
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 391-396. Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

The Effect of 6-Hydroxydopamine on 
Habituation of Activity in 
the Developing Rat Pup' 

BENNETT A. SHAYWITZ, JUDITH W. GORDON,  J E F F R E Y  H. KI .OPPER 

AND DANIEL A. ZELTERMAN 

Laborato O' o f  Developmental Neurobioh)gy, Sectkm of  Pediatric :Veuroh)gy 
Departments o f  Pediatrics and Neurology 

Yale Universit)' School o f  Medicbw, New llaven, CT 

(Received 29 Oc tober  19761 

SHAYWITZ, B. A., J. W. GORDON, J. H. KLOPPIR, AND D. A. ZELTER),IAN. The el]~'ct of 6-hydroxydopamine on 
habituation of activity #~ the developing rat pup. PItARMAC. BIOCHEM. BI'HAV. 6{4) 391-396, 1977. The role of 
brain catecholaminergic mechanisms in habituation of activity ',','as investigated in rat pups treated with 6-hydroxy- 
dopamine (6-OHDA). Intracisternal administration of this agent in the neonatal period resulted in a permanent and 
significant depletion of brain dopamine to 35.5% of controls while brain norepinephrine remained unchanged. Activity 
levels in normal developing rat pups increased rapidly between 15 22 days, then declined at maturity (26 days}, while 
activity in 6-OHDA treated animals during this peak period of behavioral arousal increased to a significantly greater degree 
than that of their littermate controls. Habituation of activity, defined as the decrement of spontaneous activity, was 
calculated by regression over the first 30 min of observation. At both 5 and 8 days of age 6--Ottl)A and control rat pups 
exhibited low levels of activity whose decrease with time did not differ significantly and this pattern continued through 12 
days of age. ttowever, by 15 days of age activity in control animals declined by 195;-. each 10 min period compared to only 
a 10~: decline found in 6-OHDA animals. At 19 days normal rat pups declined by 1054 compared to a significantly reduced 
decrement of 3~,a. found in treated animals, but these differences were no longer apparent by 22, 26, or 29 days of age. Our 
results are consistent with the notion that habituation of activity is a complex phenomenon mediated in part by 
catecholaminergic systems. 
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HABITUATION is generally def ined as a response de- 
c rement  fol lowing repeated  or con t inous  presenta t ion  of  an 
eliciting stimulus.  Al though this p h e n o m e n o n  has been 
repor ted  to occur  in a wide variety of organisms under  
many diverse exper imenta l  s i tuat ions [ 23] ,  recent  evidence 
suggests that hab i tua t ion  is not  a unitary process  but that  
separate classes of hab i tua t ion  each media ted  by a dist inct  
neuropharmacologica l  mechanism may be discerned.  
Evidence from several lines of investigations provides 
suppor t  for such a not ion .  Thus,  adminis t ra t ion  of  the 
ant ichol inergic  agent scopolamine  significantly retards the 
habi tua t ion  of  exp lora to ry  activity in both  rats and mice 
]2 ,14] .  Such data lends suppor t  to ( ' a r l ton ' s  proposal  that  
central  muscarinic cholinergic mechan i sms  are involved in 
behavioral inhibi t ion in general,  and m habi tua t ion  of  
activity in part icular  [3] .  In cont ras t  to the behaviorally 
more complex  parameter  of hab i tua t ion  of  exp lo ra to ry  
activity,  hab i tua t ion  of the elicited startle response does 
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not seem to depend on cholinergic influences,  for startle 
response is unaffec ted  by scopolamine  [35] .  Several studies 
however ,  have demons t r a t ed  that adminis t ra t ion  of para- 
ch lorophenyla lan ine  (P( 'PA) a compet i t ive  inhibi tor  of  
t r y p t o p h a n h y d r o x y l a s e  (and thus an inhibi tor  of  sero tonin  
format ion)  will significantly a t tenua te  habi tua t ion  of startle 
response [4 ,5] .  Moreover,  recent studies indicate that 
ca techolaminergic  mechanisms may also be impor tan t  in 
lhe modula t ion  of the startle response [11 ,32] .  Such. 
investigations suggest that the response dec remen t  of  
reflexive behavior as exempl i f ied  by the startle response is 
media ted  via monoaminerg ic  mechanisms while the de- 
c rement  in evoked exp lora to ry  behavior depends  on cholin- 
ergic influences.  

