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SCHLESINGER, K., D. U. LIPSITZ. P. L. PECK. M. A. PELI, EYMOUNTER. J. M. STEWART AND T. N. CHASE. 
Sub.~'tan~e I J elthantcment ,?f pa.~sive and active avoidance conditioning in mice. PHARMACOI. BIOCHEM BEHAV 
19(41655-661. 1983.--In a series of seven experiments we explored the effects of peripherally administered substance P on 
passive and active avoidance conditioning in mice of two genotypes. The peripheral post-trial administration of substance P 
significantly enhanced the retention of a single-trial passive avoidance task. This effect was dose dependent: I ng/g of 
substance P enhanced the retention of this habit, whereas higher and lower doses were either less effective or ineffective. In 
heterogeneot,s strain (HS/mice. substance P administered before training on an active avoidance task did not alter the rate 
at which these animals learned this habit. However. animals that had been trained with substance P were significantly more 
resistant to extinction than were animals that had been injected with vehicle. Similarly. C57BI/6J mice that had been treated 
with substance P immediately after active avoidance training were more resistant to extinction than were mice that had 
been given control injections. The enhancement of retention of the passive avoidance habit with substance P was reversed 
in animals that had been pretreated with n',dtrexone. Substance P enhancement of the retention of the passive avoidance 
habit, and its reversal with naltrexonc, was observed in both sham operated and adrenalectomized mice. 

Substance P Active and passive avoidance learning 

O V E R  the past decade,  ev idence  has accumula ted  indicating 
that both the central and peripheral administrat ion o f  many 
hypothalamic  and pituitary hormones  are capable of  modify- 
ing the performance  of  exper imental  subjects on a wide 
range of  behavioral  tasks. Many of  these findings have been 
discussed and summarized in a series of  recent  reviews [4, 
17, 28]. Within the context  o f  the findings we will report 
below, it is especial ly interesting to note that certain 
neuroact ive  peptides,  and some of  their analogs and frag- 
ments ,  arc capable of  changing the performance  of  animals in 
learning and memory  tasks [211. Some of  the peptides that 
have been found to influence adapt ive behavior  include the 
cnkcphal ins ,  A C T H ,  MSH,  TRH and vasopressin [3, 5, 7, 
19. 2(I, 21, 25]. The effects of  certain endogenous  peptides 
have been shown to be dose dependent ,  to occur  following 
their central  or  peripheral administrat ion and, in some cases,  
to bc independent  of  their " c l a s s i ca l "  endocr ine  effects. 
Such results have led some investigators to postulate  that 
many peptides may have multiple functions,  a phenomenon  
that some have speculated to be efficient in an evolut ionary  
sense [ 17]. 

Substance  P (SPI has also been implicated in mediating a 
number  of  behaviors .  For  example ,  intraventr icular ,  
intraccrebral  and intraperi toneal  administrat ion o f  SP has 

been reported to (a) produce analgesia [6,33], (b) decrease  
spontaneous  locomotor  activity and counterac t  
amphetamine- induced hyperact ivi ty  following peripheral 
administrat ion of  the peptide [30], (c) to result in site- 
dependent  circling behavior  following injection of  SP into the 
substantia nigra [291, and Id) to produce caudally directed 
biting and scratching, following intrathecal injection [14]. 

One group of  invest igators has reported that central  ad- 
ministration of  SP can modify memory  storage in rats. an 
effect that depends  on the site of  administrat ion of  SP within 
the central nervous  system [12, 13, 31. 32]. These  inves- 
tigators report that administrat ion of  SP into the substantia 
nigra or  the amygdala  impairs memory  for a passive 
avoidance  habit, whereas  injections of  SP into the lateral 
hypothalamus or  the medial nucleus of  the septum facilitates 
the retention of  this habit. As these authors point out,  these 
data indicate that central  administrat ion of  SP mimics results 
obtained when the brain is s t imulated directly. Electrical  
stimulation of  the septum and the lateral hypothalamus 
facilitates learning and memory  processes ,  while stimulation 
of  the amygdala  and the caudate ,  a t reatment  that act ivates  
the substantia nigra, has deleter ious effects on the retention 
of  learned habits. 

