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WRIGHT, D. C., D. L. CHUTE AND G. C. MCCOLLUM. Reversible sodium pentobarbital amnesia in one trial discrimina- 
tion learning. PHARMAC. BIOCHEM. BEHAV. 2(5) 603-606, 1974 . -  Reversal of drug induced retroactive amnesia, 
previously observed in passive avoidance, is extended to a task measuring response choice rather than latency. Thirsty rats 
were given 3 drugged (D) and 3 non-drugged (ND) CRF bar-press for water sessions in a 2-bar box with one bar (B~) 
present. During the seventh session, all animals were undrugged and both bars were present; 3 non-reversal (NR) groups 
received a single reinforcement after pressing the originally reinforced bar (B 1 ) while 3 reversal (R) groups received a single 
reinforcement only after pressing the previously unavailable bar (B 2 ). All animals were D or ND injected immediately after 
this session. All animals were again injected prior to the 24 hr test with both bars present in extinction. NR animals 
performed 80-84% of their test bar presses on B~ as did R animals given D post-learning and ND pre-test (group R-D-ND). 
R groups given ND post-learning and pre-test (R-ND-ND) or D post-learning and pre-test (R-D-D) showed retention with 
60-68% B L presses in test. The difference between groups R-D-D and R-D-ND suggests that the apparent amnesia shown by 
R-D-ND results from retrieval failure not consolidation failure. 
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R E T R O A C T I V E  amnesia, whether  produced by electro- 
convulsive shock (ECS) or  anesthet ic  drugs, has been shown 
to be reversible in passive avoidance tasks [2, 4, 7, 8, 9, 
10]. Trea tment  with anesthet ic  agents after acquisi t ion of  a 
passive avoidance task results in per formance  decrements  in 
later testing (e.g., [2, 6, 10]).  However,  the ability to 
induce bet ter  test per formance  in t reated animals by pre- 
test redintegrat ion of  the drug state effect ive immedia te ly  
after training, argues for an explanat ion based on retrieval 
failure rather than consol idat ion failure [ 2 ,10] .  

Al though extensive work has shown that  discr iminat ion 
learning can be brought  under  drug state control  (e.g., [5] ), 
the reversal of  re t roact ive  amnesia produced by post-trial 
sodium pentobarbi ta l  adminis t ra t ion has only been done 
within the con tex t  o f  a one-trial passive avoidance task 
[2 ,10] .  Since the dependen t  variable is response latency,  
drug produced ataxia may artificially elevate response 
latency and art ifactual al terat ions of  fear or  pho tophob ia  
may occur.  These side effects  remain as alternatives to the 

state redintegrat ion hypothesis  of  retroact ive amnesia 
reversal. The use o f  an appet i t ive choice task in which the 
dependent  variable is response dis t r ibut ion rather  than 
response occur rence /non-occur rence  should obviate such 
alternative explanat ions.  

In the present s tudy the task is a discr iminat ion reversal 
with water  re inforcement  almost  identical  to that  in which 
Bloch et al. produced retrograde amnesia with f luothane  
anesthesia [ 1 ]. However,  an addit ional  group is used which 
shows that  the apparent  retrograde amnesia, when pro- 
duced by sodium pentobarbi tal ,  can be reversed by rein- 
stating the same drug state during re tent ion  testing as was 
effective immedia te ly  after reversal learning. In the present 
s tudy int ra thoracic  inject ion o f  sodium pentobarb i ta l  af ter  
the single reversal learning session was used to insure rapid 
induct ion  of  the effect ive drug state immedia te ly  after 
learning, presumably within the " m e m o r y  consol idat ion 
interval ,"  and to allow comparison with previous work on 
reversing passive avoidance amnesia [2, 9, 101. Post- 
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training t rea tment  was chosen to parallel retrograde 
amnesia paradigms. 

METHOD 

Fif ty  male Sprague-Dawley rats (Hol tzman,  Madison, 
Wisconsin) weighing 350 to 400 g were used. The animals 
were housed individually and water  deprivat ion was main- 
ta ined each day for 23 3/4 hr, all animals being al lowed 
15 rain free access to water  in their  h o m e  cage, 15 min after  
the t e rmina t ion  of  each daily session. Standard labora tory  
chow was available ad lib. 

The apparatus consisted of  8 Skinner boxes with the left  
side white and smoo th  f loored,  and the right side black and 
rough f loored.  On each side a magazine and retractable bar 
were available. The entire apparatus was control led  by a 
DDP 116 digital computer .  

