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MAH, C. J. AND D. J. ALBERT. Reversal of ECS-induced amnesia by post-ECS infections of amphetamine. 
PHARMAC. BIOCHEM. BEHAV. 3(1) 1-5, 1975. - Water deprived rats were trained to drink from a water spout 
within an apparatus on each of 2 days. On the third day, passive avoidance of the spout was induced by giving the 
animal a 0.3 sec, 5 mA footshock after 1 lick at the spout. A test for retention of the avoidance learning was given 
48 hr following training. ECS administered through cortical electrodes at 15 sec following the footshock impaired 
retention. The amnesia was attenuated when amphetamine (1 mg/kg) was injected immediately but not at 6 hr 
following the ECS. In a second experiment, attentuation of amnesia by amphetamine was not found when the ECS 
occurred at 4 sec instead of 15 sec following the footshock. The results are interpreted in terms of reactivation by 
amphetamine of a consolidation process that was interrupted by ECS. 
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ELECTROCONVULSIVE shock (ECS) is known to pro- 
duce a distrubance of  retention when administered follow- 
ing learning [ 10, 13, 18, 23, 27].  A widely held view is that 
this is due to an interference with the process of forming a 
permanent storage mechanism [13, 18, 23].  This is known 
as the consolidation hypothesis and has been notably effec- 
tive in explaining the pattern of retention deficits observed 
following ECS. However, a long-standing difficulty with 
this hypothesis is that the nature of the process thought to 
be involved has remained obscure in spite of substantial 
experimentation. 

One of the important questions which has arisen in the 
attempt to elucidate the nature of the consolidation process 
is whether the disturbance of consolidation is reversible. 
There is evidence for an affirmative answer to this question. 
When ECS is given following learning, the disturbance of 
retention is not all or none, nor is it simply graded 
according to the delay between training and ECS. Rather, 
the amount of retention depends on the time at which the 
ECS is given and on the strength of the ECS [16,28]. 
Further, if a second ECS is given following the first, the 
disturbance of retention can be increased [24]. This 
evidence suggests that the interference caused by ECS is 
usually a partial interruption rather than a destruction of an 
ongoing process. Because the substrate of  the process may 

still be present, it might be susceptible to reactivation, if 
the appropriate agent could be found. 

Several experimenters have now reported this kind of 
reactivation effect. Albert [1] obtained a reversal of the 
amnesic effect of cortical spreading depression by adminis- 
tering surface-positive polarization to the cortex. McGaugh 
and Hart [19] and Duncan and Hunt [8] attenuated the 
amnesic effect of ECS by strychnine injections. Barondes 
and Cohen [4] have reversed the amnesic effect of 
cycloheximide by administering cortisone, amphetamine, or 
an arousing stimulus following the amnesic treatment. The 
existence of this phenomenon does not stand unchallenged, 
however; Miller and Springer [26] have reported a failure 
to replicate using strychnine and ECS. 

The object of the present experiments was to explore 
the reversal of  ECS-induced amnesia further. The agent we 
have used is amphetamine. The interest in using this agent 
in conjunction with ECS is two-fold. It has proven very 
effective in reversing the amnesic effect of cycloheximide 
[4]. There is also substantial evidence that posttrial injec- 
tions improve retention, and this has been attributed to a 
facilitation of consolidation [ 17]. Both strands of  evidence 
suggest that amphetamine can in some way facilitate 
consolidation, and accordingly, it might effectively reverse 
the disturbance of  consolidation by ECS. 
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EXPERIMENT 1 
R E V E R S A L  OF AMNESIA WITH AMPHETAMINE 

The effectiveness of  amphe tamine  in reversing ECS- 
induced amnesia was examined in a passive avoidance 
training si tuation.  ECS was given at 15 sec fol lowing train- 
ing since McGaugh and Hart  [19] have found that  
ECS-induced amnesia can be reduced by s t rychnine wi th  a 
training-ECS delay in this range. The dose of  amphe tamine  
was 1 mg/kg,  which is within the range found effective in 
facilitating learning by posttr ial  inject ions [7,15] and in 
reversing cyc loheximide  induced amnesia [4 ] .  

