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low response rates of  male and female Wtstar rats PHARMACOL BIOCHEM BEHAV 29(3) 52%532, 1 9 8 8 -  
Amphetamine-reduced behavioral differences between male and female rats have been observed m tests for stereotyped 
behawor, locomotor activity and rotational behawor It has also been shown that amphetamine differentially affects 
schedule-controlled behawor of male and female rats The present experiments were designed to further investigate sex 
differences in sensitivity to agents which act upon the dopammerglc system In the first expenment, male and female rats 
responding on a schedule which maintained low response rates were challenged with different low (<0 5 mg/kg) doses of 
apomorphine Low doses of apomorphme act on the dopamme receptors on the dopamlnerg~c terminals themselves to 
inhibit the release of endogeneous dopamme In the second experiment, the same subjects were given different doses of 
haloperldol, which selectively blocks the post-synaptic dopamme receptors The results of the present experiments showed 
that halopendol, but not apomorphine, differentially affected the behavior of male and female subjects A behavioral 
difference between the sexes was thus observed when post-synapuc dopamme receptors were blocked by a dopamlne 
antagomst, but not when dopamlnerg~c stimulation of post-synapt~c dopamme receptors was reduced by pre-synapt~c 
inhibition of dopamme release These results suggest a role for post-synaptlc receptor mechanisms in mediating sex 
differences in sensmwty to dopaminergic agents, although other possible mechanisms remmn to be investigated 
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A number  of  exper iments  have shown behavioral  differences 
be tween  male and female  rats in response  to the administra- 
t ion of  drugs which chal lenge the dopamlnergic  system. Be- 
havioral  differences be tween  male and female rats after 
t rea tment  with amphe tamine  (AMPH) ,  a dopaminerglc  
agonlst ,  have  been  observed  m tests for s te reo typed  behav-  
ior, locomotor  act ivi ty  and rotat ional  behavior  A M P H -  
induced s te reo typed  behav ior  was more  intense and longer  
lasting in females  than m males [1,2] Females  showed a 
greater  increase in locomoto r  act ivi ty  after  t rea tment  with 
A M P H  than did males.  This effect  could be blocked by 
ovar lec tomy [12]. Estradiol  potent ia ted the AMPH- lnduced  
increase in act ivi ty  when  given to cas t ra ted male rats [9] 
Females  rota ted more  than males  when  they were  chal lenged 
wlth high doses  of  A M P H  [11] Trea tment  o f o v a r i e c t o m l z e d  
females  with estradiol  benzoate  enhanced  the rotat ional  be- 
havior  induced by A M P H  [3]. Recent ly ,  it has been  shown 
that A M P H  also dtfferentially affects schedule-control led  
behav ior  o f  male and female  rats responding at low rates 
[13]. Response  rates o f  both males and females  on a schedule 
which mamtmned  high rates o f  responding (dlfferentml rein- 
fo rcement  o f  lugh rates,  DRH),  decreased  in a dose-  
dependent  manner  after  t rea tment  with A M P H ,  but differ- 
ences  be tween  males and females  were  not  observed .  When  
rats were  responding on a schedule which maintmned low 
rates of  responding (differential re inforcement  of  low rates,  

DRL)  response  rates increased after t rea tment  with A M P H ,  
but increased more for females than for males.  Al though it 
could be argued that  these behavioral  differences result  f rom 
the wel l -known sex difference in drug metabol ism in rats 
[10], o ther  exper iments  have shown behavioral  differences 
be tween  the sexes even  when brain A M P H  levels  are com- 
parable [4] These  exper iments  thus specifically suggest a 
modulat ing influence of  gonadal hormones  on behaviors  
which are thought  to reflect  the act ivi ty  o f  dopamlnerglc  
neurons m the mgrostrlatal  and mesohmblc  systems 

