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誓 器 用79 对R7'72 离体主动脉的扩血管作用 I＼，／‘ 
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关键词 BPDZ 79；钾通道；胸主动脉；血管扩张； 

血管内皮；二氮嗪；氯化评；格列本睬；铷放射性 

同位素 

目的：本研究 旨在 比较一种新钾通道 开放剂 

BPDZ 79和二氮嗪对血管平滑肌的影响． 方法： 

实验在离体大鼠主动脉上进行，第一步实验将一 

去内皮的主动脉分四段安置于四个浴槽内，一段 

用KCI 80 mmol·LI1预收缩，另三段用 KCI 30 

mmol-LI1预收缩，分别用格列本脲0，1，10脚 01 
-LI1作培养．在此条件下，分别测BPDZ 70和二 

氮嗪引起的扩张．第二步实验在有或无格列本脲 

存在的情况下，分别测 BPDZ 79和二氮嗪对 Rb 

流出量的影响 结果：BP【)Z 79和二氨嚷在 Ka 

30 mmol·LI1预收缩的血管上引起剂量相关的扩 

张，而在高钾情况下(Ka 80 rrmml·LI1)，却不能 

引起舒张． 在ATP敏感性钾通道抑制剂格列本 

脎存在的情况下，BPDz 79和二氮嗪引起的舒张 

明显减弱． 结论：BPDZ 79是一种新的二氨嗪的 

衍生物，通过打开ATP敏感性钾通道而引起血管 

扩张． 
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AIM ：To stuc the combined pharmamkinetie- 

pharma~ c(PK—PD)model of metop1-0lol 

stereoisomers，and compare thdr inhibitory effects 

on cardiovascular system in the spontaneously 

hypertertsive rats(SHR)． METHODS：The drug 

concentration i171 plasma was measured by the 

reversed phase HPLC and the drug effects were 

r _ _~mrd_,vJ by po!蹭∞曲． n ph8∞3 ic 
parameters and the PK-PD maid Ix~rameters were 
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calculated， RES151 ：The plamaa mnoentration- 

time profiles were adequately &zcribed hy ~．wo- 

compartment maid． Differences of Va between 

(+)-Met and(一)．Met w'ere found． The rela- 

tionshipsbetweerl effects andconcentrationof effect 

compartment were represented by the sigmoid-点一  

mai d． The C of y ， ／df一 ，and FIR 

inhibitory effects of(+)．Met w盯e target than 

those of (一)．Met． (_0NCl USION： Stereo- 
selective dn蜒 distribution and clifferent l：otencle~of 

the inhibitory effects of(+)．Met and(一)一Met 

existedin ． 

Metoprolol (Met) is a pl adrenoceptor 

antagonis~used in the treatment of hypertension and 

coronary di．~．asen 
． Like mobt htuckers，Met 

is racem[c with 2 stereoisomers： R metoprolol 

、 l  
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f(+)一Met I and S tnetoprolot『(～)一Met：． 

vitro，the日radrenoceptor aff n ty of(一)Met in 

guinea pig teft venlricular walt was about 500 limes 

g0eater titan that of f+)Met ． Fhe inhibltoD’ 

effect 0f( )一Met On rahbit heart xevas 33 times 

nIOre Tx)tent than that of(十)一Mett (～)Met 

was more effective than(+)一Met and(士j—Met n 

reducing nlean arterial b[ood pressure n cx)nseious 

goat J Our Jeparlment has demonstrated 

counterc[ock-wise hysteresis 【oops between the 

inhibitory effects on V ， dp／dt ， LVSP， 

SBP，heart rate (HR)， and ( )一Met b[cxxt 

concentration in nort]lotensbee rats and 

spontane~ous[y hypertensive rats (SHR)。 By 

using Sheiner s effect compartment theory ， 

．'several investigators successfully collapsed mTne drug 

hvsteresis 【∞ Ds 0f effect drug 。。ncentration【 ·I c)_ 

l、he present study w-as to establish the combined 

phammcokinetic(PK)and pharmacodynatnic(PD) 

mode【of(+)一Met and(一)一Met，and compare the 

inhib；io1％T effects between( )一Met and( j—Mel 

on negative inotrode ettect and negatwe 

ehronotropie effect in SHR． 

MATERlAI5 AND METHODS 

Reagents (十J～Met and ( J—Met tartrates were 

purchased from Ciha-Geigv
．．
Co(Switzerland) 

