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Abstract-The pharmacokinetic and pharmacodynamic properties of ( + )-sotalol (BMY-5763) were 
studied to analyse the relationship between plasma concentration and QT, prolongation in healthy male 
volunteers given single oral doses of 50, 100,200 and 300 mg, repeated oral doses of 200 mg twice daily for 
6.5 days, and single intravenous doses of 1.0 and 1.5 mg kg-'. The plasma concentration of (+)-sotalol 
peaked about 3 h after oral administration and declined with a half-life of 7.9-9.7 h. The C,,, and AUC 
showed dose-related increases, while the urinary recovery as the unchanged form remained constant (66- 
68% of the dose). During repeated oral administration the plasma concentration of ( + )-sotalol reached 
almost a steady state on the 3rd day and there was no change in renal clearance of (+)-sotalol measured on 
the lst, 4th and 7th days. After intravenous administration, (+)-sotalol in plasma decreased bi- 
exponentially with a terminal half-life of 7.6-8.3 h and the urinary recovery as  unchanged drug amounted to 
84-88% of the dose. The increase in QT interval was significant after a single oral administration except for 
the lowest dose, and regression analysis revealed a significant correlation between QTc interval and 
concentration of (+)-sotalol in plasma. The same correlation was evident with repeated oral doses on the 
Ist, 4th and 7th days. In the case of single intravenous administrations of (+)-sotalol, a combined 
pharmacokinetic-pharmacodynamic model was attempted by assuming an effect compartment. This 
analysis was shown to be effective to adjust the lag of effect behind a rapid change in plasma concentration 
which occurred in the early distributive phase because there was no evidence that the metabolite made any 
significant contribution to the effect of ( +)-sotalol. 

Racemic sotalol is an anti-arrhythmic drug that possesses 
both 8-adrenoceptor blocking and class 111 anti-arrhythmic 
activities. The dextro-rotary isomer, (+)-sotalol (BMY- 
5763), is one-twentieth to one-fiftieth as potent as (-)- 
sotalol in P-adrenoceptor blocking activity (Somani & 
Watson 1965), whereas the former is mainly responsible for 
class I11 anti-arrhythmic effects (Lynch et a1 1984; Rowland 
1985). Therefore, (+)-sotalol is expected to have advantages 
over racemic sotalol in treating a patient with arrhythmia 
and comorbid bronchospasm (Kuntz et a1 1992). 

Drugs that possess class I11 anti-arrhythmic activities, 
including ( + )-sotalol, prolong the duration of ventricular 
repolarization and, therefore, increase the QT interval 
measured on surface electrocardiograms (Creamer et a1 
1986; Pollack et a1 1989; Le Coz et al 1992). As regards 
racemic sotalol, the prolongation of the QT, interval has 
been reported to relate to the plasma concentration and can 
be used to predict the effects a t  steady state (Le Coz et a1 
1992). Thus, the degree of QT-interval prolongation may act 
as a guide for adjusting the dosage in patients with cardiac 
arrhythmias. However, no study has been reported describ- 
ing and comparing these relations after oral and intravenous 
administration of (+)-sotalol. Only the pharmacokinetic 
profile of intravenous (+)-sotalol has been reported (Poirier 
et a1 1990). 

In the present study, the prolongation of the Q T  interval 
was analysed in healthy male volunteers in conjunction with 
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the comparative pharmacokinetic properties of ( + )-sotalol 
after oral and intravenous administration. 

Materials and Methods 

Subjects 
A total of 39 healthy male Japanese volunteers, aged 22-43 
(mean: 32.5) years and weighing 47.9-77.0 (61.7) kg, partici- 
pated in this study after giving their informed consent. They 
were allocated to seven groups (1-7 in Table 1). First, (+)- 
sotalol was administered orally as single doses of 50, 100,200 
and 300 mg in a dose-increasing manner. At a dose of 200 mg, 
the effects of food-intake on the pharmacokinetics of (+)- 
sotalol were examined in a cross-over design at  an interval of 
10 days. Then, a multiple-dose study, in which 200 mg (+)- 
sotalol was given twice daily for 6.5 days (total 13 doses), was 
conducted. Six and three subjects received orally (+)-sotalol 
and placebo, respectively, after meals every 12 h in a double- 
blind design. Finally, (+)-sotalol was administered as an 
intravenous infusion over 10 min as single doses of 1.0 and 
1.5 mg kg-'. The study protocol was approved by the local 
Ethics Committee. 

