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peripherally-administered catecholamines. PHARMAC. BIOCHEM. BEHAV. 14(5) 713-718, 1981.--The effect of 
peripherally-administered catecholamines on guanetbidine- and diethyldithiocarbamate-induced amnesia of a PA training in 
mice was investigated. The amnesic effect of guanethidine could be blocked with 50 mg/kg DA, or 0.75 mg/kg NE when 
given either before, immediately, or l0 rain after but not 90 rain following PA. Epinephrine or a lower dose of DA could not 
attenuate the guanethidine-induced amnesia. The amnesic effect of diethyldithiocarbamate could be blocked with 50 mg/kg 
DA, 0.75 mg/kg NE or 0.5 mg/kg E when given either before, immediately or 10 min after but not 90 min following PA. The 
amnesic effects of these compounds were interpreted in terms of their peripheral antiadrenergic actions. 
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A NUMBER of pharmacological studies have provided indi- 
rect evidence that the catecholamines, dopamine (DA) and 
norepinephrine (NE) participate in memory formation. For 
example, drugs which inhibit the synthesis of these transmit- 
ters, block their receptors or disrupt their intraneuronal stor- 
age have been reported to produce time- and dose-dependent 
retention deficits [5, 9, 17, 22, 23, 26, 31, 32, 34, 35]. In the 
past, investigators have commonly attributed the amnesic 
effects of these drugs to the disruption of a central 
catecholamine-mediated phase of information storage [ 1,10]. 
In light of recent evidence that peripheral adrenergic proc- 
esses modulate memory formation, however, the necessity 
of invoking a central antiadrenergic action as a common 
mechanism of amnesia has been questioned [22,23]. In fact, 
recent evidence from our laboratory indicates that the pe- 
ripheral catecholamine-depleting effects of a variety of drugs 
might be sufficient to account for their ability to impair re- 
tention. For example, reserpine's effects on learning and re- 
tention are apparently not correlated with its effects on brain 
catecholamines. A dose of 2.5 mg/kg reserpine given either 
24 or 2 hours prior to passive avoidance conditioning 
produced comparable depletion of brain NE and DA at the 
time of training; however, the drug only produced amnesia if 
administered 2-5 hours before the training trail. Clearly, re- 
serpine's amnesic gradient was not related to its time- 
dependent effects on brain NE and DA. In a subsequent 

study we reported that syrosingopine, a reserpine analogue 
with a predominantly peripheral action [36], also impaired 
retention of passive avoidance. The structural similarity and 
the correspondence between the time- and dose-effects of 
reserpine and syrosingopine on retention suggested a com- 
mon mechanism of action for the amnesic effects of these 
drugs. Since syrosingopine impaired retention through the 
depletion of only peripheral catecholamines, we suggested 
that the peripheral antiadrenergic effects of these rauwolfia 
compounds was sufficient to account for their amnesic ac- 
tions. Furthermore, we reported that systemically adminis- 
tered NE or DA could attenuate both reserpine- and 
syrosingopine-induced amnesia [24,36]. Since these amines 
do not cross the blood-brain barrier following peripheral 
administration, their amnesia-blocking effects might be 
mediated by peripheral adrenergic receptors. Taken to- 
gether, the above observations suggest that reserpine and 
syrosingopine impair retention of a passive avoidance re° 
sponse by blocking a necessary sympathetic response to the 
training trial. If, in fact, peripheral catecholamines play a 
role in the retention of shock-motivated responding, then 
other antiadrenergic agents might also disrupt retention 
through their sympatholytic actions. Therefore, the present 
series of experiments investigated the role of peripheral cat- 
echolamines in the amnesic effects of guanethidine and di- 
ethyldithiocarbamate (DDC). 
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EXPERIMENT 1 

