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SHAYWITZ, B. A., S. V. LIPTON, M. H. TEICHER, D. J. COHEN, G. M. ANDERSON, D. K. BATTER AND J. G.
YOUNG. Effects of bromocriptine in developing rat pups after 6-hydroxydopamine. PHARMAC. BIOCHEM. BEHAV.
15(3) 443448, 1981.—The effects of low (0.5 mg/kg) and high (2.0 mg/kg) doses of bromocriptine (BCR) on activity and
escape performance were examined during the first month of postnatal life in normal developing rat pups and littermates
treated at 5 days of age with a combination of desmethylimipramine and 6-hydroxydopamine (6-OHDA). Such a procedure
resulted in significant reductions in brain dopamine to concentrations 10-20% of vehicle controls while norepinephrine was
unaffected. BCR increased general motor activity in vehicle pups at 13 and 19 days but had little effect on more mature
animals. Pups who had not received BCR exhibited a decline in activity over the hour long observation period (habituation
of activity) but this decline was abolished by both low (0.5 mg/kg) and high (2.0 mg/kg) doses of the agent. Stereotyped
activity, particularly at 19 days was increased by BCR in 6-OHDA pups but not in vehicle animals, an effect suggesting
denervation supersensitivity. Head dips in a hole box at 30 days of age were not influenced by BCR in vehicle pups but
significantly reduced by BCR in 6-OHDA pups, suggesting that BCR might be acting to stimulate inhibitory dopaminergic
mechanisms. Escape learning in a T-maze at 20 days and shuttle box at 28 days was disrupted by high doses of BCR in
vehicle pups and both doses of BCR in 6-OHDA animals. The similarity with the behaviors observed in the clinical
syndrome of attention deficit disorder with hyperactivity prompted a number of investigative groups including our own to
suggest that the 6-OHDA model might serve as a useful and convenient paradigm to evaluate pharmacological agents that
offer potential in the treatment of this most common disorder. From this perspective we would predict that BCR would
have little clinical utility since it both failed to attenuate 6-OHDA induced hyperactivity and tended to disrupt performance

in an avoidance learning task.
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THE treatment of neonatal rat pups with the combination of
desmethylimipramine (DMI) followed by 6-hydroxydopa-
mine (6-OHDA) results in a constellation of behaviors that
have many parallels to the human syndrome of Attention
Deficit Disorder with hyperactivity (ADD; [25, 26]). Thus we
[20] and others [10, 11, 14, 28, 29] have shown that pups
depleted of brain dopamine (DA) exhibit hyperactivity dur-
ing the period of behavioral arousal, and deficits in escape
and avoidance learning. This similarity with the clinical syn-
drome suggests that the 6-OHDA model may provide a use-
ful and convenient paradigm to evaluate pharmacological
agents that offer potential in the treatment of this most com-
mon disorder.

Administration of the stimulants, amphetamine [21,28]
and methylphenidate [23], reduce the hyperactivity observed
in 6-OHDA treated developing rat pups, presumably via cen-
tral catecholaminergic mechanisms (see Discussion), and it

is reasonable to suspect that other pharmacological agents
with properties similar to the presumed actions of the stimu-
lants might also exert ameliorative effects on 6-OHDA in-
duced hyperactivity. The dopamine agonist, bromocriptine
(2-bromo-a-ergocryptine, BCR) has been shown to reduce lo-
comotor activity in adult mice when given at very low dos-
ages [8], though its effects in the developing organism have
not been systematically examined. In order to evaluate the
potential utility of BCR in the treatment of ADD we have
examined its effects on several types of motor activity and
learning in the 6-OHDA model of ADD.

METHOD

Sprague-Dawley rat pups and mother were obtained from
Charles River, Inc., Wilmington, MA at 24 hr (+12 hr) of age
and individually housed under fluorescent lighting conditions
(16 G.E. 40 W fluorescent bulbs) with 12 hours of light (lights
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on 0700) and 12 hours of darkness at a temperature of 21°C.
Litters were culled to 89 pups at 5 days of age. Mothers and
pups were housed together for the entire experimental
period, and food (Purina Chow) and tap water were available
ad lib to the dam and her pups. These experiments included
approximately equal numbers of male and female rats.