Magazine training, with nei ther  bar available, consisted 
of  6 daily 15 min sessions of  al ternat ing 15 left  and 15 right 
re inforcements  (0.15 ml water). Bar-press training on a 
cont inuous  re in fo rcement  schedule occurred for a subse- 
quen t  6 day period. During these sessions only one bar ( B l )  
was present.  Within each group,  B1 was the left  bar for half  
o f  the animals, and was the right bar for half  of  the animals. 
A session lasted unti l  17 re inforcements  had been given, or 
15 min had elapsed. To establish stable bar pressing behav- 
ior regardless of  drug state, all animals were magazine 
trained and bar-press trained both  drugged (D) and non- 
drugged (ND). 

During magazine and bar-press training, animals received 
in t raper i toneal  inject ions 20 min prior to a session, for an 
equal  number  of  al ternat ing D and ND sessions. The 
al ternat ing sequence of  D and ND sessions began with D for 
half the animals and with ND for the o ther  half of  the 
animals within each group. Since mult iple  in t ra thoracic  
inject ions may result in pleural adhesions [10] ,  intra- 
per i toneal  inject ion was chosen for this por t ion  of  the 
exper iment  to reduce the risk o f  unnecessari ly com- 
promising the animals. Throughou t  the entire exper iment  
drugged animals received 12.5 mg/kg  sodium pentobarbi ta l  
while non-drugged animals received an equivalent  vo lume of 
saline. 

Fol lowing bar-press training, a single reversal or  non- 
reversal learning session was given. The previously trained 
bar (B1) and the opposi te  bar (B2) were both  present,  and 
no inject ions were given unti l  the  session was comple ted .  
Reversal learning groups (R) pressed B1 in ext inc t ion ,  and 
obta ined one re in forcement  for pressing B2. For  non- 
reversal learning groups (NR),  B2 was in ex t inc t ion  and the 
animals received one  re in forcement  after  7 B1 presses. Pilot 
data had indicated that in the reversal condi t ion,  animals 
averaged 7 presses to B1 prior  to response on B2. Thus an 
FR-7 for NR groups was chosen to provide equivalent  
partial r e in forcement  exper ience for both  the R and NR 
groups. Within 10 sec of  the single re in forcement  in the R 
or NR condi t ion,  the animals were picked up, injected 
intra thoracical ly  according to group designation,  and 
re turned to their  home  cages. For  in t ra thoracic  injections,  a 
25 g 5/8 in. needle was inserted into the thoracic  cavity just  
medial and caudal to the right scapula. The onset of  
behavioral  effects  (mild ataxia, pupil lary di lat ion)  are more 
rapid (approx imate ly  60 sec) wi th  in t ra thoracic  injections,  
compared  to in t raper i toneal  inject ion.  Variabil i ty be tween  
animals is reduced using the in t ra thoracic  technique ,  as the 
possibil i ty of  hepat ic-porta l  absorpt ion  with  consequent  
drug degredat ion in the liver, does not  exist. 

A 20 min re tent ion  test was given 24 hours later with 
both bars B1 and B2 present,  in ext inc t ion .  Animals were 
injected intrathoracical ly  20 min prior to testing with D or 
ND according to groups. There were 3 groups receiving 
non-reversal  training: Group NR-ND-ND (n = 9), received 
ND after training and prior to test, Group NR-D-ND (n = 8) 
received D after training, and ND prior to test while Group 
NR-D-D (n = 8) received D after training and prior to test. 
Three groups received reversal training: Group R-ND-ND (n 
= 9) received ND after training and prior to test, Group 
R-D-ND (n = 8) received D after training and ND prior to 
test and Group R-D-D (n = 8) received D after training and 
prior to test. 

RESULTS 

The mean number  of  bar presses in the three D and the 
three ND bar-press training sessions are shown in Table 1. 
One tailed Mann-Whitney U tests were used for all between 
group comparisons  and one-tailed sign tests were used for 
all within groups comparisons [3] .  There were no differ- 
ences be tween groups for total  number  of  presses during 
bar-press training (Mann-Whitney U tests [3 ] )  and no 
differences for bar-presses within groups be tween D and ND 
training states (sign tests [ 3 ] ). 

Table 1 also shows the mean number  of  responses to B1 
and B2 during R or NR learning. The number  of  responses 
to B1 was fixed at 7 for NR groups and for the R groups 
the overall  mean number  of  responses to Bl was 7.56 with 
no differences among the groups. The number  of  responses 
to B2 was fixed at 1 for the R groups and the NR groups 
showed an overall mean of  0.94 responses to B2 with no 
differences among the groups (Mann-Whitney U tests [3]) .  

Re ten t ion  test bar-presses are presented in Table 1. 
Mann-Whitney U tests [3] were used to make between 
group comparisons  for the number  of  responses to the 
original training bar B1, the number  of  responses to the 
reversal bar B2, and the number  of  responses to Bl 
expressed as a percent  of  total  responses. 