Guanethidine is an "adrenergic neuron-blocking drug" 
which produces a functional blockade of the sympathetic 
nervous system by preventing the release of NE from sym- 
pathetic nerve terminals [18, 19, 21]. Since guanethidine is a 
highly polar molecule it does not enter the nervous system 
and has no demonstrable effects on brain catecholamines 
following systemic administration [6,16]. A number of recent 
reports have focused on the behavioral effects of this drug in 
hopes of gaining a better understanding of the role played by 
peripheral catecholamines in learning and memory. It has 
been reported, for example, that guanethidine impairs reten- 
tion of two-way active avoidance [14], passive avoidance 
[13,25] and water-motivated operant responding [29]. Taken 
together, these observations suggest that pharmacological 
blockade of peripheral NE release impairs retention per- 
formance. These data and other lines of evidence support the 
hypothesis that peripheral adrenergic mechanisms partici- 
pate in modulating memory storage. 

The purpose of the first experiment is to examine whether 
systemically-administered DA or NE or epinephrine (E) 
would counteract the guanethidine effect on memory. Since 
these catecholamines do not cross the blood-brain barrier 
[37] the antagonism they produce would further support a 
role for peripheral adrenergic processes in guanethidine- 
induced amnesia. 

METHOD 

Sltt~jects 

All experiments were performed on male white Swiss 
mice bred in the Psychology Research Laboratory at Syra- 
cuse University from parent stock of the CD-I strain ob- 
tained from Charles River Breeders, Wilmington, MA. The 
mice were housed in standard Econo plastic cages, typically 
four per cage, in a temperature (21°C) and humidity (50%) 
controlled environment. Purina laboratory chow and tap 
water were continuously available and a 12-hour light-dark 
cycle was in effect (8:00 a.m.-8:00 p.m. on). At the time of 
testing all animals were 60-90 days of age and weighed be- 
tween 30 and 50 grams. 

Apparat ,s  

A step-through passive avoidance apparatus similar to the 
one introduced by Jarvik and Kopp [15] was used. The appa- 
ratus consisted of a V-shaped trough which was divided by a 
narrow guillotine door into a small illuminated start box and 
a larger darkened section. Stainless steel panels formed the 
walls and floor of the trough and served, in the darkened 
section, to deliver an AC electric shock from a Grason- 
Stadler Model 700 Constant Current Shock Generator to the 
animals' feet. 

Pro('edllrC 

Passive avoidance training consisted of placing the mouse 
into the illuminated start chamber; 60 sec later the guillotine 
door was opened and the latency to step-through into the 
darkened section was electronically timed. Immediately fol- 
lowing step-through (defined as the passage of the hind limbs 
beyond the threshold), the door was closed and the mouse 
given a 1 mA footshock for 3 sec. All retention tests were 
given 7 days following the initial training session to allow for 
recovery from possible nonspecific drug effects. The mouse 

was again placed into the start box and 60 sec later the door 
was opened and step-through latency recorded to an arbi- 
trary maximum of 300 sec. The step-through latency served 
as the dependent measure and was taken to indicate the de- 
gree of retention of the task. 

Training and testing were performed between 10:00 a.m. 
and 3:00 p.m. so as to minimize the potential influence of 
endogenous behavioral and/or biological circadian rhythms 
on retention. 

Pharmacological Procedure 

Since guanethidine has been reported to impair retention 
when administered either before or after passive avoidance 
training [8,25], we examined the effects ofcatecholamines on 
guanethidine-induced amnesia following two amnesic doses 
and treatment-training intervals. All animals received one of 
two amnesic doses of guanethidine sulfate (Ismelin, Ciba). 
These doses (calculated as the salt) were 10 mg/kg adminis- 
tered immediately after training or 40 mg/kg injected 2 hrs 
before training. These groups also received a second injec- 
tion of either 10 or 50 mg/kg DA, 0.5 or 0.75 mg/kg NE or 0.1 
or 0.5 mg/kg E 15 min before passive avoidance training. 
These catecholamine dosages and time interval were chosen 
on the basis of their proven effectiveness in blocking reser- 
pine- and syrosingopine-induced amnesia [24,36]. 

