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FUNG, Y. K. AND R. D. SCHWARZ. An in-vivo methodJbr testing drugs that it~[luence striatal dopaminergic,[~mctions. 
PHARMACOL BIOCHEM BEHAV 19(2) 231-234, 1983.--A procedure is described for evaluating the effects of drugs on 
dopaminergic function in the striatum of mice. Mice, anesthetized with chloral hydrate are injected with 
6-hydroxydopamine into one striatum to destroy dopamine nerve terminals at this site. Several days later, the mice are 
anesthetized with halothane, and test drugs or saline are injected into the intact striatum either before or after the systemic 
administration of amphetamine. The effect of these drugs on amphetamine-induced circling behavior is evaluated. Using 
this model, we have found that pilocarpine and muscimol can inhibit amphetamine-induced circling and their effects are 
blocked by the systemic administration of scopolamine and picrotoxin, respectively. In addition, ethyleneglycol-bis-(/3- 
amino-ethyl ether) N,N'-tetraacetic acid (EGTA), a calcium chelating agent, inhibited amphetamine-induced circling 
behavior and this effect is prevented by adding calcium to the EGTA solution. Finally, the intrastriatal administration of 
prostaglandin Ez but not its metabolite, 13,14-dihydro-15-keto-prostaglandin Ee inhibited amphetamine-induced circling 
suggesting a selective effect of the active prostaglandin. These results suggest that this procedure could be used for 
evaluating both the mechanism of action of drugs in the striatum as well as screening drugs for their therapeutic potential. 

lntrastriatal injection Dopamine Circling behavior 

A F T E R  des t ruc t i on  of  the  s t r ia tal  dopamine rg ic  pa t hw ay  on 
one  side of  the bra in  wi th  6 - h y d r o x y d o p a m i n e  (6 -OHDA) ,  
roden t s  will c ircle  in r e s p o n s e  to drugs  tha t  re lease  d o p a m i n e  
(DA) f rom p resynap t i c  ne rve  te rmina ls  or  tha t  act  d i rect ly  on  
DA recep to r s  [10, 11, 13]. Thus ,  in r e s p o n s e  to the adminis -  
t r a t ion  of  a m p h e t a m i n e  which  re leases  DA f rom the 
p re synap t i c  ne rve  t e rmina l s  in the  in tac t  s t r i a tum,  an imals  
will ro ta te  t oward  the  les ioned side ( ipsi lateral  ro ta t ion) .  In 
con t ras t ,  a d i rec t -ac t ing  DA agonis t ,  such  as a p o m o r p h i n e ,  
will p roduce  ro ta t ion  in the  oppos i t e  d i rec t ion ,  i .e. ,  away  
f rom the  les ioned side (con t ra la te ra l  rota t ion) .  This  is p rob-  
ably caused  by a d i rec t  effect  of  a p o m o r p h i n e  on  supersens i -  
t ive pos t synap t i c  DA recep to r s  tha t  were  d e n e r v a t e d  by  
6 - O H D A  admin i s t r a t i on  [9,11]. This  circl ing model  is used 
ex t ens ive ly  to a s sess  s t r ia ta i  dopaminerg ic  func t ion  in-vivo. 

Dopamine rg ic  func t ion  in the  s t r i a tum is a l te red  by  a 
var ie ty  of  agen ts  [6]. Th e  neu rona l  c i rcu i t ry  of  the s t r i a tum is 
k n o w n  to con ta in  dopamine rg ic ,  chol inerg ic  and  G A B A e r g i c  
n e u r o n s  [1, 4, 5] with  dopamine rg ic  func t ion  be ing  influ- 
enced  by  agents  tha t  in te rac t  wi th  these  n e u r o t r a n s m i t t e r  
sy s t ems  [6]. In addi t ion ,  e n d o g e n o u s  s u b s t a n c e s  such  as 

p ros tag land ins  may  also modify  dopamine rg ic  func t ion .  The  
p re sen t  s tudy p re sen t s  a s imple t e chn ique  which  might  p rove  
va luable  to localize the  ac t ion  of  agents  tha t  affect  s tr iatal  
func t ion .  This  is a ch i eved  by  the  direct  in t ras t r ia ta l  in jec t ion 
of  va r ious  agents  into the  in tac t  s t r i a tum of  mice prev ious ly  
les ioned in one  s t r ia tum with 6 -OHDA.  

