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Timed dose-response relationship of depressive action of ouabain on toad

heart contraction in vitro'
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ABSTRALT relationship
(TDRR ) of depressive action of cuabain (Qua) G 01
—30 mmol*L ™' on toad heart contraction ir veire was
studied by simultaneous tecordings of mechanical ten-
sion and electrocardiography- It was found that the
inhibition of contraction tension. the latency, the half

Timed dose-tesponse

equilibrjum time of depression. and the cardioplegia
time (CPT) wére all concentration-dependent (P <
0. 01} The ECgptLgs of Qua was 35+8 pmel-L 7,
in which Lsis the average 9551 confidence limit. The
TDRR data of [atency or CPT were fitted to the hyper-
bolic 4-parameter model 11 weighted with the square of
SE inversely; ¥ =25.5492"7%/(InX 4 23. 5906)% "
+ 72.7732 for latency and F = 20637.37/(lnX
+3. 0947 4 196. 7069 for CPT. It was concluded
that the hyperbolic type of TDRR was present in Oua
depressive action oh the toad heart contraction ip viite.
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Although the actions of cuabain (Oua) on
cardiac functions have been studied for years.,

1

the time appearance’”’ of the actions has not

been fully elucidated. Our previous study
showed that some timed responses such as la-
tency of Oua action were concentration-depen-
t%.  But, what kind of TDRR"**"7 js jt?

What type of quantitative relation exists be-

den

tween the timed response and Oua concentra-
tion? With these questions in mind. we stud-
ied the depressive action of Oua on the toad
heart contraction ir vitrg.

MATERIALS AND METHODS

The experimental procedures were previously de-
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2. In short, 50 toads of either sex weighing

scribed
70+ s 15 g were used in the Straub heart preparation
fiiied with Ringer solution (NaClI 116, KCI 1. 2, CaCl
1.1, NaHCO, 2,7 mmel L7 N

recordings of mechanical tension of heart contraction

The simultaneous

and surface electrocardiogram (ECG) wete performed
Oua (Sigma)
0. 01— 30 mmel =L~ in Ringer solution was adminis-

continucusly on a 3-channel polygraph.
tered by exchanging the solution. Results were ex-
pressed as ¥ * s, and the homggeneiiy of wvariance of
titned responses between vari Qricemiration groups
was tested by X* method. Thh of timed re-
th ot F' test.

ethod*®, in
Lalen-

SponsSes AMCNS Sroups Were ang
ECs & Ly was calculated by F
which Lgs i3 the average 95% o5
cy and cardioplegia time (CPT .

ency of cardio-
plegia) data wete nonlinear le fit, weighted
with the squate of SE inversely;;?tu"t e hyperbolic 4-
parameter model 11: F =c'+’,f’("| Inf<a|¥»+5. in
which ¥ is latency or CPT, X B
and a, &, ¢, s are the dosage, §

ncentration

1 curvature -

and skewness parametet, respcctla'g he regres-
sion significance and goodness of “an*yzed by F
or F! test. The half equilibrium fit to linear

-~ 2 4
model or to ¥'=0.883/(X X +XK5K7» in mhich X, and
K are association and dissociation ratg stants, re-
*
spectively. '

- ‘_
o

RESULTS

In 50
the contraction tension

Decrease of comtraction tension
heart preparations,
was concentration-dependently decreased by
Oua 0.01—30.0 mmol+*L"'(Tab 1), usually
with lowering of frequency or ECG arrhythmia
(Fig 1).
was seen only at concentrations = 1 mmol
L~ EC;* Ly was calculated to be 354+ 8
pmol-L~"' from the dataof 0.01—1.0 mmol
-L_l.

Cardioplegia (100% depression)
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Tab 1. Depressive action of ouabain on toed heari contracilon inqitro. ¥=4s (n). “P<<0.01 by F’ test, "P<C0.01

by F test.

