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Movement Disorders of Aged Rats:

Reversal by Dopamine Receptor Stimulation

Abstract. When placed in a tank of water, aged rats (24 to 27 months old) showed
marked impairments in swimming. Compared with young adult rats (3 to 4 months
old), the older animals moved their limbs less vigorously and were less successful in
keeping their heads above water. The young, but not old, rats maintained a position
nearly horizontal to the water surface and planed across it. These movement dys-
functions of aged rats resemble those seen in young adult animals that have sus-
tained injury to brain dopamine-containing neurons. The swimming impairments of
the aged rats were reversed by the dopamine receptor stimulant apomorphine and by
the biosynthetic precursor of dopamine, L-dopa. Thus, age-related alterations in
brain dopaminergic systems may be responsible for some of the movement distur-

bances associated with senescence.

While movement disturbances of aged
humans have been well documented,
those of aged animals have not been sys-
tematically examined. As reviewed by
Wellford (7), elderly persons need more
time to carry out movements, pace them-
selves poorly in tasks requiring continu-
ous performance, and fail to adjust their
movements to compensate for their er-
rors. To determine the motor capacities
of aged rats, we have examined their ca-
pacity to swim. Swimming, which re-
quires the coordinated movement of the
limbs and trunk, is a common measure of
the motor abilities of rodents. Its ontoge-

ny (2) and neurological basis (3, 4) have
been investigated. We now report that 2-
year-old rats have deficient ability to sus-
tain vigorous and effective swimming.
However, when given apomorphine or L-
dopa they swim as well as young adult
animals, which suggests that a deteriora-
tion of brain dopamine neurotransmis-
sion may contribute to some of the
movement disorders of advanced age.
Male rats (Fischer 344 strain, retired
breeders, Charles River) delivered by
cesarean section were housed in metal
cages. The swimming of rats 24 to 27
months old was compared with that of 3-

to 4-month-old rats. Each rat was placed
in a cylindrical tank (46 cm in diameter
by 46 cm deep) of water (22° to 24°C) for
15 minutes. The rats could not keep their
nostrils above water while supporting
themselves on the bottom of the tank,
nor could they jump out. At 1-minute in-
tervals, the observer rated swimming
along two dimensions: (i) the vigor with
which the animal moved its limbs, and
(ii) the success that each rat had in main-
taining its head above the water surface
©).

Young adult rats swam with vigorous
limb movements and held their heads
above water. They typically kept their
body axes nearly horizontal to the sur-
face, moving all four limbs so as to plane
across it (Fig. 1A). The vigor and suc-
cess with which the young rats swam de-
clined gradually during the 15-minute
test (Fig. 2A). In contrast, the aged ani-
mals swam vigorously for a few minutes
but were significantly impaired by min-
ute 6 (Fig. 2A). Moreover, the aged rats
were unable to sustain a horizontal posi-
tion in the water. They lapsed into a
more vertical posture (Fig. 1C) that ne-
cessitated their struggling to keep their
heads above water. After several min-
utes they repeatedly sank and inter-
mittently fought their way back to the
surface. For the 15-minute test, ihe two
age groups differed significantly on
both measures of swim performance
[F (1,17) = 27.8, for vigor, 96.4 for suc-
cess, P < .001] 6). The interaction be-
tween group and time was significant for
both measures, indicating a more rapid
deterioration of swim performance in
aged than in young adult rats [F (14,238)
= 6.80, P < .001, for vigor; F (14,238) =
2.35, P < .005, for success].

The poor performance of these aged
rats resembles the impaired swimming of

Fig. 1. Swimming of young adult (A and B) and aged (C and D) rats given apomorphine (0.50 mg/kg) or its vehicle. Note the vertical position
assumed by the aged rat given vehicle (C). After apomorphine treatment, the aged animal adopted a more horizontal position (D), similar to that
of young adult rats given apomorphine (B) or its vehicle (A).
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young adult rats in which the dopamine-
containing terminals of the forebrain
have been damaged (3, 4). The swim-
ming of young adult rats with brain dopa-
mine loss, like that of aged animals, dete-
riorates rapidly during a 15-minute test
(3); they adopt a vertical pqsition in the
water as their performance wanes. In
view of'these similarities, it seemed that
the deficient performance of the senes-
cent rat might be linked to age-related
changes in brain dopaminergic neuro-
transmission (7). If so, their swimming
should improve after the administration
of compounds that enhance brain dopa-
mine receptor stimulation.

Young adult and aged rats were given
the dopamine receptor stimulant com-
pound apomorphine §) (0.25, 0.50, or
2.0 mg per kilogram of body weight as
free base, injected intraperitoneally) or
its vehicle (0.1 percent ascorbic acid in
0.9 percent NaCl) 15 minutes before
being placed in the water. The observer,
who was not informed as to the drug con-
dition of the animal being tested, rated
its vigor and success at each minute of
the 15-minute test.

