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HAYCOCK, J. W., R. VAN BUSKIRK, AND J. L. MCGAUGH. Facilitation of retention performance in mice by 
posttraining diethyldithioearbamate. PHARMAC. BIOCHEM. BEHAV. 5(5) 525-528, 1976. - These experiments 
examined the effects in mice of posttraining injections of diethyldithiocarbamate (DDC) upon retention (7 days after 
training) of active avoidance learning and upon whole brain catecholamine levels. When administered immediately 
following training, DDC enhanced retention performance. The degree of enhancement varied directly with the dose. DDC 
did not significantly affect retention performance if the injections were delayed 1 or 4 hours after training. Also, DDC 
administered 30 min prior to training did not affect retention performance. DDC (900 mg/kg) produced a large but 
transient increase in whole brain dopamine (DA) levels while norepinephrine (NE) levels were lowered. 
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D I E T H Y L D I T H I O C A R B A M A T E  (DDC) produces deficits 
in re tent ion  per formance  (retrograde amnesia) in a variety 
of  training si tuations [7, 11, 23, 24] if the drug is 
administered short ly fol lowing the training experience.  In 
these studies, DDC inhibi ted dopamine-beta-hydroxylase  
[24] and decreased brain NE levels [23 ,24] .  That  is, the 
lowered NE levels and decreased conversion of  dopamine  to 
NE correlated,  in a general sense, with the disruption of  
re tent ion.  A recent  investigation [3] indicates, however,  
that  DDC can enhance consol idat ion of  shuttle box 
avoidance. This repor t  suggests that  DDC's effects  upon 
re tent ion may involve h ippocampal  heavy oaetals [3] .  
However,  pharmacological  evidence suggests a primary role 
for dopamine  (DA) in shutt le avoidance per formance  [25] .  
This presents an interest ing hypothesis  for the facilitating 
effects of  DDC upon shutt le box avoidance in that  DDC 
also affects DA levels at short post in ject ion t imes [ 14,I 5].  

The present  s tudy investigated the dose- and t ime-depen- 
dent effects  of  DDC upon re tent ion  of  active avoidance 
learning and upon both  brain NE and DA levels (not  
measured in previous investigations [ 23, 24, 27]) .  

METHOD 

Animals 

One hundred  eighty-six naive, adult,  male Swiss Webster 
mice (Ha/ ICR from ARS/Sprague-Dawley,  Wisc.; 5 5 - 6 5  
days old upon  arrival) were used. The animals were housed 
in groups of  8 in metal  cages with food and water available 
ad lib and were maintained on a 12:12 light-dark cycle (7 
A.M. on, 7 P.M. off). All animals were maintained in the 

laboratory  for at least 5 days prior to training or biochemi-  
cal analyses. 

Procedure 
Training. One hundred for ty-four  of  the mice were given 

50 training trials in a two-way shuttle box [19] and 50 
trials on the re tent ion test 7 days later. In each session the 
animals were placed in the shuttle boxes for a 5 min 
adaptat ion period. The number  of  shuttles made by each 
animal during the last 150 sec of this period was recorded 
(pretrain and pretest  shuttles).  The animals then received 
50 trials with an intertrial  interval of 30 sec. On each trial a 
light and buzzer were presented to the side which the 
animal current ly occupied.  Light and buzzer  onset was 
fol lowed,  5 sec later, by a shock (approx. 150 uA)  delivered 
through the grid floor. The signals and shock terminated 10 
sec later or upon the animal 's  performance of  a shuttle 
response. The animals avoided the foo tshock  if they 
shuttled within 5 sec after the onset of the light and buzzer.  
Failure to perform an avoidance response const i tu ted  an 
error. The same procedures were used on the 50 trial 
re tent ion test. All training and recording procedures were 
automated.  

To assess dose-response effects  of  DDC upon re tent ion 
64 mice were assigned randomly  to 4 groups. All mice were 
given 50 training trials as described above. Immedia te ly  
fol lowing training each animal was given one of the 
fol lowing t reatments:  saline, 100, 300, 900 mg/kg DD(~. To 
assess the effects of  t ime of  adminis t ra t ion of  DDC upon 
retent ion,  80 mice were assigned randomly to 5 groups. 
Animals in one group received saline 30 min prior to 
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training.  Animals  in the  o t h e r  4 groups  received 900  mg /kg  
DDC e i the r  30 min  pr ior  to, i m m ed i a t e l y  after ,  1 hr  after ,  
or 4 hr  a f te r  t ra ining.  One an imal  in each of  the  DDC 
groups  was e l imina ted  due to appa ra tus  failure, and 3 
add i t iona l  animals  in jec ted  30 min  pr io r  to t ra in ing  died 
dur ing the  t raining.  No tab ly ,  no  an imals  died which  
received 900  mg/kg  af te r  t raining.  

