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LENARD, L. G. AND B. BEER. 6-Hydroxydopamine and avoidance: possible role of  response suppression. PHARMAC. 
BIOCHEM. BEHAV. 3(5)873-878,  1975. -  The intraventricular administration of 6-HD to rats pretreated with pargyline 
resulted in severe, long-lasting decreases in avoidance responding with little or no effect on escape responding. Despite the 
fact that the rats failed to avoid, they appeared to be able to discriminate the CS, as was evident from freezing behavior 
and other symptoms of an apparent fear reaction during the CS. The increase in freezing, a response that was incompatible 
with avoidance was seen during the first few test sessions after 6-HD treatment and seemed to be largely responsible for a 
gradual decline in avoidance responding during this same period. The role of CA depletion in the animal's response to 
aversive stimuli thus appears to be a significant aspect of the avoidance decrement that follows 6-HD administration. 
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A V O I D A N C E  behav io r  has typ ica l ly  been  e m p l o y e d  as a 
c o n v e n i e n t  behaviora l  assay for  s t udy ing  the  re la t ionsh ip  
be tween  n o r e p i n e p h r i n e  (NE),  d o p a m i n e  (DA),  and  behav-  
ior. Recen t ly ,  m u c h  research  in th is  area has involved the  
use of  6 - h y d r o x y d o p a m i n e  (6-HD),  an agent  t ha t  p roduces  
p e r m a n e n t  dep le t ion  of  NE and  DA in the  brain,  a p p a r e n t l y  
in consequence  o f  the  de s t r uc t i on  of  cen t ra l  c a t echo l amine  
(CA) con ta in ing  n e u r o n s  [4,  21 ].  

Long- te rm d e c r e m e n t s  in avo idance  behav io r  are pro- 
duced  by  6-HD w h e n  it  is admin i s t e r ed  to  rats  by  di rec t  
in j ec t ion  in to  the  cerebral  ven t r i cu la r  sys tem [9, 13 ] or in to  
specif ic  cerebral  s t ruc tu res  [ 12, 14] .  Having o b t a i n e d  these  
results,  however ,  researchers  have invar iab ly  s t opped  shor t  
of  an adequa te  desc r ip t ion  and  analysis  of  the  behaviora l  
changes.  Despi te  the  un ique  abi l i ty  of  6-HD to p roduce  a 
dep le t ion  of  NE and  DA in the  b ra in  t ha t  is p e r m a n e n t ,  
mos t  s tudies  of  the  ef fec ts  of  6-HD on  avoidance  behav io r  
have e x a m i n e d  an imals  for  on ly  very  shor t  per iods  of  t ime,  
o f t en  beg inn ing  i m m e d i a t e l y  a f te r  t r e a t m e n t .  Resul ts  f rom 
e x p e r i m e n t s  such  as these  may  no t  on ly  give an i n c o m p l e t e  
p ic ture  of  the  behaviora l  ef fects  o f  p e r m a n e n t  dep le t ion  of  
CA, but ,  if  based  on  data  o b t a i n e d  i m m e d i a t e l y  af te r  
t r e a t m e n t  wi th  6-HD, m ay  ref lect  the  acute  pha rmaco log-  
ical and toxicologica l  ef fects  of  6-HD, and  the re fore ,  
ac tua l ly  be misleading.  Because of  these  sho r t comings ,  the  
mos t  in te res t ing  and  i m p o r t a n t  aspects  of  the  i n t e r a c t i o n  
b e t w e e n  6-HD-induced  dep le t ion  of  CA and  avoidance  
behav io r  may  have been  over looked .  

