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Tim ed dose~response relationship of depressive action of ouabain on toad 

heart contraction in vitro 

W AN G M eng。Y a，ZHAN G Fu—Tong 

(Cell glec~rop hySiolog~Labova~erey， dnAdn Medical College，Wuh“24100I·China) 

AB rRACT Timed dose·response relationship 

(TDRR)of depre~)sive action of ouabain (oua) 0．01 

— — 30 mm ol·L一 on toad heart contraction in vitro was 

studied by aim ultaneous rec ordings of mechanical ten— 

sion and electrocardiography· It was fvund that the 

inhihition of contractinn tension-the latency。the half 

equflibrlum time of depression，and the cardioplegia 

time (CPT) w打e alI concentration—dependent (P < 

0．01)． The EC¨士 L 95 of oua was 35士 9 pmol-L 。 

in which L-5 the average 95 confidence limit． The 

TDRR data of Iatency 0r CPT were fitted to the hyper· 

bolic 4-parameter modeI I1 weighted with the square of 

SE inverselyj =25．9492 m ／(1nX+23．5906) ” 

+ 72．7732 for ~tency and Y 一 20637．37／(1nX 

+ 3．0947) + 196．7069 for CPT． It was concluded 

that the hyperbolic type of TDRR was present in Oua 

depressive action on the toad heart contraction ； Ilr0． 

KEY W ORDS ouabain} heart‘ d rug dose·response 

relationship‘ electrocar diography‘ time} regression 

analys~ 

Although the actions of ouabain (Oua)on 

cardiac functions have been studied for years， 

the time appearance of the actidns has not 

been fully clueidated． Our previous study 

showed that som e timed responses such as la- 

tency of Oua action were concentration-depen- 

dent ． But，what kind of TDRR 。 一73 is it? 

W hat type of quantitative relation exists be— 

tw een the tim ed response and Oua concentra— 

tlon? W ith these questions in mind，we stud— 

fed the depressive action of O ua on the toad 

heart cOntractj0n 擤 拈 0． 

M ATERÎ LS AND M ETHODs 

scribed ． In short． 50 toads of either sex weiShing 

70土 8 15 s were used in the Straub heart preparation 

Ehed with Ringer solution (NaCI 116，KCI 1．2，CaCh 

1．i。NaHCO 2．7 mmoI·L一 )： The sim ultaneow~ 

recordings of mechanical tension of heart contraction 

and surface electrocardiogram (ECG)were performed 

continuously on a 3-channel polygraph． Ova (Sigma) 

0．01— 30 mmol·L-。in Ringer solution was admin~s— 

tered by exchanging the solution． Results were ex— 

pressed as 土 and the hom ogeneity of variance of 

‘衄。d respDns betw。。“ 吖 ： Ⅲin group 

was tested by method． Th ■■of tinled re— 

sponses among g roups were anar 量配F or F test- 

RESULTS 

Deerease of contraction tension In 50 

heart preparations， the contraction tension 

was concentration-dependently decreased by 

Oua 0．01— 30．0 mmol·L (Tab 1)．usually 

with low ering of frequency or ECG arrhythmia 

(Fig 1)． Cardioplegha (1OO depression) 

The experimental procedures were previously de。 was seen only at concentrations ≥ 1 mmol 

Rtcci”d 1992-lo_23 ĉ e口ted l99 05．22 ‘L一 · ECs0~ L 95 was calculated to be 35~ 8 

Pr 扣cl 8uppottcd by Ihe Hea1113 Depan㈣ L。f Anhui ~tmol·L一 from the data of 0．01— 1．0 mmol 
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0．0l 0．03 

Ouabain concentration／retool·L一 

0 1 0 0．30 1．00 3．O0 l0．0 30．0 

for both ECG and telsion recording，7 g for tensloa 

only· Note the slow
．

ing of contract ion frequency and 

ECG arryIhmls during drug action． 

Latency of action Latency of action，de— 

fined as the tim e from exchanging the Oua so— 

lution to the beginning of depression of con— 

traction tension， was found to be concentra— 

tion—dependent at 0．Ol一 30 mmol·L fFig 

2)· The nonlinea~least-square fRting equa— 

tion of the data WaS： 

P=25．9492 ／(InX+23．5906) +72．7732 

in which Y is tbe latency，X is the 0Eta con— 

centration- The dosage paramleter is 

— — 23．5906 which means natural logarithm of 

theoretical thxeshold concentration of depres— 

sion． The response parameter b is 72．7732 

denoting the theoretical shortest latency· 

The curvature parameter c(25．9492)reflects 

the m easurable range between 6 and infinity 

latency． The skewness parameter 8(6．2757) 

w as sensitivity of latency to change of Oua 

concentration． By F test， the regression 

was very significant (P< 0．01)，the good— 

hess—of—fit Was satisfactory (P< 0．O1) and 

瑁 
o b i mm日 · 

Fig 2． Relations of hun 0n entrat10n atency ot de— 

preaslve action and cardh~plt,gla time on toad heart 

contraction iu Kitm ‘|I in I)a renthese~)- i士& F 

lest ol i fol clJT Rnd tcsl fur latency!P< n-hi． 

．＼g j ĝ s 
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the weighted residual square error of fit was 

