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Letters to the editors

Serum tocainide enantiomer concentrations in human subjects

Tocainide (2-amino-2’,6'-propionoxylidide hydro-
chloride) is a new antiarrhythmic agent often
effective in the treatment of life-threatening
arrhythmias in man (Zipes & Troup, 1978;
Sonnhag, 1980). The chemical structure of
tocainide includes an asymmetric centre and the
drug is used clinically in the racemic form. Al-
though the antiarrhythmic properties of the
tocainide enantiomers have not been studied in
man, the R—(—) enantiomer is three times more
potent than the S—(+) isomer as an antiarrhyth-
mic agent in a mouse model (Byrnes et al., 1979)
and smaller differences in antiarrhythmic activity
between the enantiomers have been demon-
strated in coronary-ligated dogs (Byrnes et al.,
1979). In addition, stereoselective metabolism
and renal excretion of tocainide in mice and rats
also has been reported recently (Gal et al., 1982).
These reports prompted us to examine if differ-
ences in tocainide enantiomer pharmacokinetic
and pharmacologic behaviour could complicate
interpretation of total tocainide serum concen-
trations measured in human subjects.

Serum samples were obtained over a 3-year
period from seven subjects at the Mayo Clinic,
who were enrolled into an experimental protocol
for the emergency administration of tocainide
hydrochloride (Maloney et al., 1980). All sub-
jects had life-threatening ventricular arrhyth-
mias which were unresponsive to conventional
therapy. Serum tocainide concentrations were
obtained at physician discretion, and tocainide
enantiomer concentrations determined by a
modification (Sedman & Gal, 1983) of a pre-
viously reported gas-liquid chromatographic
procedure (Gal ez al., 1982).

Therapeutic total tocainide serum concentra-
tions of 4-12 ug/ml (21-63 umol/l) (Winkle et
al., 1978; Woosley et al., 1977) were obtained in
all patients (Table 1), utilizing racemic tocainide
doses of 15-50 mg kg~! day~'. Ratios of S—(+)
tocainide to R—(—) tocainide ranged from 1.3:1
to 4 : 1 in these same patients and intrasubject

variability of enantiomer ratio was nearly as large
as the variability between subjects. Clinical para-
meters such as tocainide dosage, other medica-
tions, or degree of congestive heart failure, renal
failure or hepatic dysfunction, did not explain
enantiomer variability, although the number of
patients studied may be too small to elaborate
such differences.

The results of this study demonstrate a large
intra- and intersubject variability of tocainide
enantiomer ratios and suggests that patients with
identical, therapeutic total tocainide serum con-
centrations may have markedly different amounts
of each enantiomer in their serum. For example,
if the range of S—(+):R—(—) tocainide enantio-
mers of 1.3:1 to 4 : 1 is representative of that
found in most patients, the amount of R—(-)
enantiomer present at any total tocainide con-
centration may vary by up to 2.2 fold. There was
no direct relationship observed between the total
amount of tocainide and the S—(+):R—(-)
ratio.

Since previous animal work (Byrnes et al.,
1979) suggests that tocainide antiarrhythmic
activity may reside primarily with the R—(-)
enantiomer, the large variability of tocainide
enantiomer ratio would seem to preclude a high
correlation of total tocainide serum concentra-
tion with therapeutic effect. The broad range
previously reported for total tocainide thera-
peutic serum concentrations, 4-12 ug/ml, may
be aresult of this phenomenon and correlation of
antiarrhythmic effect with the concentration of
the active enantiomer (if only one enantiomer is
active) would presumably improve therapeutic
drug monitoring.

The drug, tocainide, was administered as a
1:1 (racemic) mixture of two enantiomers.
After prolonged tocainide administration, the
ratios of the two stereoisomers were markedly
different than 1 : 1, thereby suggesting differ-
ences in enantiomer pharmacokinetics. Stereo-
selective differences in tocainide metabolism and/
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Table1 Tocainide serum concentrations in human subjects
Total Ratio of
Tocainide tocainide tocainide
) Sample dose concentration® enantiomers
Patients day? (mg kg ~'day™) (ng/ml) (S—(+)/IR—(-))