Biochemical Analyses. F o r t y - t w o  o t h e r  mice were sacri- 
fled by cervical  d i s loca t ion  e i the r  30, 60, 120, 240,  480  or 
1440 min  fo l lowing  in jec t ion  of  e i the r  saline or DDC. 
Whole bra ins  ( inc lud ing  ce rebe l lum and  medul la )  were 
rapidly dissected out .  Ca techo lamines  were assayed by the  
m e t h o d  of  She l lenberger  and  G o r d o n  [ 2 7 ] .  Each sample  
consis ted  of  one  mouse  brain.  Brains were h o m o g e n i z e d  in 
0.4 N perchlor ic  acid; ox id ized  and read on  a Fa r r and  
spec t ro f luo rome te r .  The data  are p resen ted  in t e rms  of  
n a n o g r a m s  of  c a t echo l am i nes  per  gram of  bra in  wet  weight.  

Drug Administration. Sodium d i e t h y l d i t h i o c a r b a m a t e  
t r i h y d r a t e  f rom Sigma Chemica l  Co. was dissolved in 
double-dis t i l led  water.  All in jec t ions  were admin i s t e r ed  
in t r ape r i t onea l ly  (0.1 0.3 m l / 1 0  grams body  weight) .  

All s tat is t ical  compar i sons  are based on  the  Kruskal-  
Wallis one-way analysis of  var iance,  two- ta i led  Mann-  
Whi tney  U-test ,  or two-ta i led  t- test  [1 ,28]  wi th  an a lpha  
for re jec t ion  of  H o of  0.05. 

R E S U L T S  

Figure 1 i l lus t ra tes  the  effects  of  i m m e d i a t e  pos t t r a in ing  
admin i s t r a t i on  of  DDC u p o n  the  7 day r e t e n t i o n  perfor-  
mance.  There  was a main  ef fec t  of  dose on  tes t  errors  (H = 
15.84, d r =  3). Animals  which  received 300  and 900  mg/kg  
DDC made  s ignif icant ly  fewer  errors  t han  did the  saline- 
t r ea ted  an imals  (300:  U = 75;  900:  U = 30.5).  There  were 
no  d i f ferences  in errors  dur ing  t ra in ing  (H = 0.45, d f  =3 ), 
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FIG. 1. Dose-response effects of immediate posttraining injections 
of DDC upon retention performance. Mice were trained and then 
different groups received either saline, 100, 300 or 900 mg/kg DDC 
intraperitoneally. Seven days later retention performance was 
tested. Error bars represent the interquartile ranges for each group. 

*p<0.05; **p<0.002; two-tailed Mann-Whitney U-test. 

in shu t t l es  dur ing  t ra in ing  or tes t ing  (H = 1 . 3 1 , 2 . 1 6 ,  d r =  3, 
respect ively) ,  or in p re t ra in  of  p re tes t  shu t t l es  (H = 4.92,  
5.23, df  =3, respect ively) .  

Delaying the  t ime  of DDC admin i s t r a t i on  (900  mg/kg)  
af ter  the  t ra in ing  session abol ished DDC's  effects  on  
r e t e n t i o n  pe r fo rmance .  Animals  in jec ted  immed ia t e ly  (n = 
15, U = 66),  bu t  no t  1 hr  (n = 15) or 4 hr  (n = 15), a f te r  
t ra in ing  made  s ignif icant ly  fewer errors  t han  did the  
sa l ine- t rea ted animals  (n = 16). Again, there  were no  
di f ferences  in errors  dur ing  t ra in ing  (H = 3.72, d f  = 3), 
shu t t les  dur ing  t ra in ing  or tes t ing  (H = 1.77, 3.23, d f  = 3, 
respect ively)  or p re t ra in  and  pre tes t  shu t t les  (H = 1.36, 
12.4 df = 3), respect ively) .  As can be seen in Table  1, DDC 
impai red  the  acquis i t ion  of  the  active avoidance  response  
when  in jec ted  30 min  pr ior  to  t raining.  The e levat ion in 
t ra in ing  errors  was, however ,  a ccompan ied  by a s ignif icant  
decrease in p re t ra in  and t ra in ing  shu t t l es  (hence  a decrease 
in escape and  avoidance  responses) .  Seven days a f te r  
t ra in ing  there  were no  s ignif icant  d i f ferences  be tween  the  
animals  which  received 900  mg/kg  30 rain pr ior  to  t ra in ing  
and  sa l ine- t rea ted  animals  on  any  of  the  r e t en t i on  tes t  
session measures  (Table  1), even if t ra in ing- tes t  er ror  
d i f ference scores were compared  (da ta  no t  presented) .  

