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Figure 2 Antipyrine clearance (mean+ s.e. mean) in
non-smokers, smokers and all subjects together to show
difference between subjects aged under 40 years ( r)and
subjects aged 40 years and over ote ef

any analysis with the exception of women who did
not smoke (r=0.63, P<0.05).

These findings do not support the hypothesis of
Wood et al. (1979). Only three of their subjects were
aged over 60 years and exclusion of these three from
the analysis would not have affected their
conclusions. The overall age range is therefore similar
in the two studies. Methodological differences
between the two studies are unlikely to be responsible
since antipyrine clearance can be estimated
satisfactorily after either oral or intravenous
administration (Andreasen & Vesell, 1974) and
equally reliably from saliva samples as from plasma
samples (Fraser, Mucklow, Murray & Davies,
1976.
We submit that more evidence is required before it

can be concluded that the stimulating effect of
smoking upon antipyrine metabolism diminishes with
advancing years.
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PLASMA BINDING OF DISOPYRAMIDE

Disopyramide is an antiarrhythmic drug with
pharmacological properties qualitatively similar to
quinidine and procainamide which shows
concentration dependent plasma binding within the
manufacturer's recommended therapeutic range of
3.3-7.5 mg/l (Heel, Brogden, Speight & Avery, 1978).
Disopyramide kinetics are altered with
cardiovascular disease (Ward & Kinghorn, 1976) and
non-linear behaviour has been reported, with some

authors maintaining that dose-dependency can be
explained by variations in plasma protein binding
(Hinderling & Garrett, 1976; Meffin, Robert, Winkle,
Harapat, Peters & Harrison, 1979), while others
consider this aspect to be insufficient to explain the
evidence (Cunningham, Shen, Shudo & Azarnoff,
1977 & 1978; Ilett, Madsen & Woods, 1979). Adding
to the difficulty of answering the latter feature, there
may be considerable variation in the extent of plasma
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Figure 1 Plasma binding of disopyramide. The two curves represent the extremes in binding for eight subjects. The
manufacturer's recommended plasma therapeutic range is shown as dotted lines. (0) subject M.V., (A) G.E.

binding between patients (Meffin et al., 1979). While
there is superficial agreement regarding in vitro
disopyramide binding properties in the literature,
closer inspection reveals differences between
laboratories, and it is perhaps this lack of agreement
which hinders a clear resolution of the importance of
plasma binding in disopyramide kinetics, and the
effect of disease thereon. The goal of the present
study, therefore, was to establish as unequivocally as
possible, the binding characteristics of disopyramide
in normal plasma.
The interaction was studied by equilibrium

dialysis. ['4C]-disopyramide phosphate (20 mCi/mM)
was supplied by Roussel Pharmaceuticals and
purified to greater than 98% by thin layer
chromatography (silica gel, ethyl acetate-methanol-
concentrated ammonia solution (78:20:2)).
Appropriate concentrations of unlabelled drug were
added to isotope in 0.1 M phosphate buffer
containing 0.05 M NaCl, pH 7.4, to give standard
solutions of 0.05-32 mg/l calculated as disopyramide
base. Blood (60 ml) was collected by venepuncture
from eight healthy volunteers aged 22-41 years (4
male, 4 female). Plasma and standard solutions were
placed in 1 ml teflon dialysis cells with a separating
cellulose membrane (Spectrapor 2) and dialysed for 5
h at 37°C. In initial experiments over 8 h it was shown

that thermodynamic equilibrium was established in 3
h. After equilibration, aliquots of both sides of the
cells were assayed by liquid scintillation (Packard
Tricarb Model B2450) and converted to molar
concentrations through known specific activities.
Binding parameters according to the following model
(Brand & Toribara, 1975) were estimated by
nonlinear least squares regression (Metzler, 1969).

nPt K DDb -= + K Db I+KD o/w f (1)

where Db = bound drug concentration, nPt =
capacity of binding sites in plasma for disopyramide,
K = affinity constant, Df = free drug concentration
and Ko/w = partition coefficient.

