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The noneffect of lesions of the corpus striatum
upon amphetamine-induced stereotypy
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Stereotyped behavior produced by d-amphetamine (0, 5, 10 mglkg) in male Holtzman rats
with electrolytic lesions of the corpus striatum was compared with that produced in striatal
sham operates and normal controls. While ratings of behavior over three test sessions demon
strated a highly significant drug dose effect (p< .001), amphetamine-induced stereotypy in the
striatal lesion group did not differ significantly from that observed in the other two groups.
These findings were discussed in reference to the importance of degree of striatal damage, time
after surgery, and the proposed role of other dopaminergic sites to the mediation of the drug's
effect. The need for a critical examination of all experimental contingencies surrounding the
proposed mediational role of the striatum is also stressed.

Amphetamine has been observed to produce stereo
typed behavior in a wide variety of species (Randrup &
Munkvad, 1967). Such stereotyped behavior consists of
continuous sniffmg, licking, or biting of the cage floor
or the animal's own forelegs and is further characterized
by an absence of such normal activities as grooming,
eating, rearing, and forward locomotion (Randrup &
Munkvad, 1970). The stereotyped behavior produced
by amphetamine in infrahuman subjects has been
likened to human psychosis and has thus become a
popular animal model for the investigation of mental
illness (Snyder, 1972).

A large body of evidence also suggests that the dopa
minergic nigrostriata1 system plays a primary role in the
mediation of amphetamine-induced stereotypy in
animals (see review by Cole, 1978). Consistent with
this assumption are the findings of Fog, Randrup, and
Pakkenberg (1967), which demonstrate a restoration
of amphetamine stereotyped behavior (which had
previously been inhibited by alpha-methyltyrosine) by
an injection of dopamine and an anticholinergic drug
into the corpus striatum. Further evidence in support
of this mediational assumption is found in studies that
demonstrate that both unilateral and bilateral damage
to the corpus striatum reduce or abolish amphetamine
induced stereotypy, with the degree of striatal damage
apparently being critical to the nature of the altered
drug effect (Fog, Randrup, & Pakkenberg, 1970; Naylor
& Olley, 1972). Also consistent with the mediational
role of the nigrostriatal system is the fact that neuro
leptic drugs (which have antipsychotic properties and are
used in the treatment of psychotic symptomatology)
are specific antagonists of amphetamine-induced stereo-
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typy and appear to produce their effects by action on
dopamine in the corpus striatum (Seeman & Lee, 1975).

While many experimental contingencies may be
critical to the altered amphetamine stereotypy following
striatal damage, several studies suggest that the time
after surgery at which an assessment of the drug's effect
is conducted may be of particular relevance (Divac,
1972; Fog et al., 1970; Naylor & Olley, 1972; Simpson
& Iversen, 1971). Since Turner (1973) has also demon
strated that amygdala and hypothalamic lesions result
in temporary deficits in the form of a "sensorimotor
syndrome," the possibility of transitory deficits giving
rise to a misinterpretation of striatal lesion effect must
clearly be recognized.

The purpose of the present study is twofold : (1) to
investigate the effects of corpus striatal damage on
amphetamine-induced stereotypy, and (2) to do so at a
postsurgical period when recovery from any transitory
sensorimotor deficits should be complete.

METHOD

Subjects and Apparatus
Six striatal lesion (SL), five striatal sham (SS), and five

normal control (NC) male Holtzman rats (425-560 g) were
subjects. They were housed individually under standard labora
tory conditions and had ad-lib access to Purina laboratory chow
and water in the home cage throughout the duration of the
study .

All behavioral tests were conducted in an 80 x 80 ern open
field arena with walls 30 cm in height. Fluorescent lighting
directly above the testing area provided uniform illumination
of the apparatus.

Surgical Procedure
In the SL group, bilateral electrolytic lesions of the corpus

striatum were produced stereotaxically (2-mA anodal dc current
for 30 sec) with monopolar stainless steel electrodes insulated
except at the tip while animals were anesthetized with nembutal
sodium (50 mg/kg). A rectal cathode completed the circuit.
Coordinates for the corpus striatum (Skinner , 1971) were at
bregma, ±4.0 mm lateral to midline, and - 5.0 mm vertical
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depth. Surgical procedure for the SS group was identical to
the above, except that no current was passed after electrode
placement.

Testing Procedure
Beginning 20 days postsurgery, subjects in their respective

surgical groups were administered three 45-min drug test sessions
(0,5 , and 10 mg/kg IP d-amphetamine SO. in 1 mI/kg .9%NaCl),
with the order of drug dose randomly assigned to animals over
sessions. Three to 5 days separated each of the drug test sessions.

Drug session testing procedure for anyone animal was as
follows. The subject was removed from the home cage, weighed,
injected with the appropriate dose of d-arnphetamine , and
returned to the home cage. Fifteen minutes later, the subject
was placed in the open-field arena to begin the 45-min session.
For the first IS min of the session, the subject was permitted to
adapt to the apparatus. This was followed by a 30-min behavior
assessment period, during which the subject's stereotyped
behavior was rated every 5 min following a 30-sec observation
period . The average of the six individual ratings was taken as
the subject's overall stereotyped rating for the test session. All
ratings were conducted by an experienced observer who had no
knowledge of the injection regimen. Stereotyped behavior was
rated according to the scale employed by Costall and Naylor
(1974), which includes the following categories of behavior :
O-no stereotyped behavior, animal appears the same as saline
treated animal; I-discontinuous sniffing and locomotor activity;
2-continuous sniffing and small head movements, periodic
locomotor activity ; 3-continuous sniffing and small head move
ments, discontinuous gnawing, biting, and licking, very brief
periods of locomotor activity; 4-continuous gnawing, biting,
and licking, no locomotor activity. Upon completion of the test
session, the subject was returned immediately to the home cage
to await the next session.