In this  expe r imen t ,  ra ts  tha t  had  been  t ra ined  on  a 
one-way d i sc r imina ted  avoidance  p rocedure  were subse- 
quen t l y  t r ea ted  wi th  6-HD and pargyl ine and  tes ted  
regular ly  for more  t han  10 weeks. Several aspects  of  
avoidance  behav io r  were s tudied,  inc luding  the  t ime  course 
of  the  decrease in responding ,  the  occas ional  recovery  of  
r e spond ing  a f te r  an ini t ia l  decrease,  and  the  t o p o g r a p h y  of  
the  response  itself.  It was h o p e d  t ha t  such  e x t e n d e d  
observa t ions  would  provide  a fuller  u n d e r s t a n d i n g  of  the  
n a t u r e  o f  the  effects  of  6-HD-induced dep le t ion  of  CA on 
avoidance  behavior .  

METHOD 

Animals 

Twelve male Sprague-Dawley rats  ( H o l t z m a n )  2 0 0 - 2 5 0  
g were housed  in indiv idual  cages and were m a i n t a i n e d  on a 
12 hr  l i g h t - d a r k  cycle. The  rats  were al lowed food  and  
wa te r  ad lib. 

Procedure 

Surgery. The  rats  were each imp lan t ed  wi th  a p e r m a n e n t  
cannu la  in e i the r  the  left  or r ight  lateral  ventr ic le .  Each  
cannu la  (Plastic Produc ts  Co.) consis ted  o f  3 par ts :  (1)  a 
guide cannu la  p e r m a n e n t l y  i m p l a n t e d  in the  bra in ,  consist-  
ed o f  a l eng th  o f  22 ga stainless steel t ub ing  m o u n t e d  in a 
base of  t h r eaded  ny lon ;  the  t ub ing  e x t e n d e d  4 m m  
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their many suggestions during the course of these experiments. We also acknowldge the assistance of Dr. D. R. Haubrich for his advice 
concerning the neurochemical assays; Dr. D. Frost for his excellent editing and Ms. J. Wisniewski for her patience and skillful typing of the 
manuscript. 
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b e y o n d  the  base in to  the  ventr ic le ;  (2) an in jec t ion  cannula ,  
which  consis ted of  a length  of  27 ga stainless steel 
t ub ing  wi th  a small  n y l o n  s top m o u n t e d  on the  outs ide  near  
one  end.  The in jec t ion  cannu la  was inser ted  in to  the  guide 
cannula  dur ing  in t r aven t r i cu la r  in jec t ion ,  and,  when  locked 
in place by  a cap tha t  screwed o n t o  the  ny lon  base, 
e x t e n d e d  0.5 m m  b e y o n d  the  end  of  the  guide cannu la  in to  
the  ventr ic le ;  (3)  a d u m m y  cannula ,  consis t ing of  a l eng th  
of  22 ga needle  filler wire m o u n t e d  in a t h r e a d e d  ny lon  cap, 
could be inser ted  in to  the  guide cannu la  and  the  cap 
screwed o n t o  the  n y l o n  base so tha t  the  filler wire e x t e n d e d  
0.5 m m  b e y o n d  the  guide cannula .  The  d u m m y  cannu la  
served to keep the  guide cannu la  open  and  was kep t  in 
place at all t imes,  excep t  dur ing  in t r aven t r i cu la r  in ject ions .  

Rats to  be i m p l a n t e d  wi th  a cannu la  were depr ived  of  
food  the  n ight  before  surgery. Prior to  surgery the  rats were 
anes the t i zed  by  in t r ape r i t onea l  in jec t ions  of  sod ium pen to-  
barb i ta l  ( N e m b u t a l @ -  A b b o t t )  25 mg/kg and  chloral  
hydra te ,  150 mg/kg. Af te r  the i r  heads  had  been  shaved,  the  
rats were placed in the  s t e ro tax ic  i n s t r u m e n t  using ear bars 
designed to avoid p u n c t u r e  of  the  ear drum.  The bi te  bar  
was placed at the  he ight  of  the  in te raura l  l ine (i.e., 0) 
accord ing  to the  s te reo tax ic  atlas of  Albe-Fessard  et al. [ 1 ]. 
The coord ina tes  for i m p l a n t a t i o n  in to  the lateral  vent r ic le  
were: A-P = +7 ram, Lat = -+2 ram, DV = +7 ram. Tra in ing  
did no t  begin un t i l  at least 7 days af te r  surgery. 