The performance of aged rats given
apomorphine was dramatically restored

(Fig. 2B). Even the lowest dose induced
senescent rats to swim more vigorously
and successfully than vehicle-treated
young adults  [Dunnett’s  r-tests,
t (84) = 10.6 for vigor, 4.6 for success,
P < .005]. An analysis of the moment-
by-moment scores reveals that this im-
provement is attributable to a prolonga-
tion of vigorous and effective swimming.
Like young adults, the apomorphine-
treated aged animals adopted a more
horizontal position (Fig. 1D), keeping
their heads above water for most of the
test. Apomorphine also enhanced the
swimming vigor. of young adult rats
[F (3,46) = 8.9, P < .001] although less
markedly and only at doses higher than
those required by aged rats.

We determined next whether the
swimming of aged rats would be im-
proved after administration of another
compound that increases brain dopamine
receptor stimulation. The previous ex-
periment was repeated with the biosyn-
thetic precursor of catecholamines, L-
dopa. When administered systemically,
this amino acid is converted enzymati-
cally to dopamine in the brain (9). L-
Dopa methyl ester HCI (Sigma, 50 or 100
mg/kg, as free base, injected intra-

A Vigor Success
Y = Young
3 A = Aged
® Fig. 2. Mean (+ 1 standard er-
S ror) swim performance of aged
@ (A) and young adult (Y) rats
E that received no drugs (A) or
3 1 were. treated with apomor-
phine (B) or L-dopa (C). (A)
Dots indicate significant dif-
0 ferences (P << .05, Scheffé
5 10 15 0 5 10 15 tests) between 6 aged rats and
B Swim time (minutes) I%y?un% adult dr’atfs.d(B)dThe
effects of age and of drug dose
45 " . . are ‘significant for both mea-
Z %/ /% )/% sures of swim performance, as
40 ) %//// %% Z% % are the group-by-dose 'inter-
% ’ Z% %% §§ §§ \§\{\\ actions (analyses .of variance,
30 Z% /% é% %Z §\ §§ §§ P < .002). Dots indicate sig-
%g %% //?% Z% §§ §§ §§ nificant differences (Dunnett’s
// ’// é//// // §\§ §\\ x\ t-tests, P < .05) from respec-
77 77 77 AN 1N WX i hi :
§ [ Ui, siith, ottt ditt . | i _sisisSisS_Sa_ tained from 6 to 25 rats. ©)
€ 0 YA YA YA YA YA YA YA YA The effects of age and of drug
2 VEH 0.25 0.50 2.00 VEH 0.25 0.50 2.00 dose are signi.ﬁcjant for both
3 ¢ Apomorphine dose (mg/kg) measures ths“,"m pgrf((;rm—
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%% ZZ %Z §§\ §§ §§ respective vehicle control con-
ditions. Each group contained
20%% %/% %% §§ §§ ;\\\\\§ 6 to 10 rats. )
i 2%, /Z /% /Z/g L W &\\ &\\\\ &\\\S &\\\\
0
Y A Y A Y A Y A Y A Y A
VEH 50 100 VEH 50 100
L-Dopa dose (mg/kg)
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peritoneally) or its vehicle (0.9 percent
NaCl) were given 15 minutes before the
swim test. B

L-Dopa rejuvenated the swimming of
aged rats [F (2,24) = 20.9 for vigor, 12.9
for success, P < .001] (Fig. 2C). Even at
the lower dose (50 mg/kg) the aged ani-
mals swam with improved vigor and suc-
cess [Dunnett’s ¢-tests, ¢ (47) = 4.95 for
vigor, 4.77 for success, P < .005]. Only
at the higher dose (100 mg/kg) was the
swimming of the younger rats improved,
and even then only in the success mea-
sure [Dunnett’'s z-test, ¢ (47) = 4.84,
P < .005].

These experiments demonstrate for
what we believe to be the first time that
aged rats suffer from severe disturbances
of movement. The rapid deterioration of
their performance during the test sug-
gests that their motor dysfunctions are
particularly apparent when prolonged,
strenuous movements are required. Not
only do they swim with impaired vigor
and success, but by adopting a vertical
posture, they reduce their buoyancy, an
inefficient strategy for coping with the
prolonged swim stress.

The dramatic rejuvenation of perform-
ance by compounds that enhance the ac-
tivity of brain dopamine receptors holds
potential significance for understanding
the movement disturbances of aging.
The poor performance of aged rats in the
drug-free condition is not attributable
solely to peripheral factors, such as di-
minished muscle mass or increased
adiposity; instead, the results suggest a
central nervous origin of this deficit. In
particular, the poor performance of the
aged animal seems linked to the age-re-
lated changes in neurotransmission at
brain dopaminergic synapses (7). Given
this background of subnormal dopamine
synaptic activity in senescence, low
doses of apomorphine or 1-dopa appear
to facilitate movement by normalizing
the stimulation of central dopamine re-
ceptors.