The present  exper iments  were  designed to further inves- 
tigate sex differences m sensmvl ty  to agents which act  upon 
the dopamlnergic  system Male and female rats were  there- 
fore chal lenged with different doses  of  pharmacological  
agents which antagonize dopaminerglc  functioning. In exper-  
iment la,  the effect  o f  different low (<0  5 mg/kg) doses  o f  
apomorphlne  (APO) was assessed when  male and female rats 
were  responding on a D R L  15 sec schedule o f  re inforcement .  
L o w  doses  of  APO act upon the dopamlne receptors  on the 
dopamInerglc  terminals  themselves ,  to inhibit the release of  
endogenous  dopamlne  [6] As a result ,  post -synapt lc  recep-  
tor  act ivat ion is decreased  after t rea tment  with low doses of  
APO.  In exper iment  lb,  the same subjects were  chal lenged 
with different doses  of  haloperidol  (HALO) ,  a select ive 
post-synapt lc  dopamme receptor  blocking agent  
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M E T H O D  

Subje~ ts 

Nine male and 9 female rats who parhc~pated m another 
experiment designed to measure behaworal &fferences be- 
tween male and female rats responding on different DRL 
schedules [14] served as subjects All subjects were 11 
months old at the start of the present experiment They were 
housed in group cages (3 same sex subjects to a cage) under a 
reversed light-dark cycle (lights on 3.30 p m - 3  30 a m ) 
Subjects were maintained on a 23-hr food deprivatmn 
schedule resulting in a depravation to approximately 85% of 
free-feeding body weight [8] Body weights averaged 423 0 
(-+38.4) gram for males and 267 6 (-+ 13 4) gram for females 
Water was always available in the homecages 

Apparatus 

Four standard Grason-Stadler (model 11 l l -L)  rodent op- 
erant conditmnmg chambers were used Each chamber was 
made of Plexlglas and measured 28×30×30 5 cm The grid 
floor consisted of 23 stainless steel grids, spaced 1 25 cm 
apart Two non-retractable rodent levers (1.25 cm thIclQ 
were mounted on the intelhgence panel and protruded 1 6 cm 
into the chamber The levers were located symmetrically to 
the side of the pellet retrieval umt, 8 7 cm above the grid 
floor Only the right lever was active in the present experi- 
ment Responses on the left lever were recorded, but had no 
scheduled consequences The levers required a force of at 
least 0 20 N to be operated Stimulus hghts were mounted 
slightly to the side and above the levers Only the red 
stimulus hght located next to the right lever was illuminated 
m the present experiment A househght was located in the 
upper left hand corner of the mtelhgence panel Each 
chamber was enclosed m a Grason-Stadler research chest 
(model ll01) A fan was used to provide fresh mr Pro- 
grammlng of experimental contingencies and data acqulsi- 
tmn were accomphshed by means of Grason-Stadler 1200 
series programming equipment, located in the experimental 
room itself 

Pro( edure 

Experiment la Prehmmary training was not necessary 
Prior to the present experiment, all subjects had participated 
in another experiment in which behavior was maintained by 
different DRL schedules [14] Immedmtely following that 
experiment, all subjects were trained on a DRL 15 sec 
schedule of reinforcement On such a schedule, reinforce- 
ment (45 mg Noyes pellet) is delivered if, and only if, two 
successive responses are separated by at least 15 sec Ses- 
stuns ended after 25 minutes or when 40 reinforcers had been 
obtained, whichever came first Sessmns were run five days 
a week (Monday through Friday), during the last quarter of 
the subject 's dark hours 

Subjects received dally injections of vehicle solution 
(0 1% sodium metablsulfate and 0 9% NaCI m distilled water, 
1 ml/kg) for 7 days prior to the first lnjecnon with APO Five 
different doses of APO (apomorphine HCI, freshly dissolved 
m vehicle solution, 0 01, 0 05, 0 10, 0.25 and 0 50 mg/kg, 1 
ml/kg) were used. Subjects were treated with APO on Tues- 
days and Fridays, vehicle injections were given on the other 
days of the week. The order of administration of APO was 
varied over subjects All injections were given subcutane- 
ously (SC) in the neck region, 5 minutes prior to DRL test- 
ing 
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FIG 1 The effects of different doses apomorphme on response 
rates (left panel) and reinforcement rates (right panel) expressed as 
percentages (mean and standard deviation) of vehicle control values 

