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Amantadine hydrochloride (1-adaman-
tanamine hydrochloride, Symmetrel) is an
antiviral agent used against A, (Asian) in-
fluenza in animals (1) and in man (2).
Amantadine also has been used in the treat-
ment of parkinsonism (3), the available evi-
dence from animal experiments pointing to
an interaction with dopamine and perhaps
other catecholamines within the brain as its
major mode of action (4).

The present study in mice confirms and
reveals new actions for amantadine; it de-
creased the CNS stimulant side-effects of d-
amphetamine, and simultaneously it in-
creased d-amphetamine-induced anorexia.
The unexpected blockade by amantadine of
the stimulant (and also the lethal) effect of
d-amphetamine was reported by Menon,
Clark, and Fleming (5). This finding is of
particular interest since amantadine itself
has been reported to cause weak, atypical
stimulant effects at high doses (6).

Using the test method of Clark (7), fe-
male mice (Carworth Farms, CF,S) were
food-deprived for 26 to 29.5 hr and orally
given coded doses of either amantadine HCI
(1, 2.5, 5, or 25 mg/kg) or water, followed
30 min later by a second, coded oral dose of
either d-amphetamine SO, (0.0625 to 16
mg/kg, 2X increment between dose levels)
or water. Thirty minutes after the second
dose the mice were put into individual feed-
ing chambers. Each chamber contained a
brass bar with 10 small depressions; each
depression was about half-filled with a drop
(0.05 ml) of a 50% aqueous solution of
sweetened, condensed milk. The mice re-
mained in the feeding chamber for 45 min,
at which time a count was made of the num-
ber of milk drops consumed. The mice were
observed for signs of CNS stimulation (in-
creased spontaneous motor activity) just be-

fore they were put into the feeding cham-
bers (when control mice are asleep), and
were observed for signs of CNS depression
(decreased spontaneous motor activity)
after 5 min in the feeding chambers (when
control mice are quite active). The observa-
tions were made blind; that is, the observer
was unaware of the treatment condition.
Forty to fifty mice were tested at a time
including 10 or 20 controls. Four-hundred-
ninety mice were distributed among the var-
ious drug-treated conditions; there were
290 controls. Drugs were dissolved in dis-
tilled water and were given orally on a milli-
gram base weight per kilogram of body
weight basis at a constant volume of 10 ml/
kg. Control mice received two doses of wa-
ter at 10 ml/kg.

The CNS stimulation data were analyzed
by plotting, on a log-probit grid, the per-
centage of mice that showed signs of in-
creased spontaneous motor activity as a
function of the dose level of d-amphetamine
administered alone and in combination with
each of four preceding dose levels of aman-
tadine (1, 2.5, 5, and 25 mg/kg). The five
dose-response lines were fitted visually. The
methods of Litchfield and Wilcoxon (8)
were used to obtain the 95% confidence
limits around the doses that caused stimula-
tion in 50% of the mice (ED50) and to test
for potency differences among the EDS50
values. The anorexia data were analyzed by
plotting mean milk intake values on a sem-
ilog grid as a function of the dose level of d-
amphetamine administered alone and in
combination with each of three preceding
dose levels of amantadine (1, 2.5, and 5 mg/
kg). Each of the four dose-response lines
was derived by the method of least squares.
The methods of Bliss (9) were used to ob-
tain the 95% confidence limits around the
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TABLE I. AMANTADINE DECREASED d-AMPHETAMINE STIMULATION AND INCREASED d-AMPHETAMINE
ANOREXIA IN MICE.
d-Amphetamine
Stimulation (S) Anorexia (AY
Potency rela- Potency rela-
tive to d-am- tive to d-am-
Amantadine®  Oral ED50 n (Num- phetamine Oral ED50 in n (Num- phetamine
oral dose in in mg/kg Slope (95%  ber of alone (95% mg/kg (95% Slope (95% ber of alone (95%
mg/kg (95% C.L.) CL) doses) CL.) C.L) CL) doses) CL) S/A
0.0 2.1 1.6 60 0.74 -5.6 40 2.8
(d-Amphet- (1.8, 2.5) (1.4,1.9) 3) - (0.45, 1.21) (-3.3,-7.9) 4) -
amine
alone)
1.0 22 1.5 30 0.95 0.65 -4.5 40 1.14 34
(1.7,2.8) (12,19 3) (0.70,1.28)  (0.25,1.68)  (~1.8, —7.1) (4) (0.63, 2.08)
2.5 2.7 ¢ 1.8 90 0.78 0.374- 1 -53 30 2.00 73
(2.2,3.2) (1.5,2.2) A3) (0.61, 0.99) (0.10, 1.40) (-0.8, —9.9) 3) (1.09, 4.17)
5.0 3.4c¢ 1.9 30 0.62 0.394. ¢ -6.0 130 1.90 8.7
(2.4,4.8) (14,25) 3) {0.43, 0.89) (0.29, 0.53) (-39, -8.1) (3) (1.28, 2.86)
25.0 3.6°-¢ 1.6 40 0.58 o - — - -
(2.9, 4.4) (1.3,1.8) 3) (0.45, 0.76)