Avoidance procedure. Avoidance  behav ior  was measured  
in a shel f - jump avoidance  c h a m b e r  based on a design by  
Tenen  [ 1 9 ] .  Each c h a m b e r  was cons t ruc t ed  of  Plexiglas 
and  had a stainless steel  grid f loor  (24.5 x 19.5 cm).  At  one 
end  of  the  grid f loor  and  17 cm above  it was a shelf  (12  x 
19.5 cm).  A black wall the  wid th  and he ight  (shel f - to- top)  
of  the  box  was m o u n t e d  on  a gear str ip tha t ,  in turn ,  was 
meshed  wi th  a gear m o u n t e d  on the  shaf t  of  a reversible 
m o t o r  anchored  to an ex te rna l  surface of  the  box .  When  
the  wall was fully e x t e n d e d  in one di rect ion,  it covered  the  
shelf  comple te ly ,  p revent ing  a rat on the grid f rom j u m p i n g  
o n t o  the  shelf. When the  m o t o r  was ac t iva ted ,  the  wall 
drew back,  expos ing  the  shelf. Reversing the  m o t o r  moved  
the  wall out ,  gent ly  pushing  the rat  o f f  the  shelf  and back  
o n t o  the  grid, again concea l ing  the  shelf. Shock (2.0  mA,  
provided by  a B R S / F o r i n g e r  SG-901 shock  genera tor )  was 
delivered to the  grid at appropr ia t e  t imes  via a shock-  
sc ramble r  circuit .  

Each test  session consis ted  of  50 trials. A trial was 
in i t ia ted  by  the  p re sen t a t i on  of  the  cond i t i oned  s t imulus  
(CS) i.e. wi thdrawal  of  the  wall and  c o n s e q u e n t  exposure  of  
the  shelf,  wi th  a c c o m p a n y i n g  noise and  v ibra t ion .  If  the  rat  
j u m p e d  o n t o  the  shelf  wi th in  10 sec of  the  s tar t  of  the  CS 
presen ta t ion ,  thus  t r ipp ing  a mic roswi tch  u n d e r  the  shelf,  
shock  was avoided and  the  trial ended.  A 20 sec inter- t r ia l  
in terval  ( ITI)  fol lowed.  For  the  first 10 sec of  the  ITI, the  
rat was al lowed to remain  on the  shelf. The rat  was t h e n  
gent ly  pushed  of f  the  shelf  back o n t o  the  grid by  the  
moving  wall where it was a l lowed 10 sec more  before  the  
s tar t  of  the  nex t  trial. If  the  rat  failed to j u m p  o n t o  the  
shelf  wi th in  10 sec of  the  CS, a series of  shock  pulses (each  
0.5 sec in dura t ion ,  wi th  a 2 sec shock-shock  interval)  was 
in i t ia ted .  If  the  rat  t hen  j u m p e d  o n t o  the shelf,  it escaped 
f rom the  shock,  end ing  the  trial  and in i t i a t ing  an ITI, as 
descr ibed above.  A m a x i m u m  of 10 shocks  was p resen ted  if 
no  escape-response occurred.  

The rats were t ra ined  in e i the r  of  2 shel f - jump avoidance  
chamber s  to a cr i ter ion of  at least 90 percent  avoidance  
dur ing  two  consecut ive  sessions. 

Drug administration. When the behaviora l  cr i ter ion had 
been  met ,  the  rats  were in jec ted  i n t r ape r i t onea l ly  wi th  
pargyl ine ( E u t o n y l ®  A b b o t t ) ,  50 mg/kg,  30 rain pr ior  to  
an in t r aven t r i cu la r  in jec t ion  of  250 ~g of  6-HD (Regis). A 
second in t r aven t r i cu la r  in jec t ion  of  250 ug of  6-HD, no t  
p receded  by  pargyline was given 24 hr  later. The  combina -  
t ion  of  pargyline and  6-HD has been shown to p roduce  
max imal  dep le t ion  of  b o t h  NE and  DA [5 ] .  

