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Arginine-vasopressin (AVP) is involved in memory processes. The memory effects of AVP are mediated by neuronal mechanisms 
taking place in limbic-midbrain structures. Therefore, immunoreactive AVP (IR-AVP) was measured in hippocampus and amygdala 
of male Wistar rats during acquisition and retention of passive avoidance behavior. 

IR-AVP concentration was decreased in the hippocampus immediately after the learning trial while IR-AVP content of the amyg- 
dala was not affected. 

Animals that showed the passive avoidance response (good avoiders) at the 24 h or 120 h retention test had a reduced IR-AVP con- 
centration in the hippocampus immediately after the test. However, IR-AVP content of the hippocampus was not different from that 
of non-shocked control animals when measured immediately before the 120 h retention test. Poor avoiders that showed only minor 
avoidance behavior did not differ in hippocampal IR-AVP content from non-shocked control animals. IR-AVP content of the amyg- 
dala was also not altered after the retention session. 

These effects on IR-AVP content could only be shown in animals that were trained and habituated to the passive avoidance proce- 
dure. Such trained and habituated animals had an IR-AVP level in the hippocampus which did not differ from that of animals that were 
left undisturbed until sacrifice. When the animals were not trained, but placed for the first time in the passive avoidance apparatus 
without I~eing exposed to the learning trial, the hippocampal IR-AVP content was reduced. Under these circumstances additional ex- 
posure to the electric footshock did not lead to a measurable further decrease in IR-AVP content of the hippocampus. Again, IR-AVP 
content of the amygdala was not affected. It is proposed that learning and retention of a passive avoidance response is associated with 
a reduction in hippocampal IR-AVP content. The reduction possibly reflects increased secretory activity at the peptidergic terminal. 
This AVP released at the terminal might be instrumental in facilitating memory formation. 

INTRODUCTION 

Vasopress in  ( A V P )  is i nvo lved  in m e m o r y  pro-  

cesses. A d m i n i s t r a t i o n  of  A V P  and re la ted  pep t ides  

increase  res is tance  to ex t inc t ion  o f  act ive  4,9A° and 

passive avo idance  b e h a v i o r  ~.4 and reverse  or  p r even t  

expe r imen ta l  amnes i a  15.26. I n t r a c e r e b r o v e n t r i c u l a r  

( i .c .v.)  admin i s t r a t ion  of  A V P  induces  s imilar  ef- 

fects,  but  in m u c h  l ower  doses  than  af ter  pe r iphe ra l  

admin i s t r a t ion  11. F u r t h e r m o r e ,  i .c .v,  but  not  in t rave-  

nous in jec t ion  of  A V P  an t i s e rum i m m e d i a t e l y  af ter  

the learn ing  trial or  p r io r  to the  r e t en t ion  test  induces  

a m a r k e d  defici t  in passive avo idance  performance29.  

These  obse rva t ions  indica te  that  cent ra l ly  r e l eased  

A V P  ra ther  than  A V P  sec re ted  into  the  pe r iphe ra l  

c i rcula t ion is physio logica l ly  invo lved  in s torage  and 

re t r ieval  processes .  S u b s e q u e n t  s tudies  showed  that  

the level  of  i m m u n o r e a c t i v e  A V P  ( I R - A V P )  in the 

C S F  was closely assoc ia ted  with passive avo idance  

learning and r e t en t ion  22.24. Studies  on the site of  ac- 

t ion showed  that  l imbic -midbra in  s t ructures  are  in- 

vo lved  in the m e m o r y  effects  of  the  pep-  

t ide 5.19.21.30.3~. E x t r a h y p o t h a l a m i c  p ro jec t ions  of  the  

A V P - c o n t a i n i n g  neu rons  i nne rva t e  these  i imbic-mid-  

brain regions  and may  serve  to t ranspor t  A V P  to its 

site of  act ion on b e h a v i o r  7.12.13A4.17AS,27,28. 

Recen t ly  we found  that  dur ing  passive avo idance  

behav io r  the  I R - A V P  concen t r a t i on  in the  h ippo-  

campal -sep ta l  a rea  was dec reased ,  whi le  that  in the  

centra l  amygda lo id  nucleus  was inc reased  23. Both  re- 
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gions are essential brain structures in the control of 

avoidance behaviorS,31. The present study was de- 

signed to further explore alterations in IR-AVP con- 
tent of these brain regions during passive avoidance 

learning and retention. 