( ' a techolaminergic  systems play an impor tan t  role in the 
modula t ion  of activity [24 ,25] ,  but their effects  on 
habi tua t ion  of exp lora to ry  activity remain largely un- 
explored.  The relatively recent  technique  of pharma-  
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cological de s t ruc t i on  of centra l  ca t echo lamine rg ic  sys tems 
by admin i s t r a t i on  of  6 - h y d r o x y d o p a m i n e  (6 -OHDAI  has 
provided a means  to clarify the re la t ionship  be tween  
ca t echo l amines  and a var iety of behaviora l  parameters .  In 
order  to examine  the re la t ionship  be tween  ca t echo l amines  
and h a b i t u a t i o n ,  we have s tudied  the effects  of  6-OHI)A 
induced  dep le t ion  of brain d o p a m i n e  on the h a b i t u a t i o n  of  
acl ivi ty in developing rat pups. Our  results  suppor t  a role 
for centra l  ca t echo lamine rg ic  m e c h a n i s m s  in this form of 
hab i tua t i on .  

M E "I"1.4 o I ) 

Animals 

Litters  of  Sprague-Dawley s t ra in  Char les  River Com- 
pany)  rat pups  and m o t h e r s  were ob ta ined  at one day of  
age and culled to eight  pups  with a p p r o x i m a t e l y  equal  
n u m b e r s  of male and female.  At 5 days of age the rat pups  
were n u m b e r e d  by toe punch  and r andomly  a l located to 
con t ro l  or t reated groups.  Results  r epor t ed  here en- 
compassed  40  con t ro l  and 40  t rea ted  rat pups,  compr i s ing  
10 li t ters.  

Procedure 

Trea ted  rat pups  received d e s m e t h y l i m i p r a m i n e  (DMI 25 
mg/kg  in t r ape r i t onea l ly )  1 hr  pr ior  to the in t rac is te rna l  
admin i s t r a t i on  of  6 - h y d r o x y d o p a m i n e .  This  was accom- 
pl ished by an in jec t ion of  100 ug 6-OHDA (given as 
h y d r o b r o m i d e  in 25 ul of  so lu t ion  and ca lcula ted  as free 
base). Ascorbic  acid at a c o n c e n t r a t i o n  of 0.5 mg /m was 
added as an a n t i o x i d a n t .  L i t t e rma te  con t ro l s  received DMI 
then in t rac is te rna l  saline 25 ul. The  6 -Ot lDA so lu t ion  was 
prepared  immedia t e ly  before  use and the c o m p o u n d  was 
shielded from light and kept  on ice to prevent  a u t o x i d a t i o n .  

A ctivit3' :lleasurements 

Activi ty  was d e t e r m i n e d  on 8 occas ions  dur ing  the first 
m o n t h  of life: at 5, 8, 12, 15, 22, 26, and 29 days of  age, 
always be tween  1 3 0 0 - 1 5 0 0  hr  to min imize  the var ia t ion  
due to c i rcadian per iodic i ty .  I 'he  rat pups  were removed  
from their  m o t h e r  and immedia t e ly  placed in clear plast ic 
cages, 46 × 24 × 14.5 cm deep,  in a previously p repared  
r andom a r rangemen t .  Act ivi ty  was d e t e r m i n e d  by a t ime 
sample measure  of  act ivi ty [ 15,27] by an obsem'er  seated 8 
ft f rom the cages. Each m i n u t e  the cages were scanned  and 
a record made  of the rat pup ' s  act ivi ty at tha t  par t icu lar  
ins tant  using one of the fol lowing mutua l ly  exclusive 
parameters :  sleeping: lying mot ionless ,  body  rest ing on  
floor,  head of ten  tucked  under  b o d y :  inactive:  s t and ing  or 
s i t t ing mot ion less :  ambu la t ing :  walking or r unn i ng  a b o u t  
cage: c l imbing:  forepaws c l imbing  on side of cage or abou t  
water  bo t t le :  rearing: b o t h  forepaws clear of f loor ;  eat ing:  
gnawing  at food in h o p p e r  or at pieces on cage f loor  or 
ho ld ing  food in forepaws:  dr inking:  m o u t h  con tac t  with 
nozzle  of water  bo t t l e ;  sniffing: sniff ing at any par t  of  cage 
or in the air: g rooming :  any self-washing or l icking 
m o v e m e n t : s c r a t c h i n g :  scra tch ing  body wi th  h ind  legs. Each 
pa rame te r  of act ivi ty was calcula ted separa te ly :  in add i t ion ,  
various pa rame te r s  were c o m b i n e d  to de t e rmine  total  
inact ivi ty  Isleeping and inac t iv i ty) :  total  very active be- 
havior  ( ambula t ing ,  c l imbing,  eat ing,  rearing, d r ink ing l :  
total  slight act ivi ty ~snift'ing, g rooming ,  sc ra tch ing) :  and 
total  act ivi ty ( ambula t ing ,  c l imbing,  eat ing,  rearing,  