METHOD 

Animals 

The animals were exper imenta l ly  naive, male black- 
hooded  rats ( 2 5 0 - 3 0 0  g) f rom the Canadian Breeding 
Farms and Laboratories.  They were housed in individual 
cages th roughout  the exper iment .  

Surgery 

All animals had skull electrodes for administering ECS 
implanted bilaterally over the dorsolateral  cortex.  Elec t rode  
coordinates  were 4 mm lateral to the midl ine and 1 mm 
posterior  to Bregma. The electrode consisted of  a pin 
soldered on to  the end of  a stainless steel jeweller 's  screw 
(1 mm dia.). 

Apparatus 

The passive avoidance apparatus used was a box 40 X 40 
X 40 cm. Inside was painted flat black and there was a grid 
floor. Midway along one wall and 2 cm above the f loor  was 
a 6 X 6 cm opening to a nook  in which a drinking spout  
was housed (a more thorough descript ion of  the apparatus 
is contained in Alber t  and Mah [2,3] ). 

The latency to drink at the spout  was recorded by means 
of an automat ic  t imer  connected  to a dr inkometer .  The 
length of' the training session was control led by a preset 
clock which also started the latency timer.  

F o o t s h o c k  administered during passive avoidance train- 
ing was delivered automat ica l ly  fol lowing the first lick at 
the spout  and the shock was generated by a 60 Hz 460 V 
t ransformer  in series wi th  85,000 ohm resistance. 

ECS (55 mA,  0.4 sec) was generated through a 60 Hz, 
820 V t ransformer  connected  in series to a 15,000 ohm 
r e s i s t o r .  Full  t o n i c - c l o n i c  convulsions were reliably 
elicited. 

General Training Procedure 

Twenty- four  hr before surgery, the animals were put  on 
a 23 hr water  deprivat ion schedule which cont inued for the 
remainder of  the exper iment .  On the f if th day fol lowing 
surgery (Day 1), the animals were given the first of  two 
daily sessions of  approach training in the passive avoidance 
apparatus. Each animal was placed into the training box 
and left  for the durat ion of the session which lasted 5 rain. 
The latency to make  20 licks at the spout  was auto- 
matically recorded. (This measure rather than the first lick 
latency was used because we found it to reflect more 
validly the animals '  behavior in this task both  before  and 
after passive avoidance training.) 

On Day 3, the animals were given passive avoidance 

training. Wire leads for administering ECS were first 
at tached to the animal 's  skull electrodes before  the animals 
were placed into the apparatus. For  passive avoidance train- 
ing, the animals were automat ical ly  given a footshock 
immedia te ly  after making one lick at the spout.  

Fol lowing passive avoidance training each animal was 
given addit ional  t rea tments  as required by the exper imenta l  
design and re turned to its cage. Abou t  1.5 hr after the last 
animal was trained, water  was made available to all animals 
for 1 hr. 

