
Neuroscience Letters, 118 (1990) 169-171 169 
Elsevier Scientific Publishers Ireland Ltd. 

NSL 07197 

Estrogen rapidly potentiates amphetamine-induced striatal dopamine 
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Ovariectomy (OVX) of female rats results in a decreased behavioral response to stimulation of the mesostriatal dopamine (DA) system and decreased 
striatal DA release in vitro. Estrogen replacement restores both behavioral and neurochemical responsiveness. In this report, microdialysis in freely 
moving rats is used to simultaneously study the behavioral and neurochemical effects of systemic estradiol. OVX rats received a unilateral 6-hydroxy- 
dopamine lesion of the substantia nigra and then underwent microdialysis of the intact striatum. Thirty min after a single injection of 5/zg estradiol 
benzoate, amphetamine-induced rotational behavior and striatal DA release are both potentiated, relative to the response of oil-treated control ani- 
mals. 

There is now a substantial body of  literature to 
demonstrate that the gonadal steroid hormones can 
modulate behavioral and neurochemical indices of  
mesostriatal dopamine (DA) function. For  example, 
ovariectomy (OVX) results in decreased rotational be- 
havior induced by either electrical stimulation of  the 
mesostriatal bundle or by amphetamine (AMPH) ad- 
ministration [6, 10]. The behavioral changes observed 
following OVX are associated with decreased A M P H -  
stimulated DA release in vitro [4]. 

Treatment  of  OVX female rats with physiological 
doses of  estrogen potentiates AMPH-st imulated striatal 
DA release and AMPH-induced rotational behavior [2]. 
Estrogen treatment also results in increased striatal DA 
turnover [7] and decreased numbers of  D A  receptors in 
striatum [9]. This study was conducted to determine if 
the neurochemical and behavioral effects of  estrogen 
previously reported can be observed simultaneously, in 
animals undergoing intrastriatal microdialysis. 

Adult female Hol tzman rats (Madison, WI) were 
housed 2-3/cage. The lights were maintained on a 14:10 
h l ight-dark cycle. Food and water were freely available. 
All surgery was performed under complete anesthesia 
(ether or sodium pentobarbital  with methoxyflurane) 
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according to an approved animal use protocol. Ovariec- 
tomized rats received a unilateral 6-hydroxydopamine 
(6-OHDA) lesion of  the substantia nigra (left/right ran- 
domized), as previously described [11]. 

At least 2 weeks after the 6 -OHDA lesion, animals 
were tested for rotational behavior after 1 mg/kg 
AMPH.  Only rats that turned more than 50 rotations, 
with greater than 90% dominance, during each of  the 
three 40 min test sessions were included in the experi- 
ment. Animals that passed the rotational behavior criter- 
ion then received a guide cannula implanted through the 
skull, aimed at the intact striatum. Coordinates from top 
of skull at bregma, skull flat were: AP: + 0.5 mm, lateral: 
+ 3.0 mm, ventral: - 1.0 mm. The cannula was secured 

in place with dental acrylic. 
Prior to microdialysis, animals were briefly anesthe- 

tized with ether, the stylet was removed from the guide 
cannula, and the 3 m m  dialysis probe [12] was inserted 
into the striatum 6.5 m m  from the surface of  the skull. 
All probes were tested in vitro prior to use to determine 
the rate of  DA diffusion across the membrane.  The dia- 
lysis testing chamber and additional procedures used 
during dialysis have been previously described [3]. 

Sample collection began 12-18 h after the dialysis 
probe had been implanted. A Ringer's solution flowed 
through the dialysis probe at 1.5 /d/min and samples 
were collected at 15 min intervals. After 2 baseline sam- 
ples were collected, estradiol benzoate (EB; 5 pg/0.1 ml 
peanut  oil; n = 9) or peanut  oil (0.1 ml; n = 8) was admin- 
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Fig. 1. The AMPH-stimulated increase in striatal extracellular concen- 
trations of DA (expressed as a percent of  baseline DA) was signifi- 
cantly greater (P=0.04) after EB treatment ( e ,  n = 9 )  than after oil 
treatment ((3, n = 8). EB (5/tg) or oil were administered after baseline 
samples were collected at time zero. AMPH (3.0 mg/kg) was adminis- 
tered 30 min later (after the sample collected at 30 min). The time 
course data for DA release were analyzed by 2-way analysis of  variance 
(ANOVA) with repeated measures (hormone treatment x time). *There 
was a significant main effect of  EB treatment on AMPH-induced DA 
release (Fw=4 .985 ,  P=0.04),  a significant change over time 
(F7.105=20.79, P<0.001), with no interaction (F7,105=0.804, P=0.59).  
The two groups did not differ in basal concentrations of  extracellular 
DA (EB group: 1.44+0.42 pg/gl, mean __+ SEM; OIL group: 

1.077+0.17 pg//d; Fu5 =0.569, P=0.449). 

istered subcutaneously. Samples were collected for an 
additional 30 min, then AMPH (3.0 mg/kg; i.p.) was 
administered and samples were collected at 15 min inter- 
vals for an additional 120 min (8 additional intervals). 

