that the saliva functions to supply a car-
bon source of energy-rich lipids (/2) and
that the proctodeal fluids constitute, at
least for the beetles, a major source of
nitrogen via the protoplasm of ingested
symbiotes (/3). Since there is no evi-
dence of the beetles’ proffering any of
their digestive fluids to the termites, their
trophic relationship with the termites
seems to be undirectional.

Much remains unknown regarding the
trophic interactions between these
beetles and their hosts. A quantitative
measurement of the relative frequency of
each type of feeding behavior as well as a
biochemical characterization of the
stomodeal, proctodeal, and surface lipid
reservoirs will be necessary before a de-
tailed understanding of the trophic inter-
actions can be obtained.

RAaLPH W. HOWARD
Southern Forest Experiment Station,
Forest Service, U.S. Department of
Agriculture, Gulfport, Mississippi 39503
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Disulfiram Enhances Pharmacological Activity of

Barbital and Impairs Its Urinary Elimination

Abstract. Disulfiram or diethyldithiocarbamate significantly enhanced the sleep-
ing time induced by barbital in rats. At identical time intervals after rats were inject-
ed with barbital the concentration of barbital in the blood or brain of animals that
had previously received disulfiram was significantly higher than the concentrations
in the corresponding tissues of control animals. Urinary excretion of barbital was
significantly reduced in disulfiram-treated animals.

Disulfiram has been in use in avoid-
ance therapy in certain cases of alcohol-
ism for many years. Although disulfiram
by itself is generally regarded as a rela-
tively safe drug, several cases of exag-
gerated responses to some drugs, and
sometimes toxic manifestations, were re-
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Fig. 1. The concentrations of barbital in

blood, brain, kidneys, and liver (A), and the
amounts of barbital excreted in urine (B) at 6,
12, and 24 hours after an intraperitoneal injec-
tion of barbital (100 mg/kg). The data in (B)
are expressed as percentages of the dose ad-
ministered. Unshaded bars, disulfiram-treated
rats; shaded bars, CMC-treated rats. Each
value represents the mean * standard error of
the mean obtained from a different group of
six rats each. Asterisks indicate results statis-
tically different from control (P < .05) by
two-tailed Student’s ¢-test.

ported in patients receiving disulfiram.
For example, enhanced reduction of pro-
thrombin level and evidence of bleeding
were reported when an anticoagulant,
warfarin, was administered to patients
taking disulfiram (/). Typical symptoms
of phenytoin overdosage were observed
in patients receiving this drug and disul-
firam (2). Psychosis and confusion were
reported in patients taking both disul-
firam and metronidazole (3). It has been
suggested that disulfiram impairs the
biotransformation of these drugs and
thus enhances their pharmacological ac-
tivity (4). Rats treated with disulfiram
(200 mg/kg, intraperitoneally) 2 hours be-
fore the administration of hexobarbital
slept three times as long as control rats
(5). This effect was presumed to be due
to a potentiation of the hexobarbital ac-
tion in the central nervous system, be-
cause the amount of hexobarbital metab-
olized by the whole body in 30 minutes
was not significantly altered by prior ad-
ministration of disulfiram.

We have observed that disulfiram (400
mg/kg, injected intraperitoneally) en-
hances the pharmacological activity and
toxicity of barbital in the rat (6), although
barbital undergoes virtually no metabolic
transformation in this species and is
eliminated almost entirely in the urine
(7). This suggests that enhancement by
disulfiram of the pharmacological activi-
ty of certain drugs could involve some
aspects other than the impairment of en-
zymes involved in the biotransformation
of drugs.

Here we report that treatment of rats
with disulfiram is associated with
changes in the distribution of barbital in
blood, brain, liver, and kidneys, and that
urinary excretion of barbital is signifi-
cantly reduced in disulfiram-treated rats.

Male Sprague-Dawley rats (180 to 200
g) were used in all experiments. They
were housed in temperature-regulated
quarters (23° to 25°C) on a 12-hour light-
dark cycle (lights on from 0700 to
1900) and given free access to food and
water. The animals were divided into
groups of six rats each. The rats in some
of the groups received an intraperitoneal
injection of 1 percent carboxymethyl-
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Table 1. The influence of disulfiram (200 mg/kg) and DDC (200 mg/kg) on sleeping time induced
by barbital, and the concentration of barbital in the brain and blood upon return of the righting
reflex in rats. Barbital (200 mg/kg), was injected 1 hour after CMC, disulfiram, or DDC. Upon
return of the righting reflex the rats were decapitated and the concentration of barbital in blood
and brain was measured as described in the text. Values represent the mean + standard error of
the mean from a different group of six rats each.

Sleeping time

Barbital concentration

Treatment Y on awakening*
(minutes)
Brain (ug/g) Blood (ug/ml)
CMC 153 = 23 152+ 3 195+ 5
Disulfiram 367 = 487 159+ 6 202 = 8
DDC 307 + 427 158 = 11 208 = 10

*Return of righting refiex.

cellulose (CMC) (2 ml/kg). The rats in
the other groups received an intra-
peritoneal injection of disulfiram (200
mg/kg) suspended in a 1 percent solution
of CMC. One hour later the rats in all
groups were given an intraperitoneal in-
jection of barbital sodium (100 mg/kg).
They were then placed individually in
metabolic cages (23 by 25 by 18 cm) to
allow for urine collection. At different
time intervals (6, 12, and 24 hours) after
barbital administration, the animals were
decapitated and blood was collected in
50-ml beakers containing about 500 units
of heparin in 0.1 ml of 0.9 percent NaCl
solution. The blood was then immediate-
ly analyzed for barbital content. The
brain, liver, and kidneys were immedi-
ately removed after decapitation. The
barbital content of blood, brain, liver,
kidneys, and urine collected during the
6-, 12-, and 24-hour periods was mea-
sured spectrophotometrically as de-
scribed previously (8). This method in-
volves extraction of barbital into di-
ethylether from blood diluted with
phosphate buffer (pH 6), or from tissue
samples homogenized in the same buf-
fer. A portion of the ether layer is then
aspirated and the barbital it contains is
extracted with phosphate buffer (H 11)
and its optical density in the buffer is
measured. The concentration of barbital
is found from a standard curve relating
optical density to concentration. Per-
centage recoveries varied between 85
and 89 percent. This method proved spe-
cific for barbital since the use of liquid
scintillation spectrometry to measure
14C-labeled barbital in some biological
fluids yielded similar results.

