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HALL, M. E. AND M. A. MAYER. Effects of  alpha methyl-para-tyrosine on the recall of  a passive avoidance response. 
PHARMAC. BIOCHEM. BEHAV. 3(4) 579-582, 1975. - Treatment with alpha methyl-para-tyrosine 4 hr before 
training on a passive avoidance task altered recall in mice tested 24 hr after training. The observed alterations were 
dependent on the intensity of the footshock used during training. Retention of the avoidance habit was reduced by 
drug treatment when a footshock of 1.6 milliamperes (mA) was employed, while retention by drug-treated mice was 
enhanced when a footshock of 0.16 mA was used. No significant differences in retention were noted when a footshock 
of 0.8 mA or no footshock was employed. These results could not be explained on the basis of drug-induced changes 
in activity or sensitivity to footshock, or to state-dependent learning. 
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THE role of central catecholaminergic systems in the 
acquisition, retrieval, and performance of learned behaviors 
has attracted much attention in recent years, due in part to 
the rapidly expanding knowledge of such systems and to 
the availability of a variety of drugs capable of influencing 
these systems. Pharmacological reduction of central cate- 
cholamine (CA) content has been shown to disrupt the 
performance of well learned behaviors such as shuttle box 
avoidance [3, 8, 12]; conditioned suppression of drinking 
[16] and lever pressing [9,10]. In general, the greater the 
reduction of norepinephrine (NE) and dopamine (DA), the 
greater the disruption of performance. In the case of 
shuttlebox avoidance, for instance, at moderate levels of 
CA depletion, avoidance but not escape behavior is dis- 
rupted [12] while at higher levels of depletion both 
avoidance and escape behaviors are disrupted [ 3,12 ]. 

Several recent studies have examined the effects of CA 
depletion on the acquisition of learned behaviors. Cooper et 
al., [2], for instance, observed that rats treated intra- 
cisternally with multiple doses of 6-hydroxydopamine in 
combination with pargyline showed no evidence of acquisi- 
tion of an active avoidance response in the shuttlebox after 
as many as 100 trials over 4 days time. It must be noted, 
however, that rats preferentially depleted of NE actually 
displayed facilitated acquisition of the same task. Osborne 
and Kerkut [13], also using rats, noted that a dose of 
diethyldithiocarbamate sufficient to reduce brain NE by 40 
percent, greatly retarded the acquisition of conditioned 
avoidance response. Randt et al. [14],  observed that mice 
treated with diethyldithiocarbamate thirty minutes prior to 
training on a one-trial passive avoidance task showed little 

evidence of learning on retention tests given one, 6 or 24 
hours later, while showing performance superior to controls 
at one minute and performance equivalent to controls at 5 
minutes after training. 

In another context, it has been suggested that the 
amnesic effects of puromycin [15] and acetoxycyclo- 
heximide [17] are perhaps due to some alteration in the 
availability of NE at adrenergic sites. 

The present study is an examination of the effects of 
norepinephrine and dopamine depletion, achieved by treat- 
ment with alpha methyl-para-tyrosine (AMPT), an inhibitor 
of tyrosine hydroxylation [19],  on the acquisition and 
retention of a passive avoidance response motivated by 
footshocks of different intensities. 

Animals 

METHOD 

One hundred-sixty female mice (50 to 70 days of  age) of 
the C57BL/6J strain were used. All mice were bred from 
breeding stocks obtained from the Jackson Laboratories, 
Bar Harbor, Maine. All animals were maintained with ad lib 
access to Purina Mouse Breeder Chow and tap water. 

Drugs 

DL alpha methyl-para-tyrosine (Sigma Chemical Com- 
pany, St. Louis, Missouri) was dissolved in dilute NaOH (pH 
11). The pH of the solution was adjusted to pH 7 by the 
addition of dilute HCL. The AMPT was still in solution 
when administered. All injections were given intra- 
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per i tonea l ly  in a volume of 20 ml /kg  and a dose of  35 
mg/kg of  b o d y  weight.  Con t ro l  animals  were in jected wi th  
an equivalent  so lu t ion  no t  con ta in ing  AMPT. 

Passive Avoidance Apparatus 

A t w o - c h a m b e r  appa ra tus  similar to  tha t  previously  
descr ibed by  Boggan [17]  was employed .  It consis ted of  a 
na r row Plexiglas s t raight  alley 8 in. long by  1 in. wide by  7 
in. high, wh ich  led in to  a larger Plexiglas shock c h a m b e r  6 
in. square by  7 in. high having a r emovab le  Plexiglas top.  
The shock  chamb e r  had  a grid f loor  t h r o u g h  which  a 
sc rambled  f o o t s h o c k  could be delivered (GSC mode l  
1064GS Shock Scrambler) .  The  appara tus  also had a h inged  
door  at thee  en t rance  to the  s t ra ight  alley and a gui l lot ine  
door  separat ing the  s t ra ight  alley f rom the  shock  chamber .  