1 1 29 6.0 23
4 29 10.5 2.1
8 29 12.4 2.1
35 24 6.0 3.8
69 24 7.5 3.0
138 22 8.2 2.5
2 9 25 10.3 1.4
21 25 7.8 1.3
71 25 6.7 1.8
104 25 9.2 2.1
132 25 10.5 1.7
3 585 15 5.9 2.0
589 15 4.8 4.0
683 15 5.0 2.0
4 417 27 9.8 1.6
508 27 15.0 1.5
577 31 12.7 1.5
5 173 22 5.6 1.5
289 22 8.0 1.5
365 30 7.4 1.6
6 3 32 9.2 2.1
45 50 11.5 1.7
7 931 20 10.3 23

2 Number of days patient had received tocainide

b Determined as described in text. Correlation with values determined by the method of Reece

& Stanley (1980) was y = 0.94x + 0.05, r = 0.96.

or renal excretion (Gal et al., 1982) are probably
responsible for the change in enantiomer ratio,
since the protein binding of the two stereoisomers
is essentially the same (Sedman et al., 1982), and
enantiomeric differences in absorption and
volume of distribution are unlikely. Therefore,
disease states such as congestive heart failure and
renal or hepatic dysfunction may alter the stereo-
selective elimination of tocainide and further
complicate interpretation of total serum tocain-
ide concentrations.

The clinical applicability of these findings and
suppositions will depend on further studies
which will define the pharmacological and phar-
macokinetic behaviour of each stereoisomer in
healthy subjects and those with disease states
that influence tocainide disposition.

This work was supported in part by NIGMS
Training Grant GM 07063.

A.J. SEDMAN!, J. GAL?, W.
MASTROPAOLO?, P. JOHNSONS, J.D.
MALONEY** & T.P. MOYER®.

Departments of Medicine', Emergency Medicine'
and Division of Clinical Pharmacology?, Univer-
sity of Colorado Health Sciences Center, Denver,
Colorado 80262; and Departments of Laboratory
Medicine®, and Internal Medicine®, Mayo Clinic,
Rochester, Minnesota 55905, USA

* Present address: Division of Cardiovascular
Diseases, Cleveland Clinic, Cleveland, Ohio 44106,
USA

Received July 14, 1983,
accepted September 8, 1983



Br. J. clin. Pharmac. (1984), 17
References

Byrnes, W.W., McMaster, P.D., Smith, E.R., Blair,
M.R., Boyes, R.N., Duce, B.R., Feldman, H.S.,
Kronberg, G.H., Takman, B.H. & Tenthorey,
P.A. (1979). New antiarrhythymic agents. 1.
Primary a-amino anilides. J. med. Chem., 22,
1171-1176.

Gal, J., French, T.A., Zysset, T. & Haroldson, P.E.
(1982). Disposition of (R,S)-tocainide. Some
stereoselective aspects. Drug Metab. Disp., 10,
399-404.

Maloney, J.D., Nissen, R.G. & McColgan, J.M.
(1980). Open clinical studies at a referral center:
Chronic maintenance tocainide therapy in patients
with recurrent sustained ventricular tachycardia
refractory to conventional antiarrhythmic agents.
Am. HeartJ., 100, 1023-1030.

Reece, P.A. & Stanley, P.E. (1980). High perfor-
mance liquid chromatographic assay for tocainide
in human plasma: Comparison with gas-liquid
chromatographic assay. J. Chromatogr., 183,
109-114.

Letters to the editors 115

Sedman, A.J., Bloedow, D.C. & Gal, J. (1982).
Serum binding of tocainide and its enantiomers in
human subjects. Res. Comm. chem. Path.
Pharmac., 38, 165-168.

Sedman, A.J. & Gal, J. (1983). Simultaneous deter-
mination of the enantiomers of tocainide in blood
plasma using gas-liquid chromatography with elec-
tion-capture detection. J. Chromatog. (in press).

Sonnhag, C. (1980). Efficacy and tolerance of tocain-
ide during acute and long-term treatment of
chronic ventricular arrhythmias. Eur. J. clin.
Pharmac., 18, 301-310.

Winkle, R.A., Meffin, P.J. & Harrison, D.C. (1978).
Long-term tocainide therapy for ventricular
arrhythmias. Circulation, 57, 1007-1016.

Woosley, R.L., McDevitt, D.G., Nies, A.S., Smith,
R.F., Wilkinson, G.R. & Oates, J.A. (1977).
Suppression of ventricular ectopic depolarization
by tocainide. Circulation, 56, 980-984.

Zipes, D.P. & Troup, P.J. (1978). New antiarrhythmic
agents. Am. J. Cardiol., 41, 1005-1024.