Rats sr{K(0， =l5，weighing 223±5 31 g，aged 

16 20 wkj％veFe purchased from Shanghai Institute of 

Hypertension Re．,,earch 

Measm'ement of myocardial function Aner the rats 

were anesthetized with urethan 1 g‘kg～ ip．a cannu[a x,va,N 

advanced into the left ventricular through the right commot~ 

carotid artery and then mnneet。d to pre~sure transdu0er 

which ％va5 comtected to an amplifier and pols~graph 

(RM6000．N】hon Kohen 1 The right fen~oral artery vgaN 

cannu~ted for measuring the blcxxl pressure ([3t ) wave 

sinularly ECG (【ead Ⅱ)wag obsen．ed silnultaneously 

The* 3 signals were input into Pham~acology and Physiology 

f
．

'

omputer System 【PPS，developed by OIJF department)， 

which recorded and calculated 14 1ndices of eardiovascular 

function． Afterig(+)Met( =7)or(一)Met(n=8)5 

mg。kg to SHR， the L vP，HP and FCt signals we 

recorded V⋯ ．dp／dr⋯ LVSP， SBP．and {were 

c~dculat Blood n̈ }e Ⅵ ∞ken fro玎T jeft fmw 阴j arlery 

al 5，l0．2(】 30，40，6O，90，and 【20 rain 

Sample preparation Pla~nm 【IHI f也 "added to 10 

f 【_of Nat)H 2 itioj-L and 400—1L of ethyIacetate The 

mixtu re％％ras vo~exed for l(J and spun at【000 for 10 

nlin l'he organic pha．se t randerred to tube and 

evai*wated to drⅥlc under Nz streeml lhe residue was 

reco}tstituted in 100 I of mobile pha se．and l0 f I of Ih1s 

∞1ution wa HImlvzzd bv HPI C 

Chromatt~r,aphy Fhe H1 I 【、．~ystent consisted of a 

solvent pump(Shinm&u l』’4A．Jam_I)．a】50 tllfll 4 trfftl 

Sharnpack OIXS co1itlTLU (Waters．&~,ociates，USA1．which 

heated to 30 ℃ Met cut,centrations were detemfined 

using a f[uore．-~'ence detector(Shimadzu RF 530．Jspan)at 

k 284 nm and 302 ntll The mobile pha∞ m s 

tet rahvdrofuran：wster(20：80)pH 3 0．ftt l mI_·ltlin 

The【knit of detect]on ％vas 5 [zg·l_ ：the coefficients 0f 

vanation 1n both intra and inter—days％v~re under 3 ；and 

the recove&'Ⅵ 95= 4 ％ ． 

PK-PD m l E[[ect~Ol[1partnlent a PK COlilpfirtnlenI 

originally prc~cc,,ed by Sheiner to aid in t correlation of PK 

and PD of drugs．aN~utnethatthe h)~tem-ish)pis duetothe 

drug equilibrium COtlySe between central ccKnparlment and 

d“ effect site． 1he effect COlnpartnlent is a hypothetical 

colaparanent linked to the c*,ntra[cornpartmen[Ⅵa a first— 

or,：／et-rate coils{ani(Hg f) 