Experimental Design 

The groups used in this exper iment  were all given two 
days of  approach training. On the 3rd day the groups were 
treated as follows. One group (FS-delECS-Saline;  N = 7) 
received a footshock (FS) and ECS a sufficient  length of  
t ime later (6 hr) so as to be ineffect ive in disturbing reten- 
tion. Immedia te ly  after the ECS they were given a 1 cc 
injection of  0.9% NaC1. A second group (FS-ECS-Saline;  N 
= 13) was given a foo tshock  and then 15 sec later an ECS 
fol lowed immedia te ly  by a 1 cc inject ion of 0.9% NaC1. 
These two groups should show that  there is a t ime- 
dependent  amnesic effect  of  ECS with this task, A third 
group (FS-ECS-Amph;  N = 15) received a foo tshock  
fol lowed at 15 sec by ECS and an inject ion of amphe tamine  
(1.0 mg/kg) immedia te ly  after the ECS. This group was 
intended to demonst ra te  the a t tenuat ion  of  amnesia by 
post-ECS amphetamine  injections.  A four th  group was 
intended to show that the effect  of the amphe tamine  injec- 
t ion was t ime dependent .  This group (FS-ECS-delAmph;  N 
= 8) was given a footshock fol lowed 15 sec later by an ECS 
and then 6 hr later by an inject ion of amphe tamine  (1.0 
mg/kg). All groups given ECS at 15 sec remained in the box 
in the interval fol lowing the footshock.  The delayed ECS 
and delayed amphetamine  groups were returned to their  
cages unti l  the t ime for the t rea tment  arrived and then were 
brought  back into the training room for the t rea tment .  

No t rea tment  was given on the day fol lowing avoidance 
training but  the animals were all allowed one hour  access to 
water  in their  home cage at the usual t ime. 

Two  days after passive avoidance training (Day 5), the 
animals were tested for re tent ion of  the avoidance training 
given on Day 3. Each animal was placed into the apparatus 
and the latency to make  20 licks at the spout  was auto- 
matically recorded.  If the animal did not  lick at the spout  
at least 20 t imes by the end of the test session which lasted 
5 rain, it was assigned a score of  300 sec. 

RESULTS AND DISCUSSION 

Figure 1 shows the median latency to make 20 licks by 
each group on the test day. Animals  given footshock 
fol lowed 6 hr later by ECS showed virtually comple te  
avoidance of  the spout  on the test day (Group FS-delECS- 
Saline; median latency = 300 sec). In contrast ,  when the 
ECS was given 15 sec fol lowing the footshock,  the avoid- 
ance was significantly less (Group FS-ECS-Saline; median 
latency = 230 sec; Mann Whitney U Test, two-tai led;  U = 
14, p~0 .02) .  These results confirm the decrement  in 
re tent ion observed when ECS is given shortly but  not  long 
after training [ 13, 20, 23 ]. 

The critical exper imenta l  group is the one receiving 
amphetamine  immedia te ly  fol lowing the ECS. The animals 
of this group, almost wi thou t  except ion,  avoided the spout  
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FIG. 1. Median latency to make 20 licks at the spout on the test 
day. ECS was given at 15 sec or 6 hr (delECS) following footshock. 
Amphetamine or saline was injected immediately following the ECS 
or after 6 hr (delAmph). The vertical line within a bar represents the 

interquartile range. 

on the test day (Group FS-ECS-Amph; median latency = 
300 sec). This avoidance level is significantly greater than 
the comparably treated group injected with saline (Group 
FS-ECS-Saline, median latency = 230 sec, U = 43, p<0.02),  
but is not reliably different from the group which received 
a delayed ECS (Group FS-delECS-Saline, U = 42, p>0.10).  

The results also indicate that the effect of  the amphet- 
a m i n e  is time dependent. The group injected with 
amphetamine 6 hr following the ECS treatment (Group 
FS-ECS-delAmph) showed the typical decrement in reten- 
tion found with ECS (median latency = 173 sec). This 
group was not different from the group given ECS at 15 sec 
and injected with saline immediately afterwards (U = 45, 
p~0.10)  but did avoid significantly less than the animals 
injected with amphetamine immediately following the ECS 
(U = 17, p<0.02).  

The amphetamine injections given immediately follow- 
ing ECS appear to prevent the disturbance of retention 
caused by ECS. This is shown by comparison of the animals 
injected with amphetamine and those injected with saline 
immediately following learning. The effect of the amphet- 
amine is time dependent indicating that the improved 
avoidance level on the test day cannot be attributed to a 
general pharmacological action at the time of testing. Two 
respects in which the present findings are ambiguous is that 
there was no assessment of the effect of the closely paired 
ECS-amphetamine treatment on latency to drink in 
comparison to ECS-Saline. It is possible that the pairing of 
ECS and amphetamine causes an increased latency to drink 
independently of the footshock. A second possibility is that 
the effect of  the amphetamine is to attenuate the physio- 
logical effects of ECS and thereby reduce its amnesic 
effectiveness. Both of these will be controlled for in 

Experiment 2, which was conducted simultaneously with 
this experiment. 

