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The removal of 14C-edrophonium
from the circulation

D. J. BACK and T. N. CALvEY

Department of Pharmacology and General
Therapeutics, University of Liverpool,
Liverpool L69 3BX

The clearance of 14C-edrophonium from
plasma was studied in the rat. Distribution
studies showed that 5 min after intravenous
injection of the drug, more than half the dose
was present in the liver and the kidneys. The
concentration in these organs was approxi-
mately 20 times the level in other tissues. The
plasma concentration of "C-edrophonium was
invariably expressed as the sum of two
exponential terms, suggesting that the drug
may return to the circulation from other
tissues as the plasma level falls.

Many recent studies have been primarily
concerned with the kinetics of lipi&
soluble compounds that are slowly
metabolized and excreted. After intra-
venous administration, the disappearance
of these drugs from plasma is usually con-
sistent with an initially rapid rate of loss
from a central compartment, followed by
pseudo-distribution equilibrium between
the central and a peripheral compartment.
Few 'investigations have been concerned
with the clearance from plasma of
quaternary amines, which are only dis-
tributed in a single and well-defined central
compartment, and are primarily eliminated
from this compartment.
The present paper is mainly concerned

with the clearance of "4C-edrophonium
chloride from the circulation in the rat.
Since this quaternary amine combines re-
versibly with cholinesterase, its evanescent
effects on neuromuscular function
(Randall, 1950; Hobbiger, 1952) are pre-
sumably due to a rapid decline in the
concentration in blood. Although these
experiments confirmed that 14C-edro-
phonium was rapidly removed from the
circulation by both the liver and the
kidneys, its concentration in plasma was
not described by the mono-exponential
decline predicted from theoretical con-
siderations.

Methods,-Wistar rats of either sex
were anaesthetized with urethane (approxi-
mately 14 g/kg, i.p.) and a femoral vein
was cannulated with polyethylene tubing.
Animals were killed 5 min after intra-
venous injection of "C-edrophonium
chloride, (ethyl[l-14C]dimethyl-3-hydroxy-
phenyl)ammonium chloride, specific activity
10-0 mCi/mmol; 2-0 ,umol/kg), and the
liver and both kidneys were removed and
weighed. Small specimens (50-100 mg) of
most tissues and organs were excised,
weighed, and placed in liquid scintillation
vials. Samples were solubilized in methan-
olic hyamine hydroxide (Hyamine I0-X;
2-0 ml), and decolourized by treatment
with hydrogen peroxide (Herberg, 1960)
prior to liquid scintillation spectrometry.
Counting efficiencies were determined by
internal standardization.

In a separate series of experiments,
anaesthetized Wistar rats were injected
with "4C-edrophonium chloride (4-0 ,umol/
kg, i.v.). Specimens of heparinized blood
(approximately 0-2 ml) were obtained by
means of a carotid arterial cannula 5-95
min after administration. After centrifuga-
tion, the total radioactivity in samples of
plasma (usuallly 25 ,ul) was counted at an
efficiency of approximately 90%, with a
'33Ba external standard. "4C-edrophonium
was separated from its metabolites in
plasma by paper chromatography, and the
radiochromatograms were subsequently
counted by liquid scintillation spectro-
metry (Back & Calvey, 1972). The con-
centration of unchanged "4C-edrophonium
was then determined from the total radio-
activity in plasma and the results of paper
chromatography.

Unless otherwise stated, results are ex-
pressed as the mean ± S.E.M. of at least 5
experiments.