Fig 1． Effect-cmnparlment n~del in association with a 

traditional lwo-eOml3eztment open n~del after ig input． 

This colopartn2enl reoeire_．a negligible amount of actual 

drug Hence， the expo nentid term for the effect 

cwnparun~lt does not enter the over-,d【miution for the 

a][1eant of druginthe body 

For twt~compartmenl n~xld with 81l ig input，Ihe drug 

CO{lCeIltratioli in plasma call be expt'es．,~ed by 

C(t)=Ae 十Ik + K,f (1) 

where K 1％ absorption rate,~onslant J口 distribution rate 

cork~tant，and B was e[iminati0n rate constant For the effect 

fonlpartment model，the equation is 

d1)~,／dt=Kf D ～K ．U (2) 

wher~D1 and arg drug anlounts in c~ura[compamment and 

effect o：XnlXartrnent， re．~pecti','ely． d Kl is equilibrium 

rate 一  eomparanen 
一to flee

COFIlpaY[Itlellt K is elimination constant effee t ， fr0 
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~cffipartrrient W hen d rug in 2 cxon~partmen'Ls gets 

equillbium，then KllDI=K U ．flmrefore， 

K ，=K hI】f／De (3) 

Utilizing the~e 3~tuations．we get drug ooncelUration in 

eIIeet ccmaparm~ent： 

C n1=A e + +c 0一tA +B +C 、e (4) 

where K estimated by siinul'mneously filling the PK and 

PD data using nonlinear regrexsion 

From Eq3，when K < K ．̂K expr~',es no1 only drug 

dimination rate from eftec'L(xxnpartment， but also drug 

e：luilibrimn rate benveen centra1 ecmaparIment and effect 

compartment I'hus． K ．expresses the strength of drug 

hysteresis l'he smaller／．he value of K is，the greater the 

drug hysteresis 1oop is． 

Statistica】anal~is The PD parameters were calculated 

Dv PPS ss~tem The PK parameters and the PK—PD modd 

parameters were calculated by Computer Aids Phamaaeokinetic 

and Pharrr~codynamie(( P)Mcddi ． 1 dma w e 

exprexsed as ± Statisticsj differences between f+)Met 

and( )一Met groups were detemiined using t-test． 

RESUI 

PK The plasma concentration—time profiles of 

(+)一Met and ( ) Met were most adequately 

described by two-compartment mode1． The d 

values of(+) Met and(一)一Met、vere 9．2=1．7 

and 7．2 1．7 L‘kg ，respectively(P<0．05)． 

There were no significant differences of other 

parameters between(+)一Met and(一)一Met(Tab 

1，Fig 2)． 

Tab 1- Phm'mac~inetlc Imr-mmetees aftee ig(+)·Met 

(H=7)and(一)-Met(n=8)5 rag·I唔一 In SHR． 
．4-j

． <0．05 f+)．Mlet 

PD Afterig(+) Met or( )一Met，the peak 
times、。f plas'ma mncentration of(十) Met and 

Fig2． Dnlg o[m。eInrati0璐in plY'ha afterig(+)．Met and 

(一)- t 5 mg·kg— in SHR． (----)Predicted． 

( )一Met were 11．5±2．1 and 11．8=1．7 min， 

respectively，white the peak effects of V ，dp／ 

d ，LVSP，SBP，and HR appeared at about 30 

— 40 min There were delays between drug 

concentration in plasma and their PD responses． 

resu[tin4g in hysteresis jn the effect—concentration 

data． When using the effect compartment mode1． 

we estimated the values of K∞on VTm ，dp／df 

LVSP，SBP，and HR in rats with CAPP software． 

and the counterclock—wise hysteresis disappeared． 

The PK and PD data were fitted by using the 

sigmoid—E model after C had been calculated： 

E=E～ C ／(C。 +C ) (5) 

where E was the maximal effect，C was the 

concentration of drug in the effect compartment， 

C 0 was the concentration of drug in the effect 

compartment required to achieve 50 ％ of the 

maximal response，and was po wer function which 

effeCtS the sigmo[diclty of the relationship⋯J
． The 

rdat{onsh~ps het~Teen predicted and measklred effects 

versus time were i[1ustrated and excellent fits of 

predicted effects with measured effects were found 

(Fig 3)． 

Significant differences of C 0 on V
m  ，

dp／ 

df岫 ，HR between(十)一Met and(一)Met were 

found(P<0．01) C 0+／C 0 of V dpl 

df 一 ， and HR were l1．4， 5．8， and 5．7． 

respectively．The 7onHRin(+)一Met groupwas 

smaller than that in(一) Met group(P<0．05) 

l'here were PD effects on LVSP and SBP in 

)一Met group．but no significant effects on LVSP 
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0．6 

