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Interaction between organic calcium-channel blockers and taurine 
in vitro and in vivo 
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dell'llniversita degli Studi di Firenze, Viale G .  B.  Morgagni 65, Florence, Italy 

Taurine is a positive inotropic agent in guinea-pig auricles 
perfused with a normal calcium medium, it potentiates the 
positive inotropic effect of strophanthin-K (Guidotti et al 
1971) and ouabain (Iwata & Fujimoto 1976). Taurine 
inhibits the decrease in contractile force due to a calcium- 
free medium (Dolara et al 1973) in the isolated and 
perfused heart. Furthermore the positive inotropic effect of 
taurine is more evident in vitro when the calcium concentra- 
tion in the external medium is low (Dietrich & Diacono 
1971; Bandinelli et a1 1981). There is evidence that the 
potentiating effect of taurine on the positive inotropic effect 
of ouabain is to some extent related to an accumulation of 
intracellular calcium in taurine-loaded heart (Iwata & 
Fujimoto 1976); Dolara et al(l973) also found that taurine 
increased calcium levels in cardiac tissue. 
On the other hand, taurine antagonized the negative 

inotropic effect of verapamil in rat isolated and perfused 
hearts (Chovan et al 1980). 

We decided to examine the interaction between methoxy 
verapamil (D600) and taurine in guinea-pig ventricular 
strips, since rat and guinea-pig hearts are known to behave 
differently in many respects, e.g. the digitalis response and 
the staircase phenomenon (Allen & Schwartz 1969). The 
interaction between taurine and verapamil was also studied 
in vivo. 

Materials and methods 
Drugs used. methoxyverapamil hydrochloride and vera- 
pamil hydrochloride were kindly supplied by Knoll A. G.  
Ludwigshafen, F.R.G., taurine was obtained from Merck 
Darmasdt , F. R. G. 

Two strips were removed from the same right ventricle of 
male guinea-pigs (350-400 g) and placed in two separate 
tissue baths holding 20 ml of the following solution (mM): 
NaCl 115. KCI 4.7, MgS04 1.2, CaCI, 1.8. KH2P04 1.2, 
NaHCO, 25 and glucose 10, aerated with 95% O2 and 5% 
CO, and maintained at 30 "C. The solution flowed through 
the organ bath at a constant rate of 6 ml min-1. The length 
of the strip was 4-5 mm and the width of the strip was about 
2 mm. 

The preparation was connected to a Marb force displace- 
ment transducer and the change in tension was isometric- 
ally recorded on a Marb Polygtap% 450. Resting force was 
adjusted to and maintained at.I g. The ventricular strips 
were electrically stimulated at a constant rate of 120 
heats min-I (2  Hz) by square wave pulse generation at a 
constant current. The stimulus duration was 0.2 ms and the 

* Correspondence. 

intensity twice the usual threshold current of O.H.4 mA. 
After 1 h of stabilization the treated strips were exposed to 
taurine and methoxyverapamil, and the control to 
methoxyverapamil and sucrose at equimolar concentration 
with taurine. After the end of superfusion the strips were 
wiped and frozen. The calcium in the strips was measured 
by atomic absorption according to Dolara et a1 (1973). 

Extracellular water was determined by [3H]inulin (spe- 
cific activity 1.21 mC mmol-1; Radiochemical Centre, 
Amersham) according to Ross & Mokotoff (1951); total 
water was determined by subtracting dry weight from wet 
weight; intracellular water by the difference between total 
water and extracellular water. 

The effect on frequency was studied on spontaneously- 
beating guinea-pig atria maintained in the conditions 
described for ventricular strips. 

Fourteen groups of 25 male mice each weighing approxi- 
mately 25 g were used for LD50 determination. Seven 
groups were treated with taurine 4 g k g l  day1 i.p. for 3 
days. On the third day the control and taurine-treated 
groups received verapamil S.C. in doses varyingfrom 25 mg 
to 150 mg k g l .  The LD50 was calculated according to 
Finney (1964). 

Results 
The inotropic response to taurine and methoxyverapamil 
was followed for 1 h, the decrease in contraction induced by 
the drug in ventricular strips is shown in Fig. 1; this reached 
the maximum effect in 10 min and remained stable for at 
least 1 h. In the presence of taurine the decrease in 
contractility was less evident and after 10 min the force of 
contraction began to increase again; reaching control value 
after 45 min with 20 mM taurine. The taurine effect is 
dose-dependent as shown in Fig. 1. 