In t r aven t r i cu la r  in jec t ions  were given as follows: One 
end  of  a 40  cm length  of  po lye thy l ene  tub ing  (PE-50)  was 
f i t ted over  the  u p p e r  po r t i on  of  the in jec t ion  cannula .  The 
o t h e r  end  of  the  t ub ing  was c o n n e c t e d  t h r o u g h  a plast ic  
tub ing  adap te r  to a 50 u I syringe (Hami l ton )  m o u n t e d  in a 
Hami l ton  Repea t ing  Dispenser.  6-HD was dissolved in a 
so lu t ion  of  0.9 percent  saline and 0.05 percen t  ascorbic  
acid. The in jec t ion  cannula  and PE tub ing  were filled wi th  
this so lu t ion  f rom a 1 ml syringe. The  50 u 1 syringe, filled 
wi th  disti l led water ,  was t hen  a t t ached  to the  plast ic  tub ing  
adapter ,  which  had been d i sconnec ted  f rom the  1 ml 
syringe. At  this  po in t ,  a small  air b u b b l e  was i n t r o d u c e d  
in to  the  PE tub ing  at the  syringe end  so tha t  the  flow of  
so lu t ion  in to  the  brain could be checked  visually by 
observing the  m o v e m e n t  of  the b u b b l e  down  the  tube.  The 
d u m m y  cannula  was r emoved  f rom the  guide cannula  and 
the  in jec t ion  cannula  was inser ted  and ancho red  wi th  the 
screw cap. The  c o m p o u n d  was then  in jec ted  at a rate of  1 
~1 /5  sec. This rate was easily ma in t a ined  since each 
depress ion of  the  dispenser  b u t t o n  released 1/50 of  the 
to ta l  vo lume of the syringe,  i.e., 1 u l .  A b o u t  60 sec af te r  
the  last depress ion of  the  dispenser  b u t t o n ,  the  in jec t ion  
cannula  was r emoved  f rom the  guide cannuta  and immedi-  
a te ly  replaced wi th  the  d u m m y  cannula .  The  vo lume  for 
each 6-HD in jec t ion  was 20 u l. In ject ions  were always 
given to awake,  freely moving  animals.  Doses of  drugs were 
calcula ted as the  weight  of  the  salt. 

In the  course of  test ing,  some of  the  rats were given 
in jec t ions  of  a ca techo laminerg ic  agonis t  and  a dopamine r -  
gic antagonis t .  The  effects  of  these agents  were t e m p o r a r y  
and  will no t  be discussed in this  paper.  Data f rom sessions 
dur ing  which  con t ro l  in jec t ions  were given were pooled  
wi th  data  f rom sessions wi th  no  t r e a t m e n t  because  these  
in jec t ions  had  no  measurab le  ef fec t  on pe r fo rmance .  

Af te r  the  rats had  been al lowed to recover  for 5 days, 
avoidance  tes t ing  resumed,  wi th  a f r equency  of  2 - 3  daily 
sess ion/week for  abou t  10 weeks. 

Biochemical assay. For  the purposes  of  the b iochemica l  
assay, 4 rats of  the  same age and weight  as those  receiving 
6-HD received no  drug t r e a t m e n t  and were des ignated  as 
controls .  Two of  these rats, each wi th  an imp lan t ed  
cannula ,  were tes ted  in the  shel f - jump p rocedure  in the  
s tandard  manner .  The  o the r  2 rats  were housed  in individ- 
ual cages for the  dura t ion  of  the expe r imen t ,  bu t  were 
never  tes ted.  Since no  s ignif icant  d i f ferences  in levels of  CA 
were found  a m o n g  these con t ro l  rats,  the  data  f rom the  
assays of  the i r  brains  were pooled.  