Twelve litters of animals were divided into six experi-
mental groups and each litter was composed of four rat pups
treated with 6-hydroxydopamine (6-OHDA) at 5 days of age
and four vehicle treated littermates, yielding cell sizes of 7-8
animals per cell. An equal number of 6-OHDA and vehicles
received BCR in doses of 0.5 or 2.0 mg/kg body weight. Once
a rat pup received a particular dose for one behavioral ob-
servation (for example, activity at 13 days of age) he re-
ceived this dose for all subsequent behavioral tasks. BCR
was prepared by dissolving the drug in ~0.25 ml of 95%
ethanol and diluting the solution with saline. Solutions for
controls were prepared with a similar amount of ethanol.

The 6-OHDA HBr was purchased from Regis Chemical
Company (Chicago, IL) and was used without further purifi-
cation. It was prepared immediately prior to use in 0.9%
isotonic saline solution containing 0.4 mg/ml of ascorbic acid
to prevent oxidation of the 6-OHDA. The solution was kept
on ice while in use. Rat pups were given desmethylimip-
ramine (DMI, USV Pharmaceuticals) 20 mg/kg IP one hour
prior to 6-OHDA. In earlier experiments [20-22] we also
treated littermate controls with DMI but since this agent
given alone did not appear to alter either activity or brain
catecholamine concentrations we no longer treat the controls
with this drug. Intracisternal injections were administered by
flexing the neck of the infant rat and injecting 6-OHDA via a
precalibrated microsyringe (Hamilton) with a 27 ga needle
inserted immediately beneath the occiput. All pups received
intracisternal injections—the expermental group received
doses of 6-OHDA and littermate controls received the saline
solution containing 0.4 mg/ml ascorbic acid (vehicle).

Rats were sacrificed by decapitation at 33 days of age
between 9-11 a.m. in order to minimize brain catecholamine
variation due to normal circadian periodicity. Brains were
removed and frozen on dry ice within one minute after death.
Frozen brains were stored at —70°C and biochemical deter-
minations performed within 2-3 weeks after sacrifice. DA
and NE were analyzed by high performance liquid chromat-
ographic techniques [1].

Activity was determined at 8, 13, 19 and 26 days of age
using procedures detailed elsewhere [24], and measurements
were always performed between 1300 and 1600 hours each
day to minimize the variation due to circadian periodicity.
Rat pups were randomly assigned to one of the nine plastic
cages placed on the floor of the room. BCR (or vehicle) was
administered subcutaneously prior to placement in the ac-
tivity cages and recording was begun 30 minutes after injec-
tion and continued for one hour. At the conclusion of the
taping session, the rat pups were replaced in their home
cages and the video tape saved for scoring at a later time.
Scoring the activity was accomplished by playing the tape
back at a speed equivalent to six times real time, and activity
in each rat was determined for alternate 5 minute periods
throughout the 60 minute observation period. For example,
we scored the animals’ activity from 0-5 minutes, 10-15
minutes, 20-25 minutes, etc. We thus had available for
analysis six separate measurements of activity for each
animal for the hour-long observation period. The mean of
these six determinations was then used to obtain the mean
activity for the observation period.
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Stereotyped activity was coded using a scoring system
modified after that described by Costall and associates
[6,16]. Both the type of stereotypies, either sniffing or rotary
activity, and their intensity were recorded by examining the
first minute of every five minute epoch for the hour-long
activity recording. Two types of sniffing and rotary activity
were distinguished: sniffing (or rotary activity) over a small
area, i.e., less than !/4 of the cage area (given a score of 5)
and sniffing (or rotary activity) over wider areas (scored 10).
If activity was present for between 0~15 sec of the minute
long observation period, it was considered low and scored 1;
if present 16-40 sec, moderate, scored 2; and if present
greater than 40 sec, high, scored 3. The stereotypy index
represented the product of the activity type (5 or 10) and the
intensity of the stereotypy (1-3) and was scored for both
sniffing and rotary activity separately.

Exploratory activity was determined at 30 days of age
utilizing a procedure described initially by File [12). The
apparatus was made of half-inch thick plywood and meas-
ured 43 cm square with sides 30 cm high. The floor was
elevated 16 cm and a fluorescent light (GE 40 W) was placed
so as to illuminate 4 objects placed beneath the floor and
visible through 4 holes, each 3 cm in diameter located 11 cm
from the corners of the box. The experiments were per-
formed 30 minutes after injection of BCR in a soundproof
room and were initiated by placing the rat pup in the center
of the box beneath an aluminum pan 10 ¢cm in diameter and 5
cm high. After 10 seconds the pan was removed and obser-
vations begun each minute and continued for a 5 minute
period. The total number of times that the rat’s head dipped
below the surface as he peered at one of the objects was
recorded, as well as the total time for each minute that the rat
was occupied by peering at the objects beneath the holes. As
in all experiments, exploratory measures were always per-
formed between 1300 and 1600 hours and results were coded
and analyzed utilizing analysis of variance.