The effect of different treatments on the calcium level in 
ventricular strips is shown in Table 1. Methoxyverapamil 
alone decreased the level of this ion in a statistically 
significant manner. while 20 mM taurine increased the level 

Table 1. Effect of taurine on calcium levels (mequiv litre-1 
of intracellular water) in guinea-pig ventricular strips. 

lW7 g litre-' MV + 
Control 20 mM taurine I@' g litre-' MV 20 mM taurine 

13.1 2 I 4 4  17.91 2 3.91' 10.57 2 1.53'. 14.37 + 1 4 6 * * *  
( 2 5 )  (8) (7 )  (7) 

MV = mclhoxvverdpamil 
Values are mean + k.e.:  number of experiments in brackets. 

* * *  P s 0.0lll versus DMK) Ilk7 g lime-' 

* P s 0.02 versus control. 
**  P s 0.Onl versus control. 
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FIG. 1. Effect of methoxyverapamil and taurine on contrac- 
tion in guinea-pig ventricular strips. Results are 
mean k s.e. of six experiments. * without treatment; A 
Drug lP7 g litre-I; 0 drug lP7 litre-' + taurine 10 mM; 
0 Drug lP7 g litre-' + taurine 80 mM. 

of this cation in cardiac tissue; when methoxyverapamil and 
taurine were administered together, the calcium level 
found in cardiac tissue was similar to that measured in the 
control strips. 

Taurine given alone slightly decreased spontaneous atrial 
rate but when it was administered together with methoxy- 
verapamil it prevented the negative chronotropic effect of 
the calcium antagonist (Table 2). 
In vivo the i.p. administration in the mouse of taurine 

4 g k g l  day1 for 3 days increased the LD50 of verapamil 
from 30.77 to 63.15 mg k g l  (Table 3). The confidence 
limits in verapamil-treated mice were between 
25.5-37.0 mg k g l  while in taurine- and verapamil-treated 
animals the confidence limits were 57.7-68.9. Limits were 
calculated for 95% of probability. 

Discussion 
The present study shows that taurine inhibited the negative 
inotropic and chronotropic effect of methoxyverapamil in 
ventricular strips and atria respectively. 

The positive inotropic effect of taurine could be a 
consequence of the increase in cardiac calcium levels. 
Numerous findings have shown that cardiac tissue accumu- 
lates calcium under conditions of increased contractility 
(Nayler & Merrillees 1971). Dolara et al(l976) have shown 
that taurine increases both the rate of calcium binding and 
total calcium accumulation by sarcoplasmic reticulum 
isolated from guinea-pig heart. These authors suggest that 
the positive inotropic effect can be correlated to an 
increased affinity of sarcoplasmic reticulum for calcium. 
Chovan et al (1979) found that taurine enhances calcium 
binding to the low affinity sites of rat cardiac sarcolemma. 
Taurine reverses the inhibitory effect of both verapamil and 
La3+ on calcium binding by rat sarcolemma (Chovan et al 
1979) it is possible that taurine can act at the sarcolemma 
level. The fact that the recovery of contraction after 
methoxyverapamil + taurine is a slow phenomenon sug- 
gests an intracellular action of taurine. 

Also in vivo taurine antagonizes the lethal effect of 
verapamil. The very high dose of taurine used in in vivo 
experiments may be justified considering the high-levels of 

Table 2. Effect of methoxyverapamil (MV) and taurine On 
frequency in guinea-pig isolated spontaneously-beating 
atria. 

Conditions Beats min-1 
Control 111 2 4 (23 
20 mM taurine 
1 W  g litre-' MV 81 2 4* (6 
1 W  g litre-l MV + 20 mM taurine 97 f 3 (61 

100 f 4 (6j 

Results are mean k s.e.; in brackets the number of 
ex eriments. 

g P s 0.001. 

Table 3. LD50 of S.C. verapamil in mice untreated with 
taurine and in mice pretreated with 4 g k g l  day-' taurine 
for 3 days. 

Taurine Taurine 
untreated pretreated 
animals animals 

LD50 of vera amil (mg k g l )  30.77 63.15 
Confidence* Emits 25.5-37.0 57.7-68.9 

* Confidence limits were calculated for 95% probability. 

taurine found in cardiac and other tissues (Jacobsen & 
Smith 1968). The fact that taurine can shift the LD50 of 
verapamil positively confirms the interaction between 
taurine and calcium-channel blockers and also suggests that 
this relatively non-toxic compound, a normal constituent of 
human diet, could be found a use in the treatment of 
poisoning by verapamil or other calcium antagonists. 

The study was supported by CNR grant. The authors are 
grateful to Mr L. Meazzini and Dr S. Ballotti for their 
assistance with this work. 
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