¢ For amantadine alone at 1, 2.5, 5, and 25 mg/kg, the mean milk intake values were 5.5 (n = 20), 5.4 (n = 30), 5.9 (n = 80), and 1.9 (n = 20) drops,
respectively. Only the amantadine value at 25 mg/kg differed significantly from control by 2-tailed Student’s ¢ test. None of the amantadine-alone-

treated mice showed signs of either stimulation or depression at any dose.

® The mean milk intake for control mice (7 = 290) was 5.6 drops. None of the control animals showed signs of stimulation; 2.4% were depressed.
¢ Significantly different from d-amphetamine alone at the 0.05 level or beyond (8).
4 Significantly different from d-amphetamine alone at the 0.05 level or beyond (9).

-/ Values not significantly different from one another.

¢ Data not interpretable since this dose of amantadine alone caused significant anorexia.

doses that reduced milk intake to 50% of
control (ED50), and to test for potency dif-
ferences among the EDS50 values.

The results are summarized in Table I,
which shows (i) oral ED50 values and confi-
dence limits (C.L.) for CNS stimulation and
anorexia for d-amphetamine alone and in
combination with each of three or four pre-
ceding dose levels of amantadine, (ii) the
slope value and confidence limits for each
dose-response line; (iii) the number of mice
and the number of doses of d-amphetamine
on which each line was based, (iv) the po-
tency and confidence limits of each line rela-
tive to that of d-amphetamine alone, and (v)
the ratio (S/A) of the stimulant ED50 (S) to
the anorexia ED50 (A). d-Amphetamine
alone stimulated 50% of the mice at 2.1 mg/
kg and caused a 50% reduction in milk
intake at 0.74 mg/kg. Amantadine at 1 mg/
kg had no significant effect on the d-am-
phetamine EDS5O0 values for stimulation or
anorexia. Amantadine at 2.5 and at 5 mg/kg
significantly raised the d-amphetamine
stimulation ED50 values to 2.7 and 3.4 mg/
kg, respectively, and at the same time it
significantly lowered the d-amphetamine

anorexia ED50 values to 0.37 and 0.39 mg/
kg, respectively. Amantadine at 25 mg/kg
raised the d-amphetamine stimulant ED50
to 3.6 mg/kg. The ratio of the stimulant to
the anorexic ED50 (S/A) which is one
measure of the “selectivity” of an anti-ap-
petite drug, increased from 2.8 for d-am-
phetamine alone to 8.7 for d-amphetamine
in combination with 5 mg/kg of amantadine.
Amantadine alone, at 1, 2.5, and 5 mg/kg,
had'no effect on either spontaneous motor
activity or on milk intake. The 25 mg/kg
dose of amantadine alone caused significant
anorexia but had no stimulant or depressant
effect. This is consistent with previous re-
ports of lack of CNS activity of amantadine
in mice and other animals at oral doses be-
low 30 mg/kg (6). Thus in mice, amantadine
at “‘no effect” dose levels, which are within
the clinical range (2 to 3 mg/kg), signifi-
cantly decreased d-amphetamine stimula-
tion and simultaneously increased d-am-
phetamine anorexia. The present data sug-
gest that amantadine could serve as a useful
laboratory tool in furthering our under-
standing of the pharmacology of the CNS
system or systems which subserve stimula-
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tion and appetite, since it appears to differ-
entially affect the actions of d-amphetamine
on these two aspects of behavior.

Summary. Amantadine hydrochloride
(Symmetrel), an antiviral, antiparkinson
agent that is most frequently used clinically
at oral doses of 2 to 3 mg/kg, significantly
decreased d-amphetamine-induced CNS
stimulation (motor activity) and simultane-
ously increased d-amphetamine-induced
anorexia (milk intake) in mice. Amantadine
did this at oral doses of 2.5 and 5 mg/kg,
which alone had no effect on either motor
activity or milk intake.
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