Our  search of  the exper imental  l i terature indicates that 
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there is only one published paper  on the effects  of  peripheral 
administrat ion of  SP on learning and memory  [I 1]. In this 
exper iment  the intraperi toneal  administrat ion of  250 and 500 
p,g/kg of  SP disrupted act ive  avoidance  learning. Unfortu-  
nately,  SP was given before training and it is therefore  dif- 
ficult to conclude that SP had its influence on learning and 
memory  processes  directly.  Instead,  these results could also 
be due to SP ' s  effect on nonspecif ic  per formance  variables.  

Here ,  we report  that the peripheral post-trial administra-  
tion of  SP (a) facilitates the retention of  a single-trial passive 
avoidance  habit, (b) does not affect the acquisi t ion of  an 
act ive  avoidance  habit, but does delay its ext inct ion,  (c) that 
the facilitation of  the retention of  the single-trial passive 
avoidance  habit with SP can be reversed  in animals pre- 
t reated with nal t rexone,  and (d) that the facilitation of  the 
retent ion of  the passive avoidance  habit with SP, and its 
reversal  with nal t rexone,  are results obtained in adrenalec-  
tomized animals and in sham-opera ted  controls .  

METHOD 

Animals 

Mice of  two genotypes ,  he te rogeneous  strain (HS) and 
inbred C57BI/6J animals,  were  used in all exper iments .  The 
HS animals,  der ived from breeding together  animals from 
eight different inbred strains [24], were produced from 
stocks obtained from the Institute for Behavioral  Genet ics ,  
Univers i ty  of  Colorado.  The C57BI/6J mice, the degree of  
inbreeding of  which has been described [16], were produced 
f iom breeding stocks obtained fi'om the Jackson I,abora- 
tory,  Bar Harbor ,  ME. 

All animals were 56±3 days of  age at the time these exper-  
iments began. Approximate ly  equal numbers  of  males and 
females  were used. All the mice were  maintained under  
standard condit ions of  tempera ture  (23-24°C) and control led 
lighting (12 hr light cycle ,  7 a .m. -7  p.m.) with ad lib access  to 
Purina Mouse Breeder  Chow and tap water.  The experi-  
ments were performed be tween  11 a.m. and 4 p.m. to avoid 
possible circadian effects.  

Behavioral Assays 

Passive avoidance conditioning. Animals were tested for 
passive avoidance  condit ioning in an apparatus essentially 
identical to one descr ibed by Jarvik and Kopp [15] consist ing 
o f  a two-chamber  box,  one chamber  being well lighted and 
the o ther  remaining dark. The walls and floor of  the dark 
" ' s h o c k "  chamber  were  made of  black opaque  I ' lexiglas, and 
were  covered  by two metal plates. The metal plates were 
connec ted  to an al ternating current  generator .  The illumi- 
nated chamber  was cons t ruc ted  of  t ransparent  plastic and 
was brightly lighted. The bright " ' s ta r t"  chamber  was con- 
nected to the shock chamber  by a round hole 3 cm in diame- 
ter, located flush with the floor. The two compar tments  were 
separated by a guillotine door.  

Training was begun by placing the mouse  in the start 
chamber ,  the animal facing away from the guillotine door.  
The  mouse  was al lowed to enter  the dark compar tment  spon- 
taneously.  The guillotine door  was then lowered and the 
mouse  received a footshock of  0.4 mA for 5 sec. Exactly 24 
hours later the procedure  was repeated,  except  that the 
animals were not given a second footshock.  

Step-through latencies were recorded both at the time of  
training and retesting. Each animals was assigned a " 'reten- 
t ion"  score,  defined as the trial 2 minus trial I latency. A 

constant  was added to each score to make them all posit ive 
numbers .  