Procedure 

Training consis ted of placing each mouse  inside the  
straight  alley. Training scores for  each mouse  consis ted of  
the  la tency,  in seconds,  measured  be t w een  the  t ime  the  
mouse  was placed in the  s t ra ight  alley, and the  m o m e n t  
when  the  mouse  placed all four  paws inside the  shock  
chamber .  Fol lowing en t ry  in to  the  shock chamber ,  the  
gui l lot ine  door  was lowered in to  place, p reven t ing  re-ent ry  
in to  the s t ra ight  alley. With in  5 sec of  en te r ing  the  shock  
chamber ,  a scrambled  f o o t s h o c k  of  2 sec du ra t i on  was 
delivered th rough  the  grid floor.  The  mouse  was t hen  
p r o m p t l y  r e tu rned  to its h o m e  cage. R e t e n t i o n  of  the  
avoidance  response  was tes ted  by  replacing the  mouse  in 
the s t ra ight  alley and  measur ing the  la tency  to re-enter  the  
shock chamber .  Mice failing to re-enter  wi th in  3 rain were 
r emoved  and given a la tency  of 180 sec. Raw data  was in 
the form of  ne t  ta tencies ( test  la tencies  minus  t ra in ing 
latencies)  for  each mouse.  

Three  expe r imen t s  were pe r fo rmed .  In the  first experi-  
men t ,  two groups  of  mice were t rea ted  wi th  e i the r  AMPT 
or con t ro l  so lu t ion  4 hr  pr ior  to  passive avoidance  training.  
At the t ime of t raining,  each of  these two groups  was 
r andomly  subdivided in to  4 t r e a t m e n t  condi t ions .  Fo r  the  
first cond i t ion ,  the  t ra in ing f o o t s h o c k  was of  1.6 m A  
in tens i ty .  For  the  o t h e r  condi t ions ,  the  t ra in ing  f o o t s h o c k s  
were of 0.8 mA,  0.16 and mA,  and 0.0 m A  (no  f o o t s h o c k )  
respect ively,  thus  making  a to ta l  of  8 separate  t r e a t m e n t  
condi t ions .  R e t e n t i o n  of  the  passive avoidance  response  was 
tes ted 24 hr af ter  t raining.  

In the second expe r i m en t ,  two groups  of  mice were 
t rea ted  wi th  e i the r  AMPT or con t ro l  in ject ions ,  and t ra ined 
in the passive avoidance  appara tus ,  receiving a f o o t s h o c k  of 
1.6 mA. Each of these two groups  was r a n d o m l y  subdivided 
in to  three  t r e a t m e n t  condi t ions .  In the  first cond i t ion ,  the  
animals  were in jec ted  4 hr  before  avoidance  training.  In the  
second cond i t ion ,  the  animals  were in jec ted  immedia t e ly  
af ter  t ra in ing and in the th i rd  cond i t ion  animals  were 
injected 4 hr  before  tes t ing for r e t e n t i o n  of  the passive 
avoidance  response.  All animals  were tes ted  24 hr  af ter  
t raining.  

In the  th i rd  e x p e r i m e n t ,  the  possibi l i ty  of  s tate-  
d e p e n d e n t  m e m o r y  effects  was examined .  A 2 by  2 
factorial  design was used, involving two cond i t ions  of  
pre t ra in ing  t r e a t m e n t  (AMPT or con t ro l )  wi th  two condi-  
t ions  of  pre tes t ing  drug t r ea tmen t .  All animals  were given 
the  appropr ia t e  drug t r e a t m e n t  4 hr  before  t ra in ing  and  
again 4 hr  before  testing. All mice were t ra ined  using a 1.6 
mA foo t shock ,  and were tes ted  24 hr  a f te r  t raining.  

Open Field Maze 

To measure  s p o n t a n e o u s  act ivi ty,  two add i t iona l  groups  
of  mice were tes ted  in an open  field maze 28 hr  af ter  
t r e a t m e n t  wi th  e i the r  AMPT or a con t ro l  so lut ion.  This  
interval  cor responds  to the  t ime of avoidance  response  
tes t ing used in the  first expe r imen t ,  descr ibed above.  The  
open  field was a 30 by  30 in. area, marked  of f  in to  36 
five-in, squares,  housed  in a gray w o o d e n  box  as previously  
descr ibed by  McClearn [11 ] .  The act ivi ty score for  each 
mouse  was the  n u m b e r  of 5 in. squares  en te red  dur ing  a 2 
rain test  period.  