The present results resemble very closely those obtained 
by McGaugh and Hart [19] and Duncan and Hunt [8] 
using post-ECS injections of strychnine instead of amphet- 
amine. Our results are also consistent with the findings of 
Barondes and Cohen [4],  who found that amphetamine 
could reverse the amnesia induced by cycloheximide. 

EXPERIMENT 2 
THE EFFECT OF TIME OF ECS ON THE REVERSAL 

OF AMNESIA BY AMPHETAMINE 

The results of McGaugh and Hart [19] showed that 
reversal of the ECS-induced amnesia depended on the time 
the amnesia disrupting agent (ECS) was given as well as on 
the time the consolidation facilitating agent was given. In 
the previous experiment we have confirmed part of this 
conclusion by showing that amphetamine produces an 
attenuation of amnesia only if it is given shortly following 
ECS. However, we did not determine whether the attenua- 
tion of amnesia was also dependent on the time the ECS 
was given. According to McGaugh and Hart [ 19] if the ECS 
is given shortly after training (within 8 sec) the amnesia 
should not be reversible. 

The intent of the present experiment was to determine 
whether the effect of amphetamine is similar to that of 
strychnine in this respect. ECS was given at 4 sec following 
footshock (instead of 15 sec as in Experiment 1) and 
amphetamine was injected immediately afterward. 

METHOD 

The animals and apparatus were the same as in the 
previous experiment. As before, the animals also had ECS 
cortical electrodes implanted bilaterally and were placed on 
23 hr water deprivation 6 days before training began. 

On the fifth day following surgery (Day 1), the rats were 
given the first of two daily sessions of approach training in 
which the animal was simply allowed 5 rain in which to 
drink from the water spout within the apparatus. On Day 3, 
the animals were all given a passive avoidance trial. With 
wire leads attached to the ECS electrodes, the animals were 
given a shock to the feet after making one lick at the spout. 

Following the footshock the animals were given one of 
the following three treatments. One group of rats received 
an ECS at 4 sec following the footshock followed immedi- 
ately by a 1 cc injection of 0.9% NaCI (Group FS-ECS- 
Saline; N = 10). The second group was treated in the same 
way except that it was injected with 1 mg/kg amphetamine 
following the ECS (Group FS-ECS-Amph; N = 11). The 
third group had a 6 hr interval between footshock and ECS 
and was then immediately injected with 1 c c  of saline 
(FS-delECS-Saline; N = 7). One and one-half hr following 
the training of the last animal, all animals had water avail- 
able in their home cage for 1 hr. 

Two days following these treatments (Day 5), a reten- 
tion test was given to all animals and the latency to make 
20 licks at the spout was recorded. 

RESULTS AND DISCUSSION 

The median latency for each group to make 20 licks at 
the spout on the test day are summarized in Fig. 2. There 
was no difference in the avoidance behavior of the animals 
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FIG. 2. Median latency to make 20 licks at the spout on the test 
day. ECS was given either at 4 sec or 6 hr (delECS) following foot- 
shock. Amphetamine or saline was injected immediately following 
ECS. The vertical line within a bar represents the interquartile range. 

given ECS at 4 sec following footshock and injected with 
saline and those given ECS and injected with amphetamine. 
The median response latency for animals injected with 
amphetamine (Group FS-ECS-Amph) was 110 sec, while 
that of the animals injected with saline (Group FS-ECS- 
Saline) was 90 sec (U = 47.5; p>0.10). In contrast, when 
rats were given footshock, ECS 6 hr later and then a saline 
injection (Group FS-ECS-delECS), they avoided for a 
median of 300 sec. This is a significantly longer latency 
than that of either the group given ECS at 4 sec and then 
injected with either amphetamine (U --- 14; p<0.05) or 
saline (U = 9; p<0.02). 