dr inking,  sniffing,  g rooming) .  Each l i t ter  was observed for I 
hr  and 60 measures  were thus made for each animal  on any 
one day. 

Biochemical  Determinations 

At the conc lus ion  of the e x p e r i m e n t ,  animals  were 
sacrificed by decap i t a t ion  and brains  rapidly removed and 
frozen on dry ice for subsequen t  d e t e r m i n a t i o n  of dop-  
arnme and no rep inephr ine .  ( ' a t e c h o l a m i n e s  were de- 
t e rmined  within 2 weeks uti l izing t luoron le t r i c  t echn iques  
descr ibed elsewhere [ 1 ,26] .  

Statistical Methods 

Measurement s  of each act ivi ty were calculated as a 
percentage  of  obse rva t ions  for 1 hr. Act ivi ty  m e a s u r e m e n t s  
were then  grouped  into 10 rain epochs  and analyzed by 
least squares  regression. In order  to min imize  tile con- 
found ing  of  h a b i t u a t i o n  with e f fec to r  fat igue,  hab i t ua t i on  
of act ivi ty was calculated for the first 30 rain in the 
e n v i r o n m e n t .  Data for the comple t e  60 rain obse rva t ion  
per iod is, however  shown  in the figures and tables. 
( ' a t e c h o l a m i n e  c o n c e n t r a t i o n s  be tween  con t ro l  and 
(>-OHDA rats were compared  by /-test [31 ]. 

R ESI.J l , r s  

1. Development  o f  Act iv i ty  in tile Rat  Pup 

The act ivi ty pa t t e rns  in developing rat pups  are similar 
to lhose repor ted  by us in previous  invest igat ions  [29 ,30]  
and are deta i led in Fable  1. For  the t'irsl week of life the 
normal  rat pup  moves  very little. Beginning at 12 days and 
c o n t i n u i n g  t h r o u g h o u t  the next  10 days his total  act ivi ty 
increases dramat ica l ly ,  so that  at 22 days it is two to three  
t imes the act ivi ty  at Day g, co rnp r i s i ng68 ! ;  of his l ime. By 
26 days, total  act ivi ty (amht ,  lat ion,  c l imbing,  rearing. 
eat ing,  dr inking,  sniffing,  grooming,  sc ra tch ing)  has de- 
cl ined to the level it was pr ior  to the increase. Very active 
behavior ,  ~comprising a m b u l a t i o n ,  c l imbing,  rearing, eal ing 
and dr ink ing)  and slighl act ivi ty (sniff ing,  grooming, 
scra tch ing)  follow a similar deve lopmen ta l  pa t t e rn .  

Those rat pups deple ted  of brain d o p a m i n e  by lhe 
neona ta l  admin i s t r a t i on  of 6-OIIDA also d e m o n s t r a t e  this 
pa t t e rn  of acl ivi ly as lhey mature .  I towever ,  6 -OHi)A 
t rea ted  rat pups appear  t o d e v e l o p  increased act ivi ty earlier 
and to a s ignif icant ly  greater  degree than  do their  l i t t e rmate  
controls .  Init ial ly,  t reated rat pups are less active than 
controls .  We believe that  lhis reflects  the acule effecls  of 
the t r e a t m e n t ,  since total  act ivi ty at 5 days was measured  
just  2 hr  aftra the in l racis lernal  in jec t ion of  6-OHDA. By 
15 days total  act ivi ty of Irealed rat pups is s ignif icant ly  

greater  than that  of cont ro l s ,  and these d i f ferences  c o n l m u e  
at 19 days and 22 days. At 26 days, total  act ivi ty in t reated 
rats has decreased to levels comparab l e  to those of  con t ro l s  
and remains  similar to those of con t ro l s  thereaf ter .  This 
increased total  act ivi ty found  in d o p a m i n e  deple ted  animals  
appears  to reflect increases in very active behavior  occurr ing 
be tween  15 and 22 days of age, and for tile Enos[ part 
represents  a m b u l a t o r y  act ivi ty.  