Shock Reactivity 

To measure  react ivi ty  to foo t shock ,  a var ia t ion  of  the  
jump- f l inch  test  used by  E iche lman  [7] was employed .  
Mice t rea ted  4 hr  earlier wi th  e i the r  AMPT or con t ro l  
so lu t ion  were placed in a shock  c h a m b e r  ident ical  to  tha t  
used in the  passive avoidance  t ra in ing  and exposed  to a 
series of foo t shocks  of  five d i f fe ren t  in tens i t ies  (0.05,  0 .08,  
0.1, 0.2, and  0.3 mA).  F o o t s h o c k  was genera ted  by  a GSC 
model  1064GS Shock  Scrambler .  Each mouse  received 30 
shocks,  6 at each of  the  5 intensi t ies ,  in a l te rna t ing  
ascending and descending  order  of  in tens i ty .  The  mean  
in te r shock  interval  was 30 sec, and varied r a n d o m l y  
be tween  15 and 45 sec. The  an imal ' s  r eac t ion  to each shock 
was scored e i the r  as a zero (no  visible response) ,  a one (a 
f l inch response,  involving o r i en ta t ion ,  f l inching,  etc., bu t  
no t  inc luding a j u m p )  and a two (a j u m p ,  where  all four  
paws left  the grid f loor  s imul taneous ly .  Ten  mice per  group 
(e i the r  drug or con t ro l )  were employed .  The  sound  pro- 
duced by  the  shock  genera to r  was masked  t h r o u g h o u t  the  
e x p e r i m e n t  by  whi te  noise. Two add i t iona l  groups  of  ten  
mice each were exposed  to foo t shocks  of  greater  in tens i t ies  
(0.8,  1.0, 1.3, and 1.6 mA).  Each mouse  received 24 
shocks,  6 at each of  the  4 intensi t ies ,  and the i r  responses  
recorded  in a m a n n e r  ident ical  to t ha t  descr ibed above.  

Biochemical Assay 

For  whole  b ra in  no rep ineph r ine  and d o p a m i n e  de termi-  
na t ions ,  two groups  of mice (N = 4) were t rea ted  wi th  ei- 
the r  AMPT (35 mg/kg)  or con t ro l  so lu t ion  inject ions.  F o u r  
hours  af ter  in jec t ion ,  the  mice were sacrificed b y  decapi ta-  
t ion,  Brains were quickly  r emoved  and weighed to the  
neares t  0.01 g. NE and DA d e t e r m i n a t i o n s  were made  by  a 
modi f i ca t ion  of  the s p e c t r o p h o t o f l u o r o m e t r i c  t e c h n i q u e  
descr ibed by  Shel lenberger  and G o r d o n  [18] .  

R E S U L T S  

The results  of  the  first e x p e r i m e n t  are i l lus t ra ted in Fig. 
1. As can be seen, the  ne t  la tencies  for  con t ro l  subjects  
varied di rect ly  wi th  the  in tens i ty  of  the  foo t shock .  Analysis  
of  variance revealed a s ignif icant  drug by  shock  in te rac t ion ,  
F (7 ,40 )  = 7.69,  p < 0 . 0 1 .  The  m e t h o d  of  coeff ic ients  
revealed tha t  in the  1.6 m A  f o o t s h o c k  cond i t ion ,  mice 
t rea ted  wi th  AMPT had  s ignif icant ly  shor te r  la tencies  than  
con t ro l  mice,  F (1 ,15 )  = 20.7,  p > 0 . 0 1 ,  whereas  in the  0 .16 
mA f o o t s h o c k  cond i t ion ,  mice t rea ted  wi th  AMPT had 
s ignif icant ly  longer latencies t han  controls ,  F ( 1 , 1 5 ) =  4.6,  
p > 0 . 0 5 .  Drug t r e a t m e n t  groups  did no t  differ  s ignif icant ly  
in the  0.8 mA and no  foo t shock  condi t ions .  

In the  second expe r imen t ,  as in the  first, t r e a t m e n t  wi th  
AMPT 4 hr  be fore  t ra ining resul ted in a s ignif icant  l a tency  
di f ference 24 hr  la ter  (t = 3.14,  df  = 14, p < 0 . 0 1 ) .  When  
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FIG. 1. Effects of drug treatment on net latency in seconds (day 
2 test latency minus day 1 training latency) as a function of 

intensity of footshock used during training. 

drug injections were administered immediately after train- 
ing, however, latencies of AMPT and control treated mice 
did not differ significantly (t = I . l ,  dr= 14, p = n.s.), nor 
did they differ significantly when drug treatment was 
administered 4 hr before testing (t = 1.50, dr= 14, p = n.s.). 