Experiment lb Three weeks after the completion of ex- 
periment la, all subjects which participated in that experi- 
ment were injected with vehicle solution (0 5% lactic acid 
and 0 9% NaCl in distilled water, 1 ml/kg) for 6 days prior to 
the first injection with HALO Five different doses of HALO 
(haloperidol dissolved in vehicle solution, 0 01, 0 05, 0 10, 
0 25 and 0 50 mg/kg, 1 ml/kg) were used Subjects were 
treated with HALO on Tuesdays and Fridays, vehicle injec- 
tions were given on the other days of the week The order of 
admlnistratmn of HALO was varied over subjects All inJec- 
tions were given subcutaneously (SC) in the neck region, 25 
minutes prior to DRL testing 

R E S U L T S  

Experiment la 

Figure 1 shows the effects of increasing doses of APO on 
response rates (responses/minute) and reinforcement rates 
(obtained reinforcers/minute) of male and female rats ex- 
posed to a DRL 15 sec schedule of reinforcement A running 
average over 7 sessions, starting 7 days before the f'trst APO 
administration and continuing through the vehicle sessions 
interspersed between drug sessions, was calculated to obtain 
vehicle control values Pre-drug vehicle response rates were 
significantly higher for males than for females [4 54 and 3 79 
responses/minute respectively, Student's t(16)= 2 91, p <0.01] 
Differences in reinforcement rate were not observed 
[males 1 90, females" 2 36 reinforcers/minute, t(16)= 
2 06, p>0.05] 

Drug effects on response rates and reinforcement rates of 
males and females were expressed as the percentage change 
from vehicle control values for males and females sepa- 
rately Analysis of variance with the main factors Sex and 
Doses (repeated measures) showed a dose-dependent de- 
crease In the response rates, F(4,64)= 145.44, and reinforce- 
ment rates, F(4,64)=99 33, bothp <0 01, after administration 
of different doses of APO. Overall sex differences m re- 
sponse rates, F(1,16)=0002, and reinforcement rates, 
F(1,16)=3 92, both p >0 5, expressed as percentage of vehi- 
cle control values were not observed A significant Sex by 
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FIG 2 The effects of &fferent doses halopendol on response rates 
(left panel) and reinforcement rates (right panel) expressed as per- 
centages (mean and standard deviation) of vehicle control values 

Doses Interaction was not observed for response rates, 
F(4,64)=1 53, p > 0  2 Treatment with Increasing doses of 
APO therefore decreased the response rates of males and 
females to the same degree Reinforcement rates of females 
were affected by lower doses of APO than those of males, 
F(4,64)=2 91, p<O 05 

Expertment lb 

Figure 2 shows the effects of increasing doses of HALO 
on the behavior of male and female rats exposed to a DRL 15 
sec schedule of reinforcement. Response rates and rein- 
forcement rates were calculated and analysed as in experi- 
ment la. Pre-drug response rates were higher in males (3 92 
responses/minute) as compared to females [3 32 responses/ 
minute, t(16)=2 58, p < 0  05] Differences in the number of 
reinforcers per minute were not observed [reinforcement 
rate, males 2 41, females 2 60, t(16)=l 19, p > 0  02] 

Response rates, F(4,64)=59 79, p < 0  01, and reinforce- 
ment rates, F(4,64)=6542, p < 0 0 1 ,  decreased dose- 
dependently after administration of different doses of 
HALO Males were more sensitive to the Inhibitory effects 
of HALO than females response rates of females after ad- 
ministration of different doses of HALO were higher than 
those of males, F(1,16)=16 35, p < 0  001 Females also ob- 
tained more reinforcers per minute, F(1,16) = 13 53, p <0 001 
A significant Sex by Doses Interaction effect was observed 
for response rates, F(4,64)=2 99, p <0 05 Post-hoc compari- 
sons between the sexes showed that response rates of 
females were higher than those of males after they were 
challenged with intermediate doses of HALO [Student's 
t-test, 0 05 mg/kg t(16)=3 70, p<0.01,  0 10 mg/kg 
t(16)=3 24, p<0.01,  0 25 mg/kg t(16)=2.54, p < 0  05, two- 
tailed test of sigmficance], but not after treatment with either 
the lowest, t(16)=l 19, p=0.25, or the highest dose, 
t(16)= 1 81, p =0 09 Other significant Sex by Doses interac- 
tions were not observed [reinforcement rates F(4,64)= 1 10, 
p >0 3] 

