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- Rats trained on a discriminated avoidance procedure showed long-term decrements in performance after intraventric- 
ular administration of 6-hydroxydopamine. Biochemical assay showed that DA levels were correlated with avoidance 
performance no matter when behavior was measured, but NE levels were most highly correlated with avoidance 
behavior at those times when suppression of responding appeared to be the major influence on responding. The data 
are discussed in terms of possible separate roles for NE and DA in avoidance behavior. 
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THE long-last ing decrease  in avoidance  p e r f o r m a n c e  in ra ts  
a f te r  the  cent ra 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  
(6-HD) [5 ,11]  appears  to  involve two d is t inc t  factors.  
Shor t ly  a f te r  t r e a t m e n t  wi th  6-HD, t he re  is a t r ans i en t  
decrease in r e spond ing  in general ,  wh ich  resul ts  in an early 
d e c r e m e n t  o f  mode ra t e  severi ty.  These  ra ts  also exh ib i t  an 
over reac t ion  to  aversive s t imul i  [10,  12, 15] t ha t  resul ts  in 
freezing, a response  t ha t  is usual ly  i n c o m p a t i b l e  wi th  
avoidance .  This  second  fac tor  seems to  be respons ib le  for  
the  longevi ty  and  sever i ty  of  the  avoidance  d e c r e m e n t  [ 2 ] .  

Tha t  b o t h  dopamine rg ic  and  no rad rene rg ic  n e u r o n s  are 
involved in avoidance  has been  d e m o n s t r a t e d  in experi-  
men t s  in which  6-HD-induced  response  d e c r e m e n t s  were 
reversed by  the  dopaminerg ic  agonis ts  DA, a p o m o r p h i n e ,  or  
L-DOPA, as well as by  the  no rad rene rg i c  agonis ts  L-NE and  
c lon id ine  [ 1 0 ] .  The  presen t  e x p e r i m e n t  was a f u r t he r  
a t t e m p t  to  d e t e r m i n e  the  re la t ionsh ip ,  in ra ts  t r ea ted  w i th  
6-HD, b e t w e e n  NE and  DA levels and avoidance  behav io r  
by  cor re la t ing  the  degree of  dep le t ion  of  these  amines  w i th  
the  e x t e n t  o f  the  avoidance  dec remen t .  Avo idance  behav io r  
was measu red  in each  of  4 d i f fe ren t  ways: (1)  the  med ian  
pe rcen t  avoidance  of  all pos t -6 -HD- t r ea tmen t  sessions,  a 

measure  o f  overall  behavior ;  (2)  the  pe rcen t  avoidance  for  
the  first session a f te r  6-HD t r e a t m e n t ,  because  avoidance  
p e r f o r m a n c e  dur ing  this  session should  be least in f luenced  
by  response  suppress ion  [ 2 ] ;  (3)  the  lowest  pe rcen t  
avoidance  dur ing  the  first 4 sessions af te r  6 -HD- t r ea tmen t ,  
because pe r fo rmance  at this  t ime  appears  to  be max ima l ly  
in f luenced  by  response  suppress ion  [2] ; and  (4) the  highest  
pe rcen t  avoidance  a f te r  the  f o u r t h  session, a po in t  repre-  
sen t ing  the  m a x i m u m  recovery  of  avoidance  af te r  t r e a t m e n t  
wi th  6-HD. 

METHOD 

Animals 

T w e n t y  male Sprague-Dawley ( H o l t z m a n )  rats, 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 h r  l ight-dark cycle. Food  and  wa te r  were available ad 
l ib i tum.  

The  rats came f rom 2 groups.  Eleven rats  were t es ted  2 
or  3 t imes  per  week  for  a b o u t  l 0  weeks. Nine rats  were 
tes ted  daily for  5 or  6 weeks. Some  rats  received occasional  
in jec t ions  of  noradrenerg ic  or dopamine rg ic  agonists ,  bu t  
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data from these sessions were not included in the present 
analysis. 

Procedure 

Surgical procedure. Each rat was implanted with a 
permanent cannula (Plastic Products, Co.) in either the left 
or right lateral ventricle. The details of  the procedure have 
been described elsewhere [10]. Briefly, the rats were 
anesthetized by intraperitoneal injection of sodium pento- 
barbital (Nembutal® - Abbott), 25 mg/kg, and chloral 
hydrate, 150 mg/kg. They were placed in the stereotaxic 
instrument (David Kopf Instruments), using earbars 
designed to avoid puncture of the eardrum. The coordinates 
for implantation into the lateral ventricle were AP = +7.0, 
Lat. = ±2.0, DV = +7.0, according to the atlas of 
Albe-Fessard et al. [ 1 ]. Training did not begin until at least 
7 days after surgery. 

