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SEGAL, D. S., C. MCALLISTER AND M. A. GEYER. Ventricular infusion ofnorepinephrine and amphetamine: direct 
versus indirect action. PHARMAC. BIOCHEM. BEHAV. 2(1) 79-86 ,  1974. - The behavioral hyperactivity produced by 
intraventricular infusions of norepinephrine in rats is potentiated by pretreatment with 6-hydroxydopamine. Pretreatment 
with the catecholamine uptake blocker desmethylimipramine does not alter the effect of norepinephrine, which indicates 
that the potentiation observed after 6-hydroxdopamine is due to an enhancement of receptor sensitivity rather than to a 
loss of an uptake inactivation mechanism. Intraventricular infusions of d-amphetamine result in behavioral effects which 
are comparable to those observed following systemically administered amphetamine: (1) increasing doses produce a graded 
increase in locomotor activity; (2) high doses elicit a pattern of stereotypy; and (3) d-amphetamine is more potent than 
1-amphetamine in producing these behavioral effects. The behavioral effects of amphetamine, in contrast to those induced 
by norepinephrine, appear to be dependent upon the functional levels of brain catecholamines as indicated by the 
suppression of amphetamine effects following pretreatment with alpha-methyl-p-tyrosine or reserpine. These results pro- 
vide evidence for a direct mechanism of action for infused norepinephrine and indicate the potential usefulness of 
norepinephrine-induced activity as an index of alterations in receptor sensitivity. 

Intraventricular infusion Amphetamine 
Stereotypy 6-Hydroxydopamine 

Norepinephrine Receptor sensitivity Behavioral activity 

I N T R A V E N T R I C U L A R  in fus ion  of  n o r e p i n e p h r i n e  (NE)  
p roduces  a d o s e - d e p e n d e n t  increase  in behaviora l  arousal  
[4, 9, 10] .  This ef fec t  appears  to  ref lec t  the  specif ic  facili- 
t a t i o n  of  cen t ra l  no rad rene rg ic  t r ansmiss ion  and  may  be  
due to t he  d i rec t  ac t ion  o f  NE at p o s t s y n a p t i c  recep tors  
a n d / o r  i ts  ind i rec t  ef fec t  o n  no rad rene rg i c  t e rmina l s  (e.g. 
release o f  s to red  NE). Tha t  the  observed  behav iora l  e f fec t  is 
p r imar i ly  d i rec t  in na tu re  is ind ica ted  b y  previous  s tudies  in 
wh ich  p r e t r e a t m e n t  w i th  a lpha -me thy l -p - ty ros ine  ( a M T )  or 
reserp ine  were f o u n d  to  e n h a n c e  r a t h e r  t h a n  to  d imin i sh  
behav io ra l  ac t iva t ion  i nduced  by  NE in fus ion  [4 ] .  Since 
b o t h  aMT,  which  inh ib i t s  NE synthes is ,  and  reserpine ,  
which  d i s rup ts  NE storage,  dep le te  i n t r a n e u r o n a l  ca techol -  
amines  (CA), i t  is unl ike ly  t ha t  the  in fused  NE has its e f fec t  
b y  t he  release or d i sp l acemen t  o f  e n d o g e n o u s  amines .  

In the  p resen t  series o f  s tudies  an a t t e m p t  has b e e n  made  
to  f u r t h e r  examine  the  m o d e  o f  ac t ion  of  in fused  NE fol- 
lowing  var ious  pha rmaco log ica l  p r e t r e a t m e n t s .  The results  
ind ica te  t he  p o t e n t i a l  usefulness  of  this  t e c h n i q u e  as an 
index  o f  r ecep to r  sensi t iv i ty .  

G E N E R A L  M E T H O D  

Animals 

Male Sprague-Dawley rats  were o b t a i n e d  f rom Carwor th  
Fa rms  and  weighed a p p r o x i m a t e l y  3 0 0 - 3 5 0  g. 

