses quickly re— 

turned to control levels． 

． l 

ol L二 习  

u 

oJ [ ] ．．． 匝 圈  
72 84 95 1O日 120 132 

Time／min 

Fig 1． Effects of Pyr 0．1 mm ol·L～ ，M et 0．0l 

m mol·L～ ．and guanethidine 5 ~tmol·L一 on Yaso~ n— 

st~cm r respo1]$1pA m TNS in perfused rat ~ nterlc 

artery· TNS was applied at 8 H z for trains of 80 

pulses． 

Vasoc onstrictor responses to TNS w ere 

also potentiated by M et 0．01 mmol·L (Fig 

1)． Increases in perfusion pressure w ith TNS 

w ere 2．9土 0．8 and 5．4士 1．5 kPa，Control and 

M et。respectively (n一 5，P< 0·01)． The re— 

sponse to M et was stable as Iong as M et re— 

mained in the bath． Met itself slightly in- 
creased the basaI leve1 of perfusion pressure 

from 2．§士 O，3 to 3．3士 O．3 kPa controI and 

Met．respectively (n一 5．_P< O．01)． 

Similarly， vasoconstrictor responses to 

methoxamine were also enhanced by Pyr(Fig 

2)． Increases in perfusion pressure produced 

by methoxamine were 6．1± 0．9 and 8．2士 1．5 

kPa，controI and in the presence of Pyr，re— 

spectively (n一 5，P< 0．01)． M et also caused 

an augmentation of vasoconstrictor responses 

to methoxamitle，from 5．8士 1．5 to 19．7士3．7 

kPa，controI and in the presence of M et，re- 

spectively ( 一 5．P< 0．01) (Fig 2)． Poten— 

tiatinn of contractile responses to m ethoxam ine 

Thn ， 

Fig 2． Efftc忸 of Pyr 0 1 mlnO]·L叫 or Met 0．01 

mmol·L一‘0n vasoconstrleto r spo哪 e曩 Io m ethoxam- 

Ine S umol·L一 in perftu~d tat mesenterlc artery． 

Gulmcthldlne 5 I~m ol·L一‘wM  uaed t0 block sympatlh~ - 

Ic nerve曩． 

_ 、． ，tt_ A 00__， 。 
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produced by Pyr or Met persisted as long as 

the drugs w ere present． 

Effect of SOD Potentiation by Pyr of 

vas0c0nstrict0r responses to m ethoxamine was 

abolished in the presence of SOD 100 U ·ml一’ 