Collection of plasma and urine samples 
Blood (7 mL) was drawn from the antecubital vein immedi- 
ately before and at  0.5, 1,2 ,3 ,4 ,5 ,6 ,8 ,  12,24 and 30 h after 
single oral administration. Additional samples were taken at  
36 and 48 h after the administration of 300 mg. In the 
multiple-dose study, blood was drawn before, and at  2 ,3 ,4 ,6  
and 8 h after the Ist, 7th and 13th (last) doses. Additionally, 
blood was drawn before and 4 h after the 3rd, 5th, 9th and 



PHARMACOKINETIC AND -DYNAMIC PROPERTIES OF SOTALOL 60 1 

Table I .  Subjects and dosing regimens. 

Group n Age Body weight 
(years) (kg) 

Oral administration 
Single dose 

1 6 32 .3250  64.0k8.7 
2 6 33.226.3 651f6 .6  
3 6 33.0k2.8 64.7k8.2 

4 6 31.0k6.9 62.1k7.0 
5 3 33.0k5.0 57.4+5.0 

Repeated doses (total 13 doses) 

Intravenous administration 
Single dose 

6 6 32.7k6.9 60.9k6.8 
1 6 32.8k6.4 55.6k6.3 

Dosing period (mg) (mg kg-l) 

I I1 111 IV v VI VII VIII 

50' 100' 
200' 200" 

300' 

200" b.i.d. 
O*" b i d  

1 .o 
1.5 

Values are expressed as means k s.d. 'Fasting, "non-fasting, *placebo 

1 1 th doses (morning doses), I h after the 1st dose and I ,  12, 
24, 30, 36 and 48 h after the last dose. Blood samples were 
collected before, and at  0.167 (the end of infusion), 0.25, 
0.333, 0.667, 1.167, 2, 4, 6, 8, 12, 24, 36 and 48 h after the 
commencement of drug infusion. Urine was collected 0-2,2- 
4, 4-6, 6-8, 8-12, 12-24 h and 24-30 or 24-48 h after 
administration in the single-dose study. In the repeated-dose 
study, urine was collected 0-2, 2-4, 4-6 and 6-8 h after the 
morning dose on the Ist, 4th and 7th days and, additionally 
8-12. 12-24 and 24-48 h after the last dose. 

Analytical procedures 
Concentrations of (+)-sotalol in plasma and urine were 
determined by an HPLC method which utilizes a derivatizing 
reagent to  quantify the amounts of (+)- and (-)-sotalol, 
separately. Sotalol and the (-)-isomer in plasma and urine 
were extracted by using a Sep-Pak C I ~  column and deriva- 
tized with 2,3,4,6-tetra-O-acetyl-~-~-glucopyranosy~ isoth- 
iocyanate. The analytical column used was STR ODS I1 
column (4.6 x 150 mm; particle size: 5 pm, Shimadzu Techno 
Research, Japan). The mobile phase consisted of 0.02 M 
NH4H2P04 and acetonitrile (60:40, v/v), and the flow rate 
was 1.0 mL min-I. The effluent was monitored with a UV- 
detector (wavelength: 225 nm). p-Hydroxybenzoic acid 
isoamyl ester was used as an internal standard. 

The maximum drug concentration in plasma (Cmax) and 
the time required to  reach maximum concentration (tmax) 
were calculated from the observed levels. The area under the 
plasma concentration-time curve (AUC) was calculated 
according to the trapezoidal rule. The time-profile of plasma 
concentration after oral administration was fitted to a one- 
compartment open model with first-order absorption and 
that after intravenous administration was fitted to a two- 
compartment open model using a nonlinear least-square 
method (Yamaoka et al 1981). 

Assessment of safety 
In the single-dose study, subjective and objective symptoms, 
and vital signs including blood pressure, pulse rate and body 
temperature were checked before administration and perio- 
dically until 30-48 h after administration. Routine labora- 
tory tests including haematology, blood biochemistry and 
urinalysis were performed immediately before, 24 h and 

7 days after administration. In the multiple-dose study the 
same items as shown above were checked before, during and 
48 h after the administration period. Holter electrocardio- 
gram (ECG) was monitored from 1 h before and until 12 h 
after the administration (SM-28, Fukuda Denshi Co. Ltd, 
Tokyo, Japan). 