METHOD 

Animals 

Male S w i s s - W e b s t e r  mice  ( L a b o r a t o r y  Supply,  IN) 
weighing  b e t w e e n  23-30 g were  a l lowed free acces s  to food 
(Pur ina  L a b o r a t o r y  Chow)  and wa te r  and  were  housed  in 
plast ic  cages  (5/cage) in a room main ta ined  at 23_  + I°C with 
an au toma t i c  12-hr l ight-dark cycle.  The  an imals  were  
h o u s e d  for  at least  2 days  before  surgery  to al low them to 
b e c o m e  acc l ima ted  to the  an imal  facilit ies.  

Drugs 

E G T A  was  d i sso lved  in 0.1 M N-2-hydroxye thy l -  
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piperazine-N'2 ethanesulfonic acid buffer adjusted to pH 7 
with sodium hydroxide. 6-Hydroxydopamine hydrobromide 
(6-OHDA HBr) and d-amphetamine sulfate were purchased 
from Sigma Chemical Company. For other intrastriatal in- 
jections, the drugs were dissolved in saline and the pH ad- 
justed to 7. 

Nettrosltrgery 

6-OHDA-induced lesions o f  the right striatum o f  mice. 
The mice were anesthetized with chloral hydrate (420 mg/kg, 
IP). After the incision was made in a longitudinal direction, 
we injected 4 microliters (/A) of chilled physiological saline, 
containing 16 micrograms (/xg) of6-OHDA HBr and 2.4/zg of 
ascorbic acid into the right striatum of the mice over a 
4-minute interval, using a stereotaxic instrument (David 
Kopf) (incisor bar at same height as intraaural line) and a 10 
/zl Hamilton syringe. The solution was injected into the cen- 
ter of the corpus striatum which was 3.5 mm below the skull 
surface, 2.2 mm lateral to the midline and 5 mm anterior to 
the occipital suture. Employing the same anterior and lateral 
coordinates, we made a hole in the left side of the skull for 
drug injections into the left striatum to be done at a later 
time. The incision was closed with one wound clip. 

"Free-hand" intrastriatal injections into the left intact 
striatum. A small piece of cotton, soaked in halothane, was 
placed in a 10 ml beaker, which was taped to the bottom of a 
400 ml beaker. The larger beaker was covered with a petri 
dish. Under these conditions, the beaker was saturated with 
halothane within 3-4 rain. A mouse was then placed inside 
the beaker until it was anesthesized, as indicated by a slow 
rate of breathing and shallow respiration. The mouse was 
then taken from the beaker, the wound clip removed from 
the incision site, and the drugs injected into the striatum. If, 
during the manipulation of the animal, the mouse showed 
signs of recovery from anesthesia, additional halothane was 
applied by placing a 10 ml beaker containing a cotton ball 
soaked with halothane near the animal's nose. If the mouse 
stopped breathing due to too much inhalation of halothane, it 
was revived by blowing air into its lungs with a 1 ml glass 
syringe. 

The various compounds to be injected intrastriatally were 
dissolved in 0.9% saline and the pH of the solution adjusted 
to 7. Two microliters of this solution were injected into the 
left striatum with a 10 microliter Hamilton syringe. The 
syringe was fitted with a polyethylene cuff so that only the 
distal 3.8 mm of the needle was exposed. Under these condi- 
tions, the oriface of the needle was 3.5 mm below the skull. 
The "~free-hand" injection was made over a period of 15 
seconds, before withdrawing it from the skull. The incision 
was closed with a wound clip. All animals recovered from 
halothane anesthesia within 2-3 minutes after intrastriatal 
injection. The dose of drug injected intrastriatally was ex- 
posed as nmoles/g body weight. 

Assessment o f  circling behavior. After amphetamine (4 
mg/kg, IP) administration, the mice were placed in 2-liter 
round bottom flasks and the number of 360 degree turns to 
the right or left was observed and recorded at 3-minute inter- 
vals. Net ipsilateral turns toward the lesioned side were cal- 
culated by subtracting the turns to the left from the turns to 
the right. Different mice were used in each experiment and 
they were used only once. 