T A B L E  1 

EFFECTS OF DDC ADMINISTERED 30 MIN PRIOR TO TRAINING 
UPON ACTIVE AVOIDANCE PERFORMANCE 

Treatment N Shuttles Errors 

pretrain training training 
saline 16 17.0" 54.0 34.5 

(15.0-21.0)* (50.0-63.5) (23.5-44.0) 
900 mg/kg 12 2.0 47.0 41.5 
DDC (0.0-3.0) (40.0-52.0) (35.5-49.0) 

U-value 0% 38.5% 53.0% 

pretest test test 
saline 16§ 4.5 51.5 8.5 

(2.0-7.0) (50.0-55.0) (6.0-16.5) 
900 mg/kg 12§ 5.0 51.0 6.0 
DDC (0.0-8.0) (50.0-52.5) (4.5-18.5) 

U-value 93.5 84.0 84.0 

*Median number of responses. 
tlnterquartile range. 
§Same groups as above. 
~:Denotes p<0.05,  two-tailed comparison between saline and 

DDC groups. 

The effects  of  DDC on whole  brain  c a t e c h o l a m i n e  levels 
are p resen ted  in Table  2. Bo th  450  mg/kg  and 900  mg/kg  
lowered NE levels s ignif icantly.  Fo l lowing  450  mg/kg  DDC, 
NE levels were lowered for  2 hr  bu t  r e tu rned  to con t ro l  
values essent ial ly  by  4 hr. The  NE levels of  animals  which  
received 900  mg/kg  were lower  at  all t imes  invest igated bu t  
had a lmost  r e tu rned  to con t ro l  values at  24 hr. DA levels 
were sl ightly bu t  ins igni f icant ly  e levated fo l lowing 450  
mg/kg  DDC. The 900 mg/kg  dose of  DDC p roduced  a sharp 
rise in DA levels at 30 min  fo l lowed by a r e b o u n d  decrease 
at 2 hr  which  was over  by  4 hr  pos t in jec t ion .  

DISCUSSION 

Centra l ly  ac t ing s y m p a t h o m i m e t i c s  (e.g., a m p h e t a m i n e  
[13]  ) and  cent ra l  c a t e c h o l a m i n e  agonists  (e.g., a m a n t a d i n e  
[5] enhance  r e t e n t i o n  of  some learning exper iences  when  
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TABLE 2 

TIME COURSE OF DDC EFFECTS ON WHOLE BRAIN CATE- 
CHOLAMINE LEVELS 

Time to 
Sacrifice Treatment 
(min) saline 450 mg/kg DDC 900 mg/kg DDC 

dopamine levels (ng/g) 
30 771 ± 67 855 _ 27 1293 ± 166" 
60 7 7 0 -  28 824 ± 6 782-  99 

120 801 _ 51 539 - 110" 
240 769 - 7 704 ± 8 
480 764 ± 36 739 ± 29 

1440 766 - 9 762 -+ 16 
combined 771 - 32 

norepinephrine levels (ng/g) 
30 380_+ 6 366_+ 4* 278 ±47" 
60 379 ± 4 202 ± 5* 213 ±68" 

120 286 ± 19" 95 ± 4* 
240 362 ± 26 50 +-- 3* 
480 373 ± 9 141 ± 6* 

1440 282 ± 32 350 ± 5* 
combined 379 - 3 

Each time point value represents the mean _ SEM of 3 determina- 
tions. 

*Denotes p<0.05 compared to combined control group on two- 
tailed t-test. 

the drugs are administered shortly after the training session. 
Conversely, posttraining administration of drugs such as 
reserpine and DDC, which disrupt central catecholamine 
metabolism, can produce retention impairment [7]. 