Pharmacological evaluation 
A standard 12-lead ECG was recorded before and 1,2,4,  8, 
12 and 24 h after single oral administration, and before and 
periodically throughout the test period until 48 h after the 
last administration in the repeated-dose study (FCP4301, 
Fukuda Denshi) to calculate QT,. The QT interval was 
measured from the onset of the Q wave to the end of the T 
wave according to the criterion of Lepeschkin & Surawicz 
(1952) and each recording was checked by the same investi- 
gator, who was unaware of the treatment received, to assure 
that the calculation had been correctly made according to the 
criterion. 

In the intravenous infusion study, Holter ECG recorded 
on tape was processed and digitalized by a Holter ECG 
analysing system (DMC4100, Nihon Kohden, Tokyo, 
Japan) to  calculate QT intervals a t  the same time-points as  
blood samplings for the measurement of drug concentra- 
tions. 

5 1  

0 12 24 36 48 
Time (h) 

FIG. 1. Plasma concentration of (+)-sotalol following single oral 
administration of 0 50, 0 100, A 200 and A 300 mg. Values are 
mean f s.d., n = 6. 
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Table 2. Pharmacokinetic parameters of (+)-sotalol determined after single oral administrations of 50, 100,200 and 
300 mg to healthy male volunteers. 

50 6 0.47+0.12 3.3+ 1.4 6.1 + 1.2 8.9+ 1.5 140k27 65.8k22.0 97 k 28 
100 6 0.93k0.29 2.8+ 1.5 12.2k2.7 9.7k2.1 141 k 2 8  66.4+ 16.9 103+23 
200 6 2.02+0.24 3.2+ 1.2 23.1 k3 .4  8,2+0.4 147+20 67.7k6.7 107+8 
300 6 235k0.48 3.8+ 1.3 30.4k5.2 7.9+ 1.2 168k27 68.2+ 11.7 121 I4 

Values are expressed as means 2 s.d.; C,,,, maximal plasma concentration; tYdx, time required to reach C,,,, AUC. 
area under the plasma concentration-time curve extrapolated to the infinity; ty, biological half-life; CL/F, apparent 
total body clearance (F: absolute bioavailability); UR, urinary recovery within first 30 h; CLR, renal clearance. 
Analysis of variance detected no significant difference among the four dosing groups. 

Table 3. Pharmacokinetic parameters of (+)-sotalol determined after repeated oral administrations of 200 mg twice 
daily for 6.5 days to healthy male volunteers. 

Day I Day 4 Day 7 

AUCo-8 h CLR AUCO 8 h CLR AUCO 8 h  AUCO I ? h  CLR 
(pg h mL- ' )  (mL min-I) (pg h mL-') (mL min-I) (pg h mL-l) (pg h mL- ' )  (mL min-') 
9 .02  2.0 112k 19 17.3 + I .4 l08k I3 17.0+ 1.9 23.3 k 2. I 109+ 12 

Values are expressed as  meansfs.d. AUCo-8 h, AUCo 12 h: area under the plasma concentration-time curve 
during the time interval 0 to 8 h and 12 h after administration. The other abbreviations are as in Table I .  

Statistical analysis 
When more than two means were compared, analysis of 
variance was used, followed by Student's t-test (two-tailed) 
or Dunnett's test with the level of statistical significance at 
P < 0.05. 

Results 
Safety 
No abnormality attributable to the test drug was observed in 
subjective and objective symptoms, vital signs, or laboratory 
tests. Therefore, oral and intravenous (+)-sotalol was 
concluded to be well tolerated in healthy subjects, at least 
within the range of doses tested in the present study. 

Pharmacokinetics and pharmacodynamics 
As shown in Fig. 1, the plasma concentrations of (+)-sotalol 
following oral administration of 50, 100,200 or 300 mg on an 
empty stomach, fitted a one-compartment open model with 
first-order absorption. The mean value oft,,, ranged from 
2.8 to 3.8 h, and those of C,,, and AUC increased in 
proportion to the given doses. The biological half-life ranged 
from 7.9 to 9.7 h and the urinary recovery was 66-68% of the 
dose as unchanged form irrespective of the dose (Table 2). 
There were no significant changes in these parameters 
between the administrations of 200 mg (+)-sotalol after 
over-night fasting and after a meal. In the repeated-dose 
study the plasma concentration of (+ )-sotalol achieved 
almost a steady state on the 3rd day and fitted well to the 
simulated curve generated by using the parameters obtained 
in the subjects who took 200 mg after food. Throughout the 
study, the renal clearance remained constant (Table 3). After 
intravenous administration, the concentration of (+ )-sota- 
101 in plasma declined bi-exponentially with a terminal half- 
life of 7.6-8.3 h, and the C,,, and AUC were proportional to 
the dose (Fig. 2, Table 4). When the values of total body 
clearance and urinary recovery were compared for single oral 
and intravenous administrations, the absolute oral bioavai- 
lability of (+)-sotalol was approximately 80-90%. 

