
Psychopharmacology 71, 147-151 (1980) Psychopharmacology 
�9 by Springer-Verlag 1980 

Behavioral Effects of Dopamine Agonists Across the Estrous Cycle in Rats 
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Abstract. The effects o f  apomorph ine  u p o n  stereotypy 
and bromocript ine  u p o n  wheel running and intra- 
cranial reward were examined across the estrous cycle 
o f  female rats. A pom orph i ne  elicited stereotypy in a 
dose-related fashion, but  stereotypy was not  reliably or 
systematically altered by estrous conditions. On the 
other hand, wheel running was augmented by b romo-  
criptine in an estrous-specific fashion. Self-stimulation 
was increased by bromocript ine  but  this was not  related 
to estrous cyclicity. These findings provide evidence for 
possible behavioral  and motivat ional  specificity of  
dopamine (DA) receptor-related estrous changes. 
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more discrete motivat ional  rather than general mo to r  
phenomena.  

In the following studies DA-agonis ts  apomorphine  
and bromocript ine (CB-154) were used and behavioral  
measures (stereotypy, wheel-running, and ICS) applied 
to determine whether altered sensitivity o f  DA-  
containing receptors was evident during the estrous 
cycle, and whether it was present to the same degree in 
all cases. 

Experiment h Stereotypy 

Experiment I examined the effects of  apomorphine  
upon  stereotypy during the estrous cycle. I f  all D A  
receptors and all behaviors are affected equally by 
estrous it is predicted that  this will be reflected in altered 
stereotypy scores. 

We have recently established a relationship between the 
estrous cycle and intracranial  self-stimulation (ICS) of  
a DA-conta in ing  nucleus, the pars compac ta  o f  the 
substantia nigra (SNC) in female rats (Steiner et al. 
1980). Both  ICS and a second behavior,  wheel running, 
increased during "the night o f  behavioral  estrous".  
Two explanations of  this increase are possible. On the 
one hand  these changes may  have been nonspecific, 
reflecting increases in overall activity. This is reason- 
able given other evidence that  mo to r  behaviors are 
markedly influenced by central DA-conta in ing  systems 
(Randrup  and M u n k v a d  1974). On  the other hand  the 
D A  system may  be considered par t  o f  a more  specific 
pr imary  reinforcer- incentive-motor system (Iversen 
1977), and it is also possible that  the changes reflect 
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Mater ia l s  and M e t h o d s  

Subjects in all experiments were adult, experimentally naive female 
albino rats (Holtzman, Wisconsin), 240 - 280 g body wt. They were 
housed individually under controlled conditions of temperature 
(21~ and illumination (lights on from 0545-1815 h). Teklad 4~ 
fat rodent diet (S-0836) and tap water were available ad lib. Estrous 
cycles were followed by daily vaginal smears. Animals were given an 
adjustment period of 14 days in their cages and two additional 
consecutively regular 4-day estrous cycles were monitored prior to 
experimental recording. 

Procedure. Forty-eight animals as described were individually housed 
in standard transparent Plexiglas cages (18 x 20 x 42 cm). Animals 
were initially habituated to handling and injection with 0.3 ml of 
0.9 % NaC1 IP for one complete cycle prior to the apomorphine 
injections. Apomorphine HC1 was injected at 5 p.m. IP in doses of 
0.25, 0.50 and 0.75 mg/kg in sterile 0.9 % NaC1 vehicle. A standard 
0.5 ml/kg solution was used. 

Four animals were used per dose for each day of the estrous cycle 
and each animal was used only once. Animals were rated for changes 
in activity and stereotypies at -5 ,  (i.e. prior to) 5, 10, 15, 20, 25, 30, 
45, and 60 rain after the injection (Table 1). 

A modified rating scale for stereotyped behavior was developed, 
based on various existing rating instruments (Costall and Naylor 
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Table 1, Stereotypy experimental design (N = 4 per cell) 

Dose of Condition 
apomorphine 
mg/kg Diestrous Diestrous Proestrous Estrous 

1 2 

0.25 4 4 4 4 
0.50 4 4 4 4 
0.75 4 4 4 4 

Table 2. Rating scale for stereotyped behavior-rats 

Score 

A. Asleep, stationary, inactive 0 
B. Normal activity (including grooming, 

rearing, exploring, eating, drinking) 1 -  2 
C. Freezing 3 
D. Freezing and front body sway 4 
E. Bursts (on/off) of stereotyped behavior" 

and occasional exploratory activity 
or hyperactivity 5 - 7 

F. Restricted in one location and bursts of 
stereotyped behavior a 3 - 10 

G. Restricted in one location and continuous 
stereotyped behavior," 
including dyskinetic movements 11 - 12 

Sniffing, chewing, gnawing, licking, biting 

1973; Creese and Iversen 1973; Ellinwood and Balster 1974; 
Pijnenburg et al. 1975), which seemed more appropriate for the 
particular question raised here (see Table 2). 