Only the ratio of  responding to B1 as a percent  of  total  
responses (Bx + (Bx + B2) x 100%) yielded significant 
differences be tween groups. As can be seen in Fig. 1, the 3 
non-reversal groups did not  differ f rom each o ther  sug- 
gesting that post-learning and /or  pre-test drug administra-  
t ion did not,  by itself, inf luence response produc t ion  or 
response distr ibution.  Group R-D-ND showed apparent  
amnesia for the reversal learning, not  differing from the 
three NR groups. Groups NR-ND-ND and R-D-ND per- 
formed almost  identical ly to the equivalent  control  and 
reversal-amnesia groups of  Bloch et  al. [1] ,  distr ibuting 
8 0 - 8 4 %  of  their  test bar-presses to B1. 

Groups R-D-D and R-ND-ND did not  differ significantly 
f rom each o ther  ( 0 . 0 5 < p < 0 . 1 0 )  and both  showed evidence 
of the reversal training. Group R-ND-ND performs much 
like the equivalent  reversal group of  Bloch e t  al. [1] with 
less than 60% of their test responses distr ibuted to B1. 
Groups R-ND-ND (p<0 .01)  and R-D-D (p<0 .05)  differed 
from the NR groups and f rom Group R-D-ND. 

DISCUSSION 

It should be noted  that  in the present exper iment ,  and 
the exper iments  of  Bloch e t a l .  [1] ,  arbitrary test periods 
(20 rain and 15 rain respect ively)  were used and discrete 
choice behavior per se was not  used as an index of  
discrimination.  It is possible that the imposi t ion  of  a t ime 
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TABLE 1 

GROUP MEAN BAR PRESS RESPONSES DURING TRAINING, LEARNING AND TEST 

Group N 

Mean Responses Mean Responses 
During Training* During Learning Mean Response During Test 

D ND B 1 B 2 B 1 B 2 BI+B l+B2 × 100% 

NR-ND-ND (9) 34.44 32.33 7 0.56 25.11 7.44 80.21% 

NR-D-D (8) 35.50 35.88 7 1.38 29.59 4.38 83.61% 

NR-D-ND (8) 32.88 36.50 7 0.88 22.25 6.63 82.36% 

R-ND-ND (9) 33.44 33.00 7.56 1 19.00 11.56 59.67% 

R-D-D (8) 37.00 37.87 8.38 1 31.62 15.88 68.19% 

R-D-ND (8) 36.00 33.38 6.75 1 28.13 9.50 80.36% 

*average number of responses during the 3 drugged (D) and the 3 nondrugged (ND) training sessions 
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FIG. 1. Mean percent of bar press responses of trained bar (BI) to 
total responses (BI + B~) per group. Columns with same shading are 
not significantly different (p>0.05), while columns opposite in 

shading are different (p<0.05). 

(and therefore a response number) ceiling could have 
inflated the discrimination index used. However, the 
responding interval allowed during test was equal to the 
maximum interval allowed in original CRF acquisition in 
the Bloch e t  al. experiment [ 1 ] and was 5 min longer than 

that allowed in original acquisition in the present experi- 
ment. In any respect, it is clear that the response distribu- 
tion measure does yield reliable group test result differences 
attributable to training differences (e.g., NR-ND-ND vs. 
R-ND-ND) in both the Bloch e t a l .  [1] and present 
experiments. 

The demonstration of drug state dependent retrieval 
control in this appetitive task would seem to circumvent 
some of the problems common to passive avoidance tasks. 
Since response distribution rather than response latency is 
measured, drug artifacts affecting motor ability and motiva- 
tion should be attenuated. This is especially important 
where treatment immediately precedes testing. The various 
drug manipulations had no statistically significant effect on 
response production in training and test, perhaps because 
both original magazine and barpress training were given in 
both the D and ND states. However, analysis of response 
distribution reveals that one trial discrimination learning is 
susceptible to drug induced retrieval control. 

The amnesia produced by sodium pentobarbital 
administration after reversal learning in Group R-D-ND is 
impermanent. When the D state present immediately 
following reversal learning is redintegrated prior to testing, 
retention of reversal training is evident as shown by Group 
R-D-D. 

While inadequate to test for symetrical state dependent 
learning of this task, the experiment does demonstrate that 
induction of the D state (Group R-D-D), is a sufficient 
condition to allow retrieval in presumably amnesic animals. 
Animals given only the injection procedure pre-test 
(R-D-ND) and animals given D treatment in the absence of 
R training (NR-D-D) do not show R behavior in test. 

State dependent retrieval explanations have also been 
applied for both sodium pentobarbital and ECS induced 
retroactive amnesia reversals in passive avoidance tasks [2, 
8, 9, 10]. Such post-trial treatments do not appear to 
prevent memory storage; rather, they appear to stipulate 
the CNS state that must obtain during testing if memory 
retrieval is to occur. 
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