A b o u t  3 weeks a f te r  the  conc lus ion  of  the expe r imen t ,  
all the  rats were decap i t a t ed  and  the i r  brains  were excised 
and frozen immedia t e ly  on dry ice. NE and  DA were 
measured  f luoromet r i ca l ly  by the t r i h y d r o x y i n d o l e  proce-  
dure  [ 6 ] .  Whole bra ins  were homogen i zed  in 4 volumes  of 
fresh 0.4N perchlor ic  acid at 0 - 4 ° C .  The h o m o g e n i z e d  
samples  were cent r i fuged at 0 4°C for 20 rain at 9000  
rpm.  The  CA were adsorbed  o n t o  a lumina  at pH 8.5, t h e n  
e lu ted  in to  0 .1N acetic acid and oxid ized  according  to  the  
m e t h o d  descr ibed by  Chang  [7 ] .  Af ter  they  had been  



6-HYDROXYDOPAMINE AND RESPONSE SUPPRESSION 875 

oxidized, the samples were analyzed for NE on a spectro- 
photofluorometer  (Aminco-Bowman) at excitation wave- 
length 385 mu/ emission wavelength 485 mu. The samples 
were stored overnight under a fluorescent light and then 
analyzed the next day for DA at 320/380 mu. 

R E S U L T S  

Figure 1 shows the mean percent avoidance and escape 
for the 11 animals that survived the 6-HD-pargyline 
treatment. When compared with pretreatment performance 
levels, avoidance responding was severely depressed from 
the start of posttreatment testing and remained low for 
most rats throughout the 10 wk of the experiment. Escape 
behavior, on the other hand, was largely unaffected except 
during the early sessions, when a few rats occasionally 
failed to escape. 
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FIG. 1. Mean percent avoidance or escape per opportunity for 
pretrained rats after intraventricular injection of 6-HD. Each trial 
was an opportunity to avoid. Escape opportunities occurred only 
when rats failed to avoid shock. Broken line represents the mean 
percent avoidance for the last 2 sessions before treatment with 
6-HD. Only sessions during which vehicle was injected or no 
treatment was given are shown; drug-treatment sessions are omitted 

(see text for details). 

The magnitude of the escape decrement almost never 
approached that of the avoidance decrement for any rat. In 
many cases, rats that rarely avoided shock had nearly 
perfect escape records. Examples of this can be seen in the 
data from Rats 490 and 493 in Fig. 2, which shows 
avoidance and escape records for individual animals. These 
two animals usually avoided on only 10 percent or less of  
their trials, and often did not avoid at all during a 50 trial 
session. However, they failed to escape only a few times 
throughout the experiment. In only one instance (Rat 486) 
did a rat fail to escape throughout an entire session; it also 
exhibited a particularly severe avoidance decrement, not 

avoiding at all during 22 of 26 sessions. Despite this poor 
avoidance record, its escape responding in most sessions was 
greater than 80 percent. 

A noteworthy aspect of the behavior of most rats 
treated with 6-HD was a progressive decline in the 
frequency of avoidance responses during the first 3 - 4  test 
sessions after treatment. Figure 1 shows that the mean 
avoidance level was about 35 percent during the first 
post-treatment session, 22 percent during the second, 11 
percent during the third, and about 13 percent during the 
fourth session. Escape behavior also declined, but to a 
much lesser extent over this same period. This effect, which 
was observed in nearly every animal, can be seen most 
clearly in the data from some of the individual animals 
shown in Fig 2. Rat 492, for example, went from 50 to 0 
percent avoidance during the first four sessions before 
leveling off  at a mean of about 10 percent. This animal's 
escape responding declined from 100 to 86 percent by the 
fifth posttreatment session, but eventually returned to 
normal after several more sessions. 