Active avoidance c'onditionin~,. Animals were trained for 
act ive avoidance  condit ioning in an apparatus identical to 
one descr ibed by Schles inger  and Wimer  [27]. The training 
apparatus was cons t ruc ted  of  plastic and consis ted of  a 
chamber  19cm high, 25 cm wide, and 24.5 cm long. The floor 
of  the compar tment  consis ted of  2.4 mm brass rods, the cen- 
ters of  which were separated by 8.5 ram. An escape shell', 2.5 
cm wide, was mounted 7.3 cm above the grid floor and ran 
complete ly  around the inside walls of  the apparatus.  The 
compar tment  was covered  with a removable  plastic lid. 

Pressing a microswitch act ivated a buzzer  and a 100-W 
light bulb for 3 sec. If the mouse did not j ump  to the escape 
shelf, a response t imer  and a shock genera tor  were act ivated 
for the duration o f  the trial. The buzzer ,  at tached to the 
outside of  the box,  made a sound and vibrated the box 
slightly. The light was mounted over  the compar tment  and 
illuminated the box. 

All animals were  trained individually. Each mouse was 
given 30 sec to explore  the grid floor. The light and buzzer  
condi t ioned stimuli (CS) were then presented l\~r 3 sec. be- 
ginning the first trial. Terminat ion of  the CS was followed by 
the onset of  the 0.2 mA electric shock uncondit ioned 
st imulus (US),  del ivered through the grid floor. The US was 
never  del ivered for more than 15 see/trial.  The animals were 
left on the escape shelf  during the 15 second intertrial imer- 
val. Training was cont inued until the animals reached some 
predetermined acquisi t ion criterion. Two  such criteria were 
used in these exper iments .  One was a " 'weak cr i te r ion ,"  
defined as training the animals to make 3 out of  5 consecut ive  
avoidance  responses.  The second,  or  " 's trong cr i te r ion"  was 
defined as training animals to make 8 out of  10 consecut ive  
avoidance  responses.  The animals were randomly assigned 
to these two condit ions of  testing. An avoidance  response 
was defined as jumping  to the escape shell" during the CS 
interval.  

The animals w.ere given ext inct ion training exact ly 24 
hours later. This training was identical to acquisi t ion train- 
ing, except  that the US was not turned on. l 'x t inct ion train- 
ing was continued until the animals reached some predeter-  
mined ext inct ion cri terion,  ei ther 3 out of  5, or  8 out of  10, 
consecut ive  t~filures to , jump to the escape shelf. 

Each mouse was assigned an acquisit ion and an extinc- 
tion score,  defined as the number  of  trials necessary  to reach 
the learning and ext inct ion criteria, respect ively.  

I)ruR R¢',k, im('n.s 

SP was dissolved in 0.01 N acetic acid in 0.~;; saline: this 
vehicle was used for all control injections. SP was injected 
subcutaneously  at doses  ranging from 0.46 to 4.64 ng/g body 
weight.  Nal t rexone  HCI was dissolved in phosphate  buffered 
saline (pH 7.4), and this vehicle was used in all control injec- 
tions. Nal t rexone was injected subcutaneously  at a dose of  5 
mg/kg. Volumes  of  all injections were 0.01 mug body weight. 

In all of  the passive avoidance  exper iments  SP or  the 
vehicle were injected immediate ly  after the training trial. In 
the act ive avoidance  exper iments  SP or  the vehicle were  
injected ei ther 10 minutes prior to the beginning of  training or  
immediately after training. Nal t rexone or  the vehicle was 
injected I hour belk~re the training trial. 