Surgery 

Each  an imal  was i m p l a n t e d  wi th  a cannu la  in the  r ight  
la teral  ven t r ic le  (De G r o o t :  A 5.4, ML 2.0, H + 4 .0)  and  
h o u s e d  ind iv idua l ly  w i th  ad lib access to  food  and water  for  
at  least  one  week  pr ior  to  test ing.  A 12-hr l i gM/da rk  cycle 
was ma in ta ined .  

Procedure 

During tes t  sessions the  an imals  were p laced in ac t iv i ty  
c h a m b e r s  and  c o n n e c t e d  to  the  in fus ion  appa ra tus  (describ-  
ed in  deta i l  previously  [5,9]  ) 45 rain pr ior  to  the  ac t iva t ion  
of  t he  in fus ion  p u m p .  Rats were t h e n  infused  for  2 hrs  w i th  
e i the r  0.9% saline, d l -no rep ineph r ine  (dl a r t e reno l  HC1, 
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Calbiochem), or 1- or d-amphetamine sulfate (Smith, Kline 
and French). Pretreatment procedures are described for 
each experiment where relevant. Activity was measured as 
cross-overs in chambers whose floors were electronically 
divided into quadrants. Each animal was infused only once 
at a constant rate of  20 u l /h r .  Following testing animals 
were infused with Methylene Blue dye and the cannula 
placements were verified by gross dissection of  the brains. 
The Mann-Whitney U test [ 11 ] was used to determine sta- 
tistical significance unless otherwise indicated. 

E X P E R I M E N T  1 

Pretreatments with c~MT or reserpine were used in previ- 
ous studies [4] to examine the role of endogenous CA 
levels in the behavioral effect of infused NE. Since both 
pharmacological agents enhanced the NE-induced hyper- 
activity, it was suggested that infused NE has a direct effect 
on postsynaptic receptors independent of the level of 
endogenous NE pools. The increased response to NE was 
interpreted as possibly reflecting the development of recep- 
tor supersensitivity. However, since reserpine and aMT 
administration decrease endogenous amines without alter- 
ing the structural integrity of the nerve terminal, it could 
still be suggested that a small, functional pool of CAs 
mediates the effects of the infused NE. In order to test this 
possibility, CA terminals were destroyed by intraventricular 
administration of  6-hydroxydopamine (6-HD) three weeks 
prior to infusion with NE. 6-Hydroxydopamine pretreat- 
ment would be expected to diminish the behavioral effects 
of infused NE if those effects were mediated by a small 
endogenous pool of  NE. Since a significant increase in 
NE-induced hyperactivity was observed, the possible in- 
volvement of  receptor sensitivity was subsequently examin- 
ed. Trendelenberg [15] has demonstrated that increases in 
sensitivity to administered CAs in the peripheral nervous 
system (e.g. nictitating membrane) may be mediated by 
decreases in the capacity of the uptake inactivation system 
as well as by increases in receptor sensitivity. In order to 
distinguish between these two possible mechanisms, the 
effects of NE infusions following uptake inactivation by 
desmethylimipramine (DMI) were examined. It was found 
that pretreatment with DMI did not alter the behavioral 
effects of NE infusion. 

Me th od 

The procedures were as described above (see General 
Method) except that one week following cannulation ani- 
mals were injected with either vehicle (25 ul) or 250 ug 
6-HD (HBr, Calbiochem) (dissolved in 25 ul of  0.1% ascor- 
bic acid in 0.9% saline) three weeks prior to infusion with 
either 0.9% saline or 1.0 #g/#l or 2.0 #g/ul NE. This dose of  
6-HD has been shown to produce a rapid and sustained 
decrease in CA levels [1,16] and in tyrosine hydroxylase 
activity [ 16, Segal and Kuczenski, unpublished] in the rat 
brain, reflecting the destruction of CA neurons. 

Additional groups of  rats were injected IP with either 
25mg/kg DMI (Norpramin, Lakeside)or saline 1 hr prior to 
a 2 hr infusion with either saline, 0.5 ug/ul NE, or 2.0 #g/#l 
NE. This dose of DMI has been shown to produce a marked 
inhibition of NE uptake, both in vivo [3] and in vitro [6]. 