The aged rats showed dramatic im-
provements in swimming at doses of
apomorphine or L-dopa that had little or
no effect on the performance of young
rats. Over the range of doses tested,
however, the maximum performance of
the two age groups was remarkably simi-
lar (/0). This similarity indicates that the
central programs for these movements
are intact in aged rats. The dopamine
agonist compounds apparently permit
the aged animal to activate these central
programs under the appropriate circum-
stances.

The dopamine-containing neurons of
the brain have long been known to be es-
sential for normal movement and senso-
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rimotor integration. The movement dis-
turbances. of Parkinson’s disease, for ex-
ample, are attributable to a loss of
dopamine-containing neurons that in-
nervate forebrain structures, particularly
the neostriatum (/7). Damage to these
neurons of young adult animals results in
sensorimotor disturbances similar to
parkinsonism (/2). The symptoms of this
clinical disorder (/3) and its analog in an-
imals (/4) are frequently controlled by
administration of L-dopa, apomorphine,
or similar compounds: Our findings sug-
gest that advanced age may represent an-
other link. between movement distur-
bances and the deterioration of dopami-
nergic neurotransmission. This conclu-
sion is supported by recent clinical in-
vestigations that have noted similarities
between the movément disturbances of
parkinsonism and those of nondiseased
elderly individuals (15).

The swimming behavior of aged rats is
a-powerful indicant of age-related distur-
bances of movement. The impairment
observed in aged animals is likely to be
symptomatic of a wide-ranging deterio-
ration of sensorimotor integration. The
findings offer the opportunity to illumi-
nate the neurological basis for some
movement disorders of elderly humans.

JouN F. MARSHALL

NORBERTO BERRIOS
Department of Psychobiology,
University of California, Irvine 92717
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A Correlation Between Platelet Monoamine Oxidase

Activity and Plasma Prolactin Concentrations in Man

Abstract. Increases in plasma prolactin concentrations produced by o-methyl-p-
tyrosine, a catecholamine synthesis inhibitor, varied inversely with baseline platelet
monoamine oxidase activity in 12 patients with chronic schizophrenia. In normal
volunteers with low monoamine oxidase activity and in unmedicated patients with
chronic schizophrenia, plasma prolactin concentrations varied directly with platelet
monoamine oxidase activity. No such relationship was found in normal subjects with
high platelet monoamine oxidase activity. These data suggest that platelet mono-
amine oxidase activity reflects monoaminergic activity in the tubero-infundibular
system, which in turn affects plasma prolactin concentrations. This relationship may
be important in patients with low platelet monoamine oxidase activity, such as some

chronic schizophrenics.

Monoamine oxidase. (MAO) (E.C:
1.4.3.4) plays-a major role in the degra-
dation of monoamines (/). Platelet MAO
activity is reduced in some people with a
variety of clinical disorders (2) including
some patients with chronic schizophre-
nia (3). Whether platelet MAO activity
reflects monoaminergic activity in the
brain or elsewhere has yet to be estab-
lished.

The release of prolactin from the ante-
rior pituitary is inhibited by the mono-
amine, dopamine (DA) (4). Although in-
creased DA activity has been postulated
in chronic schizophrenia, plasma pro-
lactin concentrations, an indirect mea-
sure of this activity, are niot decreased in
schizophrenics (5). The _three experi-
ments described here suggest that the
regulation of prolactin secretion is re-
lated to monoaminergic activity as re-
flected in platelet MAO activity in some
normal subjects and schizophrenics.

- The first experiment consisted of a ret-
rospective analysis of the effects of a-
methyl-p-tyrosine (AMPT), a catechol-
amine synthesis inhibitor, on plasma
prolactin concentrations in two studies
of chronic sc;hiz’ophrenics maintained on
stable doses of conventional neurolep-
tics (6). Increases in plasma prolactin
concentrations producéd by AMPT (7)

were found to vary inversely with plate-
let. MAO activity (8) (Spearman, p =
—.85, P < .001, N = 12). .
_This correlation suggested that platelet
MAO activity might reflect MAO activi-
ty in the tubero-infundibular system. If
so, low platelet MAO activity should be
associated with high DA concentrations
in the tubero-infundibular system. In
subjects with high platelet MAO activity
(that is, already low DA concentrations) -
further decreases in DA concentrations
with AMPT could léad to only small in-
creases in plasma prolactin concentra-
tions. Fundamental to this interpretation
is the assumption that low platelet MAO
activity should be associated with low
plasma prolactin concentrations in un-
medicated subjects. This hypothesis was
tested in two further experiments.
Blood was drawn from 39 normal vol-
unteers (9) between 8 and 9 a.m. and pro-
cessed as described previously (7, 8).
Twenty-three of the subjects were cho-
sen specifically from among subjects
with platelet MAO activity in the lowest
decile. (10) of 375 previously studied nor-
mal subjects (/7). Sixteen subjects were
chosen specifically from the highest dec-
ile of this group of normal subjects (72).
It was hypothesized that the group with
low MAO attivity would have lower
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