10 3 

: 3  

\ 
'\\ 

I . ' l . I r . 1 . - . i  

0 12 24 36 48 

Time (h) 
FIG. 2. Plasma concentration of (+)-sotalol followin single intra- 

meanks.d., n = 6 .  
venous administration of 0 1.0 and 0 1.5 mg kg- 9 . Values are 

Following a single oral administration of 100, 200 or 300 
mg of (+)-sotalol, the QT interval corrected for heart rate, 
QT,, was prolonged in a dose-dependent manner (Fig. 3). In 
addition, there was a linear correlation between the QT, 
interval and (+)-sotalol concentration in plasma, and no 
distinct hysteresis was observed (Table 5). In the repeated- 
dose study significant prolongation of QTc was observed 
from the 1st day of administration until the last day in the 
group treated with (+)-sotalol, whereas there was no 
significant change in this parameter in the group treated with 
placebo. When the correlation between the plasma concen- 
tration of (+)-sotalol was compared among the Ist, 4th and 
7th days, the slope was almost the same on the 1st and 4th 
days, although it tended to be reduced on the 7th day (Table 
6). On the other hand, a hysteresis was obvious in the 
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Table 4. Pharmacokinetic parameters of (+)-sotalol determined after single intravenous administrations 
of I .O and I .5 mg kg- ' to healthy male volunteers. 

Dose n C,,, AUC tt,(h) tt,(h) CLT U R ( % )  CLR 

I .o 6 2.9+0.4 7,3+ 1.2 0.20+0.03 7.650.9 141 +27 8 3 5 k 4 . 4  I l5+22 
1.5 6 4.1k0.2 11,950.4 0.17+0.03 8.350.5 116+12 88.0k2.5 100+12 

(mg kg-l) (peg m L - 7  (peg h mL-l)  (mL min-') (mL min-I) 

Values are expressed as means s.d. ti,, tip: biological half-lives of distribution and elimination phases, 
respectively. The other abbreviations are as  in Table I .  
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._ 
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kinetic-pharmacodynamic modelling was attempted by 
assuming an effect compartment as described by Gibaldi & 
Perrier (1982). By changing the value of keO depicted in the 
middle panel of Fig. 4 from 0 to 10 with a step of 0.1, the 
linear regression procedure was repeated to obtain the 
minimum AIC value (Akaike 1974). At the keO value of 1.1 
h-I the loop was maximally reduced and a correlation 
coefficient comparable with those achieved in association 
with oral administration was obtained (Fig. 4B). 

0.33-1 I I /* 

0 4 8 12 24 
Time (h) 

FIG. 3. Time-profiles of changes in QT interval following single oral 
administration of 0 50, 0 100. A 200 and A 300 mg. *P<0.05 
Dunnett's test, values are mean+s.d., n=6.  

Table 5 .  Regression analysis of the relationship between plasma 
concentration of (+) sotalol (X: pg mL- ' )  and QT, interval (Y: ms) 
after single oral dose of (+)-sotalol. 

Dose n Regression line r2 
(mg) 
50 7 Y =0.358+0.00473 X 0,098 

I00 7 Y =0.357+0.0240 X 0,771 
200 7 Y=0.375+0.0180 X 0.704 
300 7 Y =0.363+0.0258 X 0.913 

Mean QT, values were plotted against mean plasma concentration 
(n =6) a t  each data-sampling point after administration. r, regres- 
sion coefficient. 

Table 6. Regression analysis of the relationship between plasma 
concentration of (+)-sotalol (X: pg mL- ') and QT, interval (Y: ms) 
on the Ist, 4th and 7th days in the repeated-dose study of (+)- 
sotalol. 

Period n Regression line r2 

4th day 4 Y = 0.362 + 0.0269 X I ,000 
1st day 6 Y =0.375+0.0256 X 0.902 

7th day 8 Y = 0 ~ 3 8 0 + 0 ~ 0 l 1 4  X 0,672 

Mean QT, values were plotted against mean plasma concentration 
(n = 6) a t  each data-sampling points after administration. r, regres- 
sion coefficient. 

correlation between plasma concentration of (+)-sotalol 
and QT prolongation after intravenous administration (Fig. 
4A). To reduce the area of the hysteresis loop, pharmaco- 

Discussion 

Throughout the entire test period, no abnormality attribu- 
table to the test drug was found in subjective and objective 
symptoms, vital signs, and routine laboratory tests, indicat- 
ing that (+)-sotalol (BMY-5763) was well tolerated in 
healthy subjects. 