Results 

Figure 1 a shows the effects of saline and NE infusions in 

6-HD pretreated rats as the mean percent of appropriate 
saline pretreated controls. The locomotor  activity of ani- 
mals infused with saline three weeks following 6-HD treat- 
ment was not significantly different from control levels. 
The infusion of either 1.0 ug/ul or 2.0 ug/ul NE resulted in 
significant increases in the behavioral activity of  6-HD pre- 
treated animals when compared to the levels of activity 
produced by the same doses of  NE infused in saline pre- 
treated rats (increased in the mean percent -* S.E.M. to 190 
-+ 20 and 169 ± 22, respectively;p<0.002 for each). Similar 
potentiation of NE-induced increases in Sidman avoidance 
responding was also observed two weeks after 6-HD treat- 
ment [Browne, Segal and Geyer, unpublished]. Desmethyl- 
imipramine pretreatment was not effective in altering the 
activity produced by either 0.5 ug/ul or 2.0 ug/ul NE (Fig. 
lb). 

Discussion 

Pretreatment with 6-HD produces a marked potentiation 
of the NE-induced hyperactivity. These results are consis- 
tent with previous studies in which reserpine or aMT was 
used to alter endogenous NE levels and supports the 
hypothesis of a direct receptor effect of infused NE. The 
destruction of NE neurons with 6-HD appears to preclude 
the possibility of an indirect effect mediated by NE termi- 
nals. 

These results are especially interesting in view of the 
frequently reported recovery of  behavioral activity follow- 
ing the initial reduction produced by 6-HD treatment 
[7,14]. In view of such recovery at a time when NE levels 
and uptake as well as tyrosine hydroxylase activity remain 
substantially reduced, some investigators have suggested 
that the behavioral changes produced by 6-HD are not sub- 
served by brain NE pathways. The present results suggest 
that, at least in part, recovery of function following 6-HD 
treatment may be mediated by receptor supersensitivity. 
This model would predict that recovery of function would 
be limited by the availability of endogenous NE in neurons 
which survive the 6-HD treatment. Thus, depending upon 
the dose of 6-HD administered and upon the requirements 
of NE dictated by the conditions in which the specific 
behavior is measured, recovery may appear to be complete 
or partial. Experiments are currently in progress in our 
laboratory to more completely characterize the behavioral 
recovery following 6-HD treatment. 

The enhanced effect of infused NE and the recovery of 
function following 6-HD administration may be explained 
by a mechanism other than receptor supersensitivity. The 
classic experiments of Trendelenberg and his coworkers 
[1 5] indicate that denervation of sympathetic tissue leads 
to a short latency increase in sensitivity of  the denervated 
tissue to NE and other sympathomimetic agents. This effect 
appears to be due to the loss of uptake inactivation and to 
the consequent increased NE in the regions adjacent to the 
receptor sites (biophase). This increased sensitivity is 
accompanied by a more gradual enhancement of responsive- 
ness (with a peak at two- th ree  weeks) to applied NE result- 
ing from receptor supersensitivity. 

The absence of any effect on NE-induced hyperactivity 
following DMI pretreatment indicates a relative ineffective- 
ness of uptake inactivation on the infused NE. The uptake 
apparatus may be saturated by the continuous infusion of 
relatively low concentrations of NE. The additional NE 
made available in the absence of uptake inactivation might 



V E N T R I C U L A R  I N F U S I O N  AND D R U G  A C T I O N  81 

C::) 
I , I  

I - -  

I , I  

0:: 
I - -  

I 
LI.I 
r ~  
O -  

i , I  
Z 
__1 

i--" 
Z 
L ~  

C~ 
I L l  

Z 

=E 

A. 6- HYDROXYDOPAMINE 
PRE-TREATED 

B. DESMETHYLIMIPRAMINE 
PRE-TREATED 

200  - 

150 - 

I00 

50 

0 

i 

18 L 
SALINE NE NE 

I.OH.g/H. I 2.0/.tg/H.I 

N 
N 

NE NE 
0.5H.g/H.I 2.0H.g/H.I 

FIG. 1. Cross-overs (+ S.E.M.), mean percent of corresponding saline pretreated controls, during 2 hrs of infusion 
with either isotonic saline or with various doses of NE. A. Pretreatment with 6-HD (250/zg in 25 /~1) 3 weeks 
prior to infusion. 6-HD potentiated the response to infused NE. B. Pretreatment with DMI (25 mg/kg, IP) 1 hr 

prior to infusion. * Significantly greater than saline pretreated controls, p<0.002. 