Ouabain concentration/mmol-L ™'

k. 01 6. 03 6. 10 0. 30 1. 00 3. 00 19, 0 30.0
b depression of 28422 37+ 14 38120 67+ 12 9943 10040 10040 10040
tension ¢ % )° (5} (7) (5) (7) (8 (8) (5) (5>
Peak-reaching 307 L+ 86 3204175 4404290 7744306 23664231 2494116 1444108 123485
time (s)° (5) L7 (5} (7 (8 (8> (5 (5)
Half equilibrium 148+14 137420 125423 112424 901428 75+ 38 56421 50423
time (s)' (5) (6 (8) (7) (8} (7} 4 (4)
20%% depression 8147 8344 i3+ 3 3847 2648 2417 2449 208
time (s t5) (53 (8) (6) (8 (7 (B) (8)
Control 1005  20¥: 005 A0S Warh sion. The response parameter b iz 72. 7732
3¢ NN denoting the theoretical shortest latency.
N — ) — mi’s The curvature parameter ¢ (2b.9492) reflects
"é"‘= b : Y g the measutable tange between & and infinity
£ . W s latency. The skewness parameter s (6. 2757)
3 - .- mmc g Ml was sensitivity of latency to change of Oua
g -ﬂ F P v e conceniration. By F' {est, the regression
T ¥ !!l;- L apmEe, et was vety significant (P <C0.01), the good-
-3 R — el ness-of-fit was satisfactory (P<C0.01) and
-
Fig 1. -€ ion—dependent toxic action of Oua
on the JAreparations in titro. Simultancous Mg
recordingd o %hece ECG (upper fracings) and con- g
irection dens wer tracings). Callbratlon of 30 s A
tor both ECG and {emsion recording. 7 g tor ienslon %
only. Note the slo?l'lns of contraction frequency and i
ECG arrythmia durlng drug action.
Latency of action Latency of action, de- o ‘ﬁ;‘; o3 ol 0.3 1o 30104 300
fined as the time from exchanging the Oua so- é: §=20637.377 (0 X+3.004T127"4 196.7069
Intion to the beginning of depression of con- %
traction tension, was found to be concentra- i’
tion-dependent at 0. 01 — 30 mmol L~ (Fig %
2). The nonlinear leasi-square fitting equa- s
tion of the data was;, 1 3 10 T
7 =25. 84927 57 /(In X +23. 5806)% 574 72, 7732 Gusbain * moned - 17
in which ¥ is the latency+ X is ithe Oua con-
Fig 2. Relations of Qua vonceniratlon-latency of de-

centration. The dosage parameter o is
— 23.5906 which means natural logarithm of

thecretical threshold concentration of depres-

preaslve actiorn and cardioplevla fime on toed heart
contrectlon i witrs. Oy in porentheses}). x+s F
test of ¥ for UPT and 1 1cs) for latency; P<C0. 01,
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the weighted residual square error of fit was

insignificant (P >0. 03).
Cardjoplegia tilme (CPT)

moscedasticity of variance (P >0.05), F test

Because of ho-

of ¥ among groups showed a very significant
difference of CPT (Fig 1. 2).
also nonlinear least-square fit to the maodel II:
a=—3, 0947, 5=186. 7069, ¢=8.7070. and s
= 3. 5907 (Fig 2). in which the parameters
were similar to those in latency results., but ¥
is CPT and % is the shortest CPT.
the regression and goodness-of-fit were statis-
tically significant (P < 0.01) and residual
square error of fit was nonsignificant (P >
0. 05} by F test.

The data were

Similarly,

Peak-reachlng time. half equilibrium
time, and 20% depression tlme Due to the

heteroscedasticity of variance of peak-reaching
time data (P <C{. 01}, F' test was used to ana-
lyze the differences of ¥ among groups. It
was shown that the peak-reaching time was
concentration-dependent (P <. 01) and the
nenlinear relation was present with the
longest time at concentraticn of 0. 3 mmel-L ™!
{Tab 1).

