
antiparkinsonian drugs examined may 
be related to the mechanism of their 
therapeutic activity. Considerable evi- 
dence suggests that neuronal uptake of 
norepinephrine terminates its physiologi- 
cal actions at synapses in the periphery 
and in the brain (4). It is possible that, 
analogously, the dopamine uptake sys- 
tem in the corpus striatum may inac- 
tivate synaptically released dopamine. 
Tricyclic antidepressant drugs are 
thought to exert their therapeutic ef- 
fects by inhibiting norepinephrine up- 
take at central synapses and potentiating 
its synaptic actions (10). We propose 
that antiparkinsonian drugs have as a 
mechanism of action the inhibition of 
dopamine reuptake, with consequent 
potentiation of the actions of dopamine 
released at striatal synapses. 

This hypothesis helps explain the 
clinical observation that patients with 
increasingly severe Parkinson's disease 
become progressively refractory to drug 
therapy. In patients with very severe 
Parkinson's disease, there would be little 
dopamine available for potentiation by 
antiparkinsonian drugs. Antiparkinsoni- 
an drugs are more effective in the treat- 
ment of drug-induced than idiopathic 
Parkinson's disease. Patients with the 
drug-induced syndrome presumably have 
intact dopaminergic neuronal systems, 
so that adequate amounts of dopamine 
are available for potentiation. Recent 
evidence suggests that phenothiazine 
drugs that induce Parkinson's disease 
block dopamine receptors, resulting in 
enhanced dopamine synthesis and turn- 
over (11). 

Many antiparkinsonian drugs are also 
effective anticholinergic agents; and 
cholinomimetic agents accentuate par- 
kinsonian symptoms (12). Thus, it has 
been postulated that antiparkinsonian 
drugs antagonize a presumed hyper- 
activity of cholinergic neurons in the 
striatum of affected patients (12). How- 
ever, in some studies antiparkinsonian 
activity failed to correlate with anti- 
cholinergic potency (13); and ampheta- 
mine, which is effective in the treatment 
of the akinesia and rigidity, exhibits no 
direct anticholinergic action in thera- 
peutically effective doses. Conceivably, 
there may be a close interrelationship 
between cholinergic and dopaminergic 
mechanisms in striatal neurons, as has 
been suggested for peripheral noradre- 
nergic neurons (14). 
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We propose that some clinically un- 
tried potent inhibitors of striatal dopa- 
mine uptake may be useful antiparkin- 
sonian drugs. Such agents might include 
diphenpyraline, an antihistamine which 
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we found to be a very active inhibitor 
of striatal dopamine uptake (ID50, 4.9 X 
10-7M). d-Amphetamine has been em- 
ployed in the treatment of Parkinson's 
disease, but its central stimulant effects 
limit dosage. Recently we observed that 
d-amphetamine was ten times more 
potent than I-amphetamine as an in- 
hibitor of catecholamine uptake in non- 
striatal brain regions (7). However, in 
the striatum, d- and /-amphetamine were 
equally potent and highly effective com- 
petitive inhibitors of catecholamine up- 
take (Ki, 1.0 X 10-7M). I-Ampheta- 
mine, which could be administered in 
higher doses with fewer central stimu- 
lant side effects than d-amphetamine, 
may also be an effective therapeutic 
agent in Parkinson's disease. In pre- 
liminary experiments we examined the 
effects of these drugs on the tremor and 
rigidity produced in mice by oxotre- 
morine, a compound that produces a 
syndrome in animals resembling Parkin- 
son's disease (15). As predicted by our 
hypothesis, d- and /-amphetamine were 
equally effective in preventing oxotre- 
morine effects; and diphenpyraline was 
a highly active anti-oxotremorine agent, 
almost as potent as benztropine. 
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role in teaching her young a specific 
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often been observed (1) but has not 
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eral investigators have suggested that 
infant mammals may learn from their 
mothers (2), and from their elders (3), 
primarily by observation. We have pre- 
viously shown that learning by observa- 
tion in adult cats is a more efficient 
method of learning than conventional 
shaping procedures (4). In this study, 
we undertook to determine whether the 
speed and efficiency of observation 
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Maternal Influence in Learning by Observation in Kittens 

Abstract. Kittens who observed their mothers perform a stimulus-controlled 
response (lever pressing to a visual stimulus for food) acquired and discriminated 
that response sooner than kittens who observed a strange female cat's perform- 
ance. Kittens exposed to a trial and error condition never acquired the response. 
Initial differences in attentiveness to demonstrator performances disappeared by 
the second day. "Altruism" (food sharing) and other forms of social behavior were 
exhibited by both mother and stranger demonstrators. 
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Fig. 1. Acquisition of an approach response (lever press) by o 
kittens. Solid circles, kittens who observed their mothers (M k 
tens who observed strangers ( S kittens); triangles, trial and erro 

learning is improved by the use of a 
mother cat as demonstrator. 