be expec t ed  to be  small  relat ive to the  a m o u n t s  be ing  in- 
fused. Thus,  it appears  t h a t  the  a u g m e n t a t i o n  in m o t o r  
act ivi ty  p roduced  by  infused NE in an imals  p re t r ea t ed  wi th  
6-HD is due to r ecep to r  supersens i t iv i ty .  

In the  fo l lowing s tudies  the  mode  of  ac t ion  of  in fused  
NE was fu r t he r  e x a m i n e d  by  compar ing  it  w i th  in t raven t r i c -  
ular ly admin i s t e red  a m p h e t a m i n e  fo l lowing various pha rma-  

cological  t r e a tmen t s .  A m p h e t a m i n e  was chosen  because its 
behav iora l  effects  fo l lowing sys temic  a d m i n i s t r a t i o n  are 
s imilar  to  those  observed dur ing  NE in fus ion  [20]  and  
because  evidence  ind ica tes  t ha t  the  a m p h e t a m i n e  effects  are 
m e d i a t e d  by  an ind i rec t  ac t ion ,  e i t he r  t h r o u g h  release of  
NE or b lockage  of  its u p t a k e  inac t iva t ion .  
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EXPERIMENT 2 

Comparison of the effects of amphetamine and NE 
would be most accurate if both agents were administered 
by the same route, thus allowing for more similar patterns 
of drug distribution and rates of  accumulation as well as 
comparison of equi-molar dose ranges. Since NE does not 
readily pass the blood brain barrier, we first examined the 
behavioral effects of intraventricularly infused ampheta- 
mine preliminary to the comparison of amphetamine with 
NE. Special attention was directed at amphetamine-induced 
dose-dependent increases in locomotor  activity, the relative 
potency of d- and 1-amphetamine, and the elicitation of 
stereotypy (e.g. licking, biting, sniffing and gnawing) at 
high doses of amphetamine. The results indicate that intra- 
ventricular and systemic administration of amphetamine 
produce comparable effects presumably by a similar 
mechanism of action. 

Me th od 

According to the procedures described above, rats were 
infused with either saline, or 1.0 ug/ul, 2.0 ug/ul, or 3.0 
ug/ul d-amphetamine, or 3.0 ug/tal 1-amphetamine. In addi- 
tion to .the automatic recording of cross-overs, periodic 
observations through a viewing lens were made in order to 
detect the occurrence of amphetamine-induced stereo- 
typies. 

Results 

Intraventricular infusion of d-amphetamine produced a 
graded increase in gross locomotor  activity over the dose 
r ange  t e s t e d  (Kruskal-Wallis test: H = 2 4 . 2 ;  d r = 3 ;  
p<0.001)  (Fig. 2). Stereotypy, including sniffing, chewing 
and biting, was observed during the last half-hour of 
infusion in several of the animals infused with 2.0 ug/ul 
d-amphetamine and in most of the animals infused with the 
highest dose (3.0 ug/ul d-amphetamine). The number of 
cross-overs produced by 3.0 ug/ul 1-amphetamine, although 
significantly greater than saline controls over the 2 hr 
session (89 -+ 20 and 17 ± 5, respectively; p<0.001),  was 
substantially below that produced by 3.0 ug/ul d-amphet- 
amine (274-+ 72; p<0.01). No stereotypy was observed 
with 1-amphetamine during the 2 hr test session. 

