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Rapid communication

L ethal seizures predicted after aminophylline therapy in cocaine abusers
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Abstract

Mice with a history of chronic (10 days), but not acute, treatment with a non-convulsant dose of cocaine showed increased sensitivity
(P < 0.001) to the toxic effects of aminophylline (seizures, lethdity) relative to controls even days after the cessation of cocaine
treatment. The present finding suggests that individuals with a history of cocaine use may be at increased risk for convulsive and lethal
complications associated with the therapeutic use of aminophylline. © 2000 Elsevier Science B.V. All rights reserved.
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Aminophylline continues to be a mainstay therapy of
asthma, neonatal apnea and chronic obstructive pulmonary
disease despite potential cardiac and neurological compli-
cations (Serafin, 1995). As plasma levels of aminophylline
are not always predictive of toxicity, the recognition of
other risk factors becomes imperative (Shannon, 1999).
We now report data that predict an increased risk of lethal
seizures in cocaine abusing patients.

Male Swiss—Webster mice were given a single injection
(group A) or repeated injections (group B, group C) of 40
mg/kg (—)-cocaine HCI (Sigma, St. Louis, MO, USA)
(Fig. 1, top plot). The incidence of clonic seizures was
monitored for 30 min after each cocaine treatment. Mice
were then challenged with 250 mg/kg aminophylline (the-
ophylline ethylenediamine, Sigma) 24 h after the last
cocaine treatment (group A, group B) or after a 6-day
drug-free period (group C). The occurrence of clonic
seizures (brief episodes of clonic movements of the limbs
with loss of the righting response), tonic seizures (tonic
extension of the hind limbs), status epilepticus (clonic—
tonic seizures continuously lasting for at least 5 min) and
lethality were recorded for 120 min after aminophylline
injection. Control groups were given saline instead of
cocaine. All injections were intraperitoneal in a volume of
0.01 ml /g.
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A 10-day treatment regimen of 40 mg/kg cocaine did
not affect the heath of the mice, produced no visible
behavioral changes and engendered less than a 0.5% cumu-
lative incidence of clonic seizures (Fig. 1, middle plot). A
history of chronic cocaine treatment (group B) signifi-
cantly (P < 0.001) increased the percentage of amino-
phylline-treated mice exhibiting clonic seizures, tonic
seizures, status epilepticus and death relative to controls
(Fig. 1, bottom plot). This increased sensitivity remained
unchanged after a 6-day washout period (group C), indicat-
ing durable changes. In contrast, acute cocaine treatment
(group A) did not increase the toxicity of aminophylline.

Cocaine abusers without a history of seizures can de-
velop seizures and become increasingly more sensitive to
the convulsant effects of cocaine with continued exposure
(Dhuna et al., 1991). The present study provides the first
experimental evidence implicating chronic cocaine use with
the development of a profound sensitivity to the toxic
effects of aminophylline. Status epilepticus after theo-
phylline was recently reported in a cocaine abuser (Krieger
and Takeyasu, 1999) and our findings implicate cocaine
use as a causdtive factor.

A short haf-life of cocaine (~ 30 min) and the lack of
accumulation of cocaine and its metabolites after an 18-day
treatment with 20 mg/kg cocaine in mice (Reith et al.,
1987), imply the involvement of pharmacodynamic over
pharmacokinetic factors in the enhanced toxicity. Although
the mechanisms responsible for this phenomenon are not
known, adenosine receptors may play a role. The convul-
sant effects of aminophylline have been attributed to the
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Fig. 1. Top plot: A schematic representation of the treatment protocol.
There were three treatment groups (N = 12 mice/group): cocaine on day
1 and aminophylline on day 2 (group A); cocaine daily for 10 days and
aminophylline on day 11 (group B); cocaine daily for 10 days and
aminophylline on day 16 after a 6-day washout period (group C). Doses
of cocaine and aminophylline were 40 and 250 mg/kg, respectively. For
each of the groups, there was an equivalently-sized control group treated
with saline instead of cocaine and subsequently with aminophylline.
Middle plot: Expression of clonic seizures over the course of repeated
treatment with cocaine. Each data point represents the percentage of mice
(N = 24) exhibiting clonic seizures within 30 min post-injection with 40
mg,/ kg cocaine. There was one episode of clonic seizures (day 5) out of
240 total treatments. The cumulative incidence of clonic seizures was less
then 0.5%. Bottom plot: Each bar represents the percentage of micein the
control group (N =36) and in experimental groups A, B, and C (N=
12 /group) exhibiting clonic seizures, tonic seizures, status epilepticus or
lethality within 120 min after a single challenge with 250 mg/kg
aminophylline. * P < 0.001 compared to the control group (Fisher's exact
probability test).

blockade of adenosine A ; receptors (Dragunow, 1990). A
role of adenosine in the long-term alterations in synaptic
transmission after chronic cocaine treatment has aso been
reported (Bonci and Williams, 1996).

There are estimates of 1.7 million regular cocaine users,
30 million individuals with a history of cocaine use, and
150,000 cocaine-related emergency room visits annually in
the United States (NIDA, 1995). Taken in conjunction
with the fact that aminophylline seizures can be refractory
to anticonvulsant therapy (Serafin, 1995), the present find-
ings suggest the need for heightened awareness of poten-
tial convulsive and lethal complications associated with the
therapeutic use of aminophylline in individuals with a
history of cocaine use or newborns of cocaine-abusing
mothers. The possibility that cocaine abusers may be at
increased risk to the toxic effects of other drugs (eg.,
caffeine) should not be overlooked.
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