After the initial decline in avoidance responding, some 
rats showed a greater tendency to avoid during further 
testing. This tendency is evidenced as a gradual increase in 
the mean percent avoidance seen in Fig 1, and is most 
notable during 2 separate phases of testing. The largest and 
most widespread improvement occurred in many rats soon 
after the minimum level of avoidance had been reached 
during Sessions 3 - 4 ,  e.g., Rats 489, 494, and 495. Some 
rats tended to show additional improvement much later on 
in testing, e.g. Rats 487 and 496. The level of avoidance for 
Rat 487 remained about 10 percent until approximately 6 
weeks after 6-HD treatment, after which its baseline 
suddenly rose to about 30 percent. After about 3 weeks of 
fairly stable responding at this rate, its baseline rose again 
to 6 0 - 7 5  percent avoidance. Rat 496 avoided on about 10 
percent of the trials until nearly 9 weeks after treatment, 
when its avoidance performance began to improve with 
nearly every session. At the time testing was terminated, 
Rat 496 was avoiding on about 62 percent of the trials. 

The avoidance behavior of a few rats recovered dramatic- 
ally after an initial decrement. For example, Rat 491 
avoided at pretreatment levels during Sessions 7 -10 ,  
following a large decrease that had occurred during the first 
6 sessions. In succeeding sessions, this rat continued to 
perform erratically, with avoidance levels ranging from 8 to 
96 percent. Rat 494 showed early improvement in respond- 
ing after an initial decline to a low of 15 percent avoidance 
during the first 4 sessions. By about the fifth week of 
testing, this rat was usually avoiding at least 80 percent of 
the time and eventually reached over 90 percent avoidance 
by Weeks 8 - 9 .  

Direct observation of 6-HD treated rats in the shelf-jump 
procedure revealed that many rats, though not responding 
to avoid shock, nevertheless appeared to be discriminating 
the CS. These rats typically turned their heads away from 
the shelf, vocalized loudly, became rigid, urinated and 
defecated when presented with the CS. Some rats became 
so rigid that they tended to fall over backwards. Rats 
exhibiting this behavior pattern rarely avoided on the trial 
during which it appeared, but, when shocked, usually 
escaped immediately. Once the animal was on the shelf, 
these symptoms of what appeared to be a fear response to 
the CS subsided immediately, only to begin again at the 
next presentation of the CS. 

Some rats consistently showed a delayed fear response, 
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FIG. 2. Percent avoidance or escape per opportunity for individual pretrained rats after intraventricular injection of 6-HD. Each trial 
represents an opportunity to avoid shock. Escape opportunities occurred only when rats failed to avoid. Broken vertical line indicates 

administration of 6-HD. 

i.e. they  did not  respond immedia te ly  at the start of  the CS 
presentat ion,  but waited unti l  several seconds had elapsed 
and they were closer to actually being shocked. Some 
animals seemed to react during the CS presentat ion as 
though they  were being shocked. They flinched and jumped  
rhythmical ly ,  as though they  were receiving a series of  
shock pulses. 

This apparent  fear response to the CS was not  evident  
during the first test session after the administrat ion of  
6-HD, but  developed gradually, growing in intensi ty during 
the first few sessions as the f requency of avoidance 
responses decreased. 

Results o f  Cateeholamine Assay 

The median levels of  NE and DA for the 11 animals in 
this exper iment  were 9 and 12 percent  of  control ,  
respectively. Deplet ion levels for individual animals are 
shown in Table 1. Of  those rats showing greater than 
median avoidance preformance  after t rea tment  with 6-HD 
(Rats 487, 489, 491, 494, and 495) all but 489 had 
above-median levels of  NE, DA, or both.  Avoidance by Rat 
486 was below median value but its NE level was above the 
median. 

DISCUSSION 

Intraventr icular  administrat ion of  6-HD to l l rats 
produced a selective decrease in avoidance responding with 
little or no effect  on escape responding. In nearly every 
case, the f requency of  avoidance responses decreased with 
each successive test session during the first few sessions 
after  t rea tment  with 6-HD. A similar decrease in avoidance 
responding has been reported for pretrained animals but  
was not  discussed [8] .  