Discussion 

The results obtained with intraventricular administration 
of d-amphetamine indicate that as with systemic adminis- 
tration: (1) increasing doses produce a graded increase in 
locomotor  activity; (2) high doses elicit a pattern of stereo- 
typy, including licking, biting, gnawing and chewing; and 
(3) d-amphetamine is more potent than 1-amphetamine in 
producing these behavioral effects [8]. It is unlikely that 
the effects of centrally administered amphetamine are 
mediated through a peripheral action since the doses used 
are far below those required to produce comparable behav- 
ioral effects with systemic administration. Therefore, it 
may be assumed that amphetamine or one of  its metabo- 
lites formed in the brain is responsible for the hyperactivity 
and stereotypy and that this effect is, at least in part, 
mediated by an indirect action on CA neurons consonant 
with the proposed mechanism of action of systemically 
administered amphetamine (see Sulser and Sanders-Bush 
[13]). 

In the next series of studies an attempt was made to 
further substantiate the differential effects of NE (direct 
receptor activation) and amphetamine (indirect action) at 
CA synapses. 

EXPERIMENT 3 

If the behavioral effects produced by centrally adminis- 
tered amphetamine are mediated by an indirect action of 
amphetamine on endogenous pools of NE, then decreases in 
those pools ought to correspond to a diminished ampheta- 
mine effect. In order to test this hypothesis, animals were 
pretreated with either reserpine, which depletes NE by 
impairing the vesicular storage mechanism, or by ~MT, 
which inhibits tyrosine hydroxylase, the rate-limiting en- 
zyme in CA biosynthesis [ 171. 

However, whereas reserpine and c~MT would be expected 
to diminish the amphetamine-induced activity, the effects 
of NE infusion should not be decreased if its action is 
directly on postsynaptic receptors. In fact, previous results 
in our laboratory indicate that NE-induced hyperactivity is 
enhanced following pretreatment with reserpine or ~MT 
[4]. The present results confirm these previous findings and 
suggest that, as with systemic administration, some of the 
effects of centrally infused amphetamine are mediated by a 
presynaptic action of this drug at CA synapses. 

Method 

Rats were injected with saline or ~MT (50 mg/kg. IP) 
once a day for 8 days or with saline or reserpine (0.5 
mg/kg, IP) once a day for 5 days and placed in the activity 
chambers 2 or 24 hr respectively, following the last injec- 
tion. Either 1.0 ug/ul NE or 2.0 ~g/ul d-amphetamine was 
infused according to the procedures described above. The 
doses of NE and amphetamine were chosen for their com- 
parable effects on behavioral activity during the first hour 
of infusion. 

Results 

Since the results for the saline control groups were not 
significantly different, these data were pooled for compari- 
son with the experimental groups. Pretreatment with ~MT 
did not significantly alter behavior either during the prein- 
fusion interval or during the infusion of 1.0 ug/ul NE when 
compared to saline pretreated controls (Fig. 3). In contrast, 
the amphetamine-induced hyperactivity was substantially 
reduced by ~MT pretreatment during both the first and 
second hrs of infusion in comparison to control values (21 
± 5 and 25 +- 8, respectively; 63 -+ 13 and 94 -+ respectively; 
p<0.05 for hr one and p<0.02 for hr two). 