In order to determine the success of the 6-OHDA-induced 
lesions, we injected mice with amphetamine (4 mg/kg, IP) 5 
days after surgery and determined their circling behavior at 

25 minutes after the amphetamine injection, the time of peak 
amphetamine effects [2]. Only those lesioned mice that cir- 
cled 10 or more times io 2 minutes were selected for testing 
the effects produced by the intrastriatal administration of 
various chemicals the following day. 

RESULTS 

l~i[.]~'ct o f  Intrastriatal ln.jection o f  Saline 

To control for the effects produced by the intrastriatal 
administration of pilocarpine, muscimol, and EGTA, saline 
was injected intrastfiatally 10 minutes before the systemic 
administration of amphetamine, and circling behavior was 
determined 25 minutes after amphetamine. As shown in 
Table I, amphetamine produced marked circling behavior in 
saline-treated animals. 

The effects produced by the intrastriatal administration of 
prostaglandins are present for only short periods of time. 
Consequently, prostaglandins or saline was injected 
intrastriatally 10 minutes after amphetamine and circling 
measured 20 minutes later. As reported above, the mice in- 
jected with amphetamine and saline on this time schedule 
also exhibited marked circling behavior (Table 1). 

~]~'ct o f  the lntrastriatal l&ection q[' Various ('ompottnds 
on Amphetamine-Induced Circling 

The intrastriatal administration of pilocarpine, a mus- 
carinic receptor agonist, produced a marked inhibition of 
amphetamine-induced circling (Table 1). In order to deter- 
mine whether this effect of pilocarpine was mediated by the 
activation of cholinergic muscarinic receptors, scopolamine 
was administered (5 m~kg, IP) 15 minutes before pilocar- 
pine. Scopolamine, when injected alone, produced a small 
increase in amphetamine-induced circling, but it was not 
statistically significant. However, scopolamine completely 
reversed the inhibition of amphetamine-induced circling 
produced by pilocarpine. 

Similarly, muscimol, a GABA receptor agonist, also 
markedly inhibited amphetamine-induced circling, and this 
inhibition was blocked by pretreatment with picrotoxin (2 
mg/kg, IP), a GABA antagonist. 

Prostaglandins have been postulated to be neuromodula- 
tory substances in the brain, and are found in the striatum 
[14]. Table 1 shows that prostaglandin Ee (PGEe) when in- 
jected intrastriatally, significantly inhibited amphetamine- 
induced circling at a dose of 0.1 nmole/g body weight of 
mouse, in contrast, the major PGE~ metabolite, 13,14- 
dihydro-15-keto-PGEe, failed to inhibit amphetamine- 
induced circling at the same dosc. 

Amphetamine has been shown to stimulate DA synthesis 
in-vitro and in-vivo by a calcium dependent mechanism [3, 7, 
8, 12]. We have previously studied the importance of calcium 
in the behavioral effects of amphetamine by injecting EGTA 
into the intact striatum of mice previously i~iectcd with 
6-OHDA in the other striatum, and then determining the 
effects of amphetamine [2]. Table 1 shows data that confirms 
our previous observations that the intrastriatal administra- 
tion of EGTA inhibits amphetamine-induced circling, and 
that this effect is prevented by adding calcium to the EGTA 
solution. 

DISCUSSION 

This procedure provides a simple, rapid, and inexpensive 
means of examining the effects of various compounds on 
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T A B L E  1 

EFFECT OF THE INTRASTRIATAL INJECTION OF VARIOUS DRUGS ON 
AMPHETAMINE-INDUCED CIRCLING 

Experiment No. of turns 
No. Treatment n in 3 min 

1 Saline, IS 7 30.2 + 1.4 
Pilocarpine, IS (0.7 nmoles/g) 4 9.0 +_ 3.0* 
Scopolamine, IP (5 mg/kg) 4 42.5 ± 4.5 
Scopolamine, IP--pilocarpine I.S. 4 29.3 + 1.0 

2 Vehicle, IS 4 33.4 + 6.7 
EGTA, IS (2 nmole/g) 4 7.5 _+ 1.5" 
CaCI=,, IS (5 nmole/g) 4 30.0 + 1.7 
EGTA + CaCI~ 6 25.0 + 2.0 

3 Saline, IS 4 35.5 + 2.9 
Muscimol, IS 10.004 nmoles/g) 4 5.0 + 2.0* 
Picrotoxin, IP (2 mg/kg) 4 29.5 + 6.9 
Picrotoxin + muscimol 4 29.0 + 1.6 