Results attd Disc,ssion 

A Kruskal-Wallis nonparametric analysis of variance 
indicated a significant effect of catecholamines on guan- 
ethidine-induced retention deficits (H(6)=i2.85, p<0.05; 
H(6)= 15.37, p<0.02) for 10 mg/kg 0 post- and 40 mg/kg 2 hr 
pre-PA, respectively. Group median step-through latencies 
along with the results of post hoc Mann-Whitney U tests are 
presented in Table 1. As presented in the table, both 50 
mg/kg DA and 0.75 mg/kg NE, but not lower doses of these 
catecholamines, prevented the guanethidine-induced am- 
nesia. The step-through latencies of these groups were 
statistically different from the guanethidine+vehicle (dis- 
tilled water) injected controls. The group-administered 0.5 
mg/kg E had a median step-through latency of 210 sec during 
the retention test. The importance of this finding is obscured 
by the fact that 48% of the animals in this group died. Due to 
the lethal nature of this drug interaction, it is not possible to 
derive any conclusions concerning the role of E in the am- 
nesic effects of guanethidine. 

The results of this experiment demonstrate that the re- 
tention impairments produced by the pre- or post-trial ad- 
ministration of guanethidine can be reversed by appropriate 
doses of peripherally-administered DA and NE. The next 
experiment examined the time-dependence of the antago- 
nism produced by systemically-administered catecholamines 
on guanethidine-induced amnesia. 

EXPERIMENT 2 

To restrict the effects of peripherally-administered cate- 
cholamines to memory consolidation processes, as opposed 
to their potential effects on acquisition, groups of mice were 
administered amnesic doses of guanethidine (40 mg/kg 2 hr 
before or 10 mg/kg immediately after PA training) which 
were followed by injections of either 50 mg/kg DA, 0.75 
mg/kg NE or 0.5 mg/kg E at one of three post-training inter- 
vals. These intervals were immediately, 10 or 90 rain follow- 
ing passive avoidance training. 
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T A B L E  1 

EFFECTS OF DA, NE AND E ON GUANETHIDINE-INDUCED 
AMNESIA* 

Guanethidine Mortality 
Treatment n t  (%) IQ Median 

I0 mg/kg, 0 post-PA 
G + 10 mg/kg DA 16 0 22-110 65 
G + 50 mg/kg DA 13 0 164-300 265.~ 
G + 0.5 mg/kg NE 12 0 7%235 106 
G + 0.75 mg/kg NE 13 0 12%300 210 + 
G + 0.1 mg/kg E 8 39 17-101 35 
G + 0.5 mg/kg E 9 48 16-300 210+ 
G + Vehicle 10 0 32-219 75 

40 mg/kg, 2 hr pre-PA 
G + 10 mg/kg DA 14 0 13-154 64 
G + 50 mg/kg DA 15 0 87-300 280§ 
G + 0.5 mg/kg NE 14 0 38-282 160 
G + 0.75 mg/kg NE 15 0 91-300 200+ 
G + 0.1 mg/kg E 9 31 7-25 20 
G + 0.5 mg/kg E 10 33 20-59 37 
G + Vehicle 10 0 20-119 45 

*Mice were injected with ei ther 10 mg/kg guanethidine im- 
mediately following PA or 40 mg/kg 2 hr prior to PA. The animals 
received a second injection of DA, NE or E 15 rain before PA. 

?Number of animals per group refers to only those mice that sur- 
vived the drug administration. 

+p<0.05 vs G + vehicle. 
§p<0.01 vs G + vehicle. 