Since amphetamine-induced activity during the second 
hr of infusion in control animals is considerably greater 
than that produced by NE during a comparable time inter- 
val, it might be suggested that a limited range of response 
reduction (i.e. floor effect) results in an apparent differen- 
tial effect of ~MT on amphetamine and NE. However, the 
behavioral activity (mean cross-overs -+ S.E.M.) in the ~MT 
+ NE group was significantly higher than in the ~MT + 
amphetamine group during the first hr (42 ± 6 and 21 -+ 5, 
respectively; p<0.02) during which time the level of activ- 
ity in corresponding controls is similar. Therefore it appears 
that a floor effect is not present and that the interpretation 
of qualitatively different effects of ~MT on NE- and 
amphetamine-induced activity is valid. 
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Unl ike  aMT,  the  reserp ine  p r e t r e a t m e n t  p r o d u c e d  a sig- 
n i f i can t  m e a n  r e d u c t i o n  in ac t iv i ty  (0.4 -+ 0.2)  as c o m p a r e d  
to  saline con t ro l s  (38 -+ 4; p < 0 . 0 0 2 ) .  The  re se rp ine - induced  
decrease  was par t ia l ly  reversed by  NE in fus ion  dur ing  the  
first h r  (25 -+ 7), a l t h o u g h  still s igni f icant ly  be low corre-  
s p o n d i n g  saline p re t r ea t ed  con t ro l s  (44  +- 5; p < 0 . 0 5 ) ,  Dur- 
ing the  second  hr  of  NE in fus ion  act iv i ty  in the  reserp ine  
p re t r ea t ed  animals  was c o m p a r a b l e  to con t ro l  levels show- 
ing, in fact ,  a mean  increase.  In cont ras t ,  the  a m p h e t a m i n e  
ef fec t  was subs tan t i a l ly  b locked  by reserp ine  t r e a t m e n t  (63 
± 14 -+ 94  -+ 27, as c o m p a r e d  to 12 -+ 5 ÷ 9 ± 4 ; p < 0 . 0 2  and  
p < 0 . 0 0 2 ,  respect ively) .  The  reserpine  and  NE group was 
s igni f icant ly  more  active in the  second h r  t han  was the  
reserp ine  + a m p h e t a m i n e  groups  (p< 0.01 ). 

The decrease in m o t o r  ac t iv i ty  could no t  be exp la ined  as 
a p o t e n t i a t i o n  of  the  a m p h e t a m i n e  ef fec t  wh ich  would  be 
expec t ed  to  enhance  s t e r e o t y p y  and  reduce  l o c o m o t i o n ,  
since n o  s t e r e o t y p y  was observed  dur ing  the  in fus ion  of  
a m p h e t a m i n e .  Rather ,  the  an imals  exh ib i t ed  the  typica l  
appea rance  of  reserp ine  in jec ted  rats  and were flaccid w h e n  
r emoved  f r o m  the  e x p e r i m e n t a l  chambers .  

Discussion 

B o t h  reserpine  and a M T  p r e t r e a t m e n t s  were f o u n d  to 
d i f fe ren t ia l ly  affect  the  behav iora l  ac t iv i ty  i nduced  by  infu-  
s ions wi th  a m p h e t a m i n e  and  NE. The ef fec t  of  NE in fus ion  
was una l t e r ed  by  a M T  and reversed the  rese rp ine- induced  
depress ion.  These f indings  s ubs t an t i a t e  resul ts  ob t a ined  pre- 
viously [4]  and  are c o n s o n a n t  wi th  a direct  r ecep to r  activa- 
t ion  by  the  in fused  NE. In cont ras t ,  the  behaviora l  e f fec ts  
of  in fused  a m p h e t a m i n e  appear  to be ind i rec t  since reduc-  
t ion  of  e n d o g e n o u s  NE levels, e i ther  by  synthes is  i n h i b i t i o n  
wi th  aMT or i m p a i r m e n t  of  vesicular  s torage wi th  reserpine ,  
p r o d u c e d  a marked  r educ t i on  in the  a m p h e t a m i n e  response.  
These  drug in t e rac t ions  are s imilar  to  those  observed wi th  
sys temica l ly  admin i s t e r ed  a m p h e t a m i n e .  A lpha -methy l -p -  
ty ros ine  has been  r epo r t ed  by  m a n y  inves t iga tors  to abol i sh  
the  effects  of  a m p h e t a m i n e  [ 1 8 ] ,  and recen t ly ,  Fibiger,  
T r i m b a c h  and  Campbel l  [2] have s h o w n  tha t  the  previous ly  
r epo r t ed  p o t e n t i a t i o n  of  a m p h e t a m i n e  ef fec ts  by  reserp ine  
p r e t r e a t m e n t  [12]  is due to the  weight  loss i nduced  by  
reserpine.  With  co r r ec t i on  for  the  effects  of weight  loss, 
reserpine  was found  to decrease  the  a m p h e t a m i n e  augmen-  
t a t i o n  of  l o c o m o t o r  act ivi ty .  Tha t  no  synergism wi th  
respect  to hype rac t i v i t y  was observed  b e t w e e n  reserp ine  
and  in t r aven t r i cu l a r ly  admin i s t e red  a m p h e t a m i n e  ind ica tes  