It is highly unlikely that this decrease could have 
resulted f rom a cont inuing process of  deplet ion of  CA or of  
nerve degenerat ion because, retesting was begun 5 days 
after t r ea tment  with 6-HD in the present exper iment  and at 
least 14 days after t rea tment  in the study by Cooper  et al. 
[8] .  Fur thermore ,  a similar effect  has been observed in 
animals that  were tested more than 4 weeks after t rea tment  
with 6-HD [3] .  

Despite the failure to make an avoidance response, the 
rats did seem able to discriminate the CS, as evidenced by 
an apparent  fear response that appeared in many rats 
t reated with 6-HD during presentat ion of  the CS after the 
initial one or two sessions. Seiden and Hanson [18] 
described similar behavior in an avoidance si tuation by cats 
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T A B L E  1 

MEDIAN PERCENT AVOIDANCE AND LEVELS OF NE AND DA IN WHOLE BRAINS OF RATS AFTER THE ADMINISTRATION 
OF 6-HD + PARGYLINE 

NE DA 
Median Percent 

Rat Avoidance ng/g Percent of Control ng/g Percent of Control 

485 11 13.6 3 89.2 12 

486 0 142.8 32 89.2 12 

487 25 176.7 40 175.5 24 

489 16 23.8 5 75.9 10 

490 4 34.0 8 89.2 12 

491 33 57.8 13 138.5 19 

492 8 40.1 9 38.0 5 

493 2 23.8 5 75.9 10 

494 69 57.8 13 127.2 17 

495 73 328.0 73 100.6 14 

496 16 17.0 4 n.d.* 0 

Control - 447.0 + 18.8 - 707.0 ± 49.5 
(n = 4) 

*Not detectable; below the level of sensitivity of the assay 

t r ea t ed  wi th  reserpine.  They  observed  t ha t  " . . . t he  cats  
o f ten  growled,  hissed, c r o u c h e d  and  spat  at the  CS or the  
UCS and  made  m o t i o n s  as if  to  avoid or escape,  bu t  w h e n  
this  p a t t e r n  of  ' de fens ive '  behav io r  had  emerged,  no  
avoidance  or  escape responses  occur red  . . ."  Similarly,  in 
the  p resen t  s tudy ,  the  appea rance  of  such  responses ,  wh ich  
were i n c o m p a t i b l e  wi th  avoidance ,  seemed to prec lude  the  
occur rence  of  an avoidance  response ,  a l t h o u g h  escape 
responses  did occur.  

O the r s  have also a t t r i b u t e d  avoidance  d e c r e m e n t s  to  the  
p r e d o m i n a n c e  of  freezing responses  over avoidance  re- 
sponses.  T h o m a s  e t  al. [ 2 0 ] ,  for example ,  suggested t h a t  
avoidance  d e c r e m e n t s  observed  af te r  ab la t ion  of  the  cingu- 
late gyrus resul ted  f rom a lower ing  of  the  t h r e s h o l d  of  an 
inna te  c rouch ing  or freezing reflex.  Similar ly,  Bar re t t  e t  al. 
[2] n o t e d  t ha t  the  poo r  avoidance  behav io r  charac te r i s t i c  
of  rats  of  the  Zivic-Miller (ZM) s t ra in  seemed to resul t  f rom 
the  t e n d e n c y  of  these  rats  to  exh ib i t  " f reez ing ,  c rouch ing  
and  general  behav iora l  supp re s s ion"  in response  to shock  
and  was ne i t he r  a f u n c t i o n  of  grea ter  shock  sensi t iv i ty  n o r  
of  the  ra ts '  mak ing  the  wrong  choice  in the  Y-maze. 