Results and Discussion 

The  resul t s  of  this  e x p e r i m e n t  are p r e s e n t e d  in Table  2, 
a long wi th  the  resu l t s  of  pos t  hoc  group  by  g roup  stat is t ical  
c o m p a r i s o n s .  As  can  be  o b s e r v e d  in the  table ,  bo th  DA and 
N E  were  able  to b lock  the  guane t h i d i ne - i nduced  a m n e s i a  
w h e n  admin i s t e r ed  e i the r  immedia t e ly  or  10 min  fol lowing 
avo idance  training.  Animals  adm i n i s t e r ed  N E  or  DA 90 rain 
af ter  t ra in ing  or  E at any  t r ea tmen t - t r a in ing  in terva l  did dis- 
play the  g u a n e t h i d i n e - i n d u c e d  r e t en t ion  impa i rmen t s .  T h e s e  
da ta  indica te  tha t  the  m e m o r y  i m p a i r m e n t s  resu l t ing  f rom 
pharmaco log ica l  inhib i t ion  of  N E  re lease  f rom s y m p a t h e t i c  
ne rve  t e rmina l s  c an  be p r e v e n t e d  by sys temica l ly -admin i s -  
te red  N E  or  DA.  

To summar i ze ,  the  resu l t s  of  these  e x p e r i m e n t s  d e m o n -  
s t ra te  tha t  (1) pha rmaco log ica l  b lockade  of  the  s y m p a t h e t i c  
n e r v o u s  s y s t e m  wi th  guane th id ine  dur ing  or  shor t ly  follow- 
ing pass ive  avo idance  t ra in ing  impairs  s u b s e q u e n t  r e t en t ion  
in a t ime- and  d o s e - d e p e n d e n t  m a n n e r  and  (2) admin i s t r a t i on  
of  e i the r  N E  or  DA up to 10 min fol lowing t ra in ing  p r e v e n t s  
the  guane th id ine - i nduced  amnes ia .  Since these  ca techo la -  
mines  are ef fec t ive  up to 10 min af te r  the  t ra in ing  trial,  the 
effects  of  guane th id ine  on  r e t en t ion  would  a p p e a r  to  be due 
to an i m p a i r m e n t  of  m e m o r y  fo rma t ion  and  not  to the  im- 
pai red  acquis i t ion  o f  the task.  T a k e n  toge the r ,  t he se  resul t s  
suppor t  the  hypo thes i s  tha t  per iphera l  c a t e c h o l a m i n e s  mod-  
ulate m e m o r y  s torage.  

T A B L E  2 

TIME-DEPENDENT EFFECTS OF DA, NE AND E ON 
GUANETH1DINE-INDUCED AMNESIA* 

Guanethidine Mortality 
Treatment n+ (~) IQ Median 

l0 mg/kg, 0 post-PA 
G + DA 0 12 0 300-300 300§ 
G + DA 10 11 0 268-300 300~ 
G + DA 90 11 0 27-117 49 
G + NE 0 11 0 196-300 300§ 
G +NE 10 12 0 123-300 300§ 
G + NE 90 11 0 52-252 79 
G + E 0 6 45 13-132 91 
G + E l0 8 28 8-100 23 
G + E 90 8 33 8-300 126 
G + Vehicle 10 0 4%183 62 

40 mg/kg, 2 hr pre-PA 
G + DA 0 13 0 174-300 225+ 
G + DA 10 13 0 180-300 255:[: 
G + DA 90 15 0 31-100 54 
G + NE 0 12 0 3%300 288§ 
G + NE 10 12 0 56-300 282§ 
G + NE 90 13 0 31-85 56 
G + E 0 7 30 21-63 44 
G + E 10 6 54 10-105 32 
G + E 90 8 28 25-101 37 
G + Vehicle 8 0 12-143 70 

*Mice were injected with ei ther 10 mg/kg guanethidine im- 
mediately following PA or 40 mg/kg 2 hr prior to PA. The groups 
received a second injection of either DA (50 mg/kg), NE (0.75 mg/kg) 
or E (0.5 mg/kg) immediately, 10 or 90 min following PA. 

+Number of animals per group refers to only those mice that sur- 
vived the drug administration. 