Results 

Results are presented in Fig. i. To simplify graphic 
presenta t ion mean  scores based u p o n  an overall aver- 
age across time blocks are presented. As expected, a 
highly significant apomorphine  dose effect was present 
(F = 15.73; df= 2/36; P < 0.001), with the higher dose 
(0.75 mg/kg) inducing a stronger stereotypy response 
than  the lower doses. The peak response with all doses 
was observed between 1 0 - 2 0  min  after the injection 
( F =  73.54; df= 8/288; P < 0.001). The strongest 
effect over this time period was observed with the 
highest dose (F = 6.87; df= 16/288; P < 0.001). 

No  effect of  the estrous cycle on stereotypy, i.e., no 
significant effect of  the endocrine status or stage, was 
detected in this experiment  (F  = 2.31 ; df = 3/36; N. S.). 
Similarly, no  significant difference between the three 
doses of  apomorph ine  used could be explained as being 
estrous dependent  ' ( F =  0.28; df= 6/36; N.S.) .  The 
analysis of the data  obta ined 5 min  prior to the 
injections ( -  5) was consistently at zero level stereotypy 
for all animals  at all times. 

Finally,  the interact ion of drug-dose across the 
estrous cycle on stereotypy ratings at any part icular  
time was also no t  significant ( F =  1.09; df= 48/288). 
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Fig. 1. Effects of apomorphine upon stereotypy across the estrous 
cycle in adult female rats. Scores given as means and standard errors 

Table 3. Bromocriptine experimental design 

Cycle No. Treatment 

1 Baseline 
2 Baseline 
3 CBq54 - 5 mg/kg 
4 Washout 
5 CB-154 - 10 mg/kg 
6 Washout 
7 CB-154 - 20 mg/kg 
8 Washout 
9 Control 

Experiment Ih  Wheel Running 

Experiment  I indicated no effect of a s tandard  receptor 
agonist  in an accepted behavior  assay of D A  function.  
Exper iment  II examined a longer acting agonist  us ing a 
model  believed to reflect psychomotor  drive (Kagan  
and Berkun 1954). 

Materials and Methods 

Animals. Experimentally naive female albino rats were housed in 
activity wheels under the same controlled conditions as described in 
Experiment I. 

Procedure. Eight rats were housed individually in 36 cm diameter 
activity wheels (Lafayette Instruments, Indiana). A Veeder recording 
counter was connected to the drum to count revolutions in either 
direction. Rats had continuous access to the wheels. Starting with 
week 3 in the wheels, 2 consecutive 4-day cycles served as behavioral 
baseline. 

Bromocriptine (CB-154, Sandoz) was dissolved in ethanol, 
diluted with 0.9 ~ NaC1 solution, and injected SC in 3 doses: 5, 10, 
and 20 mg/kg body wt. Each dose was injected daily at noon for 1 
consecutive cycle. Estrous cycles were followed by daily vaginal 
smears. All animals were given all three doses over a period of 3 cycles 
with complete washout cycles between the doses. For the experimen- 
tal design, see Table 3. 

Activity was recorded on an hourly basis, 24 h per day for 9 
consecutive cycles. Individual scores were combined for a group 
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Fig. 2. Three hourly revolutions during two consecutive cycles. 
Baseline for CB-154/WR experiment. (N = 8). Baseline activity of 
female rats in 3-h blocks. Wheel running (WR) activity (mean level) is 
presented. 

Injections  ooo] 

12!00 24!00 12!00 24!00 12:00 24!00 12:00 24:00 Time (hrs) 

Fig. 3. The effect of CB-154 5 mg/kg/day on WR during one cycle. 
(N = 8). Effects of bromocriptine injection across the estrous cycle 
upon wheel running (WR) activity in female rats. Mean activity level 
after habituation is presented 

analysis of the data using repeated measures ANOVA for an effect 
across the cycle (Dixon 1968). 

Results 

All  a n i m a l s  m a i n t a i n e d  h ighly  regular  4 -day  es t rous  
cycles t h r o u g h o u t  the ent i re  exper iment .  F igu re  2 
shows the base l ine  wheel  r u n n i n g  p a t t e rn  across  2 

consecu t ive  cycles for the  eight  an imals .  I n  this his to-  
g r a m  (each b a r  r ep re sen t i ng  r ev o l u t i o n s  per  3 h), a p e a k  
in  wheel  r u n n i n g  o n  the n i g h t  o f  behav io ra l  es t rous ,  
s imi lar  to the d a t a  p resen ted  elsewhere,  is p r e sen t  

(Steiner  et  al. 1980). F igu re  3 i l lus t ra tes  the effect 
o f  ch ron i c  a d m i n i s t r a t i o n  o f  b r o m o c r i p t i n e  
(5 m g / k g / d a y )  on  the  wheel  r u n n i n g  p a t t e r n  d u r i n g  1 
comple t e  cycle (cycle No .  3 in  this design).  