Following the last drug test session, animals in the 5L group
were sacrificed and perfused, and the brains were extracted for
histological verification of lesion site .

RESULTS ANDDISCUSSION

Histological examination indicated that five animals
in the 5L group sustained some bilateral damage to the
corpus striatum, while one animal in this group sustained
only unilateral damage to the area. Differences in the
site and extent of striatal damage appeared, however,
to have no particular relationship to small differences
in stereotypy rating among animals in this group . A
lesion representing the striatal damage in one animal
(Subject 1F) is reconstructed in Figure 1.

The mean ratings of stereotyped behavior (and
standard deviations) for subjects in the three surgical
groups under the different d-amphetamine dose condi
tions are summarized in Table 1. Overall analysis of
these data demonstrated a highly significant drug dose
effect [F(2,26) = 246.10, p < .001], but no significant
surgical groups effect or Surgical Groups by Drug Dose
interaction. Further analysis of drug-dose data (t tests
following ANOYA, minimum .01 level of significance)
indicated that, in the NC group , both the 5- and the
10-mg/kg doses differed significantly from vehicle
(0 mg/kg) and from each other. However, in both the
SL and SS groups, both drug doses differed significantly
from vehicle but not from each other.

-0.5
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Figure 1. Reconstruction of corpus striatum damage in one
animal (Subject IF) in the lesion group. Reconstruction is
adopted from Skinner (1971).

Table 1
Mean Stereotyped Ratings (and Standard Deviations) for Striatal

Lesion (SL), Striatal Sham (SS), and Normal Control (NC)
Groups Under Different d-Arnphetarnine Dose Conditions

Amphetamine Dose Condition

omg/kg 5 mg/kg 10 mg/kg

Group Mean SD Mean SD Mean SD

5L .11 .20 3.11 .61 3.50 .65
55 .07 .10 2.80 .62 3.43 .26
NC .17 .24 2.59 .74 3.53 .32

Note-Dose conditions were randomly assigned to subjects over
three test sessions.

While electrolytic lesions of the corpus striatum
did not alter amphetamine-induced stereotypy in the
present study, differences in experimental technique or
procedure may be critical to an explanation of the
fmdings and may help in an attempt to reconcile the
data with findings from other studies investigating the
mediational role of the striatum.

First, and perhaps most obvious, is the fact that the
extent of striatal damage may be a critical factor in the
expression of amphetamine-induced stereotypy. While
no attempt was made in the present study to systemati
cally assess the degree of striatal damage, it is quite
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apparent that sufficient amounts of striatal tissue may
have remained intact to mediate such drug-induced
behavior. Although this explanation is, indeed, tempting,
it is not supported by findings of Fog et al. (1970),
which demonstrated an alteration of amphetamine
stereotypy even with small striatal lesions. However,
extent of damage, coupled with structural differentia
tion of function within the striatum (Neill, Boggan, &
Grossman, 1974), may yet prove to be an important
factor in explaining discrepant findings with striatal
lesions.

Second , while the importance of time after surgery to
an assessment of striatal lesion effects on amphetamine
stereotypy has been challenged (Divac, 1972) , such an
issue needs to be examined more systematically than
has heretofore been done . While there are exceptions to
the rule (Costall & Naylor, 1974), evidence indicates
that testing for a striatal lesion effect shortly after
surgery (up to I week) yields an altered amphetamine
stereotypy (Fog et al., 1970; Naylor & Olley, 1972),
whereas testing for a lesion effect after a delayed post
surgery period (2 or more weeks) does not (Divac, 1972;
Simpson & Iversen, 1971) . The failure of striatal lesions
to produce any significant changes in amphetamine
stereotypy at 20 days or more postsurgery in the present
study is consistent with the findings of other studies
employing a delayed postsurgery assessment of behavior
and suggests the need for a closer examination of
transitory behavioral deficits that might result from
striatal damage.

Third, it has been suggested by some authors
(Costall, Marsden, Naylor, & Pycock , 1977; Divac, 1972)
that amphetamine stereotypy may not be mediated
exclusively by the dopaminergic nigrostriatal system.
While the nigrostriatal system does contain approxi
mately 70% to 80% of the total brain dopamine (Cole,
1978), other dopaminergic brain sites, most notably
the mesolimbic system, have also been implicated
in the mediation of amphetamine-induced stereotypy
(Costall et al., 1977). While such an assumption might
help to explain the failure of striatal lesions to alter
amphetamine stereotypy, it does not help to resolve the
controversial fmdings with striatal damage.

In summary , the results of the present study, along
with other studies failing to find an altered amphetamine
stereotypy following striatal damage, suggest the need
for a more critical examination of all experimental

contingencies surrounding the hypothesized mediational
role of the nigrostriatal system.
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