The subjects were 18 kittens, all be- 
tween 9 and 10 weeks old when obser- 
vation began. Each kitten lived with its 
mother and littermates in a home or 
homelike laboratory environment, or 
both, from birth until the end of the ex- 
periment. Group I consisted of six kit- 
tens who observed their mother's per- 
formance (M kittens); group II con- 
sisted of six kittens who observed the 
same strange female's performance (S 
kittens); group III consisted of six kit- 
tens exposed to a trial and error con- 
dition (TE kittens). The members of 
a given litter were randomly distributed 
to at least two of these three groups, 
and where possible, to all three groups. 
All littermates began testing on the same 
day. Five female demonstrator cats 
(three mothers and two strangers) were 
used. Their task performances were 
equivalent and practically without error 
throughout the experiment. 

The task was a lever press performed 
within 20 seconds after onset of a flick- 
ering light (4 cycle/sec). The lever was 
made of plexiglass and extended 12.5 
cm beyond the front panel of a standard 
operant conditioning cage. A plexiglass 
partition divided the cage evenly into a 
demonstrator and observer compart- 
ment. A dipper that delivered a blended 
mixture of milk and meat was located 
3.75 cm away from the lever in the 
demonstrator compartment. 

After being familiarized with the cage, 
a kitten that had been deprived of food 
for 24 hours was placed in the demon- 
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kitten remained just below criterion in 
acquiring the response. Every kitten 
stabilized at or above the criterion level. 
All kittens were tested for 30 days or 
until they had discriminated the re- 
sponse. 

The TE kittens were subjected to the 

1 5 9 13 17 21 same procedure except that no demon- 
strator cat was present. A TE kitten re- 
ceived one "free" food reward in the 
demonstrator compartment and ten 
presentations of the stimulus, after which 
it was placed in the observer -compart- 
ment for 30 trials. During this time in 
the observer compartment, the stimulus 
was presented at random intervals and 

- was terminated with the sound of the 
1 5 9 13 17 21 food dipper, as if a demonstrator cat 

were performing. The kitten was then 
)bservation learning in 18 placed back in the demonstrator com- 
:ittens); open circles, kit- partment and presented with ten trials. 
r (TE) kittens.^ This procedure was abbreviated any 

time a kitten started to press the lever 

tment alone and given spontaneously during the first ten ob- 
reward. The demonstra- servation trials when it had access to 
or strange female) was the lever. The demonstrator cat (if 
and performed ten stim- any) was removed, the 30 additional 
lever presses. Although observation trials were bypassed, and 
kittens had physical ac- the kitten was tested alone. Three M 

during these ten obser- kittens and three S kittens achieved 

ey generally did not eat criterion performance in this way. 
fact, the occasional one, The M kittens acquired the lever-press- 
rewards eaten by an M ing response faster (median of 4.5 days) 

ing these ten trials, does than did S kittens (median of 18.0 days) 
istitute a determinant in (Fig. 1). One M kitten performed the 

i or attentiveness. After response at criterion on the first day 
ion trials, the kitten after observing 29 demonstrator per- 
o the adjacent observer formances. A second M kitten sponta- 
)r the opportunity to ob- neously performed the response at cri- 
lever presses. The num- terion on the second day, after having 
e kitten oriented toward observed 16 demonstrator performances 

to) the demonstrator on the first day. Two S kittens never 
d for the 40 observation acquired the response. No TE kitten 
ionstrator cat was then ever acquired the response. Once lever 
ie kitten was placed back pressing was achieved, M kittens brought 
rator compartment. Us- it under stimulus control within a me- 
cedure, an assistant pre- dian of 3.5 days as compared to 14.0 
omly spaced trials of the days for S kittens. The M kittens never 

This overall procedure fell below acquisition criterion once it 
aily until the kitten had was reached; two of the four S kittens 
7er in eight of the ten did so briefly before they discriminated 
is occurred, it was given the response. 
)resentations. When the Kittens acquire and discriminate a 
90 percent criterion for lever-pressing response more rapidly and 
, acquisition was con- efficiently by observing their mothers 
taken place and it was than by observing a strange female or 

y trials were then pre- by a trial and error procedure. Such 
vithout further observa- rapid learning on the part of M kittens, 
ulus discrimination was occurring with relatively little prior re- 
rimination was decided inforcement or practice, suggests that 
place when the kitten some unique representational process is 