As shown ,  the c i r cad ian  wheel  r u n n i n g  r h y t h m  is 
m a i n t a i n e d  a n d  so is the  cyclicity in  wheel  r u n n i n g  
across  the  cycle d u r i n g  the ch ro n i c  a d m i n i s t r a t i o n  o f  
b r o m o c r i p t i n e .  Al l  a n i m a l s  m a i n t a i n e d  a h igh ly  signif-  
i can t  peak  o n  the n igh t  b e t ween  p r o e s t r o u s  a n d  es t rous  
(P  < 0.05 by  Sheffe compar i son ) .  In  fact, the p e a k  in  
wheel  r u n n i n g  on  the n i g h t  o f  b e h a v i o r a l  es t rous  is even  
s o m e w h a t  inc reased  in  the a n i m a l s  rece iv ing  the drug.  
The  c i r cad ian  a n d  the es t rous  wheel  r u n n i n g  r h y t h m s  

were also m a i n t a i n e d  o n  the h igher  doses,  i.e., 10 a n d  
20 m g / k g / d a y  o f  b r o m o c r i p t i n e  (cycles No.  5 a n d  7). 
F o l l o w i n g  the f inal  w a s h o u t  cycle, all an ima l s  r e t u r n e d  
to p r e t r e a t m e n t  (basel ine)  wheel  r u n n i n g  activity.  

Experiment III: Intracranial Self-Stimulation 

E x p e r i m e n t  I I  ident i f ied  a n  es t rous  re la ted  effect wh ich  
was sensi t ive to D A .  Since the task  h a d  a po t en t i a l  
m o t i v a t e d  c o m p o n e n t  the  in f luence  o f  m o t i v a t i o n  was 
fur ther  tes ted u s i n g  in t r ac ran ia l  r e i n f o r c e m e n t  o f  the 
b ra in ,  specif ical ly o f  the A9  nucleus ,  which  is k n o w n  to 
c o n t a i n  D A  cell bodies ,  

Materials  and Methods  

Animals. Experimemally naive female albino rats were housed 
individually under the same controlled conditions as described for the 
previous experiments. 

Surgery. Animals were anesthetized with sodium pentobarbital 
(Nembutal, IP 50 mg/kg body wt.) and stereotactically implanted 
with unipolar 0.25 mm diameter nichrome wire electrodes insulated 
to the tip. Electrodes were aimed at the posterior part of the medial 
forebrain bundle (MFB) in the area of the pars compacta of the 
substantia nigra (SNC) using the coordinate system of Konig and 
Klippel (1963) (5.0 mm posterior to Bregma, 1.5 mm lateral to 
midline, and 8.0ram deep; top of the skull coordinates). The elec- 
trodes were attached to a head mounted brass brushing which was 
secured to the skull with stainless steel screws and acrylic dental 
cement. 

Apparatus and Procedure. Standard 25 x 18 x 17 cm stainless steel 
cages were modified to allow chronic self-stimulation. The Wolf- 
DiCara-Simpson design was utilized (Wolfet al. 1973). The wire mesh 
floor of the living cage served as a stimulation ground and a hinged 
mounted overhead 14 x 16 cm stainless steel plate served as a contact 
for delivery of current. Upward displacement of the overhead panel 
allowed circuit completion and stimulation delivery through a head 
mounted brushing. Stimulation consisted of a 300 ms train of 
monopolar 60 Hz sinusoidal current, 4 5 - l l 0  gA in intensity. A 
series of capacitors and resistances were used to assure constant 
current conditions. It should be noted that no current adjustments 
were made after week I of exposure i.e., for the 2 weeks prior to the 
start of the experiment. 

Self-stimulation was continuously available 24 h/day without 
external leads. The implanted animals were pIaced in the modified 
cages and the current was turned on. Rats alIowed to explore adapted 
themselves after 2 -  3 days. Starting with post-operative week 3, ICS 
was recorded for 2 consecutive 4-day cycles. The monitoring 
employed was the same as described for wheel running (Experiment 
II). Intracranial self-stimulation was recorded on an hourly basis, 
24 h/day for the entire experiment. Data were analyzed using the 
repeated measures ANOVA as described in Experiment II. 