2. l lahituation to Novel Environment  in Normal and 
6-OHDA Rat Pups 

Figure 1 represents  the mean  total  act ivi ty for groups  of 
6-OHI)A t reated and con t ro l  rat pups  p lo t ted  as mean  
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T A B I . E  I 

ONTOGENY OF ACTIVrIY IN DEVELOPING RAT PUPS 

Age (l)ays) 
5 8 12 15 19 22 26-29 

Slightly Active 

C 19.8 -- 2.35 13.6 ± 1.65 21.2 ~- 1.64 33.3 ± 2.02 26.1 _+ 1.92 30.4 _+ 2.35 21.8 _+ 2.50 
6-OHDA 15.7 +_ 2.36 17.1 _+_ 1.60 23.1 +_ 1.92 27.7 +_ 1.71 36.3 _+ 1.87 37.3 ~- 1.81 23.3 ± 2.64 

Very Active 
C 4.76 + 1.14 10.9 _+ 1.98 16.7 _+ 1.67 24.6 _+ 2.22 33.7 _+ 2.60 37.5 +_ 3.16 26.9 _+ 3.44 
6-OHDA 2.33 _+ 0.645 14.7 +_ 2.25 21.4 _+ 2.35 42.0 -,- 2.52 43.9 + 2.23 42.8 _+ 2.28 30.2 _+ 3.41 

Total Activity 

C 26.7 ± 3.02 24.5 ±. 2.57 38.0 +_ 2.61 58.4 ± 3.02 59.9 _+ 3.43 67.9 _+ 3.91 48.7 -,- 4.72 
6-OHDA 18.0 _+ 2.36 31.8 _+ 2.65 44.5 ± 3.30 70.7 _+ 3.00 80.1 _+_ 2.56 80.0 ± 3.72 53.5 +_ 4.64 

Activity as percentage , SEM of observat ions  for one hour.  

I 00  

90 

8 0  

70 

>" 60 

> 

*- 50 

N 4 0  

3 O  

2 0  

I0 L.; ' L. 

5 8 

',F 
, l i ,  

t i 

. I  i i J . .  I l l . [ ,  . L J l l  I , , l [ . , l l  t l  I l l l l l l  I 

5 0  60 0 50 60 0 30 60 0 30 60 0 30 60 0 30 60 0 
T I M E  ( m i n u t l l )  

TOTAL A C T I V I T Y  

C O N T R O L  I 
6 0 H D A  . . . . . .  

AGE in doy$ 
12 15 19 2 6  29 

1 l -~ 

L 
L, 

i 

LJ 

l l l , , I  

30 60 

I.I(;. 1. Habituation of  total activity in rut pups treated with 
6-OHDA at 5 days of  age compared to l i t termate controls.  Total 
activity is represented as the percentage or" observations during 1 hr. 
Activity for 8 different hour sessions on days 5 -29  is shown as the 

mean for each l0 rain epoch. 

p e r c e n t a g e  o f  t o t a l  a c t i v i t y  in e ach  10 rain  e p o c h  for  t he  
full  60  rain  o f  o b s e r v a t i o n .  T h e  d e c r e m e n t  in s p o n t a n e o u s  
ac t i v i t y  was  c a l c u l a t e d  as a r e g r e s s i o n  ove r  t he  first  30  rain  
o f  o b s e r v a t i o n .  At  b o t h  5 a n d  8 d a y s  o f  age 6 - h y d r o x y -  
d o p a m i n e  t r e a t e d  a n d  c o n t r o l  rat  p u p s  e x h i b i t  l ow levels  o f  
a c t i v i t y  w h i c h  did  n o t  d e c r e a s e  s i g n i f i c a n t l y  ove r  the  t i m e  
pe r i ods .  By 12 d a y s  o f  age,  6 - h y d r o x y d o p a m i n e  t r e a t e d  
a n i m a l s  are b e g i n n i n g  to  e x h i b i t  m o r e  ac t i v i t y  t h a n  
c o n t r o l s ,  bu t  d e c l i n e  at t he  s a m e  ra te  as c o n t r o l s ,  l l o w e v e r ,  
by 15 d a y s  6 - O H D A  t r e a t e d  rat  p u p s  are s i g n i f i c a n t l y  m o r e  
ac t ive  t h a n  c o n t r o l s ,  and  at th i s  p o i n t  t he i r  a c t i v i t y  
d e c r e m e n t  was  s i g n i f i c a n t l y  less t h a n  c o n t r o l s ,  F ( 1 , 9 9 2 ) =  
17.2 .  p~ 0 . 0 0 1 .  At  15 d a y s ,  t he  6 - O H D A  t r e a t e d  rat p u p s  