wer interstimulus presses operative during their observation peri- 
ree consecutive days. No od. However, it is likely that a repre- 
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sentational process also exists in S kit- 
tens. Despite the variable rate with 
which M and S kittens acquired the 
response, if and when the response 
appeared, it was accompanied and de- 
fined by specific and identical behavior 
in all kittens: (i) Both M and S kittens 
made their initial lever presses at cri- 
terion with a directness, sureness, and 
minimum latency indicative of infor- 
mationally motivated behavior. For 
example, the average latency of the first 
lever press made on the first day of re- 
sponse acquisition was 3.5 seconds for 
both M and S kittens. (ii) Both M and S 
kittens were similarly attentive-in terms 
of body orientation and eye movements 
-to those demonstrator performances 
that directly preceded their own response 
acquisition. (iii) With one exception, 
both M and S kittens had a characteris- 
tically sharp response-acquisition curve 
(Fig. 1). All observing kittens acquiring 
the response moved from lever pressing 
at or below 50 percent to lever pressing 
at 90 percent or criterion as a step 
function. Thus, whereas the speed, effi- 
ciency, and success of response acqui- 
sition and discrimination were influenced 
by whether the kitten observed his 
mother or a strange female, when the 
response appeared it was invariably ac- 
companied by the above behavior. 

The mother may function as a more 
effective demonstrator for several rea- 
sons. These include her having nursed 
the kittens, having provided contact 
proximity, having some kind of ma- 
ternal "teaching instinct" (5), providing 
a still lactating and therefore stimulating 
or arousing presence during the observa- 
tion period (6), and providing a familiar 
and therefore rewarding or relaxing 
presence during the observation period. 
All or any combination of the above 
might constitute a social or affective 
bond that enhances learning by obser- 
vation. 

Perhaps response acquisition depends 
on the existence of or, in the case of S 
kittens, on the eventual formation of an 
affective or social bond with the demon- 
strator. In fact, both M and S kittens dis- 
played what are considered friendly re- 
lations (7) with the demonstrator cat. 
Both mothers and strangers were gen- 
erally nonaggressive toward the kittens, 
licked them, and exhibited "altruistic" 
behavior by pressing the lever and 
either sharing or allowing the kitten to 
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kittens, on the eventual formation of an 
affective or social bond with the demon- 
strator. In fact, both M and S kittens dis- 
played what are considered friendly re- 
lations (7) with the demonstrator cat. 
Both mothers and strangers were gen- 
erally nonaggressive toward the kittens, 
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eat the entire reward. Also, whereas 
M kittens observed a mean of 16 dem- 
onstrator performances on the first day, 
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as compared with a mean of 7 for 
the S kittens, this initial difference in 
attentiveness disappeared by the second 
day, when M kittens observed a mean 
of 18 demonstrator performances and 
S kittens a mean of 16. This suggests 
that any distraction caused by the 
strange demonstrator's presence was 
quickly reduced or eliminated. 

In conclusion, these data show that 
a mother cat may function as an im- 
portant vehicle for information trans- 
mission, via observation. Perhaps the 
suggested primacy of learning by ob- 
servation in the adult cat (8) and in 
other mammals (9), as opposed to trial 
and error learning or operant condi- 
tioning, stems from the particular social 
and biological responses developed in 
the infant by a period of mother- 
dependence (10). 
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shiny object. In a sense, object-carrying 
by some species may be viewed as a 
basic, adaptive response that under spe- 
cific circumstances is incorporated into 
more complicated behavior patterns 
which may serve the purposes of spe- 
cific motivational states. 

In the course of studying the be- 
havior that may be elicited by electrical 
stimulation of hypothalamic structures, 
we have found circumstances in which 

903 

shiny object. In a sense, object-carrying 
by some species may be viewed as a 
basic, adaptive response that under spe- 
cific circumstances is incorporated into 
more complicated behavior patterns 
which may serve the purposes of spe- 
cific motivational states. 

In the course of studying the be- 
havior that may be elicited by electrical 
stimulation of hypothalamic structures, 
we have found circumstances in which 

903 

Object-Carrying by Rats: An Approach to the 

Behavior Produced by Brain Stimulation 

Abstract. Rats were provided with opportunity to turn reinforcing hypothalamic 
stimulation on and off by traversing back and forth across a chamber. When 
provided with edible and inedible objects, all animals that self-stimulated carried 
them from the stimulation to the nonstimulation side. Neither food deprivation 
nor a history of stimulus-bound eating produced a preference for the edible 
objects. Equivalent stimulation provided without regard to the animals' location 
in the chamber did not elicit object-carrying. Results are interpreted in terms of 
the natural conditions which normally elicit this species-specific unit of behavior. 
Implications for understanding other behavior patterns elicited by hypothalamic 
stimulation are suggested. 
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