It is important to point out that all drug administrat ion 
was blind, the person performing the exper iment  not know- 
ing whether  the drug or  the vehicle had been injected. The 



SUBSTANCE P E N H A N C E M E N T  OF MEMORY 657 

EFFECTS OF SUBSTANCE P ON PASSIVE AVOIDANCE CONDITIONING 
IN HETEROGENEOUS (HS) MICE 
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FIG. I. t'ffects of SP on the retention of a single-trial passive 
avoidance response in HS mice. SP was injected immediately after 
the training trial. 
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FIG. 2. Effects of SP on the retention of a single-trial passive 
avoidance response in C57BI/6J mice. SP was injected immediately 
after the training trial. 

drug code was not broken until all the experiments reported 
hcrc had been completed. 

Surqical Pro¢cdurc 

Surgery was performed under Nembutal anesthesia (85 
mg/kg). All the animals were 42 days of age at the time of 
surgery. They were given two weeks to recover before being 
used in the learning experiments. Bilateral adrenalectomies 
were performed in a one stage operation. Sham operations 
were identical, except that no adrenal tissue was removed. 
Following surgery, all the adrcnalectomized animals and the 
sham-operated controls were maintained on a 0.9% saline in 
0.5'7,~ sucrose solution. 

When behavioral testing had been completed, all of the 
adrenalectomized mice were sacrificed and autopsies were 
perfiwmed to determine whether any adrenal tissue had been 
spared. Only I out of 40 operated mice had to be discarded 
because some adrenal tissue had been spared. 

Stati.~tival Analv.~cx 

The data obtained in each of the 7 experiments reported 
below were analyzed by means of completely randomized I- 
or 2-way analyses of variance. Where appropriate, subse- 
quent protected Student's t-tests were performed to compare 
the average scores of individual groups of subjects. 

RESULTS 

I:~rperimcnt I 

In the first experiment we studied the effects of post-trial 
administration of SP on the retention of a single-trial passive 
avoidance habit in HS mice. SP was injected in doses ranging 
from 0.46 to 4.64 ng/g; control animals were injected with 
diluent vehicle. The number of animals used in this study 
ranged from 15 to 35 mice per treatment group. The data 
obtained in this study are summarized in Fig. 1. 

Analysis of variance of these data yielded a significant SP 
effect; F(4,135)=4.92, p<0.01. Individual t-tests comparing 
the average performance of animals given the various con- 
centrations of SP with the vehicle injected control group 
indicated that the groups receiving 1.0 and 2.15 ng/g of SP 

retained the passive avoidance habit significantly better than 
did the mice injected with the vehicle (p<0.001 and <0.01, 
respectively). Furthermore, the animals receiving I ng/g of 
SP retained the passive avoidance habit significantly better 
than did mice injected with either 0.46 or 4.64 ng/g (p<0.01 
and 0.05, respectivelyl. 

l-xperiment 2 

Our second experiment was essentmlly a replication of 
the first study, except that the effects of SP on the retention 
of  a single trial passive avoidance habit was studied in 
C57BI/6J mice. Animals of this genotype were given injec- 
tions of  SP in doses ranging from 0.46 to 4.64 ng/g; control 
animals were injected with diluent vehicle. The number of 
mice used in this experiment ranged between 19 to 36 
animals per treatment group. The results of this second ex- 
periment are summarized in Fig. 2. 

Analysis of variance of these data indicated that SP signif- 
icantly enhanced the retention of this habit in animals of this 
gcnotype: F(4,133)=4.92, p<0.01. Individual t-tests showed 
that only animals injected with I ng/g of SP retained this 
habit significantly better than did the mice in the vehicle 
injected control group (p<0.01). In addition, mice receiving 
I ng/g retained the passive avoidance habit significantly bet- 
ter than did animals receiving either 2.15 or 4.64 ng/g 
(p<O.IX)l and <0.01, respectively). 