Avoidance procedure. Avoidance behavior was measured 
in shelf-jump avoidance chambers. Shock (2.0 mA, provid- 
ed by a BRS/Foringer SG-901 shock generator) was 
delivered to the grids at appropriate times via a shock- 
scrambler circuit. 

Each test session consisted of 50 trials. A trial was 
initiated by the presentation of the CS (withdrawal of a 
wall and consequent exposure of a shelf, with accompany- 
ing noise and vibration). If the rat jumped onto the shelf 
within 10 sec after the start of the CS, thus tripping a 
microswitch under the shelf, shock was avoided and that 
trial was terminated. A 20 sec intertrial interval (ITI) 
followed. For the first 10 sec of the ITI, the rat was 
permitted to remain on the shelf, but was then gently 
pushed off the shelf by the moving wall, back onto the 
grids, where it was allowed 10 sec more before the start of 
the next trial. If the rat failed to jump onto the shelf within 
10 sec after start of the CS, a series of shock pulses (0.5 sec 
in length, separated by a 2 sec shock-shock interval) was 
initiated. If the rat then jumped onto the shelf, it escaped 
from the shock, ending the trial and initiating an ITI, as 
described above. A maximum of 10 shocks was presented if 
no escape response occurred. 

These rats had been trained to a criterion of at least 90 
percent avoidance during two consecutive sessions. When 
the criterion had been met, they were injected intraperito- 
neally with pargyline (Eutonyl® - Abbott),  50 mg/kg, 30 
min prior to receiving an intraventricular injection of 6-HD 
(Regis), 250 gg. A second intraventricular injection of 
6-HD, 250 ug, was given 24 hr later, without pargyline 
pretreatment. The intraventricular injection procedure has 
been described in detail elsewhere [ 10]. 

NE and DA levels (as percent of control) found in these 
animals were correlated with the four measures of avoid- 
ance performance noted above by use of the Pearson 
Product-Moment correlation procedure [7].  Correlation 
coefficients were tested for significance according to the 
procedure described by Edwards [6]. 

Biochemical assay procedure. For the purposes of the 
biochemical assay, 4 rats of the same age and weight as 
those receiving 6-HD received no drug treatment and were 
designated as controls. Two of these rats, each with an 
implanted cannula, were tested in the shelf-jump procedure 
in the standard manner. The other 2 rats were housed in 
individual cages for the duration of the experiment, but 
were never tested. Since no significant differences in CA 

levels were found among these control rats, the data from 
the assays of  their brains were pooled. 

About 3 weeks after the conclusion of the experiment, 
all the rats were decapitated and their brains were excised 
and immediately frozen on dry ice. NE and DA were 
measured fluorometrically by the trihydroxyindole proce- 
dure. Whole brains were homogenized in 4 volumes of fresh 
0.4 N perchloric acid at 0 - 4 ° C ,  as described by Brodie et 
al. [3].  The homogenized samples were centrifuged for 20 
min at 9000 rpm. The CA's were adsorbed onto alumina at 
pH 8.5, then eluted onto 0.1 N acetic acid and oxidized 
according to the method described by Chang [4].  After 
oxidation, the samples were read for NE on a spectrophoto- 
fluorometer (Aminco-Bowman) at excitation wavelength 
385 mu/emission wavelength 485 mu. The samples were 
stored overnight under a fluorescent light and read the next 
day for DA at 320/380 m~. 

RESULTS AND DISCUSSION 

CA levels for the 20 rats treated with 6-HD and 
pargyline are shown in Table 1. It was assumed that the CA 
levels at the time of  the assay, several weeks after treatment 
with 6-HD, had not changed substantially since the period 
of avoidance testing. It has been shown that no recovery of 
brain CA levels occurs for at least 142 days after treatment 
with 6-HD [ 15 ]. 

The 20 rats treated with 6-HD and pargyline in the 
present experiment showed the typical progressive decline 
in avoidance responding that has been described elsewhere 
[2,10]. The correlation coefficients obtained are shown in 
Table 2. Table 2A shows that brain levels of NE and DA 
were correlated only slightly with the median percent 
avoidance for the entire test period after treatment with 
6-HD, a measure of overall behavior. It is important to 
note, though, that these correlations were nearly the same 
for both monoamines. The correlation between DA and 
median percent avoidance was significant, but only margin- 
ally so. The correlation of this behavioral measure with the 
combination of NE and DA levels was slightly higher than 
the correlation of this measure with either CA alone. These 
results suggest that both NE and DA levels were about 
equally related to overall performance, as measured over a 
long period, but the summary of the behavior in this way 
makes these relationships appear to be minor ones. 

