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大鼠处理普奈洛尔后改变啦受体亚型介导的心功能 

√  

!—兰， 
— 兰，王晓良(中国医学科学院中国协和 

医科大学药物研究所，北京100050，中国) 

关键词 乳头状肌；心房；坐盟蝗蕉； 垫  
肾上腺素受体；普奈洛尔；苯肾上腺素； 

可乐定；乌拉地尔；卡巴胆碱 

目的：研究普奈洛尔(Pro)作用后，大鼠心肌 qA 

和qB受体亚型介导正性肌力和正性频率变化． 

方法：测定 Pro大鼠和正常鼠左心室乳头状肌和 

右心房收缩力和心率．结果：给予Pro后，苯肾 

上腺素(Plle)使乳头状肌收缩力由53±17 mg增 

加到90±18mg(P<0．05)．Pro和对照组收缩 

力分别增加20±12和 5±5 nag(P<0．05)． 氯 

己基可乐定使两组收缩力变化无区别．5-甲基乌 

拉地尔存在时 Phe使 Pro组收缩力增加 13±5 

nag，对照组无变化．正常和心率抑制时．Pile使两 

组动物∞B介导心率增加无差别． 结论：B受体阻 

断，m介导正性肌力增加主要由alB作用增强引起． 
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Inhibition of II hydroxysteroid dehydrogenase obtained from guinea pig 

kidney by some bioflavonoids and triterpenoids 

ZHANGYin—Di (Departments ofPharmacologyandMedicine，Cornell UniversityMedicalCollege，1300 

York Avenue，New York NY 10021，USA)； WANG Mii~N-Shi (Department of Phytochemistry， 

China Pharmaceutical University，Na ing 210009，China) 

KEY WORDS hydroxystemid dehydrogenasem 

kidney；I玎ic托日叫邛es；naIiI1ge血 ；~Inodin；fisefin； 

astramembraninI；olea~ c acid 

AD ：To study the inhibitory effect of sorf~ 

bioflaxaz~ ids and tfiterpenclds 0Tl 11B_hydros - 

steroid dehydrngenase(1113-0H~ )fr∞ guinea pig 
kidney． METItOD：The l1B_OI-I~ of kidney 

cortex n c 080嗍 in addition of ocetisol was 

incubatedinthe presm∞ ofNADP，T五tollDF_l8， 

and the test e~npounch at 37℃ for 1 h． The 

enzyme activity 唧丑8 as暑 by m艘IsIm ng the rate 

of eonverai~a of cortlsol t0 cortisone duted with 

Project supported by the State Education Ccar~fission of China．№ 

[1991 20345 

。Nowin Thelratitute ofCHnioalpharmac~ gy，．NanfingMedical 

Univerdty，Nawing2t0029，China 
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HPLC gr~fioat analy~s． RESULTS： The l 

(95％mnfideneellmlts)valuesofglyeyrrhizic acid． 

nafingtmin，fisetin，emodinwere 254(2o2—320)． 

336(270—418)，470(392—564)，and 527(425 
—

653)‘|瑚 l‘L一 ，respectively． The inhibitory 
effectof olem~olic acidwas2．fold strongerthanthat 

of astramembranin I． nle mode of ac血m of 

naIil1g氆血  W舾 ecuapefifive inhibiti~a． 

CONCLUSION：Th e test 00D卫xxlnds intn~ited the 

1l∞ HSD in kidney cortexwith different potencies 

as glycyrrhi~c aciddid． 

The syndrome of apparent mineralccorticoid 

excess，first described by Ulick et al in 1977，has 

led to much research on the enzyme l1 

hydroxystemid dehydi'ogenas~ (1 I~OHSD )． 

Deficiency of 1II3-OHSD in children leading to their 
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failure to oxidize cortisoI t0 jnactive cortisone 