DISCUSSION 

Male and female WIstar rats responded at low rates when 

treated with either low doses of APO or HALO APO in low 
doses impedes DA transmission and reduces the stimulation 
of post-synaptlc dopamlne receptors by endogenous DA [6] 
Response rates decreased dose-dependently after treatment 
with APO, but differences between the sexes were not ob- 
served. These results confirm earlier findings which also 
showed that spontaneous shuttling activity decreased both 
for males and females after administration of low doses of 
APO [12]. Sex differences in sensitivity to APO have thus far 
only been observed when rats were challenged with post-syn- 
aptlcally acting moderate to high doses of APO [12] 

HALO is a selective dopamlne blocker, acting on the 
post-synaptlc dopamine receptor The results of the present 
experiment showed that low-frequency response rates de- 
creased dose-dependently after administration of different 
doses of HALO, while males were more sensitive to the 
inhibitory effects of HALO than females As such, they con- 
firm previous observations m which it was shown that 
HALO admlmstration affected locomotor activity [I] and 
cocaine self-administration [5] in a sex-dependent manner 

In the present experiment, behavioral differences be- 
tween the sexes were only observed after rats were chal- 
lenged with HALO, but not after APO administration. These 
observations could be due to a number of different variables 
First of all, It could be argued that the results of the present 
expenment combined with the observed behavioral differ- 
ences between the sexes when rats are challenged with high, 
post-synaptically acting doses of APO [12] or AMPH [13] 
obviously implies sex differences m post-synaptlc dopamme 
receptor mechanisms Since a number of experiments have 
shown that the functional activity of the dopamlnerglc sys- 
tem may be altered by estrogen administration to male and 
female rats [3,7], it could be argued that the functional activ- 
ity of the post-synaptlc DA receptor might be influenced by 
female gonadal hormones The absence of a differential be- 
havioral effect after low doses of APO might suggest that sex 
differences only exist in DA receptor fields which are 
primarily innervated by DA neurons which lack DA au- 
toreceptors However, such a suggestion obwously needs to 
be confirmed by more direct assessment of the influence of 
gonadal hormones on direct measures of DA receptor sen- 
SltlV~ty in both sexes 

Since decreased post-synaptlc DA receptor activation 
due to the reduced availablhty of endogeneous dopamlne did 
not lead to behavioral differences between the sexes other 
possible mechamsms than post-synaptlc DA receptor sen- 
Sltlv~ty need to be entertained It could be the case that sex 
differences exist in APO and/or HALO metabohsm, even 
though, to our knowledge, such differences have not yet 
been reported If differences in APO metabohsm exist, it 
might be the case that differences in DA availability are 
masked by differences in post-synaptlc receptor sensitivity 
Similarly, differences in HALO metabolism may lead to 
differences In DA receptor blocking which may have 
produced the observed behavioral differences between the 
sexes However, other possible mechanisms must also be 
considered since behaworal differences in response to the 
administration of the DA agonlst AMPH have also been ob- 
served when drug brain levels were comparable for both 
sexes [4] 

In summary, a number of studies have shown behavioral 
differences between the sexes after administration of drugs 
which interfere with dopamInergic transmission Some 
studies have suggested an important role for the female 
gonadal hormone estrogen in mediating these differences 
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Mos t  s tudies  also have sugges ted  an impor tan t  role for post-  
synapt lc  DA recep to r  m e c h a m s m s  m medta tmg these  differ- 
ences ,  but definit ive in terpre ta t ions  regarding these  differ- 

ences  may only be expec ted  after  exhaus t ive  neurophar-  
macologlcal  and neurobehavlora l  s tudies  have been  con- 
ducted  
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