Figure 1 shows the form of binding isotherms for
disopyramide in freshly drawn normal human
plasma, and also the small degree of inter-subject
variation, the two curves shown being the extremes
for eight subjects. It is seen that the therapeutic range
lies across the region where variation in fraction of
drug bound is greatest. At lower disopyramide
concentrations the data fitted a one-class binding site
model extremely well. However, at higher drug
concentrations the curves did not steadily approach
zero fraction drug bound as predicted with such a
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representation. Table I shows the three binding
parameters nPV, K and KO/ for all eight subjects;
these were not dependent on sex or age. The fraction
of drug bound (,B) decreased from 0.862 + 0.0063 to
0.259+0.008 (mean+s.e. mean) over the total drug
concentration range 1.16x 10 - - 5.25x I0-5M; in
the recommended therapeutic range (9.7 x 10-6 -
2.2 x 10- 5M or 3.3-7.5 mg/I) 1# decreased from 0.56 to
0.36 (Figure 3).

0 Figure 3 contrasts earlier literature data on
disopyramide binding with mean data from the
present study. The large variation in binding
behaviour between the earlier studies is readily
apparent. Some of the reasons for these variations
might include: the ultrafiltration method is quicker
and more convenient than equilibrium dialysis but is

*_. not without attendant problems which must be
carefully controlled (Steinhardt & Reynolds, 1969);

, , , use of blood bank rather than fresh plasma;
2 4 6 8 10 12 14 16 corrections for membrane and cell binding; and

Db X 106M) adequate demonstration of sufficient time for true
equilibrium.

In the present study, the capacity (nPd) and affinity
Modified Scatchard plot for the binding of (K) parameters with pooled blood bank plasma were
ide to plasma at 37°C for subjects (@) M.V. significantly (P< 0.05) decreased from 5.58 +
r.E. 0.33 x 10 6M and 1.14 + 0.05 x 106M I to 4.26 +

0.97 x 10-6M and 0.60 + 0.08 x 106M-1 (mean +
s.e. mean) respectively. A change in binding could

J this gives an indication that more than have been predicted since it is known that plasticisers
f binding site is involved. In Figure 2, this can be leached out of plastic containers and may
be clearly seen with the curves at highest cause displacement (Borga, Piafsky & Nilsen, 1977).

entration being almost horizontal. This Other additives (e.g. citrate, dextrose, phosphate and
at addition of a partitioning component to adenine) may also compete for plasma disopyramide
Lss model would be more appropriate than binding sites, together with any drugs present in the
a second class (Equation 1), and in all plasma of blood bank donors. Membrane and cell
this model proved to be a good binding is never insignificant, although it usually

Table 1 Binding parameters (mean + s.e. mean) of disopyramide in plasma from healthy volunteers

Binding capacity Affinity constant Partition coefficient
Subject nP, (X lo-6 M) K (x 1O6 M-') K01w
B.D. 5.14 + 0.116 1.12 + 0.069 0.187 + 0.0047
B.M. 5.72 + 0.227 1.07 + 0.109 0.203 + 0.0093
R.M. 4.87 + 0.256 1.08 + 0.148 0.264 + 0.0111
G.E. 4.38 + 0.114 0.96 + 0.065 0.155 + 0.0044
J.P. 6.94 + 0.184 1.17 + 0.078 0.27 + 0.0078
M.V. 6.96 + 0.148 1.17 ± 0.063 0.22 + 0.0061
E.K. 5.07 + 0.165 1.43 + 0.133 0.177 + 0.0071
M.M. 5.54 + 0.158 1.11 + 0.084 0.203 + 0.0065

Mean + s.e. mean 5.58 + 0.332 1.14 + 0.048 0.21 + 0.014

Binding capacities, affinity constants and oil/water partition coefficients were determined by nonlinear least squares
regression of bound drug concentrations (Db) on free drug concentrations (Dd) assuming the model:
Db = nPt K Dfj(l +K Df) + Ko/W Df (Equation 1).
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Figure 3 Published in vitro data for disopyramide-plasma binding showing the variability in reported fraction bound
over the plasma concentration range 1.1 x 10-7 1 X 10-4M. Data points are as quoted in the individual papers
(-) Chien et al. (1974), (A) Hinderling et al. (1974), (A) Cunningham et al. (1977), (0) Karim et al. (1978), (E)
Meffin et al. (1979), (A) mean (+ s.e. mean) data from present study.