I;xpcrinwnt 3 

The effects of SP on the acquisition and extinction of an 
active avoidance habit were studied in our third experiment, 
the results of which are summarized in Fig. 3. The animals 
were trained to two criteria of acquisition, a weak and a 
strong criterion. Exactly 10 minutes prior to training the 
animals were injected with I ng/g of SP or with vehicle. This 
dose was chosen because in our previous studies this amount 
of SP maximally enhanced the retention of a passive 
avoidance habit. Twenty-four hours after acquisition train- 
ing, the animals were extinguished as follows: The animals 
that had been trained to the weak acquisition criterion were 
extinguished to a weak extinction criterion, and the animals 
that had been trained to the strong acquisition criterion were 
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FIG. 3. Effects of SP on the acquisition and extinction of an active 
avoidance task. SP was injected 10 minutes before training. Animals 
were trained and extinguished to two criteria: 3 out of 5 consecutive 
or 8 out of 10 conseuctive avoidance response. HS animals were 
used. 

ext inguished to a strong extinction criterion. Twenty  HS 
mice were tested per treatment condit ion.  

T w o  separate 2 × 2 factorial analyses  o f  variance were per- 
formed on these data, one for the results obtained during the 
acquisit ion phase o f  this experiment  and a second analysis  
for the results obtained during the extinction phase o f  the 
study.  Analys is  o f  variance on the acquisit ion data yielded 
an expected  and significant criterion effect ,  F(1 ,76)=36.50,  
p<0 .0 ( } l .  However ,  SP did not significantly facilitate the ac- 
quisit ion o f  this habit, notwithstanding the fact that the pep- 
tide was injected 10 minutes  prior to training. Analys is  of  
variance o f  the ext inct ion data again yielded an expected and 
significant criterion effect,  F(1,76) = 44.21, p <0 .00  I. With re- 
spect to extinction,  however ,  SP was found to delay signifi- 
cantly the rates o f  extinction of  this habit, F(I ,76)= 12.08, 
p < 0 . 0 0 1 .  Subsequent  t-tests indicated that this extinction 
effect  was largely due to the effects  of  the peptide on the 
extinction o f  the strongly entrained habit (p<0.001);  the ef- 
fect o f  SP on the extinction of  the weakly  entrained habit did 
not reach statistical s ignificance.  

t:xl~erimcnt 4 

T h e  fourth experiment  was a replication of  our third 
study.  We again studied the effects o f  SP on the acquisit ion 
and extinction of  an active avoidance  habit, but C57BI/6J, 
instead of  HS mice ,  were used as subjects.  SP, I ng/g, or 
diluent vehicle  was injected 10 minutes  prior to training, and 
10 C57BI/6J mice  were used per treatment condit ion.  The 
results o f  this study are shown in Fig. 4. 

T w o  separate analyses  o f  variance were performed on 
these data, one for the acquisit ion and the other for the ex- 
tinction phase o f  the study. These  analyses  revealed that SP 
did not significantly affect the acquisit ion of  this habit in 
animals  o f  this genotype.  However ,  the peptide did signifi- 
cantly retard the ext inct ion of  this habit. F(I ,18)=23 .60 ,  
p <0.(X) I. 
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FIG. 4. Effects of SPon the extinction ol'an active avoidance task in 
C57BI/6J mice. SP was injected immediately after the animals had 
been trained to make 8 out of 10 consecutive avoidance responses. 
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FIG. 5. Effects of SP on the extinction of an acti ' ,e avoidance task in 
HS mice. SP was injected immediately after the animals had been 
trained to make 8 out of 10 consecutive avoidance response,,. 

l-~rperimcnt 5 

In our fifth experiment  vvc again examined the effects of  
SP on the acquisit ion and extinction of  an active avoidance 
habit in HS mice.  The only difference between this and the 
previous experiment was that the animals were injected with 
SP or with vehicle  immediate ly  after training. The animals 
were all trained and extinguished to the strong criterion. Ten 
HS mice were tested per treatment condit ion,  and the results 
obtained in this study are summarized  in Fig. 5. 