(Fig 3)． The increase in pressure produced 

by methoxamine was 5．0士 1．2 kPa in the con 

tro1 situation com pared to 5．2士 1．2 kPa in the 

presence of both Pyr and SoD ( 一 5)． SOD 

100 U ·ml11 also inhibited potentiation by M et 

of vasoconstrictor responses to methoxamine 

(Fig 3)． Contractile responses to methoxam— 

ine were 6．1士 1．2 and 9．2士 2．1 kPa，contro1 

and Met in the presence of S0D ．respectively 

( 一 5)． Although vasoconstrictor responses 

to methoxamine were sti11 potentiated by Met 

in the presence of SOD，there was a significant 

difference in the vasoconstrictor response t0 

methoxamine between M et in the absence and 

presence of SOD． The increase in the vaso— 

constrictQr response to m ethoxam ine produced 

by M et was 244士 83 compared to 53士 24 

60 64 6B 72 76 B0 

3- I~ffects of SOD 100 U ‘m l一‘out potehtlation by 

Pyr O-1mmol·L offMet 0．oimmol·L 。of yll$ocofll- 

strtctor resl~ to m etlmxam ine S um I·L一。in per- 

fused rat m esenteric artery． 

in the presence of SOD ( 一 5，P< O．01)． 

Vasodilator responses to ACh In the 

presence of guanethidine 5 t~mol·L一 and 

methoxamine 5一 lO vm01·L～ ，ACh caused 

relaxations in a c0ncentration—dependent ITltan— 

ner (Fig 4)． This response was inhibited by 

both Pyr and M et (Fig 4)． BC5o values for 

ACh were 0．012士 0．006 m nol·L— in the ab— 

sence 0f Pyr and 0．15士 。．O4 pmol-L it't the 

presence of Pyr． In the case of M et，ACh 

BC50 values were 0．045士 0．002 and 0．56 

士 0．O4 t~mol-L～ ，in the absence and presence 

0f Met．respectively． 

、 A-*·， ’’ ne／一 Ig m I·L一 

、  

Fig Effects of Pyr O．1mm0_·L一‘0r 耐et 0．Ol 

mm ol·I，。。out relmmtIon to ACh whIc■ was m uretl抽 

rep|l嘣 I哪 treltted ’d曲 gm nethidine 5 mnol·L-1 u d 

in the presence of metlmxam tne 5— 10 岫 0l·L～ ． VI_ 

sedllation is exp~ ssed 撼  of centrnctiem induced by 

methoxaml~ ． _一 5，荨土 > m 05， < m 05， 

‘P< 0．01饼 contro1． 

． ． ． 。  ． ．  ．  

-d ；  aⅡ0§ i  
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Effect of 一NAM E oh vasoconstrictor- 

spons cs L-NAM E，an inhibitor of NO syn- 

thesis， augmented vasoconstrictor responses 

t0 TNS． In the presence of L-NAM E，Pyr 

reduced vasocoostrictor responses to TNS． In 

con~ast， in the presence of L—NAM Et M et 

had no effect on vasoconstrictor responses to 

TNS (Fig 5)． 

L-NAM E+ Pyr 工·NAM E + Met 

FI窖5_ Effe~II Pyr 1 mmel·L叫(-= 5)叫’Met 

0．Ol mmol·L一‘(■= ●)蛆 va~ eoustrictor rum  to 

"INS in l■t I~resellee of 工-NAME 0．1 mmol·L一‘． 

Contractile relqNmaeslo TNS ．t B Hz fer l喇 瞄 of 帅  

-Id·精． 覃士，． ’P<m o5，。P< m●l吖 ~tmtrol| 

< O．05吖 L ^M 置． 

Effect of endotbeliid dnm ~ e oa r~ penses 

t0 M et After the mesenteric artery 哪 ex- 

．posed to saponin 5O ·Inl一’for 3 rainI，vaso- 

constrictor responses to T NS were enhanced． 

Cont~rsctiie reBp。nBes to TNS were 1．5士 0．5 

and 2．8士 0 5 kPa，control and saponin． re． 

spectively (n一 5，P< O．01)． After this treat— 

ment ith saponin to damage the endothelium ． 

instead of potentiating vasoconstrictor t-e- 

sponses to TNS as seen in Fig 1．M et inhibited 

VSSCslonstrm tor responsest0 TNS．Which 冉ere 

2．$士 0．5 and 2．0士 O．4 kPa for saponin and 

saponin in the】presence of M et，respectively ( 

一 5t Pd 0．01)． 

Vasodilator r~spom es to Pyr or M et
．  

Perfused m esenteric arteries were pretreated 

th saponin to remove endothelium and ex— 

po sed to guanethidine 

bloc k sympathetic nerves． 

5 |nn。1 ·L一 to 

M ethoxamine 5 

~Lrnol·L- was added to increase smooth mus— 

cle tone． Both Pyr and M et caused vasodila— 

tor responses in a concentration—dependent 
- 

’  

manner(Fig 6)． 

120 l蹦 1s2 16B l“ 

ACh， 

T'~ e／miu 

H g‘ V越 odⅡ_‘” respo~ es lo Pyr盯 M H· Pr印 I_ 

m UoBs were pret~ wRb m pm in to rem 0 - ea - 

d口th|II岫 --d were then exp幛 ed 曩n m t 曲 址 S 

u●-Dl·L一 m d 埘 lh 蜘瞳 I-ne S 岫 ol-L～ ． 

Effect of M et on responses 

enhanced methoxamine—induced 

to Pyr M et 

vasoconstric— 

tion，but had nD effect by itself(Fig 2)． In 

contrast，when M et was present Pyr 0．01—— 

0．1 mmol·L_。caused vasodilator responses in 

a concentration-dependent manner． 

The present studies demonstrgte that．in 

thee perfused rat mesenteri~sxtery， or Met 

augmented"~asoconstrlctor responses to both 
endogenous norepinephrine and the selective I 