The disposition pharmacokinetics of ( +)-sotalol we have 
found in the present study are similar to those previously 
reported after oral administration of racemic sotalol (Le Coz 
et a1 1992) and intravenous injection of (+)-sotalol (Pokier 
et a1 1990). Terminal half-life was approximately 8-9 h and a 
linear pharmacokinetic profile was found. 

In the case of quinidine, which also prolongs the QTc 
interval, its active metabolites contribute to the effect, and 
the degree of their contribution is different after oral and 
intravenous administration (Vozeh et a1 1985; Ha et a1 1987; 
Uematsu et al 1987). However, there was no evidence that 
metabolites make any significant contribution to  the drug's 
effects for (+)-sotalol. 

QTc increased and then decreased in association with the 
rise and fall of plasma concentration after single oral 
administrations of more than 100 mg, repeated oral adminis- 
trations of 200 mg twice daily and single intravenous 
administrations of 1.0 and 1.5 mg kg-I. It was clear from the 
hysteresis plots that the prolongation of the QT, interval was 
related directly to plasma concentrations of ( +)-sotalol in 
plasma after single oral administration. This implies that a 
state of equilibrium could be obtained between plasma and 
relevant receptor-site concentrations at  all times, probably 
because the absorption and elimination of (+)-sotalol are 
slow as judged from the t,,, and tf values. This concept is not 
inconsistent with the one-compartmental characteristics of 
the drug after oral administration (Whiting et a1 1980; 
Holford & Sheiner 1981). In association with repeated oral 
administration, the slope of the correlation between plasma 
concentration and QT, interval was similar on the 1 st and 4th 
day, while it was slightly reduced on the 7th day. Le Coz et a1 
(1992) concluded that the maximal increase in QT, duration 
at steady state after treatment with racemic sotalol could be 
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FIG. 4. Relationship between the plasma concentration of (+)-sotalol and QT interval after single intravenous administra- 
tion. A. TheprolongationofQTinterval wasplottedagainst plasmaconcentrationof( +)-sotalolandconnectedin timeorder. 
Doses of (+)-sotalol were 1 mg kg-l (left panel) and 1.5 mg kg-' (right panel). B. By assuming an effect compartment 
according to the model described in the scheme of middle panel, the prolongation ofQT was plotted against the concentration 
of (+)-sotalol in the effect compartment, as the effective concentration. Each symbol and bar represent mean f s.d. (n = 6). 

predicted from single-dose administration. However, those 
authors treated healthy subjects with racemic sotalol only for 
four days and found that prediction errors were significant in 
20% of measurements and predictions, most of which were 
due to overestimation. Considering our results together with 
those of Le Coz et a1 (1992), it may be speculated that a 
decrease in the prolongation of repolarization by (+)- 
sotalol, which may be attributable to an up-regulation of 
potassium channels, should occur later than the 4th day of 
repeated administration. 

On the other hand, intravenous administration presents an 

initial non-equilibrated period where plasma concentration 
and effect may be out of phase. A hysteresis was evident 
between the plasma concentration and QT prolongation 
after intravenous administration of the drug. As shown in 
Fig. 4, the non-equilibrated period between plasma concen- 
tration and effect can be described by a first-order rate 
constant which allows pharmacodynamics to be modelled as 
a function of plasma concentration. As a result, the area of 
the hysteresis loop could be reduced to yield a correlation 
coefficient comparable with that obtained after oral adminis- 
tration. 
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All of the presently available anti-arrhythmic agents have 
a narrow therapeutic index. Depending on the routes of drug 
elimination, hepatic or renal dysfunction may affect the 
serum concentration achieved. High concentrations of race- 
mic sotalol, such as those that may be observed in patients 
with renal insufficiency, have been reported to  increase the 
risk of drug-induced pro-arrhythmia (Kontopoulos et al 
1981). Excessive increase in the QT interval is commonly 
observed in patients with torsades de pointes arrhythmia. 
The present study suggests that anti-arrhythmic therapy with 
(+)-sotalol should be guided by the degree of QT prolonga- 
tion, because it can predict the effective concentration of 
drug at the relevant receptor site. However, it should be 
further clarified whether the anti-arrhythmic effect is reduced 
during long-term therapy in accordance with the reduction 
of QT prolongation. 