It has been shown [2],  however, that the probability of 
an avoidance response occurring after treatment with 6-HD 
tends to vary with the time of measurement. This variabil- 
ity might have accounted for the poor and apparently equal 
correlations of NE and DA with median percent avoidance. 
It seemed more appropriate, then, to correlate CA levels 
with avoidance performance at various, apparently crucial, 
stages of testing. These relationships are seen in the next 3 
sets of correlations. When the measure of avoidance 
behavior was the percent avoidance during the first session 
after 6-HD treatment (Table 2B), NE levels were complete- 
ly unrelated to performance, whereas the correlation of DA 
levels with performance was 0.40, which was statistically 
significant. Beer and Lenard [2] proposed that the de- 
crease in avoidance during this first session after treatment 
with 6-HD was primarily a function of a decrease 
in conditioned responding and that the influence of 
hyper-responsiveness to aversive stimuli would be minimal 
at this time. This set of correlations suggests that brain 
levels of NE may be unrelated to this general decrease in 
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T A B L E  1 

LEVELS OF NE AND DA IN WHOLE BRAIN OF RATS A F T E R  ADMINISTRATION OF 6-HD + PARGYLINE 
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NE 

Rat ng/g Percent of Control ng/g 

DA 

Percent of Control 

485 13.6 3 89.2 12 

486 142.8 32 89.2 12 

487 176.7 40 175.5 24 

489 23.8 5 75.9 10 

490 34.0 8 89.2 12 

491 57.8 13 138.5 19 

492 40.1 9 38.0 5 

493 23.8 5 75.9 10 

494 57.8 13 127.2 17 

495 328.0 73 100.6 14 

496 17.0 4 n.d.* 0 

415 168.2 38 465.0 32 

418 69.7 16 n.d. 0 

420 10.2 2 n.d. 0 

425 3.4 1 n.d. 0 

426 139.4 31 1328.5 92 

427 69.7 16 637.7 44 

429 64.6 14 578.8 40 

433 91.8 21 607.3 42 

434 69.7 16 235.3 16 

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

bel(avior,  bu t  tha t  bra in  levels of  DA are, at least  par t ia l ly ,  
re la ted  to  it. 

The  th i rd  set of  cor re la t ions  (Tab le  2C) was b e t w e e n  NE 
and  DA bra in  levels and  the  m i n i m u m  level of  avoidance  
p e r f o r m a n c e  reached  dur ing  the  first four  sessions. This 
m i n i m u m  level of  responding ,  which  was reached  a f t e r  a 
mean  o f  3.2 sessions,  r ep re sen t ed  a po in t  o f  m a x i m u m  
in f luence  for  the  response  suppress ion  factor .  The  coeffi-  
c ient  for  the  cor re la t ion  b e t w e e n  the  m i n i m u m  level o f  
avoidance  at this  t ime  and  NE level was 0.83,  ( p < 0 . 0 0 5 ) ,  
whereas  tha t  b e t w e e n  DA and p e r f o r m a n c e  was 0 .50  

( p < 0 . 0 2 5 ) .  Thus,  the  level of  NE in the  bra in ,  a l t h o u g h  
un re l a t ed  to pe r fo rmance  dur ing  the  first session, when  
freezing was a small  factor ,  was h ighly  re la ted  to perfor-  
m a n c e  when  freezing appeared  to be at a peak.  The lower  
the  level of  NE in the  brain,  the  less chance  there  was of  an 
avoidance  response  occurr ing.  

The  coef f ic ien t  for the  cor re la t ion  b e t w e e n  the  maxi-  
m u m  pe rcen t  avoidance  reached  af te r  Session 4 and the  
level o f  NE in the  brain  was 0.85 ( p < 0 . 0 0 5 ) ,  whereas  the  
co r r e spond ing  coef f ic ien t  for  the  cor re la t ion  wi th  the  level 
o f  DA was on ly  0 .32  (n.s.).  Thus,  the  e x t e n t  of  recovery  
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T A B L E  2 

CORRELATION OF CA LEVEL AND FOUR MEASURES OF AVOIDANCE PERFORMANCE IN RATS TREATED WITH 
6-HD + PARGYLINE 

Measure of 
Avoidance Behavior Correlation 

After Treatment Coefficient 
with 6-HD Catecholamine* (r) Probability 

Median percent avoidance NE 0.34 n.s. 
all control sessions 

DA 0.38 p<0.05 

(NE + DA) 0.45 p<0.025 

Percent avoidance NE 0.04 n.s. 
Session 1 

DA 0.40 p<0.05 

(NE + DA) 0.29 n.s. 

C Minimum percent avoidance NE 0.83 p<0.005 
Sessions 1 - 4  

DA 0.50 p<0.025 

(NE + DA) 0.43 p<0.05 

D Maximum percent avoidance NE 0.85 p<0.005 
after Session 4 

DA 0.32 n.s. 

(NE + DA) 0.15 n.s. 