adrenergic rec eptor agonist，methoxamine，an 

augmentation which resem bles the effect of re— 

mova1 of the endothelium or treatment with an 

J ，l，l ld d0lljt 山 

● 、|】， A ：  ● _ 
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L arginine antagonist to inhibit NO synthesis． 

Similar results have been seen in various tis— 

sues ’ ． In the present study potentiation by 

Pvr or M et of methoxamine—induced vasocon— 

striction was abolished or inhibited bv S0D． 

This suggests that the effects of both Pyr and 

Met depend on the generation of super0xide 

an lon ． 

Pyr or Met also suppressed relaxation to 

ACh in the perfused rat mesenteric vascula— 

ture． This suppression was also a6olished by 

s()D·suggesting that Pyr and M et may inhibit 

ACh—induced relaxation by generation of oxy— 

gen radicals． 

NO causes relaxation of smooth muscle 

Ⅱ activation of guanylate cyclase and in— 

creased production of cGM P，and EDR F was 

sp0nfaneously released from vascular endothe 

lium。 。． Both Pyr and M et decrease c( MP 

production ‘ 。． Therefore． potentiation of 

vasoconstrictor responses by Pyr or M et may 

be due to inactivation 0f NO by generation of 

superoxide anion leading to enhanced contrac— 

tile responses． 

Superoxide anion， besides its ability to 

oxidize NO ， may work through a catalase 

pathway． Superoxide anion inhibits activity 

of catalase， and catalase activates guanylate 

cyclase⋯ ． Therefore， our results suggest 

that the potentiation by Pyr or M et of contrac— 

tile responses to vasoconstrictors may be a 

consequence of decreased guanylate cyclase ac— 

tivity due to inactivation of both N0 and cata 

lase through generation of superoxide anion． 
M et， but not Pyr， increased the basal 

perfusion pressure in the perfused rat mesen— 

teric artery ,lO3． In our studies d0ne in the 

presence of ，NAM E to inhibit NO synthase． 

Pyr caused vasodilation．but M et had no efleet 

under these conditions． Even in the presence 

of M et to inactivate guanylate cyclase Pyr 

caused a concentration—dependent relaxation of 

methoxamine—induced vasoconsfriction． Thus 

it is probable that the effects of Pyr may be en— 

tirely due to generation of superoxide anion， 

while the effects of M et depend on both an 

oxygen—free radical pathway and direct inhihi— 

tion of guanylate cyclase． 

Both Pyr and M et caused an inhibition of 

vasoconstrictor responses to TNS when en— 

dothelial function was blocked，in the presence 

0f 一NAM E and after endothelial dam age． It 

has been reported that reactive oxygen 

m etabolites such as superoxide anion．hydro— 

gen peroxide and hyd roxyl radical relax vascu 

lar anion， hyd rogen peroxide and hydroxyl 

radical relax vascular smooth muscle through 

direct or indirect m eans ． On the one hand． 

oxyradicals m ay potentiate contractile respons— 

es to vasoc0n8trict0rs through inactivation of 

NO ，an action which is dependent on an intact 

endothelium ；on the other hand oxyradicals 

may act directly on vascular smooth muscle to 

cause relaxation． In tissues with intact en— 

dothelium +the enhancing effect of Pyr or M et 

may conceal a vasodilator response． This hy— 

pothesis was documented by our findings that 

both Pyr and Met produced vasodilator re— 

sponses after blockade of endothelial function． 

Therefore， influence of en&3thelium on re— 

sponses to Pyr and Met should be considered 

when they are used as tools to investigate the 

mechanism of action of vasodilators． 
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内皮的舂在掩盖了邻苯三酚与亚甲蓝直接舒张 
大鼠肠系膜动脉的效应 
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