-p<0.05 vs G + vehicle. 
§p<0.01 vs G + vehicle. 

E X P E R I M E N T  3 

D ie thy ld i t h ioca rbama te  (DDC) is a dopamine- /3-hy-  
d roxy lase  inh ib i to r  which  p roduces  a marked ,  yet t r ans ien t ,  
dep le t ion  of  N E  in the bra in  and  per iphery  by b locking  the 
enzyma t i c  c o n v e r s i o n  of  DA to N E  [3]. Due to this  re la t ively  
se lec t ive  effect  on c a t e c h o l a m i n e  syn thes i s ,  DDC has  been  
an i m p o r t a n t  pha rmaco log ica l  tool in e luc ida t ing  the  in- 
v o l v e m e n t  of  N E  in the  neurob io logy  of  behav io r .  

A n u m b e r  of  r epor t s  examin ing  the effects  of  DDC on 
m e m o r y  fo rmat ion  have  found  tha t  this  agen t  p roduces  re- 
t en t ion  impa i rmen t s  for  a var ie ty  of  tasks  inc luding pass ive  
a v o i d a n c e ,  ac t ive  a v o i d a n c e  and  d i sc r imina ted  avo idance  
[12,25]. While  it has  been  a rgued  tha t  DDC p roduces  am- 
nes ia  by  deple t ing  brain  N E  dur ing  a crit ical amine-  
d e p e n d e n t  phase  of  m e m o r y  conso l ida t ion ,  subs tan t ia l  evi- 
dence  has  been  p re sen t ed  to the  con t ra ry .  Fo r  example ,  
H a y c o c k  and  his col leagues  [1 1] o b s e r v e d  no cor re la t ion  be- 
tween  the  effects  of  DDC on bra in  N E  and  DA and  subse-  
q u e n t  r e t en t ion  pe r fo rmance .  Moreove r ,  Meligeni ,  Leder-  
ge rbe r  and M c G a u g h  [20] r epor t ed  that  DDC- induced  reten-  
t ion impa i rmen t s  could  be a t t e n u a t e d  by  s u b c u t a n e o u s l y -  
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TABLE 3 

EFFECTS OF DA, NE AND E ON DDC-INDUCED AMNESIA* 

Treatment n IQ Median 

DDC + 10 mg/kg DA 18 31-267 95 
DDC + 50 mg/kg DA 18 77-300 180t 
DDC + 0.5 mg/kg NE 16 1%121 43 
DDC + 0.75 mg/kg NE 18 57-300 208t 
DDC + 0.1 mg/kg E I1 27-103 59 
DDC + 0.5 mg/kg E I1 8%300 231t 
DDC + Vehicle 12 17-285 57 

*Groups of mice were administered 900 mg/kg of DDC 2 hr prior 
to PA. All mice received a second injection of either DA, NE, E or 
vehicle 15 rain before PA. 

+p<0.05 vs DDC + vehicle. 

administered NE. These data indicate that DDC's  effect on 
peripheral adrenergic processes might be sufficient to ac- 
count for its amnesic effects. The next series of  experiments 
elaborated upon the effects of systemically-administered 
catecholamines on DDC-induced amnesia. 

Procedure  

In this experiment independent groups of mice were ad- 
ministered 900 mg/kg DDC 2 hr prior to passive avoidance 
training. All groups received a second injection of either 10 
or 50 mg/kg DA, 0.5 mg/kg NE or 0.10 or 0.50 mg/kg E 15 
rain before training. A control group was injected with DDC 
2 hr before training and distilled water 15 min before training. 