d e c l i n e d  10"; each  10 rain p e r i o d  c o m p a r e d  to a 19V, 
dec l i ne  for  a s imi l a r  p e r i o d  in the  c o n t r o l s .  AI lq  d a y s  o f  
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Fit;.  2. I labituation of  total very active behavior. This comprises 
ambulat ion,  rearing, climbing, eatin.~, and drinking. Activity ,nea- 

sures as in ['ig. ]. 
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age ac t i v i t y  o f  d o p a m i n e  d e p l e t e d  rat p u p s  d e c l i n e d  3"; 
each  10 min  in te rva l  c o m p a r e d  to a 10% dec l i ne  ac t iv i ty  in 
c o n t r o l s ,  aga in  a s i g n i f i c a n t  d i f f e r e n c e ,  I ' ( 1 , 9 9 2 ) =  10.0.  
p < 0 . 0 0 1 .  Dec l ine  in ac t iv i ty  in b o t h  c o n t r o l  a n d  t r e a t e d  rat 
p u p s  was  s imi l a r  at 22,  26 and  2~, ~ ( lays o f  age. D e c r e m e n t  in 
to ta l  very  ac t ive  b e h a v i o r  ( i n c l u d i n g  a m b u l a t i o n ,  c l i m b i n g ,  
r ea r ing ,  e a t i ng ,  d r i n k i n g ) ,  e x h i b i t e d  s imi l a r  p a t t e r n s  w i th  
m a t u r a t i o n  (Fig.  2). T h u s ,  at 15 ( lays,  c o n t r o l  rat p u p s  
dec l i ned  13";- c o m p a r e d  t o a  dec l i ne  o f  j u s t  3"; e ac h  1 0 m i n  
pe r i od  in 6 - O H D A  t r ea t ed  a n i m a l s ,  a s i gn i f i c an t  d i f f e r e n c e ,  
F ( 1 , q 9 2 )  = 10.7 ,  p< 0 . 0 0 1 .  By Ig  d a y s ,  6 - O | I D A  t r ea t ed  ra t  
p u p s  i n c r e a s e d  ac t i v i t y  by IC' each  pe r i od  whi le  ac t iv i ty  in 
c o n t r o l  p u p s  d e c r e a s e d  by 2 ' f  ove r  the  s a m e  in te rva l ,  
F ( 1 , 9 9 2 )  = 3 .1 ,  i ) < 0 . 0 5 .  T h e r e  were  n o  d i f f e r e n c e s  ap-  
p a r e n t  in d e c r e m e n t  o f  s l ight  a c t i v i t y  w h i c h  i n c l u d e s  
sn i f f i ng ,  g r o o m i n g  a n d  s c r a t c h i n g .  (Fig.  3).  

Biochemical Analysis 

As s h o w n  in F a b l e  2. c o n c e n t r a t i o n s  o f  b ra in  d o p a m i n e  
in 6 - O I I D A  t r e a t e d  rat  p u p s  is m a r k e d l y  r e d u c e d  c o n ) p a r e d  
to the i r  l i t t e r m a t e  c o n t r o l s .  l h u s ,  t he  d o p a m i n e  in the  
t r e a t e d  a n i m a l s  ave r aged  3 5 . 5 ; ;  o f  c o n t r o l s .  ( p : 0 . 0 0 1 ) a  
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l:l(.;. 3. l labituation of slight activity, comprised of sniffing, 
grooming, and scratching. 