Concentrations of DA in dialysate were measured 
with HPLC and coulometric detection [3]. DA concen- 
trations following EB or oil and AMPH stimulation 
were converted to a percent of the baseline DA concen- 
trations in extracellular fluid. Rotational behavior was 
monitored by automated rotometers during the intervals 
after EB or oil treatment and for the entire 2 h after 
AMPH administration. Location of the dialysis probe in 
the striatum was confirmed in 40/tin coronal sections. 

Thirty min after receiving 5/~g EB, the AMPH-stimu- 
lated increase in extracellular striatal DA was signifi- 
cantly greater than the response of animals receiving oil 
(Fig. 1). The potentiation of striatal DA release in the 
EB group persisted for the entire 2 h following AMPH 
treatment (P = 0.04; see figure legend for additional sta- 
tistical information). Note that there was no immediate 
effect of estradiol on basal DA release. In an indepen- 
dent study, 5/~g EB had no effect on basal extracellular 
concentrations of DA in striatum, when basal DA re- 
lease was monitored for 4 h following EB (data not 
shown). Rotational behavior induced by AMPH was 
also enhanced following EB treatment (P < 0.02; Fig. 2). 
Thus, EB prolonged both the behavioral response to 

AMPH as well as the AMPH-stimulated increase in 
extracellular DA in striatum. 

In summary, the rapid effect of a single treatment with 
a physiological dose of EB on both the behavioral and 
the neurochemical response to AMPH has been demon- 
strated simultaneously using microdialysis in freely mov- 
ing rats. These results confirm previous reports that have 
demonstrated comparable behavioral and neurochemi- 
cal effects in independent groups of animals [2, 7, 9]. 

The mechanism(s) through which estrogen induces 
these effects on striatal DA activity remains controver- 
sial, since classical receptors for estrogen are not found 
in substantial numbers in the striatum (see [1] for a dis- 
cussion). Recent work, however, suggests that even in 
the absence of these receptors, estrogen can act directly 
on the striatum to induce changes in striatal DA activity 
and DA mediated behaviors. For example, bilateral ap- 
plication of 17p-estradiol to the striatum, but not 17~- 
estradiol, induces an improvement in sensorimotor func- 
tion in OVX rats [5]. It also prolongs the dorsal immobil- 
ity response (or carrying response) exhibited by gona- 
dectomized male and female rats when grasped by the 
skin at the nape of the neck [13]. After the unilateral ap- 
plication of estradiol to the striatum, apomorphine in- 
duces postural deviation and lateralized stereotypic be- 
haviors [8]. More conclusively, a recent report from this 
laboratory has demonstrated that 17/~-estradiol (but not 
17~-estradiol) can act directly on striatal tissue in vitro 
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Fig. 2. AMPH stimulated greater rotational behavior in animals 
receiving EB ( e ,  n = 8 )  than in animals receiving oil treatment (©,  
n = 8). (Behavioral data for one EB animal was lost due to a computer 
malfunction.) Procedures and analysis were the same as indicated in 
the legend to Fig. 1. There was a significant main effect of  EB treat- 
ment (F1.~4=7.086, P=0.0186), a significant change over time 
(F7.98=0.399, P<0.002), with a trend towards an interaction 
(FT.gS = 2.032, P = 0.058). Due to the trend towards an interaction, indi- 
vidual time points were compared. ° During these intervals rotational 
behavior was significantly greater (P<0.05) in animals that received 
EB than in animals that received oil (Scheffe F-test). These two groups 
of  animals did not differ when tested for AMPH-induced rotational be- 
havior without hormone treatment prior to the day of dialysis (EB 
group: 213 -t- 40 rotations/h; OIL group:140 + 33 rotations/h; 

FL,14= 1.98, P=O.181). 



to modula te  the striatal D A  response to A M P H -  and  

KCl-s t imula t ion  and  to s t imulate  striatal D A  release [1]. 

The effect of  estrogen on  striatal D A  mediated behavior  

and  striatal D A  release reported here, therefore, may be 

mediated by a novel mechanism through which estrogen 

and  potent ia l ly  other  steroid hormones  can influence 

neural  activity. 
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