Resu l t s  and  Discuss ion  

The KruskaI-Wallis analysis of variance indicated that the 
catecholamines did have a significant treatment effect 
(H(6)=12.95, p<0.05). The group median step-through 
latencies, along with the results of post hoc statistical com- 
parisons are presented in Table 3. Administration of either 50 
mg/kg DA, 0.75 mg/kg NE or 0.5 mg/kg E blocked the DDC- 
induced amnesia. These groups had step-through latencies 
that were significantly longer than the DDC+vehicle  group. 
The injection of lower doses of these catecholamines had no 
effect on the retention impairments produced by DDC. 
These results indicate that the amnesic effects of DDC might 
be mediated by the peripheral antiadrenergic effects of this 
compound. The next experiment examined the time L 
dependent nature of the antagonism produced by DA, NE or 
E for DDC-induced amnesia. This experiment might help to 
clarify whether DDC impairs learning of the avoidance re- 
sponse or the consolidation of the required behavioral re- 
sponse. 

EXPERIMENT 4 

This experiment examined the time-dependent effects of 
DA, NE and E on DDC-induced amnesia. These catechola- 
mines were injected following training so that their effects on 
memory consolidation processes could be more readily as- 
sessed. 

Groups of mice were administered 900 mg/kg DDC 2 hr 
prior to avoidance training. All groups then received a sec- 

TABLE 4 

TIME-DEPENDENT EFFECTS OF DA, NE AND E ON DDC-INDUCED 
AMNESIA* 

Treatment n IQ Median 

DDC + DA, 0 post 14 53--300 182 + 
DDC + DA, 10 post 15 32-300 220t 
DDC + DA, 90 post 14 25-259 74 
DDC + NE, 0 post 15 46-300 99 
DDC + NE, 10 post 15 3%300 203t 
DDC +NE, 90 post 14 35-164 70 
DDC +E, 0 post 13 83-300 199t 
DDC + E, 10 post 14 187-300 3005 
DDC + E, 90 post 13 21-106 49 
DDC + Vehicle l0 17-108 44 

*Groups of mice were administered 900 mg/kg DDC 2 hr prior to 
PA. All subjects received a second injection of DA (50 mg/kg), NE 
(0.75 mg/kg) or E (0.5 mg/kg) immediately, 10 or 90 rain following 
PA. 

tp<0.05 vs DDC + vehicle. 
Sp<0.01 vs DDC + vehicle. 

ond injection of either 50 mg/kg DA, 0.75 mg/kg NE or 0.5 
mg/kg E at one of three post-training intervals. These inter- 
vals were immediately, 10 rain or 90 min following avoidance 
training. 

Resu l t s  and  Discuss ion  

The Kruskal-Wallis analysis of variance indicated a signif- 
icant treatment effect (H(9)= 18.54, p<0.05). The results of 
this experiment, along with post hoc group by group statisti- 
cal comparisons are presented in Table 4. As can be seen in 
the table, several of the catecholamine treatments proved 
effective in reversing the DDC-induced amnesia. For exam- 
ple, the step-through latencies of the groups administered 
either DA or E immediately after training or DA, NE or E 10 
min after training were significantly longer than the latency 
of the DDC+vehic le  group. 

These data demonstrate that peripherally-administered 
catecholamines can prevent the disruptive effects of DDC on 
retention and thus replicate previous findings [20]. The 
time-dependent nature of the antagonism produced by cate- 
cholamine administration suggests that DDC impairs mem- 
ory storage without appreciably affecting acquisition of the 
task. That is, mice under a fully amnesic dose of DDC during 
training and up to 10 min thereafter will exhibit good reten- 
tion if catecholamines are injected up to 10 but not 90 rain 
following the training trial. This could indicate that periph- 
eral catecholamines exert a modulating influence on infor- 
mation storage that lasts for at least 10 min following an 
aversive conditioning trial. 