T A B I . E  2 

CONCENTRATIONS OF BRAIN CATECHOLAMINES IN C()N'I'ROI. 
ANt) 6-OHDA TREATED RAT PUPS 

Dopamine ng_.Jg Norepinephrine ng/g 

Controls (40~ 541 _+ 19.9 285 _+ 20.6 
6-OHDA(38) 192 ~ 39.1 266 _+ 17.8 
6-OH DA/Controls 35.5% 93.3% 

Dopamine corrected for 80"% recovery. 
Norepinephrine corrected for 72~ recovery. 
( ) - n .  
Concentrations = SEM. 
6-OHDA rat pups treated at 5 days with I)MI (desmethylimipra- 

mine) followed in one hour by 10ling 6-OIII)A-HBr in 2&ul 
mtracisternally. 

highly significant difference.  However,  concen t r a t ion  of 
brain norep inephr ine  averaged 93.3% of controls ,  a dif- 
ference that did not reach significance (p. ' .0.05).  

I ) ISCtJSSION 

Habituat ion is generally def ined as the response de- 
c rement  following repeated or con t inuous  s t imulat ion 
provided factors such as e f fec tor  fatigue and sensory 
adapta t ion  are sat isfactorly excluded.  The phrase short-  
term habi tua t ion  is of ten  defined as a decrement  m 
response with a t ime course in the order  of  seconds,  while 
long-term habi tua t ion  implies a response dec remen t  of  
longer durat ion.  The precise d i f fe ren t ia t ion  be tween  these 
terms is not universally agreed upon however .  For  example .  
F'ile [131 describes expe r imen t s  by ( ; rant  [141 as demon-  
strating " ' shor t - te rm" habi tua t ion  when effects  were ob- 
served over a time course of minutes .  In the present  
investigation we have utilized the def in i t ions  suggested by 
Davis 18] and considered that hab i tua t ion  of  activity is a 
measure of long term habi tua t ion  occurr ing over minutes  
rather than seconds.  Methodological  diff icult ies also must 
be carefully described since mathemat ica l ly  the deter-  
ruination of  habi tua t ion  may be represented  m at least 3 
ways: I l l  durat ion of s t inmlus before the response dis- 

appears <2) absolute decrease in response s trength i3) 
retative decrease in response rate compared  to the initial 
response [ 20] .  In the lat ter  me thod  the rate of hab i tua t ion  
does not depend  on ampl i tude  of the initial response and is 
the procedure  utilized in the present  investigation. 

Ano the r  diff iculty presented  by measurements  of 
habi tua t ion  Js tile not infrequent  occurrence  of f luctuat ions  
in response that may under  certain c i rcumstances  indicate 
increases rather than decreases in response rate following 
repeated or cont in t ,ous  s t imulat ion.  This p h e n o m e n o n  led 
(;roves anti T h o m p s o n  1161 to suggest fllal repetit ive 
stimt, li exposure  is most pars imoniously  viewed as a dual 
mechanisna with habi tua t ion  producing a decrementa l  
response and sensi t izat ion cont r ibu t ing  an incremental  
effect .  Example  of  such dual effects  arc reviewed by Ilinde 
[201 and techniques  to clarify the relative effects  of 
habi tua t ion  and sensi t izat ion have been described by Davis 
1%101. 

Recent investigations have centered on the neuro- 
chemical basis of  habi tuat ion.  Carlton 12,31 and ( ;rant  
[141 noted  that the ant icholinergic agent scoplolamine 
antagonized habi tua t ion  suppor t ing  the view that a limbic 
based cholinergic system may modula te  a non-specif ic  
facilitory system.  Conner  and associates [51 as well as 
Carlton and Advokat  [41 provided evidence thai central 
serc, tonergic mechanisms may also ph, y a role in 
habi tua t ion .  Thus reduct ion in brain serotonin  by ad- 
minis t rat ion of parachlorophenyla lan ine  ~P('PA) a t tenuated  
the rate of response decrement  of  lhe acoustic startle 
response.  Adminis t ra t ion  of P( 'PA. however ,  proved to have 
no effect  on habi tua t ion  of activity while scopolamine  did 
not affect habi tua t ion  of startle response yet blocked 
habi tua t ion  of activity. Such findings led Williams and 
associates 135] to suggest thal hahi tua t ion  could he 
dissociated both pharmacological ly and anatomical ly  into 
at least two types: ( 1 j habi tua t ion  of explora tory  behavior 
m a novel env i ronment ,  an operant  response media ted  
primarily by cholingergic influences and 12) habi tua t ion  of 
the acoustic startle response,  an elicited response,  de- 
pendent  m part on sero tonmergic  mechanislns.  Such a view 
may require revision, in light of  recent investigations, lhus .  
File 113] noted  that scopolamine  prevented habi tua t ion  of  
one meast, re of explora t ion  m a complex  test s i tuation.  
However,  she was unable to demons t ra t e  that two o ther  
muscarinic antagonists ,  a t ropine  and benzhexol ,  had any 
effect  on habi tua t ion  of  explora t ion  as measured by head 
dips in rats. suggesting that the i tnpairment of  hab i tua t ion  
of an exp lora to ry  response couhl not be ascribed solely to 
involvement  of central cholinergic pathways.  