The half equilibrium time (time to half of
maximal depression? and 203 depression time
(time to 20% depression of control tension)
were negatively proportional to concentration
(Tab 1). Although ¥ =0.693/(K,X + K,)
was not suitable te fit the half egquilibrium
time data, a negatively proportional relation
to Ig conecentration was indicated by the linear
regression of ¥ = — 13.057 1nX + 91. 4336
with r=—20.9952 (P <C0. 001) and nonsignifi-
cant residual square error of fit (P >0.05).
The linear regression of 209% depression time
with natural 1lg of concentration (lnX)
was ¥ =—05.2140 InX + 33. 3862 with r=
—10. 9643 (P<C0. 01). ‘

DISCUSSION

The observed hyperbolic type of TDRR in

the speed of appearance {latency or CPT ).
and concentration-dependent TDRR in the de-
veloping rate (peak-reaching time, half equi-
librium time and 202 depression time) of Qua
deprcssio'n action on toad heart contraction
vitre were consistent with those of our previ-

257, How-

ous studies an other drug actions®
ever, the TDRR mechanisms in pharma-
cokinetics and pharmacodynamics remain un-
solved.

The values of parameter 2. &+ ¢ and s es-
timated from the latency and CPT data were
the representative parameters to characterize
{ua action. and also the comparative parame-
ters between drugs and actions. For exam-
ple, a lower ¢ value (— 23. 5806} of latency
(— 3.0947) meant a

much lower concentration for depression than

compared with CPT

nullification of toad heart contraction.
Another interesting finding was the non-
linear relation of peak-reaching time to con-
centration. It was in contradistinction to the
theoretical relation of drug-recepter interac-
tion® and also inconsistent with the results of
drug actions on rabbit blood pressure™™,
The explanations could be: First. the heart
preparation n vilro was different from a theo-
retical simple apartment. Second. a gualita-
tive change of response (cardioplegia) was in-
duced at concentrations z2 1 mmel - L75
Third. the intensity of response was the same
(cardioplegia) at concentrations == 1 mmol *
L~', but different {28 — 67% depression) at
And the

negative relation of concentration — 20% de-

concentrations << 0. 3 mmeaol = L™,
pression time strongly supported these view
points.
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Effects of bretylium tosylate on electrophysiologic properties of normal
and digitalized papillary muscles of guinea pigs

LIU Yao-Chun', ZHU Ping-Jun, LI Zhen-Yuan. YU De-Zhang
(Department of Phgsivlogy s Zhejiang Medical University . Hangzhou 310006, Chinad

ABSTRACT The effects of bratylium tosylate (BT}
aon the slectrophysiologic properties of normal and digi-
talized papillary muscles isolated from guinee pigs were
studied with regular glass microelectrolde. BT pro-
longed effective refractory perlod (ERP) and action po-
tential duration {APD) of normal papillaty muscles.
The ERP and APD of papillary muscles were shortened
by perfuslion with ouabain (Qua) 0.2 ymol+L~'. No
recovery was seen in perfusion without drug for 30
min. In digitalized papillary muscles with Qua. ERP,
APDyo. and APDg were prolonged by BT 120 pmol
L' from 1754+ 20, 187+ 20, and 1464-2] ms toc 222

Received 1992-01-24 Accepted 1993-03-15
1 Deparimeat uvf Phgmology., Weafang Medical College,
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+ 21, 220419, and 1904+ 19 ms, respectively. The
results demonstrated that BT can prolong ERP and
APD of papillary muscles digitalized with Qua.

KEY WORDS papillary muscies; electrophysiology s
bretylium thsyiate; ouabain

(BT} is an anti- ar-
BT prolongs the

Bretylium tosylate
rhythmic agent of class I1I.
effective refractory period (ERP) and action
potential duration {APD) of isolated Purkinje
BT is ef-
fective on various arrhythmias, but controver-

fibers and ventricular myocardium.

sial results have been reported on those in-
duced by digitalis™?. This paper studied the
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