4 Saline, IS 4 33.3 .+_ 2.1 
Prostaglandin Ez, IS 10.1 nmole/g) 4 7.5 +_ 2.6* 
13,14-Dihydro-15-keto prostaglandin 4 29.7 + 1.8 

E._,, IS (0.1 nmole/g) 

In Experiments l, 2 and 3 either pilocarpine, muscimol, EGTA, or saline was 
injected intrastriatally (IS) 10 minutes before amphetamine 14 mg/kg, IP) and circling 
determined 25 rain later. Scopolamine and picrotoxin were injected, IP, 15 and 10 
minutes before either pilocarpine or muscimol, respectively. In Experiment 4, pros- 
taglandin Ez or its metabolite was injected IS, 10 min after amphetamine 14 mg/kg, IP) 
administration. 

Each value is the mean +_ S.E.M. 
*p<0.05 Compared to controls, /Dunnett 's  test). 

s t r ia tal  m e c h a n i s m s .  Mice are initially ane s t he t i z ed  with 
chlora l  hydra te  and a hole is made  on each  side of  the  skull 
d i rect ly  above  the s t r ia tum.  6 - O H D A  is then  in jec ted  into 
one  s t r ia tum.  At a t ime s u b s e q u e n t  to the degene r a t i on  of  
d o p a m i n e  ne rve  t e rmina l s ,  mice are ane s t he s i zed  with halo- 
thane  and  tes t  drugs  or sal ine are in jected into the  in tac t  
s t r i a tum e i the r  before  or  af ter  a m p h e t a m i n e  admin i s t r a t i on  
and the i r  effect  on a m p h e t a m i n e - i n d u c e d  circl ing b e h a v i o r  is 
eva lua ted .  

This  t e chn ique  offers  advan tages  ove r  c o n v e n t i o n a l  pro- 
cedures  for in ject ing drugs  direct ly  into d i sc re te  bra in  sites. 
The  p rocedure  uses  mice which  are less expens ive  than  rats.  
In addi t ion ,  it a l levia tes  the  necess i ty  to implant  cannu las ,  
which  can be t ime -cons um i ng  and labor ious .  Our  m e t h o d  
does  not involve  ex tens ive  surgery  or  man ipu la t ion ,  and  
many  an imals  can  be t es ted  in a shor t  per iod of  t ime.  This  
can  be par t icular ly  va luable  in behav io ra l  e x p e r i m e n t s  whe re  
large n u m b e r s  of  an imals  may  be requi red  because  of  the  
high degree  of  var iabi l i ty  in the  behav io ra l  r esponse .  

Our  p rocedure  does  requi re  the  use of  an anes the t i c  dur-  
ing the  in ject ion of  the  tes t  drugs  into the s t r ia tum.  We have  
c h o s e n  to use ha lo thane  s ince in mice it can p roduce  

a n e s t h e s i a  with rapid r ecove ry  f rom a n e s t h e s i a  occur r ing  
within 2-3 minu tes  af ter  wi thdrawal .  Since a hole has  been  
prev ious ly  dril led in the skull for the  in ject ion of  the  tes t  
drugs  into the s t r ia tum,  the  admin i s t r a t ion  of  these  drugs  can  
be done  rapidly,  usually within 2 minutes .  Only  on  occas ion  
has  it been  necessa ry  to use  addi t ional  ha lo thane  to main ta in  
a n e s t h e s i a  dur ing  in t ras t r ia ta l  inject ion.  We have  tr ied using 
o the r  anes the t i c s  such as m e t h o x y f l u o r a n e  and  e ther ,  but  
r ecove ry  f rom these  anes the t i c s  was much  s lower  than  with 
ha lo thane ,  the mice exhib i t ing  an ataxic  gait for  40-60 min- 
utes  af ter  wi thdrawal .  

In s u m m a r y ,  this  p rocedu re  p rov ides  a me thod  for assess-  
ing the effect  of  drugs  on dopaminerg ic  func t ion  in the  
s t r ia tum.  The  p rocedu re  is i nexpens ive  and  simple enough  to 
al low a large n u m b e r  of  an imals  to be s tudied in a shor t  
per iod of  t ime. 
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