The amnesia-blocking effects of DA and E are particu- 
larly interesting in light of the fact that DDC does not alter E 
levels and even slightly increases brain DA concentrations 
[8,10]. Therefore, the specificity of the pharmacological an- 
tagonism provided by systemic catecholamines for DDC- 
induced amnesia do not appear to be consistent with the 
mechanism of action of this drug. In fact, recent reports have 
demonstrated that a variety of treatments, including am- 
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phetamine, monoamine oxidase inhibitors, central or pe- 
ripherally-administered NE, the alpha-adrenergic receptor 
blocker, phenoxybenzamine, and even the neuropeptide, 
vasopressin, are able to block the disruptive effects of DDC 
on memory storage and/or retrieval [2, 7, 27, 28]. The appar- 
ent lack of pharmacological specificity (i.e., adrenergic 
stimulants as well as blockers are equally effective) in mod- 
ifying DDC-induced amnesia could indicate that NE deple- 
tion, while a correlate of  DDC's  effect on retention, is not 
the mechanism by which this drug produces amnesia [30]. 

G E N E R A L  DISCUSSION 

The results of the first two experiments demonstrate that 
guanethidine-induced amnesia can be blocked in a time- 
dependent manner by peripherally-administered catechola- 
mines. Both DA (50 mg/kg) and NE (0.5 or 0.75 mg/kg) ad- 
ministered up to 10 min following passive avoidance training 
attenuated the guanethidine effect on memory. The effec- 
tiveness of these amines in blocking amnesia when adminis- 
tered post-training suggests that guanethidine, like reserpine 
and syrosingopine (see [24,36]), impairs memory consolida- 
tion processes without preventing the initial acquisition of 
the task. These data provide further support of  the hypoth- 
esis that peripheral catecholamines somehow modulate the 
formation of long-term memory. Furthermore, guanethidine 
is reported to block the release of NE from sympathetic 
nerve terminals without altering the synthesis, release or 
turnover of E in the adrenal medulla [4,6]. Therefore, reten- 
tion deficits are produced by guanethidine in the presence of 
a fully functional adrenal medullary system. This observa- 
tion together with the reports of negligible effects of de- 
medullation on acquisition and retention and the lack of an 
effect of  E on reserpine-, syrosingopine- and guanethidine- 
induced amnesia suggests that peripheral noradrenerg ic  
processes and not E or sympathoadrenal activity, participate 
in the neurobiological storage of recent experiences. 

The third and fourth experiments demonstrated that the 
retention impairments produced by the dopamine-/3- 
hydroxylase inhibitor, DDC, could also be reversed by DA, 
NE or E administered up to 10 min after training. These data 
are consistent with a peripheral hypothesis of drug-induced 
amnesia; however, it is difficult to specify the mechanism by 
which DDC disrupts retention since a variety of phar- 
macological manipulations have been reported to inhibit the 
disruptive effects of this drug on memory. The apparent lack 
of pharmacological specificity in blocking DDC-induced am- 
nesia together with the complex spectrum of pharmacologi- 
cal effects produced by this drug could indicate that DDC's 
effects on catecholamine metabolism do not mediate its am- 
nesic action. In fact, Randt and his colleagues [30] suggest 
that alterations in neuronal activity of the midbrain reticular 
formation and the parietal cortex are a more important 
biological correlate of DDC-induced amnesia then depressed 
levels of NE in the central or peripheral nervous system. 
Clearly, due to the complex pharmacology of antiadrenergic 
drugs, it is difficult to specify the mechanisms through which 
drugs like DDC and reserpine produce amnesia. 

In light of the experiments reported here several general 
conclusions seem appropriate. For example, the memory 
impairments produced by peripherally active antiadrenergic 
agents and the amnesia-blocking effects of systemically- 
administered DA and NE indicate that peripheral catechol- 
amines exert an important modulating influence on memory 
storage processes. Furthermore, the results of these experi- 
ments indicate that peripheral aminergic mechanisms are in- 
volved in some early stage of memory formation. That is, 
pharmacological manipulation of peripheral catecholamines 
alters retention only if these treatments are presented in 
close proximity to the training trial. Taken together, these 
results suggest that peripheral catecholamine-dependenI 
processes may be involved in a time-dependent manner in 
the formation of memory for an aversively motivated task. 
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