Avoidance learning in a T-maze was determined at 20
days of age, 30 minutes after subcutaneous administration of
BCR, utilizing procedures described elsewhere [24]. The
elapsed time in seconds from start to the rat’s entry into the
safe compartment (the escape latency) was recorded by
means of a light switch (Sigma Instruments 8RCO1A, South
Braintree, MA) and the number of correct responses during
the total of 20 trials was recorded for each rat. Results were
coded and analyzed utilizing analysis of variance.

Avoidance learning in a shuttle box was determined at 28
days of age, 30 minutes after administration of BCR. The
apparatus and procedure has been described in detail previ-
ously [24].

Statistics

Data was analyzed using two and three way analysis of
variance (ANOVA) with programs adopted from Bruning
and Kintz [2]. Four way ANOV A were performed with two
between, two within factors using a program written by one
of the authors (MHT). Post hoc comparisons were analyzed
using Scheffe and Dunn’s tests [9,15].

RESULTS
Effects on General Motor Activity

A significant main effect emerged for age, F(3,75)=89.7,
p<0.001. Thus, general motor activity in all groups increased
from 26.4+1.48% at 8 days, to 51.8+2.11% at 13 days,
peaked at 83.8+2.00%0 at 19 days and declined to
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FIG. 1. General motor activity in vehicle and 6-OHDA pups at each
age and at each dose of BCR. See text for details.

68.2+2.70% at 26 days (p’s for all comparisons <0.001).
Over all ages a significant main effect was apparent also for
6-OHDA, F(1,24)=57.5, p<0.001, with activity averaging
48.9+1.85% in controls compared to 66.2+1.72% in
6-OHDA pups. Inaddition, a significant main effect was
found for BCR, F(2,24)=15.8, p<0.001, averaging
48.6+2.32% in those non-BCR pups, but increasing to
63.2+2.13% and 60.8+2.29% in pups after 0.5 and 2.0 mg/kg
respectively (0 vs 0.5 mg/kg, p<0.001; 0 vs 2 mg/kg,
p<0.001; 0.5 vs 2 mg/kg, NS). Finally, a significant main
effect was observed for observations (trials) over the hour
long recording period, F(5,125)=21.3, p<0.001, decreasing
from 70.8+2.46% during the first 5 minutes to 49.2+3.58%
by the end of the hour.

Significant interactions emerged for agex6-OHDA,
F(3,75)=14.4, p<0.001, with 19 day old and 26 day old
6-OHDA pups being the most active. The age x BCR interac-
tion was also significant, F(6,75)=3.94, p<0.005, with BCR
at both dosages increasing activity at 13 and 19 days but not
at 26 days. Figure 1 demonstrates the three way interaction
of agex6-OHDA xBCR, F(6,75)=2.37, p<0.05. First, it is
apparent that 6-OHDA pups not treated with BCR are more
active than their respective littermate controls at 19 and 26
days. Second, BCR markedly increased the activity of con-
trol pups at 13 and 19 days (13: 0 vs 0.5 mg/kg, p<0.02; 0 vs 2
mg, p<0.05; 19: 0 vs 0.5 mg/kg, p<0.001; 0 vs 2 mg/kg,
p<0.001) and marginally increased the activity of treated
pups at 13 and 19 days (0 vs 0.5 mg/kg, p<0.10; 0 vs 2 mg/kg,
p<0.05). However, BCR significantly decreased the activity
of control pups at 26 days of age (0 vs 0.5 mg/kg, p<0.05;
0 vs 2 mg/kg, p<0.10). The interaction of age x BCRXxtime
over the hour long observation period, F(30,375)=1.47,
p<0.05, is shown in Fig. 2. Pups who did not receive BCR
exhibited a decline in activity during the hour long observa-
tion period (an effect termed habituation of activity [27)).
However pups given BCR at either dosage, particularly 19
day olds, showed a much less rapid decline in activity. Pups
treated with 6-OHDA also exhibited habituation of activity
over the hour long observation that was attenuated by BCR.