The conclusion suggested by these results is that amphet- 
amine does not attenuate amnesia when the ECS is given at 
4 sec following training. This supports McGaugh and Hart's 
similar finding with strychnine [19]. It also obviates the 
criticism of the previous experiment that the pairing of ECS 
and amphetamine itself produces a general increase in 
response latency, or that amphetamine following ECS 
produces an attenuation of amnesia by reducing the 
physiological disturbance caused by ECS. 

GENERAL DISCUSSION 

The principle finding is a reduction in ECS-induced 
amnesia when amphetamine is administered immediately 
following ECS. As we have already pointed out, the 
dependence of the amphetamine-induced attenuation of 
amnesia on both the time of administering the amphet- 
amine and the time of ECS argues against the results being 
due to a direct effect of the drug on avoidance behavior or 
to a reduction in the physiological disturbance caused by 
ECS. On the other hand, the time dependence of the 
attenuation of amnesia is consistent with the suggestion 

that the amphetamine is affecting time-dependent processes 
in the storage of memory. 

We would be reluctant to conclude from these results 
that the effect of amphetamine is to reactivate the consoli- 
dation process following ECS without the supporting 
evidence in the literature. This evidence consists primarily 
of experiments reporting a facilitation of retention when 
amphetamine is injected following learning. In three of 
these experiments, positive results have been found using a 
Lashley III maze [5],  a three-choice discrimination [11], 
and a two-way active avoidance [9]. Unfortunately, these 
studies have not controlled for the possibility that the 
effect of the drug is on behavior at the test session (24 hr 
later) rather than on a process that persists following 
training. However, Kosman ([ 14] two-choice water maze) 
and Johnson and Waite [12] step-down avoidance) have 
allowed 7 days between training and testing so that a 
persisting drug effect is unlikely and they still find a 
facilitation of retention. The most effectively controlled 
experiments are those of Krivanek and McGaugh ([15] 
discriminated approach learning) and Doty and Dory ([7] 
simple avoidance, discriminated avoidance). Each of these 
shows that the effect of posttrial amphetamine injections is 
dependent on the drug being injected shortly following the 
acquisition period. Taken together, these findings provide 
reasonable support for the conclusion that amphetamine 
can improve retention by facilitating consolidation. 

More directly related to our experiment is the question 
of whether there is evidence for the conclusion that 
amphetamine might be able to reactivate consolidation 
following ECS. As we have outlined in the Introduction, 
the evidence on consolidation suggests to us that this 
question is not fundamentally different from the question 
of whether amphetamine can facilitate retention by post- 
trial injections since consolidation appears to continue in 
some degree following ECS. However, there is no direct 
evidence other than our own that amphetamine can reverse 
ECS-induced amnesia when given shortly following ECS. 
Consistent with our finding, nevertheless, is that of 
Barondes and Cohen [4] who have found that amphet- 
amine reversed the amnesic effect of cycloheximide and 
this effect was time dependent. A more complex result is 
that of Serota, Roberts, and Flexner [30]. They found that 
amphetamine attenuated the amnesic effect of acetoxcy- 
cloheximide, but the amnesia they were working with was 
temporary (6 days) so that the interpretation of this result 
is not straightforward. 

The evidence that amphetamine is able to reverse the 
amnesia induced by ECS is supported by a larger body of 
findings derived from studies of facilitation of retention 
with posttrial administration of a number of other stimu- 
lants including strychnine, picrotoxin, and pentylene- 
tetrazol (see [17,22] for reviews of this literature). In 
addition, with every amnesic agent studied to date the 
disturbance of  retention is reversible if an appropriate agent 
is applied shortly after the disrupting agent [ 1 ,4 ,  8, 19]. 
The mechanism by which either the facilitation of retention 
or the attenuation of amnesia occurs has not been subjected 
to substantial investigation. On the basis of their findings, 
Barondes and Cohen [4] suggest that the reactivation effect 
depends on the generation of a neurophysiological effect 
that is normally correlated with arousal. 