Results.-High levels of radioactivity
were detected in the liver (343 + 105 nCi/g)
and the kidney (573± 116 nCi/g) 5 min
after intravenous injection of 1C-edro-
phonium. These organs contained over
half the administered dose of edrophonium
(32-2+5-4% in the liver and 181±+2-6%
in the kidneys). The concentration of
radioactivity in the small intestine (42 nCi/
g) and the bladder (40 nCi/g) was approxi-
mately twice as great as the maximum
level in any other tissue or organ (range=
0-18 nCi/g), although the contents of these
organs were not included during measure-
ments of radioactivity.
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The concentration of unchanged 1'C
edrophonium in plasma 5-95 min after
intravenous administration of the drug is
shown in Figure 1. Each graph represents
the results of a single experiment. The
plasma level rapidly decreased between 5
and 55 min (from 2-60±0-28 ,umol/litre
to 0 12±0 02 umol/litre); in contrast, be-
tween 55 and 95 min there was little change
in the concentration of "4C-edrophonium
in plasma. Consequently, a semilogarithmic
plot relating 14C-edrophonium concentra-
tion to time (Fig. 1) was invariably re-
solved into two exponential components by
the method of residuals (Riggs, 1963). An
initial rapid phase of elimination (mean
half life=8-3 min; range=6-3-13-5 min)
was followed by a much slower decline,
corresponding to the fall in the plasma
concentration between 55 and 95 minutes.

In all experiments, the apparent volume
of distribution of 1IC-edrophonium was
calculated from the equation
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where V is the volume of distribution, and
A and B are the intercepts of the two
exponential functions on the ordinate at
zero time. The values obtained (1,508 ±
260 ml/kg) were approximately 6 times
greater than accepted values for extra-
cellular fluid volume.

Discussion.-In general, most cell mem-
branes are almost impermeable to quater-
nary amines, and their elimination from the
body is primarily dependent on carrier
transport in the kidney (Peters, 1960) or
the liver (Schanker & Solomon, 1963),
although some low molecular weight
quaternary amines are extensively metab-
olized (Somani, Wright & Calvey, 1970;
Back & Calvey, 1972). In the present ex-
periments, the high apparent volume of
distribution (approximately six times
greater than extracellular fluid volume)
presumably reflects extensive tissue local-
ization or excretion of the drug. Distri-
bution studies showed that more than half
the dose of 14C-edrophonium was detected
in renal and hepatic tissue within S min
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FIG. 1. The concentration of 14C-edrophonium in plasma after intravenous administration of
the drug (4-0 ,umol/kg). The unchanged drug was separated from its metabolites in plasma
by paper chromatography. Each graph represents the results of a single experiment; the
intercept of the dotted line on the ordinate represents the theoretical concentration at zero
time.
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of intravenous administration, confirming
that the drug is rapidly removed from the
circulation by these organs. Significant
amounts of radioactivity were not present
in other tissues.

In view of the virtual exclusion of 1l<:
edrophonium from most cells in the body,
it was aniticipated that the plasma concen-
tration of 14C-edrophonium would be
described by a single exponential function
of time, corresponding to the clearance
of the drug from extracellular fluid by
metabolism and excretion. Despite these
considerations, the concentration of 14C-
edrophonium in plasma was invariably re-
solved into two exponential components,
suggesting that the rapid uptake of the
drug by kidney and liver was not ade-
quately described in terms of a unidirec-
tional elimination process. The second
exponential component reflects the ex-
tremely slow decline in the concentration
of 14C-edrophonium in plasma between 55
and 95 min; this component has an ex-
tremely long half-life, and is consistent
with the slow return of the drug to the
circulation from a tissue compartment as
the concentration in blood falls. Some
other quaternary amines (for instance de-
camethonium) are also cleared from
plasma in a similar manner, possibly owing
to their initial uptake by, and subsequent
release from, skeletal muscle (Giovanella,
Manni, Mazzoni & Moricca, 1961); one
hour after intravenous injection of 14C-
decamethonium, approximately 75% of the
dose is present in striated muscle (Christen-
sen, 1965). Similar factors are unlikely
to apply to "4C-edrophonium, since the con-
centration of the drug in skeletal muscle
is extremely low compared to the level in
hepatic or renal tissue. Alternatively, it is
possible that the quaternary amine is both
secreted into and reabsorbed from the
proximal tubular cells in the kidney by a
process that is dependent on the plasma
level of the drug, as has been reported for
p-aminohippurate and other organic anions
(Baines, Gottschalk & Lassiter, 1968; Cho
& Cafruny, 1970; May & Weiner, 1970).
Another possibility is that the uptake of
14C-edrophonium by the liver is not a uni-
directional elimination process. In future
experiments, it is hoped to investigate

which of these various explanations is
correct.
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