t h a t  the  rese rp ine- induced  weight  loss may:  (1)  a l ter  the  
ef fec t  of  a m p h e t a m i n e  on  per iphera l  s t ruc tu res  (subse- 
quen t ly  be ing  t rans la ted  in to  e n h a n c e d  m o t o r  ac t iv i ty) ;  or 
(2)  a l ter  the  per iphera l  m e t a b o l i s m  of  a m p h e t a m i n e  a n d / o r  
its access to the  cent ra l  ne rvous  sys tem.  These  effects  of  
weight  loss would be  c i r cumven t ed  by  the  cent ra l  adminis -  
t r a t i on  of  a m p h e t a m i n e .  Therefore ,  on  the  basis of the  
results  ob t a ined  wi th  b o t h  a M T  and  reserpine pre t rea t -  
ments ,  it appears  tha t  at least  wi th  respect  to  some behav-  
ioral effects ,  the ac t ions  of  a m p h e t a m i n e  admin i s t e r ed  
cent ra l ly  or sys temica l ly  are comparab le .  These  results  are 
c o n s o n a n t  wi th  an ind i rec t  mode  of  ac t ion  of a m p h e t a m i n e  
on CA synapses.  

G E N E R A L  DISCUSSION 

The results  ob t a ined  ind ica te  t ha t  infused NE produces  a 
direct  r ecep to r  ac t iva t ion :  (1)  the  des t ruc t i on  of NE 
n e u r o n s  wi th  6-HD resul ted  in a marked  p o t e n t i a t i o n  of 
NE- induced  hype rac t iv i ty .  Similar p o t e n t i a t i o n  could no t  
be  ob t a ined  wi th  DMI p r e t r e a t m e n t ,  ind ica t ing  t ha t  these  
effects  are due to r ecep to r  supersens i t iv i ty  ra ther  t han  to  
the  loss of  an u p t a k e  inac t iva t ion  m e c h a n i s m  [15 ] ; (2) the  
behav iora l  ef fects  of  a m p h e t a m i n e  admin i s t e r ed  e i the r  
sys temica l ly  or cent ra l ly  are comparab l e  and appear  to be 
d e p e n d e n t  u p o n  the  func t iona l  levels of b ra in  CAs as indi-  
cated by  suppress ion  of  act ivi ty  fo l lowing a M T  or reserp ine  
p r e t r e a t m e n t .  These f indings are similar to the  results  
ob t a ined  wi th  the  in fus ion  of  d o p a m i n e  (DA)  which  also 
appears  to  p roduce  behaviora l  ac t iv i ty  ind i rec t ly  t h r o u g h  its 
effect  on  NE neurons ,  possibly by convers ion  to NE. In 
previous  s tudies  we have found  t ha t  DA-induced hyper -  
ac t iv i ty  could be abol i shed  by  p r e t r e a t m e n t  wi th  imipra-  
mine  [5 ] ,  wh ich  b locks  the  u p t a k e  of  DA in to  NE termi-  
nals or reserp ine  which  b locks  convers ion  of  DA to NE [4 ] .  

In con t r a s t  to  the a m p h e t a m i n e  and DA effects,  the  
behaviora l  act ivi ty  induced  by  NE is no t  d imin i shed  by  
r educ t ions  in e n d o g e n o u s  CA levels, which  is cons i s t en t  
w i th  a p r imary  r ecep to r  ac t ion  for  infused NE. Addi t iona l  
s tudies  are cu r ren t ly  in progress to  f u r t h e r  subs t an t i a t e  the  
possible  d i rec t  m e c h a n i s m  of  NE ac t ion  and to explore  the  
use of  NE- induced  act ivi ty  as an i ndex  of a l t e ra t ions  in 
r ecep to r  sensi t iv i ty  fo l lowing long- te rm drug admin is t ra -  
t ion.  These inves t iga t ions  may provide some insight  in to  the  
role of  r ecep to r  sensi t ivi ty  in the  d e v e l o p m e n t  of drug 
to le rance .  
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