Head Dips

Significant interactions were apparent for both the
number of head dips, F(5,48)=4.73, p<0.001, and their du-
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FIG. 2. General motor activity at each dose of BCR at 19 days of age
over the hour long observation period (habituation of activity). This
figure illustrates habituation of activity in pups who did not receive
BCR but no habituation in animals receiving either the low or high
BCR dose.

ration, F(5,48)=4.05, p<0.005, and these results are shown
in Fig. 3. Both were significantly greater in 6-OHDA pups
compared to controls (p<0.001, Scheffe test). Administra-
tion of BCR had no significant effect on head dips in vehicle
pups but both 0.5 and 2.0 mg/kg doses significantly reduced
activity in 6-OHDA pups (p<0.001, Scheffe test).

Stereotyped Activity

At 13 days BCR increased sniffing activity in a dose de-
pendent fashion in vehicle treated pups, and this increase
was greater than that observed in 6-OHDA animals. Ro-
tary activity was little affected by BCR in either vehicle or
6-OHDA animals. By 19 days BCR more readily influenced
both sniffing and rotary activities in 6-OHDA animals,
suggesting that at this age BCR might provoke denervation
supersensitivity in pups with an already damaged DA sys-
tem. Thus, sniffing was increased in a dose dependent fash-
ion in 6-OHDA pups, but in vehicles, administration of BCR
had little effect. Similarly, rotary activity was increased max-
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FIG. 3. Exploratory activity in a hole box at 30 days of age. BCR at
both high and low doses results in a significant reduction in the
number of head dips and the duration of head dips in 6-OHDA pups.
*p<0.001.
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imally at 0.5 mg/kg in 6-OHDA pups, but little effect was
observed with this dose in vehicles. At 26 days spontaneous
sniffing was considerably more frequent in 6-OHDA pups
and BCR at low dosages appeared to reduce this activity to
that of controls. Spontaneous rotary activity in 6-OHDA
pups was comparable to that of vehicles, but the 2.0 mg/kg
dose resulted in an increase in this kind of activity in only
6-OHDA animals (Fig. 4).

Escape and Avoidance Learning

When calculated as escape latency in seconds, neither
6-OHDA nor BCR alone exerted a significant main effect in a
T-maze at 20 days of age, but their interaction was signifi-
cant, F(2,48)=4.34, p<0.025. As shown in Fig. 5 escape la-
tency in vehicle treated pups declines dramatically as trials
progress, indicating acquisition of learning. This response,
though clearly attenuated, is observed as well in vehicle pups
given low doses of BCR. However, vehicle pups given the
higher dose of BCR, and all 6-OHDA groups, whether given
BCR or not, failed to demonstrate any reduction in escape
latency over trials, a response consistent with an inability to
acquire escape learning. Escape latency over all trials was
reduced by both low and higher doses of BCR in 6-OHDA
pups, a finding supported as well by the significant increase
in the number of correct responses noted in 6-OHDA pups
after both doses of BCR.

A significant main effect was observed for escape latency
in the shuttle box at 28 days of age for 6-OHDA,
F(1,24)=11.0; p<0.00S, but not for BCR or for the interac-
tion between the two (Fig. 6). When calculated as the
number of trials to achieve a criterion of 5 consecutive
avoidance responses, a similar 6-OHDA effect was observed
as well. In contrast to the results observed in the T-maze,
BCR did not appear to produce any improvement in escape
or avoidance learning in 6-OHDA pups.
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FIG. 4. Stereotyped activity at three ages for vehicle and 6-OHDA
pups after BCR. At 19 days both sniffing and rotary activity are
increased in 6-OHDA pups after BCR.

120 r

110 -

100 +~

90

80 -

60

ESCAPE LATENCY (sec)

50 DOSE BCR

VEHICLE 6-OHDA

40 + o °

Omg kg™
o m 05mg kg"

30k a A 20mg kg™

o] | 2 3 4 5
TRIAL BLOCKS

FIG. 5. Escape latency in a T-maze at 20 days for vehicle and BCR
treated pups after BCR. In normal pups without BCR, performance
time improves over trials, an effect also apparent in vehicle pups
after low BCR. However, high BCR in vehicle pups and all 6-OHDA
animals fail to improve performance over trials.
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FIG. 6. Escape latency in a shuttle box at 28 days. Vehicle pups
improve performance over trials whether receiving BCR or not, but
all 66OHDA groups demonstrate impaired performance.

Brain Catecholamine Concentrations

Concentrations of brain dopamine and norepinephrine at
33 days of age (three days after the last dose of BCR) were
not influenced by BCR. Thus pups treated with 6-OHDA at 5
days of age demonstrated significant reductions in brain DA
to concentrations 10-20% of vehicle controls. NE was not
significantly affected. There were no differences in concen-
trations for pups receiving 0, 0.5 or 2.0 mg/kg BCR.