*NE and DA levels were calculated as percent of control. 

af ter  6-HD t r e a t m e n t  also appears  to  be largely a func t i on  
of  the  level of  NE remain ing  in the bra in ;  the grea ter  the  
level of  NE in the  brain,  the  greater  the  m a x i m u m  level of  
avoidance  was likely to be. 

The results  of  the  present  expe r i m en t ,  in which  b o t h  NE 
and DA were deple ted ,  suggest s t rongly  t ha t  NE and DA 
play separate  roles in the  m a i n t e n a n c e  of  avoidance  
behavior .  Moreover ,  these  roles cor respond ,  at least in part ,  
to  the  two  processes tha t  seem to be respons ib le  for  the  
decrease in avoidance  behav ior  a f te r  the  adm i n i s t r a t i on  of  
6-HD. Levels of  DA, bu t  no t  of  NE, in the  b ra in  were 
modera t e ly  re la ted  to avoidance  at each po in t  tha t  perfor-  
mance  was assayed, inc luding  the  first session a f te r  t reat-  
men t ,  when  the  inf luence  of  response  suppress ion  should  
have been  minimal .  Therefore ,  the  in tegr i ty  of  DA neurons  
may be re la ted pr imari ly  to  the  l ikel ihood of  responses  
occurr ing.  

Freez ing  behav ior  appeared  to  com pe t e  successful ly wi th  
avoidance  behavior ,  no  m a t t e r  when  the  pe r fo rmance  was 
assayed, apparen t ly  as a resul t  of  b o t h  the  animals '  inabi l i ty  
to make  an avoidance  response  and the animals '  overreac- 
t ion  to the  aversive na tu re  of  the  CS and  the  shock  [2 ] .  This 
over reac t ion  was pr imar i ly  a func t ion  of  the  level, of  NE in 

the  bra in ;  the  less NE remain ing  in the  brain,  the less l ikely 
the  an imal  was to avoid. F u r t h e r m o r e ,  the  m a x i m u m  degree 
of  recovery of  avoidance  behavior  a f te r  the init ial  decrease 
was also re la ted  pr imar i ly  to  the  level of  NE. This f inding 
suggests tha t  the  recovery of  behavior  was p r o p o r t i o n a l  to  
the  a m o u n t  of  NE remain ing  in the  brain.  

The  re la t ionship  be tween  brain  levels of  NE and the  
over reac t ion  to aversive s t imul i  observed in the  present  
e x p e r i m e n t  is similar to o the r  da ta  showing  tha t  dep le t ion  
of NE by 6 - h y d r o x y d o p a  [8, 13, 14] apparen t ly  in- 
creased emo t iona l i t y  in rats  in mildly aversive s i tuat ions .  
Such a role for  NE might  also help to explain  the mode  of  
ac t ion  of  c lonid ine  in improv ing  avoidance  behavior  in rats  
t r ea ted  wi th  6-HD [9 ] .  If in te r fe rence  wi th  NE transmis-  
sion caused h y p e r e m o t i o n a l i t y  and a c o n c o m i t a n t  increase 
in suppress ion  o f  responding ,  and  this  resul ted in decreased 
avoidance  responding  in rats t r ea t ed  wi th  6-HD, t h e n  
c tonid ine  might  have decreased e m o t i o n a l i t y  by s t imula t ing  
noradrenerg ic  recep tors  in the  brain  selectively. This  selec- 
tive s t imu la t ion  would  then  have been ref lec ted  in less 
suppress ion  of  r e spond ing  and,  consequen t ly ,  more  avoid- 
ance. 

An hypo thes i s  re la t ing NE and e m o t i o n a l i t y  might  also 
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be  he lpfu l  in exp la in ing  the  benef ic ia l  e f fec t  of  d iazepam 
( D Z P )  on  avoidance  p e r f o r m a n c e  in ra ts  t r ea ted  wi th  6-HD 
[2 ] .  N a k a m u r a  and  T h o e n e n  [12]  n o t e d  t ha t  the  degree o f  
increased  i r r i t ab i l i ty  a f te r  t r e a t m e n t  o f  ra ts  w i th  6-HD was 
cor re la ted  wi th  the  e x t e n t  o f  dep le t ion  of  b ra in  NE. 

Moreover ,  the  a d m i n i s t r a t i o n  o f  DZP was f o u n d  to  decrease 
the  i r r i t ab i l i ty  and  to increase  the  ra te  of  3 H-NE t u r n o v e r  
in rats  t r ea t ed  wi th  6-HD. Thus ,  c lon id ine  and  DZP may  
b o t h  have been  ac t ing  on  a c o m m o n  n e u r o c h e m i c a l  
subs t ra t e  w h e n  t hey  improved  avoidance  pe r fo rmance .  
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