In the third experiment, it was observed that mice given 
the same drug treatment prior to both training and testing, 
when compared to mice given different drug treatments 
prior to training and testing, revealed no evidence of any 
state-dependent learning effects, F(1,35) = 2.77, p = n.s. 

The relatively low dose of AMPT used in all experiments 
did not seem to produce illness, and there was no difference 
in spontaneous activity, as measured in the open field maze, 
between mice treated with AMPT and those given control 
injections (t = 0.863, df  = 39, p>0.2).  

The results of the shock reactivity (jump-flinch) tests 
revealed no significant differences in reactivity to shock 
over the two ranges of shock employed (t = 1.3, dr= 18, p 
= n.s. and t = 1.6, df  = 18, p = n.s.; for the 0.05 to 0.3 mA 
range and the 0.8 to 1.6 mA range, respectively). These 
results would argue against the possibility that AMPT could 
have altered the mice sensitivity to footshock and in that 
way contribute to the differences in latencies seen in the 
first experiment. 

Spectrophotofluorometric determinations revealed that 
treatment with 35 mg/kg of AMPT reduced whole brain 
norepinephrine content to a mean of  245.4 ng/g, as 
compared with a mean of 408 ng/g for saline treated 
control mice (t = 7.233, df  = 6, p<0.01). Whole brain 
dopamine was reduced to a mean of 544.2 ng/g, as 
compared with a mean of 861.7 ng/g for control mice (t = 
3.083, dr= 6, p<0.05).  

DISCUSSION 

In this study, both the enhancement and the impairment 
of avoidance behavior were seen following treatment with 
alpha methyl-p-tyrosine. Several control experiments were 
conducted in an attempt to determine whether these results 
could be attributed to factors other than learning and/or 
memory. It was found that AMPT-treated subjects were 
neither more nor less active than control mice at the time 
of testing, as j~dged by open field maze behavior, and thus 
differences in test latencies could not be attributed to 
differences in overall activity. Likewise, the results of the 
shock reactivity test suggest that AMPT-treated mice found 
footshock of the intensities used herein neither more nor 
less aversive than did control mice, thus making it difficult 
to attribute the principle experimental results to drug- 
induced differences in motivation. Finally, in the absence 
of any state-dependent memory effects, it would seem most 
parsimonious to attribute the results reported herein as due 
to some alterations of learning and/or memory processes. 

The data suggests, in fact, that AMPT may have exerted 
its differing effects on avoidance conditioning in accor- 
dance with the strength of the learned avoidance response. 
If one assumes that the latencies of control mice in the first 
experiment accurately reflect the relationship between 
intensity of footshock and strength of the conditioned 
avoidance response, then treatment with AMPT would 
appear to have enhanced the relatively weak avoidance 
response motivated by mild footshock while conversely 
impairing the stronger avoidance response motivated by 
strong footshock. 

A possibly similar phenomenon was reported by Randt 
et al. [14], noted above. In their experiment, the strength 
of the passive avoidance response (as judged by the 
behavior of control mice) was seen to vary with the interval 
between training and testing, being weakest at one minute 
after training and stronger at longer intervals after training. 
Treatment with diethyldithiocarbamate, a dopamine beta 
hydroxylase inhibitor, was seen to enhance the avoidance 
response when tested one minute after training, when the 
response was weakest, while impairing the avoidance 
response when tested at longer training-test intervals, when 
the avoidance response was strongest in control subjects. 

The only other reports in the literature on the effects of 
drugs on learning and memory where apparently weak 
responses were enhanced by drug treatments which con- 
versely impaired stronger responses are described by 
Deutsch [4, 5, 61 regarding the effects of anticholinesterase 
drugs on memory. In these reports, DFP was reported to 
facilitate the recall of poorly learned responses, while 
impairing the expression of well-learned responses. 

It would seem plausible, therefore, that the dual effects 
on passive avoidance behavior of a reduction in brain CA 
content, as achieved by AMPT in this experiment (and 
perhaps as achieved by diethyldithiocarbamate in Randt's 
experiment) indicate the importance of the strength of the 
avoidance response in determining the nature of the effect 
of such CA reduction on the processes of learning and/or 
memory. Furthermore, it is suggestive that the importance 
of response strength in determining the nature of  pharma- 
cological effects on learning and memory has generally been 
underrated. 
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