While central ca techolammergic  mechanisms  are clearly 
related Io activity, their relat ionships to habi tua t ion  have 
not been explored m detail excepl  in relation Io Ihe 
acoustic startle response.  Sorcnson and l)avis 1321 noted  
po ten t ia t ion  of lhe startle response following the intra- 
ventricular adminis t ra t ion of 6-OIIDA. Alphamethyl -  
p a r a t y r o s i n e  (AMPT) a compet i t ive  inhibi tor  of 
tyrosine hydroxylase ,  and an inhibi tor  of ca techolamine  
format ion ,  also reduced the starlle response but again had 
n o  effect  on habi tua t ion  of the response.  

Because amphe tamine  is believed to exert its central 
nervous systenl actions via central catecholanl inergic nlech- 
anisms, the effect  of this agent may illuminate a re- 
lat ionship between brain monoamines  and the acoustic 
startle response.  Amphe tamines  increase release of  calechol-  
amines from neuronal  terminals,  inhibit their reuptake by 
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the neu rona l  m e m b r a n e  and in high c o n c e n t r a t i o n s  inhib i t  
degrada t ion  by inh ib i t ing  m o n o a m i n e  oxidase-all  ac t ions  
tha t  serve to increase the a m o u n t  of  c a t e c h o l a m i n e s  
available at the synap t i c  cleft  [6,  19, 21 ] .  Davis and 
associates  [11]  invest igated the ef fec ts  of d-and l -amphet -  
amine  on acoust ic  start le .  Both  isomers  a u g m e n t e d  the  
response  a l t hough  the d- i somer  was clearly more  po ten t  
than  l - amphe tamine .  

Cons iderab le  con t rover sy  exists  over  the relative ca- 
paci t ies  of d- and l - amphe t amine  to af fec t  neurona l  
r eup take  of  the ca t echo lamine .  Some observers  cons ider  the 
two isomers  to exer t  equal  ef fec t  on d o p a m i n e  accum- 
u la t ion  in the s t r i a tum with the d- isomer  10 t imes more  
effect ive than  the l- isomer on n o r e p i n e p h r i n e  in cor tex  17].  
O the r s  have n o t e d  tha t  the d- i somer  is more  p o t e n t  in 
inh ib i t ing  d o p a m i n e  in neos t r i a t um  and tha t  bo th  isomers  
are e q u i p o t e n t  in inh ib i t ing  n o r e p i n e p h r i n e  in cor tex  [ 18].  
A more  recent  inves t igat ion suggests tha t  d - a m p h e t a m i n e  is 
5 t imes more  po ten t  than the l- isomer in inh ib i t ing  
d o p a m i n e  release f rom neos t r i a tum and 2 t imes more  
p o t e n t  in inh ib i t ing  up take  of d o p a m i n e ,  n o r e p i n e p h r i n e  
and se ro ton in  f rom cor tex  [ 2 1 ] .  In view of these s tudies ,  
Davis and associates  [11]  i n t e rp re t ed  the i r  f indings as 
indica t ing  tha t  the sensi t ivi ty  of  the star t le  response  is 
med ia t ed  by ca t echo lamine rg i c  ~primarily dopamine rg i c )  
inf luences .  I lowever ,  h a b i t u a t i o n  of  the star t le  response  
does not  appear  to be af fec ted  by a l t e ra t ions  in brain  
ca techo lamines .  

The re la t ionsh ips  be tween  ca techo lan t ine rg ic  mech-  
anisms and  h a b i t u a t i o n  of  act ivi ty has  received l imi ted 
a t t e n t i o n .  Swonger  and Rech [33]  observed that  doses of  
a m p h e t a m i n e  large enough  to increase act ivi ty bu t  small 
enough  so tha t  s t e ro typ ies  were not  p roduced ,  d i s rup ted  
h a b i t u a t i o n  of exp l o r a t o r y  act ivi ty  in the adul t  rat. File, 
[12] s tudy ing  h a b i t u a t i o n  of the o r ien t ing  response,  found  
tha t  a m p h e t a m i n e  s ignif icant ly  impai red  h a b i t u a t i o n .  As 
discussed above,  a m p h e t a m i n e  is believed to media te  its 
ef fects  via cent ra l  ca t echo lamine rg i c  m e c h a n i s m s  and dis- 
rup t ion  of h a b i t u a t i o n  by a m p h e t a m i n e  suggests tha t  
c a t echo l amines  do indeed play a role in h a b i t u a t i o n  of  
act ivi ty.  