Our experiments were substantially guided by McGaugh 
and Dawson's [ 18] theoretical elaboration of consolidation 
theory which attempts to account for the relation of the 
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reac t iva t ion  ef fec t  to  the  t ime  at  wh ich  the  ECS is given. In  
b o t h  the i r  e x p e r i m e n t s  and  our  own,  the  ECS- induced  
amnes ia  is reversible on ly  if  the re  is a de lay  of  a n u m b e r  of  
seconds  b e t w e e n  the  t ra in ing  and  ECS. In exp la in ing  the  
fai lure to  f ind a reversal  of  amnes ia  w h e n  ECS comes  w i t h i n  
a few seconds  fo l lowing learning,  McG augh  and  Dawson  
[18]  have relied on  a parallel  f inding of  McG augh  and  
Landf ie ld  [21 ] wh ich  shows t h a t  w h e n  ECS is given wi th in  
8 sec fo l lowing t ra in ing,  a r e t e n t i o n  tes t  at  1 hr  reveals n o  
sho r t - t e rm re t en t ion .  When  the  ECS is de layed  un t i l  a b o u t  
20 sec fol lowing t ra in ing,  the re  is sho r t - t e rm r e t e n t i o n  at 
1 hr,  b u t  no  long- te rm r e t e n t i o n  at  24 hr.  McG augh  and  
Dawson  have suggested t ha t  the  fai lure of  s t r y c h n i n e  to 
a t t e n u a t e  amnes ia  w h e n  the  ECS comes  at 8 sec fo l lowing 
t ra in ing  may  be due  to  the  absence  of  sho r t - t e rm  m e m o r y .  
If  sho r t - t e rm m e m o r y  is des t royed ,  it m a y  be  t h a t  consoli-  
da t ion  c a n n o t  c o n t i n u e  even if all o t h e r  c o n d i t i o n s  are 
p roper ly  present .  

Our  resul ts  are cons i s t en t  w i th  McGaugh  and  Dawson ' s  
i n t e r p r e t a t i o n ,  b u t  the re  is one  obv ious  a l ternat ive .  Wi th  
the  t ra in ing  and ECS pa rame te r s  we have used,  the  shor t  
l a tency  ECS admin i s t e r ed  in E x p e r i m e n t  2 m a y  s imply  
p roduce  a d i s rup t ion  of  conso l ida t ion  w h i c h  is suf f ic ien t ly  
great  t h a t  the  a m p h e t a m i n e  is unab le  to  reac t iva te  the  
conso l ida t ion  process.  In E x p e r i m e n t  1 where  we found  an 
a t t e n u a t i o n  of  amnes ia ,  t he  FS-ECS-Sal ine g roup  showed  a 
m e d i a n  avo idance  l a t ency  of  230  sec. In E x p e r i m e n t  2 wi th  
ECS at 4 sec fol lowing foo t shock ,  the  m e d i a n  avoidance  
l a t ency  of  the  FS-ECS-Sal ine group  was m u c h  shor t e r  
(90  sec) and the re  was no  a t t e n u a t i o n  of  amnes ia  by  
a m p h e t a m i n e .  F r o m  this  p o i n t  of  view, the  fai lure of  
a m p h e t a m i n e  to reverse amnes ia  wi th  the  4 sec t ra ining-  
ECS in terva l  m a y  be re la ted  to the  sever i ty  of  the  
d i s tu rbance  of  conso l ida t ion  r a the r  t h a n  to the  presence  or  
absence  of  sho r t - t e rm m e m o r y .  
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