References 
Akaike, H. (1974) A new look at the statistical model identification. 

IEEE Trans. Automat. Contr. AC-19: 716-723 
Creamer, J. E., Nathan, A. W., Shennan, A,, Camm, A. J. (1986) 

Acute and chronic effects of sotalol and propranolol on ventricu- 
lar repolarization using constant-rate pacing. Am. J. Cardiol. 57: 

Gibaldi, M., Perrier, D. (1982) Kinetics of pharmacologic response. 
In: Pharmacokinetics. Marcel Dekker, Inc., New York and Basel, 
pp 22 1-269 

Ha, H.-R., Vozeh, S., Uematsu, T., Guentert, T. W., Follath, F. 
(1987) Kinetics and dynamics of quinidine-N-oxide in healthy 
subjects. Clin. Pharmacol. Ther. 42: 341-345 

Holford, N. H., Sheiner, L. B. (1981) Understanding the dose-effect 
relationship: clinical application of pharmacokinetic-pharmaco- 
dynamic models. Clin. Pharmacokinet. 6: 429-453 

Kontopoulos, A,, Filindris, A., Manoudis, F., Metaxas, P. (1981) 
Sotalol-induced torsade de pointe. Postgrad. Med. J. 57: 321 

Kuntz, R. E., Rushkin, J. N., Weinberger, S., Lorell, B. H. (1992) 

1160-1 165 

The advantage of d-sotalol in patients with ventricular arrhyth- 
mias and comorbid bronchospasm. Chest 102: 1627-1629 

Le Coz, F., Funck-Brentano, F., Poirier, J. M., Kibleur, Y., Mazit, 
F. X., Jaillon, P. (1992) Prediction of sotalol-induced maximum 
steady-state QT, prolongation from single-dose administration in 
healthy volunteers. Clin. Pharmacol. Ther. 52: 417-426 

Lepeschkin, E., Surawicz, B. (1952) The measurements of the QT 
interval of the electrocardiogram. Circulation 6: 378-388 

Lynch, J. J., Wilber, D. J., Montgomery, D. G., Hsieh, T. M., 
Patterson, E., Lucchesi, B. R. (1984) Antiarrhythmic and defibril- 
latory actions of levo- and dextro-rotary isomers of sotalol. 
J. Cardiovasc. Pharmacol. 6: ll32-Il41 

Poirier, J. M., Jaillon, P., Lecocq, B., Lecocq, V., Ferry, A., 
Cheymol, G. (1990) The pharmacokinetics of d-sotalol and d, I- 
sotalol in healthy volunteers. Eur. J. Clin. Pharmacol. 38: 579-582 

Pollack, P. T., Sharma, A. D., Carruthers, S. G .  (1989) Correlation 
of amiodarone dosage, heart rate, QT interval and corneal 
microdeposits with serum amiodarone and desethylamiodarone 
concentration. Am. J. Cardiol. 64: 1138-1 143 

Rowland, E. (1985) The clinical electrophysiological effects of 
d-sotalol, a new class 111 antiarrhythmic drug. J. Am. Coll. 
Cardiol. 5: 498-500 

Somani, P., Watson, D. L. (1965) Antiarrhythmic activity of the 
dextro- and levo-rotary isomers of 4-(2-isopropylamino- I -hyd- 
roxy-ethy1)methanesulfonanilide (MJ1999). J. Pharmacol. Exp. 
Ther. 164: 3 17-325 

Uematsu, T., Vozeh, S., Ha, H.-R., Follath, F., Nakashima, M.  
(1987) Method for stable measurement of the electrocardiogram 
in isolated guinea pig heart. Evaluation of the RR-QT relation- 
ship and the effect of quinidine. J. Pharmacol. Methods 18: 179- 
I85 

Vozeh, S.. Uematsu, T., Guentert, T. W., Ha, H.-R., Follath, F. 
(1985) Kinetics and electrocardiographic changes after oral 3- 
OH-quinidine in healthy subjects. Clin. Pharmacol. Ther. 37: 575- 
58 I 

Whiting, B., Holford, N. H. G., Sheiner, L. B. (1980) Quantitative 
analysis of the disopyramide concentration-effect relationship. 
Br. J. Clin. Pharmacol. 9: 67-75 

Yamaoka, K., Tanigawara. Y., Nakagawa, T., Uno, T. (1981) A 
pharmacokinetic analysis program (MULTI) for microcomputer. 
J. Pharmacobiodyn. 4: 879-885 