In the present studies, DDC produced a dose- and 
time-dependent enhancement of retention performance. 
Higher doses of DDC facilitated retention to a greater 
extent, and DDC's influence on retention decreased as the 
time between training and treatment increased. The proce- 
dure of administering drugs after training, but sufficiently 
long before testing for retention, allows the animals to be 
trained and tested while they are not under the direct 
influence of the drugs. With the use of this procedure, the 
effect of the DDC treatment upon retention performance 
can be interpreted in terms of the drug's influence on 
memory storage processes [ 16 -18 ] .  

DDC also produced a relatively long lasting, dose- 
dependent decrease in whole brain NE and a relatively 
transient, dose-dependent increase in DA. DDC has, how- 
ever, a variety of actions based on its ability to chelate 
metals [30] primarily in groups IB and IIB [29]. For 
example, chelation of copper inhibits the activity of 
dopamine-beta-hydroxylase and thus lowers brain NE levels 
[9, 10, 24]. But DDC's chelating action will also signifi- 
cantly inhibit other metallo-enzymes (e.g., liver aldehyde 
dehydrogenase [6]). And, chelation of zinc by DDC 
decreases sulphide-silver (Timm's) staining in the hippo- 
campal mossy fiber system [4, 12, unpublished observa- 
tions]. Clearly then, the correlation between enhanced 
retention performance and either NE decreases or DA 
increases cannot a priori  provide an explanation of the 
cause of the behavioral effects. Modification of both 
catecholaminergic [23,24] and hippocampal function [2] 

by DDC may contribute to some aspects of modified 
retention produced by DDC. But the fact that DDC can 
produce either facilitation or disruption of retention 
performance when at least some of the same physiological 
effects occur (i.e., decreased NE levels, increased in DA 
levels, decreased hippocampal Timm's staining) makes it 
clear that an understanding of the bases of the effects of 
DDC on retention will require additional research. 

Most investigations of the effects of DDC upon retention 
have reported that posttraining DDC disrupts retention (e.g., 
[7,23] ; however, see [3])  And, studies from our laboratory 
have also observed that posttraining DDC disrupts retention 
of inhibitory avoidance training in rats and mice [in 
preparation]. The present results, however, demonstrate a 
facilitation of retention by posttraining DDC. One theory 
that might accommodate these task differences suggests 
that training elicits at least two distinct reactions, both of 
which are important for efficient memory storage: (1) 
transient activation of neuronal systems specific to the 
training situation (in terms of the information coded), and 
(2) transient activation of nonspecific systems (e.g., the 
pituitary-adrenal system) that modulate those specific 
neuronal systems [8]. Further, an optimal level of non- 
specific activation exists. Within this framework, a post- 
training treatment could influence retention by influencing 
those non-specific processes involved in modulation of the 
memory storage processes. One hypothesis, then, is that 
DDC disrupts the effects of nonspecific activation. In the 
case of a relatively weak (or short) training as in a one-trial 
inhibitory avoidance task, the nonspecific reaction is less 
than optimal and DDC disrupts retention by further 
reducing the non-specific effects. In the case of very intense 
training such as above (approx. 1 hr), the nonspecific 
reaction may be greater than optimal and DDC, by reducing 
the nonspecific effects, could actually facilitate retention. 

Another possibility regarding the mechanisms of DDC's 
facilitation of retention preformance is suggested from 
Rech, Carr and Moore [25]. A low dose of a-methyl-p- 
tyrosine (which by itself was without effect on perfor- 
mance) disrupted conditioned avoidance responding of 
animals treated with reserpine 7 days prior. In this 
situation, a-methyl-p-tyrosine lowered brain DA, but not 
NE, levels. Thus the disruption of conditioned avoidance 
correlated with deficits in brain DA. A variety of other 
studies support this correlation [2, 21, 22, 26]. On the 
other hand, posttraining amantadine, a dopaminergic ago- 
nist, has recently been shown to facilitate retention of a 
conditioned avoidance learning task [5]. 

The failure of pretraining DDC to modify retention 
performance is at least consistent with a dopaminergic 
interpretation. In animals which received DDC 30 min prior 
to training, NE levels would have been lowered and Timm's 
staining would have been decreased in the posttraining 
period during which DDC administration enhanced reten- 
tion performance. However, DA levels, although elevated at 
the onset of training, would not have been elevated 
following training. Thus, if the retrograde facilitation by 
DDC were due to an increase in central DA levels, the 
pretraining injections of DDC would not be expected to 
enhance retention. Thus these data suggest, although not 
conclusively, that multiple modes of action for DDC in 
altering retention may exist and that the predominance of 
any given mode of action may depend upon the training 
situation. 
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