Analys is  o f  variance o f  the extinction data indicated thai 
SP significantly delayed the extinction of  this habit, 
F( I, 18)= 4.44, p <0.05.  
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EFFECTS OF NALTREXONE AND SUBSTANCE P ON 
PASSIVE  AVOIDANCE CONDIT IONING IN  C57B I / 6J  M ICE  
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FIG. 6. Ifffccts of SP and naltrexone on the retention of a single-trial 
passive avoidance habit. Naltrexone was injected I hour before 
training. SP was injected immediately after training. C57BI/6J mice 
were used. 

EFFECTS OF ADRENALECTOMY, NALTREXONE AND SUBSTANCE P 
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FIG. 7. Effects of SP and naltrexone on the retention of a single-trial 
passive avoidance habit in sham-operated (open bars) and ad- 
renalectomized (hatched bars) C57BI/6J mice. Naltrexone wits in- 
jected I hour before training; SP was injected immediately after 
training. 

I '-xperintent 6 

In the sixth experiment we again used the passive 
avoidance paradigm, and the effects o fSP  c,n the retention of 
this habit were studied in C57BI/6J animals. Two additional 
groups of  mice were tested in this study in an attempt to 
determine whether or not the effects of SP on retention could 
be mediated via interactions between SP and opioid systems 
in the brain. Thus, one group of subjects received nahrexone 
and then the diluent vehicle, while the other group received 
naltrexonc and then SP. Nahrexonc was injected I hour be- 
fore training, whereas SP or vehicle was injected im- 
mediately after the training trial. Twenty C57BI/6J mice were 
used in each treatment condition. The data obtained in this 
study are summarized in Fig. 6. 

An overall analysis of variance of these data revealed a 
significant drug effect, F(3.76)~9.12, p<0.001. Subsequent 
protected t-tests showed that SP significantly enhanced the 
retention of this habit (p<0.001). In addition, this analysis 
showed that naltrexone when given in combination with SP 
completely reversed the memory enhancing effect of SP 
(p <0.001 ). 

l :xp( ' r iment  7 

The seventh experiment in the series was essentially a 
replication of Experiment 6, except that the effects of SP and 
naltrexonc on the retention of a passive avoidance habit 
were studied in sham-operated and adrenalectomized 
C57BI/6J mice. Between 9 and 10 animals of this genotype 
were used in each treatment group, and the results of this 
study are summarized in Fig. 7. 

An overall 2 x4 analysis of variance of  these data yielded 
the following results: The sham-operated animals did not 

differ from the adrenalectomized mice. However.  a signifi- 
cant drug effect was obtained, F(3,70)=4.68, p<0.01. For 
the sham-operated animals, subsequent protected t-tests 
indicated that both SP and naltrexone significantly enhanced 
the retention of this passive avoidance habit, p<0.01 and 
0.05, respectively. In addition, naltrexonc, when given in 
combination with SP, decreased the memory enhancing ef- 
fects observed when either compound was given singly 
(/)<0.05). Subsequent protected t-tests on the data obtained 
in the adrenalectomized mice yielded no statistically signifi- 
cant results. However,  visual inspection of the data shown in 
Fig. 7 suggests that the trends obtained in this study are 
similar to those observed in our other experiments. 

t)ISCUSStON 

This series of experiments have yielded data consistent 
with the hypothesis that the peripheral administration of SP 
alters memory functions in experimental animals. The re- 
suits obtained in these studies can be summarized as follows: 

(I) The peripheral post-trial administration of SP can 
enhance the retention of a single-trial passive avoidance 
habit in both HS and C57BI/6J mice. Since SP was adminis- 
tered after training, this increased retention cannot easily be 
explained in terms of any effect that SP might have on either 
responsiveness or sensitivity of the animals to the aversivc 
stimuli used during training. 

(2) The memory enhancing effects of SP are dose de- 
pendent: I ng/g of SP increased the retention for this passive 
avoidance habit, whereas lower and higher doses are either 
less effective or ineffective. In this respect, the effects of SP 
on memory are similar to results obtained with other pep- 
tides. A similar peak in the dose-response curve has also 
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been  seen for the effects  of  SP [51 and  SP ( I -7 )  on anti-  
noc icep t ion  133, 34 .35]  in mice and  on m o t o r  act ivi ty  in rats  
[2[. 