Starting with week 3 in the [CS cages, 2 consecutive 4-day cycles 
(cycles No. 1 and 2 in this design) served as behavioral baseline. 
Bromocriptine was administered as in Experiment II (see also 
Table 3). Estrous cycles were followed by daily vaginal smears. All 
animals were given all three doses of bromocriptine (5, 10, and 
20 mg/kg/day) over a period of 3 cycles with complete washout cycles 
between the doses. 
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Fig. 4, Three hourly counts during two cycles (N = 8). Baseline for 
CB-154/SNC-ICS experiment. Basal pattern of ICS in female rats. 
Mean responses over 3 h are presented 

On termination of  the experiment, all animals were injected with 
an overdose of sodium pentobarbital and perfused initially with 0.9 
NaCI followed by a formalin-alcohol-acetic acid fixing solution. 
The brains were immersed in this solution for at least 2 weeks. 
Histological analysis was based upon the method of Hosko (1975), 
using 20 serial frozen sections. 

Results 

All animals maintained highly regular 4-day estrous 
cycles throughout the entire experiment. Figure 4 
shows the baseline SNC-ICS pattern across 2 con- 
secutive cycles for the eight animals. Again a peak in 
SNC-ICS on the night of behavioral estrous may be 
seen (each bar stands for ICS counts per 3 h). Figure 5 
illustrates the effect of bromocriptine (5 mg/kg/day 
during 1 cycle) on SNC-ICS. As shown, the circadian 
ICS rhythm is maintained, but the cyclicity in SNC-ICS 
across the cycle is abolished. Bromocriptine caused a 
general significant increase in the total SNC-ICS 
responses with no statistical difference across the 4 
nights of the cycle (P = N.S.). These results reflect an 
increase of ICS nightly responses facilitated by bromo- 
criptine to a constant level across the cycle. 

From additional records with 10 and 20 mg/kg/day 
of bromocriptine (not presented graphically), it seems 
this increase is dose dependent, but unrelated to the 
estrous cycle. However, the data from the 10 and 
20 mg/kg/day bromocriptine experiments must be 
viewed cautiously. As opposed to the bromocriptine- 
wheel running experiment in the SNC-ICS animals, 2 
post-treatment estrous cycles were required for the ICS 
behavioral cyclicity to return to baseline. This may 
imply a greater degree of carry-over effect in the ICS 
experiments. All eight animals studied in this experi- 
ment had electrodes in or immediately adjacent to the 
pars compacta of the substantia nigra. 

Discussion 

The dose range of apomorphine used in Experiment I is 
known to act postsynaptically. The time of adminis- 
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Fig. 5. The effect of CB-154 5mg/kg/day on SNC-ICS during one 
cycle (N = 8). Intracranial reward in female rats across the estrous 
cycle-effect of bromocriptine 

tration was chosen to coincide with a marked decline in 
DA turnover and concentrations (especially in the 
median eminence) and an increase in prolactin as 
reported for the late afternoon of the day ofproestrous 
(Ahren et al. 1971; Crowley et al. 1978; Butcher et al. 
1974). Any generalized change in sensitivity of the DA 
systems on the late afternoon of the day of proestrous 
or at any other time during the cycle should have shown 
a difference in the stereotypic response to apo- 
morphine. 

In Experiment I, no such change was found. In fact 
no cyclicity at all was apparent in DA sensitivity of the 
nigro-striatal system as measured by stereotypy. The 
apomorphine-induced stereotypy results (with the dose 
range and time of administration as specified) are in 
agreement with our previous behavioral observations; 
no generalized change in DA sensitivity across the cycle 
was detectable (Steiner et al. 1980). 

Experiments II and III have demonstrated that (a) 
the chronic administration of bromocriptine (from 5 -  
20 mg/kg/day) does not interfere with the regularity of 
the estrous cycle, (b) since bromocriptine in these doses 
markedly suppresses the circulating levels of prolactin, 
prolactin seems not to be critical in maintaining the 
estrous cycle, (c) phasic changes in prolactin are also, 
apparently not critical for the circadian rhythm ob- 
served in activity wheels and in ICS, (d) phasic changes 
in prolactin are not critical for the behavioral cyclicity 
in wheel running across the estrous cycle, (e) changes in 
net functional dopaminergic activity are also not 
critical for the maintenance of regular cycles, circadian 
rhythms in wheel running, and ICS as well as the 
behavioral cyclicity in wheel running with its peak on 
the night of behavioral estrous, and (f) when the 
dopaminergic system is "flooded", i.e., dopaminergic 
neurons in the SNC are electrically stimulated, and 
bromocriptine, a DA-agonist, chronically administered 
systematically at the same time, a ceiling effect is prob- 
ably reached and the behavioral cyclicity in SNC-ICS 
is lost. 
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Bromocriptine, in these experiments, caused a signif- 
icant increase in both wheel running and ICS. This 
might suggest a dopaminergic involvement in these 
behaviors. The fact that an ergot-type agonist was 
effective while a classic type 1 DA receptor stimulant 
was not may point to roles for different DA receptors. 
In closing however it should be noted that further 
analysis of the motor versus motivated components of 
these behaviors and their underlying mechanisms is 
needed. 
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