It is a p p a r e n t  f rom the  p resen t  da ta  t ha t  dur ing  the  first 
few sessions af te r  t r e a t m e n t  wi th  6-HD there  was an 
increase in the  f r equency  of  a new series of  responses ,  
inc lud ing  freezing, tha t  was i n c o m p a t i b l e  wi th  the  avoid- 
ance response  and  was cor re la ted  wi th  a decl ine in the  
f r equency  o f  avoidance  behavior .  It is possible tha t  the  rats  

had  learned to suppress  avoidance  responses.  It  is signifi- 
cant ,  in this  regard,  t ha t  ra ts  t r ea ted  wi th  6-HD have o f t en  
been  observed  in our  l abo ra to ry  to acquire  at least  two  
d i f fe ren t  u n p r o g r a m m e d  avoidance  responses  tha t  were no t  
i n c o m p a t i b l e  wi th  freezing. Some rats  learned to  hang  o n t o  
the  t op  of  the  moving  wall as it pushed  t h e m  of f  the  shelf,  
t h e r e b y  avoiding fall ing o n t o  the  grid. If  they  were able to  
remain  hanging  the re  t h r o u g h  the  ITI, t hey  could  success- 
fully avoid the  nex t  shock.  O t h e r  rats  learned to ho ld  down 
the  she l f  wi th  the i r  f ron t  paws as t hey  were pushed  off  the  
shelf.  Holding down  the  she l f  in this  way depressed the  
mic roswi tch  signaling the  an imal ' s  response  and au tomat i c -  
ally ended  the  nex t  trial  as soon  as it had begun,  despite  the  
ra t ' s  failure to  j ump .  In each of  these  cases, the  animals  
could  avoid the  nex t  shock  while r emain ing  f rozen dur ing  
the  p re sen t a t i on  of  the  CS. The  fact tha t  such responses  
were acqui red  a f te r  t r e a t m e n t  wi th  6-HD and were o f t en  
ex t r eme ly  di f f icul t  to  e l iminate  suggests t ha t  the  abi l i ty  per  
se of  the  rat  to  acquire  new responses  was no t  h a m p e r e d  by  
this  t r e a t m e n t .  

The  role of  the  an imal ' s  r eac t ion  to  aversive s t imul i  
seems re levant  to  its abi l i ty  to  pe r fo rm in an avoidance  
s i tua t ion .  Bo th  NE and  DA neu rons  in the  brain  have been  
s h o w n  to be active dur ing  aversive s t imu la t ion  [ 1 0 , 1 1 ] .  
Dep le t ion  of  NE by  the  in jec t ion  of  6 - h y d r o x y d o p a  seems 
to increase e m o t i o n a l i t y  in rats  in aversive s i tua t ions  
[ 1 6 , 1 7 ] .  Moreover ,  i t  has o f t en  been  n o t e d  tha t  animals  
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t rea ted  with 6-HD, a l though while generally indist inguish- 
able under  normal  c i rcumstances  f rom un t rea ted  rats af ter  
some initial recovery period,  appear  to have a long-lasting 
abnormal  response to aversive stimuli [ 15].  One interest ing 
example  of  this is the observat ion by Young and Smith  
[22] that  rats t reated with 6-HD tended  to freeze in the 
open field (usually an aversive si tuation for a rat) despite 
normal  activity in their  home  cages. 

F rom the present  data, we deduce tha t  dec rements  in 
avoidance behavior  after the adminis t ra t ion  of  6-HD should 
not  be explained as a failure to  learn the new response or to 
recall a previously acquired one. Such explanat ions  conta in  

the inference that  some central learning or m e m o r y  
mechanism has been dis rupted  by t r ea tmen t  wi th  6-HD. In 
fact, this seems no t  to be the case. Animals were still 
capable of escaping and could avoid provided that  such 
avoidance responses were compat ib le  with immobi l i ty .  
These results indicate,  however,  that  the long-term avoid- 
ance decrement  may be largely a funct ion of active 
suppression of  avoidance responses.  Significantly,  there 
have been no repor ts  o f  dec rements  in wi thhold ing  punish- 
ed responses  af ter  intraventr icular  adminis t ra t ion  of  6-HD, 
where correct  per formances  are compat ib le  wi th  immobi -  
lity. 
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