enah1。d high cortisol level in the kidney to activate 

the lenal mineralocorticoid receptor and cause 

hypertension and hypokalemia，subsequently，the 

mechanism of limrice induced hyperminalocorti— 

coidism W．qS protx~ed to be the innbition of 1 l 8- 

OHSD by the active principle of limrice， 

glycyrrhizic acid． 1 I~-OHSD played an important 

mle in regulating the interactions of cortisol with 

mineralocorticoid and ucocorticoid receptor[卜 
． 

Va OHS compounds with steriod and flavonold 

structures showed inhibitory effects on 1 l B-oHSD 

in vivo and in vitroL ． Gossypol inhibited 11 B． 

OHSD from guinea pig and human renal cortex 

micmsomesL ’ 
．  We found the fumsemide also 

inhibited 1I~OHSD from guinea pigl6]． These 

0 

stnd iesmay eluddate the l~ason for gossypol and 

furosemide to cause hypokalemia{ 
． Theref0t'e． 

we decideel tO test some compounds with steroidal or 

triterpenoid and flavonoid structure extracted from 

different plants and to study whether they had 

inhibitory effeCt on 1I~-OHSD to evaluate the 

significance of these compounds in elinical use
．  

MATERIALS AND M[ETHODs 

Chemkal s0lq I Cortiso1．c0柑30ne
． cortict~一 

terone，NAD ，glycyrrhizic add(GA)，naringin(NRG)， 

and naringmin(NRGN)were purchased from si舯 a C。． 

Astramembr~fin I(ASI)．0I 础 c acid (oA)．w 

仃it目penoids NRG， NRGN， emodin． fisetin． daphnin． 

daphnetin，adrographalide(AGP)．which w bioflavoo~ds 

and adrograohalide was a diterpenoids [actone Tbaese 

compounds were identified by Department of Phytochemistry 
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in ina Pharmaceutical University and Department of 

Cheraistry in Nanjing Medical University 

Emod in．A ，OA，AGP，and daphninwf~i．e dissolvedin 

methanol GA was dLcaolved in distilled water NRG， 

NRGN．and fisetin were dissolved in ethanol and diLuted with 

methanol Daphnetin was diJuted in distilled water(pH 10) 

Cortlcc~erone mrtiml and cortisone were in methanol(144 

rmaol-L 1 and kept at一4℃ 

a 如me preparation and 嘲 y f0r 1lp-oasD 

Kidney o0nex from 0 Hardey guinea pigs with hair was 

k耵 ni ed in Kreb．s-Henseleit buffe一 ，but using a Tekmer 

"15ssuemiger (Cindnnari OH) The microsomes wPle 

prepared as described pr v10u y、 except that they were 

diluted to a eoncentration of 1．25 g protein‘L prior to 

storage at一70℃． 

The activity 0f 11~OHSO in guinea pig renal cortex 

mic~sones was determined by measuring the rate of 

conversion 0f mrtisol to mrtiacate 15ve min before 

incubation．coneentrated Tritc+a DF 堋 2 was added to 

each mL of themiemsc~ e suepension The ashy mixtme 

contained Kreb~Heme|dt buffer 500 pL (pH 7．2)，50 L 

NADP 5 -L～ ，40 L eortisol 144 F ·L in 

methanol，20 — 50 pL (25 — 62 5 j of microsome 

suspension n phee,phate~sucrose buffer 0．01 mot -L。。 

o3ntaining various concentrations af test ccenpound． Fhe 

mixture was ineubated in dup[icale or triplicate． The iotal 

volumewas 700止  

Methanolwaskept at<10 ％ inthe incubationmedium． 

Methanol at this concentration did ilol inhibit the re~crion 

alter1 h 0fincubation at 37℃ ． The reaction wastermiriated 

w1ththe addition of 3 mL methylene chloride and 20 L 

eortimsteron e144 ·L astheintemal standardfor assay 

of mrtisone and cortiso1． 

The enzyme ；nhibifion colkstan t for rmringenin 咄  

determined by adding nm'ingenin 25 200 lmro]·L一‘and 

co~isd concentxatJons of 4．8．and  16 Omo[-L T}1e 

cot~tant5 wf~l-e obtained fmm a Dixcll plot and a Idnetic 

proi~Rd'll／lle(Chou J Chou T—Ct Micbueli++~Menton analysis 

wjth microeomlxRers Disk # 1． Elsevier-Biosoft， 1993， 

Cambridge．UK) 