． O．4 
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0．2 

n 

Drug eorlc．entrati0n 

in plasma／~g-L’ 

coI．Ⅻ 妇 6on o 

effect~mpartmenff g·L‘ Time／min 

F "It． R出t知曲 be船瞪 j吐穗i蜘 e髓酿s品 V啪 ，却 舟f一 ，HR，m-,d (A)dr嘻 烈糕n锄t in p；＆鳓  

(B)∞n舶n I啉 0f etteet~ aarnmlu．(c)lime an盯 (+)-Met and(一)-Metsmg‘kg_。in SHR， 

(o)(+)．Met o 。d，(●)(一)一Met Observed，(⋯)predicted． 

and SBPin(+)一Met group(Tab 2) 

DISCUSSION 

The delays between drug concentration in 

n1asma and PD respon s indlea~e that dfecr 
compartment is needed in the PK—PD mode[． 

When using the CAPP software．we succe-~fully 

collapsed the hysteresis loops，verifying that our 

mftware js well used in the PK．PD model 

The PK parameters show that both(+)一Met 

and(一)一Met ha~ae a rapid absorption phasejust like 

that of(_4-)．M [ ． The fact that Vd of(+) 

Met WSS significantly mreater than that of(一)一Met 

indicates the stereo-selectivity in drug distribution， 

which is due to stereo-se[ectivity in p[asnm protein 

or tissue binding or both[ 
．  

m  2． PlIan瑚咖d 帅'．c p啊佣metl a蛔 Ig(+)-INlet( =7)日I-d(一)．Met( =8)5 mg’kg— in SHR． ± ． 

<0．05． <0．0l性 (+)-Met． 

． ．

n’E奎 i ；p，d 
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C (}+of inhibitory effects on V⋯ dp／dt ax， 

and HR were much greater than C．4a ．suggesting 

that(一)Met be nlore t；otent than (+j—Met in 

attenuating the inotropic and chronotropic response． 

l'he effects of(+)一Mel on I VSP and SBP were 

difficult to be obmrved in our experinaent as 

compared with those of(一)一Met，suggesting that 

the affinity for(4)一Met and (一)Met on Dl— 

adrenoceptors be different 

In sigmoid E M model， 7 demonstrates the 

receptor eombineel modeI If several drug molecules 

combinewith one receptor：”(D)+(R)：( R)， 

then the number” is the parameter 7 in sigmoid一 

￡～ model The difference of 7 indicates that the 

number of(一)Met mdeeu~es eonlbined with one 

Bl—adrenoceptor is greater than that of(+)一Met． 

In conclusion．stereo-seleetive drug distribution 

and different potencies of the inhibitory effects on 

myocardial function of(+)Met and (一)Met 

existed in SHR- 0 ～c 扩 
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美托洛尔对映体在自发性高血压大鼠的 

药动学一药效学结户模型 9—7 2 、 V i ’ 
印晓星 ，张银娣，罗建平，黄小平， 

沈建平，丁 勇，黄大贶 

f南京医科大学药理教研室，南京 210029，中国) 

苎璧 ； ；苎塑 ；兰苎 ； 自发性高血压大鼠 一 

目的：研究美托洛尔对映体(+)-Met和(一)-Met 

在麻醉自发性高血压大鼠的药物动力学．药效学结 

合模型，比较两种对映体对其心血管系统的作用． 

方法：反相高效液相法测定血药浓度，生理记录 

仪观察药效，计算药动学及药动学．药效学结合模 

型参数． 结果：血药浓度．时间曲线符合二室模 

型． 在两种 Met之间有显著性差异． 药效和 

效应室浓度 间的关系符合 d_E一 模型． 

(+)一Met抑制 V∞丑x，d ／dr 蛳和 HR的 C 50皆明 

显大于(一)-Met． 结论：(+)-Met和(一)．Met在 

SHR存在着立体选择性分布，(一)-Met对其心血 

管系统的抑制作用强于(+)-Met． 

釜娶 一 
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