(3) The  admin i s t r a t i on  of  SP before  an imals  arc t ra ined 
on an ac t ive  avo idance  task  did not s ignif icant ly  a l ter  the 
ra tes  at which  mice acqu i red  this  habi t ,  at least  not at the  
doses  and  t ime p a r a m e t e r s  used in these  s tudies .  

(4) The  admin i s t r a t i on  of  SP before  t ra in ing  on an ac t ive  
avo idance  task s ignif icant ly  de layed  the ra tes  at which  this 
habi t  could  be expe r imen ta l ly  ex t ingu i shed .  Fur ther ,  the 
admin i s t r a t ion  of  SP af te r  t ra in ing  also de layed  ex t inc t ion  of  
this  habi t .  These  f indings  could indicate  tha t  SP s o m c h o w  
faci l i ta tes  the conso l ida t ion  of  m e m o r y ,  an  in te rp re ta t ion  
cons i s t en t  with  our  f indings  tha t  the per iphera l  admin is t ra -  
t ion of  SP r eve r se s  the  amnes t i c  effects  of  cyc lohex imide  
and  e l ec t roconvu l s ive  shock - induced  a m n e s i a  [261. 

(5) In two of  the e x p e r i m e n t s  repor ted  a b o v e ,  we tes ted  
for the  effects  of  na l t r exone  on the r e t en t ion  of  a pass ive  
a v o i d a n c e  habit .  Th ree  c o m p a r i s o n s  were  made ;  in only  one  
of  these ,  namely  in E x p e r i m e n t  7, and only in the sham-  
ope ra t ed  an imals ,  did na l t r exone  s ignif icant ly  e n h a n c e  
memory .  This  may be due  to the fact tha t  we used only  one  
dose  of  na l t r exone  (5 mg/kg),  which  may be in excess  of  the 
opt imal  dose  n e c e s s a r y  to facil i tate the  r e t en t ion  of  pass ive  
and  ac t ive  a v o i d a n c e  habi t s  [7,22]. It may be  for this  r eason  
that  our  da ta  differ  f rom those  repor ted  in o the r  s tudies  
which  show that  na loxone ,  a n o t h e r  opia te  an tagon is t .  
faci l i ta ted the  r e t en t ion  of  ac t ive  and  pass ive  avo idance  
habi t s  [20]. A n o t h e r  r ea son  that  ou r  da ta  are  not in good 
a g r e e m e n t  with  o t h e r  resul t s  may  be due  to p rocedura l  
d i f fe rences  in our  s tudies  and those  ci ted above .  

(6) Na l t r exone ,  when  used in c o m b i n a t i o n  with SP, sig- 
ni f icant ly  r educed  the m e m o r y  e n h a n c i n g  effects  o f  SP,  at 
least  insofar  as the r e t en t ion  of  a pass ive  a v o i d a n c e  habi t  is 
c o n c e r n e d .  These  data  are  s o m e w h a t  perp lex ing  as they  may  
indica te  e i the r  that  the m e m o r y  e n h a n c i n g  effects  of  SP are 
med ia ted  via an opioid sys t em in the bra in ,  or tha t  the mem-  
ory e n h a n c i n g  effects  of  na l t r exone  are media ted  via a SP 
sys t em in the bra in ,  or  both .  