Results  of  our  inves t igat ions  add f u r t h e r  suppor t  to such 
a concep t .  Rats  selectively deple ted  of brain d o p a m i n c  by 

the in t rac is te rna l  admin i s t r a t i on  of  6-OHDA in the neona ta l  
per iod,  d e m o n s t r a t e d  s ignif icant  i m p a i r m e n t  in the ha- 
b i t u a t i o n  of  s p o n t a n e o u s  act ivi ty be tween  15 and 19 days 
of age. This  t ime  per iod co r re sponds  to tha t  of behaviora l  
arousal  in normal  rat pups,  and is believed to be related to 
the increase in cent ra l  c a t echo l amines  occurr ing rapidly 
dur ing  this per iod of brain deve lopmen t .  

We suggest that  h a b i t u a t i o n  of  exp lo ra to ry  act ivi ty is a 
complex  p h e n o m e n o n  med ia t ed  by ca techo laminerg ic  as 
well as o the r  (p re sumab ly  chol inerg ic)  n e u r o t r a n s m i t t e r  
mechan isms .  Accord ing  to this concep t  h a b i u t a t i o n  of  
act ivi ty is d e p e n d e n t  in part  on a normal ly  func t ion ing  
neos t r ia ta l  dopaminerg ic  system.  Admin i s t r a t i on  of  am- 
p h e t a m i n e  results  in an increase in ca t echo lamines  with a 
resu l tan t  d i s rup t ion  of  hab i tua t i on .  ] h e  appa ren t  paradox 
of a similar i m p a i r m e n t  in h a b i t u a t i o n  arising from a 
r educ t ion  in brain d o p a m i n e  af te r  6-OIIDA is most  par- 
s imonious ly  expla ined  by cons ider ing  the concep t  of  
dene rva t ion  supersens i t iv i ty .  

Supersens i t iv i ty  of centra l  ca t eeho lamine rg ic  neu rons  is 
a p h e n o m e n o n  whose pharmacolog ica l  and behavioral  
corre la tes  have been well descr ibed [ 2 8 , 3 6 ] .  We speculate  
tha t  the 6 -Ot tDA induced  reduc t ion  of brain d o p a m i n e  is 
a ccompan ied  by supersens i t iv i ty  of the pos t synap t i c  re- 
cep tors  in the remain ing  dopaminerg ic  nrurons .  Thus,  
despi te  a r educ t ion  of brain d o p a m i n e  the net  ef fec t  of 
6-OIIDA is an increase of pos t synap t i c  r ecep to r  sensi t ivi ty 
resul t ing in behavioral  e f fec ts  s imilar  to those observed 
af te r  a m p h e t a m i n e .  Such a hypo thes i s  would also expla in  
the paradoxica l  r educ t ion  of act ivi ty in 6-()II I )A t reated rat 
pups no ted  by us af ter  a m p h e t a m i n e  [30]  admin i s t r a t ion .  

It is also par t icular ly  int r iguing that  d o p a m i n c  
agonists  such as d - a m p h e t a m i n e  and a p o m o r p h i n e  increase 
ace ty lcho l ine  c o n c e n t r a t i o n s  wi th in  the s t r ia tum while 
agents  which act to block pos t synap t i c  dopaminerg ic  
recep tors  such as ha loper ido l  and c h l o r p r o m a z i n e  result in 
r educ t ion  of ace ty lcho l ine  [ 17 ,22] .  Such invest igat ions  
suggest that  the apparen t  inf luences  f rom bo th  ca techol -  
aminergic  and chol inergic  m e c h a n i s m s  on h a b i t u a t i o n  of 
act ivi ty may be a behavioral  corre la te  of  the neuro-  
pharmacolog ica l  link exisi t ing be tween  choIinergic  and 
ca techo laminerg ic  m e c h a n i s m s  in brain.  
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