insignificant(P> O．05)． 

Cardioplegia time(CPT) Because of ho— 

m0scedasticity of variance(尸> 0．05)，F test 

Of am ong groups showed a very significant 

difference of CPT (Fig l，2)． Thc data were 

also nonlinear least—square fit to the m odel II： 

口一 一 3．0947，6= 196．7069。c=8．7070，and 8 

= 3．5907 (Fig 2)+ in which the parameters 

w ere sim ilar to those in latency results·but r 

is CPT and b is the shortest CPT． Similarly， 

the regression and g0odness一0f—fit Were statis— 

tically significant (P < 0．01) and residual 

square error of fit was nonsignificant (P > 

0．05)by F test． 

Peak-reaching time， half equilibrium 

tim e， and 20 depression tim e Due to the 

heteroscedasticity of variance of peak-reaching 

time data(P< 0．01)，F test was used to ana 

1yze the differences of am ong groups． It 

was shown that the peak—reaching tim e was 

concentration—dependent (P < 0．0l】and the 

nonlinear relation was present with the 

longest time at concentration of 0．3 mmol·L一 

(Tab 1)． 

T he half equilibrium tim e (time to hair of 

maximal depression)and 20 depression time 

(time to 20 depression of control tension) 

were negatively propOrti0naI t0 cOncentrati0n 

(Tab 1)． Although Y=0．693／( l + K 2) 

wilts not-suitable to fit the half equilibrium 

tim e data， a negatively proportional relation 

t0 Ig cOncentration was indicated by the linear 

regression of Y 一 一 13．057 inX + 91．4336 

with r= 一 0．9952 (P< 0．O01)and nonsignifl— 

cant residual square error of fit (P > 0．05)． 

The linear regression of 20 depression time 

with natural lg of concentration (1nX ) 

was Y= 一 5．2140 InX + 33．3862 with r= 

一 0．9643 (P< 0．01)． 

DTSCU昭 IoN 

the speed of appearance (1atency or CPT)， 

and concentration-dependent T DRR in the dc— 

veloping rate (peak-reaching time，half equi- 

librium time and 20 depression time)of Oua 

depression action on toad heart contraction 0n 

vitro were consistent with those of our previ- 

OUS studies on other drug actions( ’ ’ ． How 

ever· the T DRR m echanism s in pharm a- 

cokinetics and pharmacodynam ics remain un— 

solved． 

The values of param eter口．b．c and s es— 

timatcd from the latency and CPT data Were 

the representatjve param eters to characterize 

Oua action，and also the com parative param e- 

ters between drugs and actions． For exam — 

plc。a lower value (一 23．5906)of latency 

compared with CPT (一 3．0947) meant a 

m uch lower contentration for depression than 

nullification of toad heart c0ntracti0n． 

Another interesting finding was the non- 

linear relation of peak—reaching tim e to con- 

centration． It was in contradistinction to the 

theoretical relation of drug—receptor interac- 

tion( ]and also inconsistent with the results of 

drug actions on rabbit blood pressure( 。”． 

T he exDIanati0ns could bc： First， the heart 

preparation 0R vitro was d曲『erent from a theo- 

rctical sim ple apartm ent- Second，a qualita- 

tive change of response(cardioplegia)was in- 

duccd at concentrations≥ l mmol·L-t． 

T hird，the intensity of response was the same 

(cardioplegia) at concentrations≥ 1 mmol· 

L～ ，but different(28— 67 depression)at 

concentrations≤ 0．3 mmol·L_。． And the 

negative relation of concentration 一 20 de— 

pression tim e Strongly suppor
．

tcd these view 

points． 
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哇巴因抑制离体蟾蜍心脏收缩作用的 

时反应量一效关系 

， 幽  只 z 
(皖南医学院细胞电生理研究室，芜湖241001，中国) 

摘要 对离体蟾蜍心脏的收缩张力一心电同步记录，发 

现哇巴因(Oua)0．01—30 mmol·L叫抑翩收缩作用的 

张力抑制率 ．潜伏期，达蜂时间，半平衡时间，20 抑 

制 时间及心麻痹时 间均里浓度依赖性 <0．01)．且 

潜伏期和心麻痹时间为双曲线型四参致模型拟台，半 

平衡时间与对数浓度呈直线关系，表明Oua作用的发 

生与发展均存在时反应量一艘关系． 
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Effects of bretylium tosylate on eleetrophysiologie properties of norreal 

and digitalized papillary m uscles of guinea pigs 

LIU Yao—Chun ，ZHU Ping-Jun+LI Zhen-Yuan．YU De—Zhang 

(Department Physiology，Zhejiang Medical nl 积 ， d≈ zhou 310006， îna) 

ABsrRACT The effects of bretylium tosylate (BT) 

on the electrophysiologic properties of normal and d i- 

tal~．ed papfflary muscles isolated from guinee,p_呕B wet 

studied with regular glass m icroelectrode． BT pro- 

longed effectire refractory period (ERP)an d action po- 

tenti~l duration tAPD ) of normal papfllary m uscles— 

The ERP an d APD of papillary lm~scle$were shortened 

by pe rfoston with ouabain (Oua)0．2 pmol·L～ ． No 

recovery was seen in perfusion without drug for 30 

min— In digitalized papglary inuscles with Oua，ERP， 

APDs0·and ApDse were prolonged by BT l20 um o1 

．L from 175士20．187士20，and l 46士2l Ius to 222 
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士 21．220士 19，and 190士 19 ms．respectively． The 

results demonstrated  that BT ca prolong ERP aDd 

APD of papillary muscles digRalh~．ed with Oua· 

KEY W 0RDS papillary m uscles{electrophysiology； 

bTctylium lOS—ate{ouabain 

Bretylium tosylate (BT) is an anti—af— 

rhythmic agent of class III． BT prolongs the 

effective refractory period (ERP)and action 

potential duration (APD)of isolated Purkin_忙 

fibers and ventrieular m yocardium ． BT is ef_ 

fective on various arrhIythra jas，but centrover— 

sial resuItS have been reported on those in- 

duced by digitalis ’ ． This paper studied the 
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