Our  da ta  may also be exp la ined  in t e rms  of  the heteroge-  
neous  effects  o b s e r v e d  af te r  the  per iphera l  admin i s t r a t i on  of  
SP. Ga l l agher  and  Kapp  [8] have  s h o w n  that  the  r e t en t ion  of  
a pass ive  a v o i d a n c e  habi t  is c n h a n c e d  by na loxone  and im- 
paired by l evo rphano l  when  these  c o m p o u n d s  are injected 
into the amygdala .  In jec t ion  of  SP into this s t ruc tu re  has  

been  s h o w n  to cause  amnes i a ,  a result  oppos i te  to that  ob- 
se rved  with opia te  an tagon i s t s  [13]. If the  d iverse  effects  of  
per iphera l  admin i s t r a t ion  of  these  subs t ances  are due to a 
s u m m a t i o n  of  the i r  var ious  effects  in different  amttomical  
regions ,  the net result  on memory  may be unclear ,  despi te  
the  fact that  each  c o m p o u n d ,  when  admin i s t e r ed  singly, may 
e n h a n c e  memory .  

(7) Finally.  SP and na l t r exone  did not p roduce  signifi- 
cant ly  different  effects  f rom acidified saline in adrena lec-  
tomized  mice.  These  two c o m p o u n d s  did,  howeve r ,  p roduce  
the same effects  in s h a m - o p e r a t e d  and  intact  animals .  The  
resul t s  ob ta ined  in a d r c n a l e c t o m i z e d  an imal s  are s o m e w h a t  
unc lea r  because  we tes ted  only a single dose  of  na l t r exone  
and  SP. Since the d o s e - r e s p o n s e  cu rves  for bo th  c o m p o u n d s  
are U-shaped ,  removal  of  the adrenal  g lands  may have  at- 
t enua ted  or sens i t ized  the an imals  to the  effects  of  these  
drugs.  Until  a d o s e - r e s p o n s e  cu rve  is comple t ed  on ad- 
r ena l ec tomizcd  an imals ,  it is not poss ible  to make  a state-  
ment  abou t  the in te rac t ion  be tween  arousal  effects  or  A C T H  
secre t ion  and the m e m o r y  e n h a n c i n g  effects  of  SP. Such  
e x p e r i m e n t s  arc in progress .  Many different  in t e rp re ta t ions  
of  these  data  are possible .  With respec t  to SP ' s  abili ty to 
facil i tate the re ten t ion  of  pass ive  and  ac t ive  a v o i d a n c e  habi ts  
it is poss ib le ,  t\~r example ,  that  this  pept ide direct ly  affects  
m e m o r y  p rocess ing  in the cent ra l  ne rvous  sys tem.  Al terna-  
t ively,  it s eems  possible  that  the m e m o r y  e n h a n c i n g  effects  
of  SP might bc media ted  via in te rac t ions  be tween  this pep- 
t ide and  e n d o g e n o u s  opioid sys t ems  in the brain.  Our  data  
showing  that  na l t r exonc  inhibi ts  the ac t ions  of  SP on mem- 
ory p rocesses  suggest  such a possibi l i ty.  S tewar t  and Hall 
[35] have  s h o w n  that  severa l  effects  of  SP on b e h a v i o r  are 
appa ren t ly  media ted  via some c o m p o n e n t s  of  the endoge-  
nous  opioid sys tems .  A n o t h e r  in te rpre ta t ion  might  bc that  
SP p roduces  its m e m o r y  e n h a n c i n g  effects  via in te rac t ions  
with ca t echo laminc rg i c  t r an smi t t e r  sys t ems  in the brain.  
Such in te rac t ions  are k n o w n  to occu r  af ter  SP is injected 
sys temica l ly  [30]. SP is also known  to a l ter  neural  act ivi ty in 
p a t h w a y s  c o n n e c t i n g  the h y p o t h a l a m u s  and the pi tui tary that 
have  been  in te rp re ted  as an increase  in afferent  impulse  traf- 
fic be tween  these  areas  [I]. Thus ,  SP might increase  the 
re lease  of  n e u r o h y p o p h y s e a l  h o r m o n e s ,  some of  which have  
a l ready  been  s h o w n  to e n h a n c e  memory .  At p resen t  we 
k n o ~  of  no da ta  that  would allow us to d is t inguish  cri t ically 
b e t w e e n  these ,  or o ther ,  a l t e rna t ives .  
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