DISCUSSION

In these experiments, BCR at both the low and higher
dosage increased general motor activity in normal pups at 13
and 19 days but had little effect on more mature animals. It
appeared that this increase in activity was directly related to
a disruption in the rate of habituation of activity over the
hour long period. For example, control pups not given BCR
exhibited a sharp decline in activity over the test period but
this effect was abolished by BCR. However, pups treated
with 6-OHDA exhibited such high baseline levels of activity
without BCR that the fact that only a marginal increase in
activity was observed in 19 and 26 day old animals might
have been due to a ceiling effect. Stereotyped activity, particu-
larly at 19 days, was increased by BCR in 6-OHDA pups but not
in control animals, an effect consonant with the notion of de-
nervation supersensitivity. In control animals, escape learn-
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ing in the T-maze at 20 days was disrupted by both the low
and higher dose of BCR and escape learning in the shuttle
box at 28 days was disrupted by the low but not by the higher
dose.

In just one parameter, that of head dips in a hole box at 28
days (a paradigm which has some similarities to exploratory
motor activity), did BCR exhibit the desired effect of reduc-
tion in activity although the mechanisms responsible for this
BCR induced reduction in activity are difficult to explain.
BCR might induce a shift in activity from exploratory to
continuous stereotypies. This is not likely since at 26 days, a
period most comparable to the age at which exploratory ac-
tivity was examined, stereotyped sniffing was reduced by
BCR, and general motor activity, which to a large extent
incorporates stereotypies in its measurement, was not mark-
edly affected by BCR at this age either. Thus the BCR in-
duced reduction in exploratory activity does not seem to be
simply an artifact of the measurement technique. Still an-
other possible explanation for the apparently opposite ef-
fects induced by BCR on exploratory compared to the other
activities measured may be found in the complex nature of
the pharmacologic actions of BCR. Thus, it is reasonable to
believe that the actions of BCR reflect more than simply
direct stimulation of post-synaptic striatal DA receptors. For
example, pretreatment with alpha-methylparatyrosine or re-
serpine inhibits the BCR induced circling in rats, results
which suggest a presynaptic component to the actions of
BCR [4]. Furthermore, recent evidence now indicates the
existence of not only postsynaptic (D2) DA receptors but
presynaptic (D3) receptors as well [19]. First proposed by
Cools and Van Rossum [3], investigators in a number of
laboratories have now shown that presynaptic DA receptors
may be activated by low doses of the DA agonist, apomor-
phine, while higher doses of this agent stimulate postsynap-
tic receptors [18]. Costall et al. [7] have shown that stimula-
tion of the postsynaptic D2 receptor within the mesolimbic
DA pathway of the adult rat results in increased motor activ-
ity while stimulation of the presynaptic D3 receptor in this
same pathway results in decreased activity. In our DMI/6-
OHDA model, presynaptic D3 receptors are reduced by 50%
while postsynaptic D2 receptors are increased 10-20%
(Watanabe, Seeman, and Shaywitz, in preparation). The ef-
fects of BCR may prove to be a resultant of stimulation of
both postsynaptic (excitatory) and presynaptic (inhibitory)
DA receptors, making interpretation of the relative contri-
bution of each difficult to discern. The recent development
of pharmacological agents with agonist properties specifi-
cally directed towards presynaptic D3 sites [13] may provide
an opportunity to more critically examine the role of these
receptors on the development of motor activity.

Still another mechanism that might be invoked to explain
why BCR reduced exploratory activity in a hole box but
increased general motor activity would posit a role for BCR
on other central monoaminergic systems. Thus, BCR may
influence NE or serotonergic systems [5,27]. More recently
Markstein et al. [17] have demonstrated that BCR increases
turnover of NE in the brain stem and serotonin in cerebral
cortex, while decreasing turnover of DA in the striatum and
limbic pathways. Such results support the earlier studies of
Dolphin et al. [8] which demonstrated that the inhibition of
activity noted immediately after the administration of large
doses of BCR was correlated with an increase in NE turn-
over in whole brain.

Our results in the T-maze suggest that BCR might reduce
escape latency in 6-OHDA pups although this response was
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not noted one week later in the shuttle box task. This finding,
together with the reduction in hole box activity discussed
above provide some support for the use of this agent in the
clinical disorder of ADD in children. However, the disrup-
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tion in escape and avoidance learning in normal pups
suggests that any such clinical trial may have potential harm-
ful consequences and should be undertaken cautiously.
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