As shown in Fig. 1A, disulfiram-
treated animals had a significantly higher
(P < .05) concentration of barbital in
blood and brain at the three time inter-
vals examined. The concentration of bar-
bital in kidneys and liver was significant-
ly higher (P < .05) at the 6-hour interval.
Figure 1B indicates that the amounts of
barbital excreted in urine during 6- or 12-
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tStatistically different from control (P < .05) by two-tailed Student’s z-test.

hour periods by disulfiram-treated rats
are significantly less (P < .05) than the
amounts excreted by CMC-treated rats.

In addition, we found that the same
dose of disulfiram (200 mg/kg) adminis-
tered 1 hour before barbital (200 mg/kg)
significantly increased (P < .05) the
sleeping time induced by barbital. The
concentrations of barbital in the brain or
blood in disulfiram- or CMC-treated
groups were similar when rats gained
their righting reflex. With diethyldithio-
carbamate (DDC), believed to be an ac-
tive metabolite of disulfiram, similar re-
sults were observed (Table 1). Thus, it
seems that the sensitivity of the brain to
barbital is not affected by disulfiram or
DDC.

Our results indicate that the urinary
elimination of barbital in disulfiram-
treated animals is impaired. This impair-
ment could account for the prolongation
of sleeping time induced by barbital, par-
ticularly since it is associated with an in-
creased concentration of barbital in
blood and brain. We previously reported
(9) that disulfiram significantly enhances
morphine-induced analgesia and cata-
lepsy in the rat. When we examined the
elimination of morphine and metabolites
in disulfiram- and CMC-treated rats, we
found that both urinary and biliary ex-

Iconic Storage: The Role of Rods

cretion of morphine and metabolites
were significantly impaired in the disul-
firam-treated group (9).

Previous studies of the enhanced phar-
macological activity of certain drugs by
disulfiram have usually been limited to
measuring the concentration and half-life
of the drugs in the plasma. It has often
been concluded that the biotransforma-
tion of the drug in question is impaired
«, 10). Indeed, it has been shown that
disulfiram impairs the activity of several
enzymes implicated in drug biotransfor-
mation (/). However, in view of the re-
sults obtained with barbital and mor-
phine, the influence of disulfiram on drug
excretion should be considered when at-
tempts are made to explore the mecha-
nisms underlying the enhancement of the
pharmacological activity of certain drugs
by disulfiram. In man, retardation of
drug elimination might have therapeutic
implications.

MAHMOUD SHARKAWI
DEeNis CIANFLONE
Département de Pharmacologie,
Université de Montréal,
Montréal, Québec, Canada

References and Notes

. E. Rothstein, J. Am. Med. Assoc. 206, 1574
(1968).

. E. Kiorboe, Epilepsia 7, 246 (1966).

. E. Rothsteinand D. C. Clancy, Q. J. Stud. Alco-
hol 31, 446 (1970).

. 0. V. Olsen, Arch. Neurol. 16, 642 (1967); R. A.
O’Reilly, Ann. Intern. Med. 78, 73 (1973).

. B. Stripp, F. E. Green, J. R. Gillette, J. Phar-
macol. Exp. Ther. 170, 347 (1969).

. M. Sharkawi, D. Cianflone, A. M. El-hawari, J.
Pharm. Pharmacol. 30, 63 (1978).

. R. T. Williams, Detoxification Mechanisms
(Chapman & Hall, London, ed. 2, 1959), p. 59.

. T. C. Butler, J. Pharmacol. Exp. Ther. 100, 219
(1950).

. A. M. El-hawari, D. Cianflone, M. Sharkawi,
Pharmacologist 19, 142 (1977).

10. E. S. Vesell, T. Passananti, C. H. Lee, Clin.

Pharmacol. Ther. 12, 785 (1971).
11. M. A. Zemaitis and F. E. Greene, Biochem.
Pharmacol. 25, 453 (1976a); ibid. 1355 (1976b).

12. We thank G. L. Plaa and C. Marchand for help-

ful comments and S. Leroux for skillful techni-

cal assistance. Supported by research funds of

the University of Montreal.

8 March 1978; revised 10 April 1978

—

[ =T S - Y I Rl

Abstract. The hypothesis that rods mediate iconic storage was tested by present-
ing letters of one color against a field of another. The colors were chosen to be
discriminable only by the cones, only by the rods, or both. Under dark adaptation,
the rods had little if any effect on partial-report advantage; however, they were im-
portant in determining the phenomenal persistence of the stimulus. Under light ad-
aptation, the rods played no apparent role in either type of persistence.

The information in a briefly displayed
visual stimulus is not lost as soon as the
display ceases. Rather, it persists for a
fraction of a second, almost as if the
physical stimulus were still present.

This can be shown by the partial-re-
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port technique introduced by Sperling
(I). An array of letters (say, three rows
of four letters each) is briefly displayed
and followed by a cue to read the letters
in one row. If the cue is delayed by more
than a few hundred milliseconds, per-
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