Exlracti肌 ofste~ d帆 fⅡ．Ir Cortisone．eortlsd．and 

eortieostcrone w 盹 measured【’ in the micto~aml incubation 

mixture The steroids were extracted into methylene chloride 

wi thwcte~ngfor1mi n．then centrifuged at 750×g for15 

mi n The aqueouslayerwas r~2-rioved by aspiration  N日oH 

300 uL0 1 mo卜L was add ed tothe organic phase lowed 

by vortexing for 30 s After cen trifugation  ofthe mixture． 

the 。 Inic phaseⅥ washedwith 500 of Mi Q water 

(Milli1~reCorp，BedfordMA) The 1．5 mL organic phase 

weretramferred todean glasstubeanddried by evatx~ration at 

45～50℃ water bath Theresiduewas dissolved with 200 

pLofmethanol and 5止 ofthis solution was usedforHPLc 

A s妇nda for刚  and o t1洲 e w assayed in paraLLel to 

each enzynle experimen t after boiling to inactivate the 

er也ⅥnB Standard curves were plotted asthe ratio of peak 

hdght of mrtisone(or eartiso[)divided by the peak height of 

,he internal妇 ndard stemid concen~arion ．41l unlmown 

c~neemrations． 1Qn w骶 estimatnd itom at least 3 

c~noemrations of each eompomld tested by a d06e_r p 1se 

programme(Chou J．Chou T—c：~ effect analysis with 

micm-mmpulers． Disk # 2． Elsevler Bi~soft， 1994， 

C+n~ dge，England)． 

The HPLC apparatus o。nsmed of a Waters Modd 6000， 

a solvent delivery s~tem，U6K injector．IllodeI 68O automatnd 

gradient con*roller，Water 486 tunable ak~orlxmce deteclor， 

and a船 C chan recorder(Model SE 120) The mobile 

phase conte5ned methanol—water(30：70 vol／vo1)at a flow rate 
of 1．0 mL-min The W aters stainles8 steel Novapak C-8 

eo[tmm (3 9 n帅 ×150mm，4 pm)was kept at 20℃ ． The 

reten tion  time for oortisone，m~isol，and o。rtic~sterone veere 

6．5，7．0，and 9．0 min，mspectively 

RESIⅡ rS 

Naringenin was the most potent inhibitor 

tested． having po tency similar with GA． The 

inhibitory potency in decreasing order was NRGN， 

fimtin， elTlodin， oA， ASI， and NRG． The 

oxidative activity of l1 e_OHSD wBs inhibited 1n a 

dose-dependent manner． Daphnin，daphnetin，and 

AGP were failed to inhibit the activity of 1 I~-OHSD 
as high as 2 nliTlo1_L一 of maximum ooncentration 

tested (TabI】． 

The correlation coefficients (r) for the 

computed values agreed with the measured values of 

the inhibitors：0．99 for GA，NRGN，and ASI， 

O．98 r emnd in．0．95 for fisetin and NRG，and 

O．93 roA(Fig l1． 

e effect of inhibition by naringenin at 

varying concentration of eortisoI on the enzyme was 

shown as a double reciprocal plot(Fig 2) Mest of 

the lines ~onverged r1ear the ordinate． which 

indic,ated that the inhibition by naringenin was 

competitive． The kinetic constants for enzylne 

were：Km=3．30#mol’L and Vm =26．21 tanol 

· h～ ／g microsomal protein． The inhibitor Gons- 

tant，K．，for naringenin was 16．13 m I．L一 ， 

nearly 4 times more than the K for eortisoI 

D聒CUSS10N 
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W e have tested a number of compounds for j 
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· Tab 1． Inhibition of 11B_hydroxysterold dehych．ogenase． 

rt 3—5． ± 

Concentralion／mmo1．L-‘ 

rig 1． Inhibition of gⅡiI1∞pig renal II~OHSD． 

their ability to inhibit the utilizing—NADP form of 

1 1阻hydmxystemid dehydrogenase from guinea pig 

renal cortex using cortisol as the substrate． The 

毛。 
墓 
。 

l 
0 

0 

1 
8 
0 

§ 

coTtb0“ m。t·L 

Fig 2．Effect ofn rl nin onnp-osm ~，mean va~lefrmn 
thelowesttwo batches assayed． 

I( value of GA and Kmconstant for cortiso1 were 

comparable to the data which were found in 

BuhlerB]and Monder
．

el 41(73 NRG and NRGN 

were active compounds in grape fruit juice． NRG 

was hydmlyzed to aglycon，NRGN，then absorbed 

completely． These two compounds inhibited a 

certain pathway of drug oxidation (cytochrome 

P一450 3A4){ ·。J． Emodin inhibited打1anv enzvmes 

such as Na 一K ATPase，cyclooxygenase，NAPH 

dehydrogenase and increased in potassium excretion 

in the urine,~10 
． The present 0beervations 

demonstrated that the ICs0 values of NRGN， 

flsetin， and emod in were very similar with GA． 

NRGN Was a much more potency inhlbitor than 

NRG and had a potent competitive inhibitory effect 

on the activity of 11 O}ISD in our study． 

ASI and OA shared triterpunoid structure and 

had similar effect on prevention of exprimentalllyer 

injury induced by CCh{ ，‘ ． OA was an inhiblt0r 

nf 11 O】 D which had a I 0 value two times t0 

ASI，butmuch1es8 potencythan GA
． 

Recently，evidence has been presented that the 

extract of ginseng root also exerted an inh ibitory 

effect on 11 OHSD of rat renal microsomes{15 J
． It 

wan known that the preparations of ginseng would 

induce hypertension and edema，if the person had 

takenthem for along period． Theimportance
， if， 

any，of these compounds we studied as in ivo 
inhibitors of this enzyme remained to be determlned

． 
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