decreases with decreasing hydrophobocity of the test
ligand, and must be actively allowed for in the
experimental design and calculations. The commonly
reported method of establishing equilibration time in
the clinical literature is to measure drug
concentration on one side of the membrane (usually
the protein-free side) as a function of time, and to
assume equilibrium when this is invariant. Steinhardt
& Reynolds (1969) have described the problems with
this approach and have stated that the only reliable
way of assuring true equilibrium is to obtain the same
bound and free drug concentrations when the drug is
initially placed on either side.

Meffin et al. (1979) have stated that there is large
inter-patient variability of disopyramide binding in
patients with cardiac disease. Our results do not
support this contention in healthy volunteers; indeed,
for a biological phenomenon, there is surprising
conformity (Figure 3). However, preliminary work in
our laboratory provides some support for increased
variability of binding in myocardial infarct patients.
In four patients with confirmed myocardial
infarction, plasma was taken within 24 h of onset of
symptoms and the binding parameters were
3.91 + 0.72 x 10-6M, 0.71 + 0.19 x 106M-1 and
0.42 + 0.05 for nP,, K & KO/W respectively. Compared

to the data for normals, the following changes were
significant (P< 0.05): decreased capacity and affinity,
increased partitioning from aqueous to non-aqueous
phase, and increased variability in affinity and
partitioning. Whether the partial increase in
variability is sufficient to jeopardise general binding
predictions is a separate question of importance if it is
established that plasma protein binding of
disopyramide is the key to understanding kinetics; as
mentioned previously, this is by no means agreed
upon.

Myocardial infarction appears to decrease
disopyramide binding in the therapeutic range, but
this would not have been inferred when comparing
the data of Meffin et al. (1979) with previous workers
(Figure 3). Decreased binding might be expected in
view of the well known decrease in plasma albumin
concentrations after infarction (Johansson,
Kindmark, Trell & Wollheim, 1972; Smith, Bos,
Esseveld, Van Eijk & Gerbrandy, 1977), and the
finding by Chien, Lambert & Karim (1974) that in
plasma, disopyramide binds mainly to albumin. At
higher disopyramide concentrations there was an
increase in the magnitude and variability of the non-
specific partitioning component of binding (K0/w).
This increase could be related to the transient

i
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increases in acute phase reactants (e.g. al1-acid
glycoprotein and fibrinogen) and serum enzymes
following infarction (Johansson et al., 1972; Smith et
al., 1977), with variability tied to extent of changes in
a given patient.
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HYPNOTIC AND RESIDUAL
EFFECTS OF TEMAZEPAM IN VOLUNTEERS

A rapid and predictable response in inducing normal
sleep without producing residual morning-after
effects is a fundamental requirement of the ideal
hypnotic (Lader, 1979). The 1-4 benzodiazepine,
temazepam, which is presented as a solution in
polyethylene glycol contained in a soft gelatin capsule
(Normison I), is rapidly absorbed, has a short
elimination half-life due to its rapid conjugation and
excretion and should not, therefore, accumulate on
repeated administration (Fuccella, Bolcioni,
Tamassia, Ferrario & Tognoni, 1977; Bittencourt,

Richens, Toseland, Wicks & Latham, 1979). In
addition, temazepam has been demonstrated to be an
effective hypnotic (Nicholson & Stone, 1976;
Hindmarch, 1976). From a multicentre study in a
large population of insomniacs Harry & Johnson
(1978) confirmed the efficacy of temazepam as an
hypnotic free of morning after residual effects at a
dose of 20 mg. Hindmarch (1976) indicated mild but
significant residual effects on the morning after the
use of a 30 mg dose of temazepam. Clarke &
Nicholson (1978) could not confirm this finding