MATERIALS AND METHODS 

Male rats of a Wistar strain weighing + 150 g were 

used. They had free access to water and food. The 

animal house was illuminated from 06.00 h to 20.00 

h. The animals were placed in single cages 2 days be- 

fore the experiment. They were transported from the 

animal house to the experimental room 1 h before the 

experiment unless described otherwise. All obser- 
vations were made between 13.00 and 17.00 h. 

The passive avoidance procedure was adopted 

from Ader et al. 2. The experimental apparatus con- 

sisted of an illuminated platform attached to a dark 

compartment equipped with a grid floor. After habit- 
uation to the dark compartment (2 min) rats were 

placed on the platform and allowed to enter the dark 

compartment. Since rats prefer dark to light, they 

normally enter within 15 s. On the next day, after 3 

more trials (intertrial interval 5 min), one group re- 
ceived an unavoidable footshock (with a duration of 

3 s) through the grid floor of the dark compartment 

(learning trial). The shock intensity applied was 1.0 
mA. Rats were removed from the box 10 s after the 

termination of the shock. Passive avoidance latencies 

(retention test) were tested at different times after 

the learning trial; the rat was placed on the platform 
and the latency to enter the dark compartment was 
measured up to a maximum of 300 s. Depending on 
the passive avoidance latencies during the retention 

test the rats were classified as poor avoiders (latency 

< 100 s) or good avoiders (latency > 100 s). 
Four experiments were performed. In the first ex- 

periment IR-AVP content of hippocampus and 
amygdala was measured in animals that were left un- 
disturbed until sacrifice, subjected to ether anesthe- 
sia (45 s) or exposed to the experimental conditions 
of the passive avoidance procedure without prior ha- 
bituation (for further details see Results). The sec- 
ond experiment concerned the IR-AVP response in 
rats sacrificed immediately after exposure to the 1.0 
mA electric shock (learning trial) and in the third ex- 
periment animals were sacrificed immediately after 

the 24 h retention session. In the fourth experiment 

rats were sacrificed either immediately before or af- 
ter the 120 h retention test. All shocked animals were 

compared with non-shocked controls and in some ex- 

periments sacrifice of the animals was preceded by 
ether anesthesia. Sacrifice occurred between 13.00 
and 16.00 h. 

In order to investigate the IR-AVP content in cer- 

tain brain regions the animals were decapitated, the 
skull was opened and the brain removed. The hippo- 

campus was dissected 16. Moreover, in two series of 

experiments the amygdala + overlying pyriform cor- 
tex was also dissected 16. Tissues were homogenized 

in 1.0 ml ice-cold 1.0 N HCI by ultrasound homoge- 

nizer at 20 kcounts/s for 30 s. Subsequently 1.0 ml of 

buffer containing 67 mM Na2HPO 4 and 67 mM 

KH2PO 4 was added. The pH was adjusted to 4.0 with 

1.0 N NaOH. A 100pl aliquot of the homogenate was 
kept for determination of the protein content 25. The 

remainder was centrifuged at 4 °C at 9000 rpm for 10 

min. One ml of the supernates was used for the ex- 

traction of AVP using activated Vycor glass powder 
(20 mg/sample). The details of the extraction were 
reported elsewhere 12,23,24. 

After the extraction the evaporated residues were 
redissolved in 125 pl of RIA-assay buffer. Two sam- 

ples of 50/A were taken from these solutions to deter- 

mine the amount of IR-AVP. AVP determinations 

were performed in duplicate using a specific RIA sys- 

tem. The details of the assay procedure have been 
described elsewhere 1~.23. The antiserum used was 

highly specific for AVP, the cross-reactivity with ox- 

ytocin being less than 0.1%, and with arginine-vaso- 
tocin 0.25%. Synthetic AVP (pressor activity: 508 

IU/mg, Organon, Oss, The Netherlands) was used as 

a standard, and for preparation of the tracer. The 
limit of detection of the RIA was 0.5 pg AVP/assay 
tube. 10-50 pg AVP and 1-5 mg protein were present 
per assay tube. Recovery of AVP from Vycor extrac- 
tion is about 70%. RIA data were calculated on a 
Hewlett Packard 104 calculator, which was equipped 
with a logit curve ~ fitting program. AVP levels were 
expressed in pg/mg protein. 

Statistical analys& 
The data of each experiment were first analyzed 

with a Kruskal-Wallis test and subsequently a 
Mann-Whitney U-test. A probability level of less 
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TABLE I 

Effect of various experimental conditions on the immunoreactive vasopressin (IR-A VP) content of hippocampus 

Group 1 was left undisturbed in the animal house until sacrifice. Group 2 were animals handled the day before and exposed to ether for 
45 s prior to sacrifice or not. Group 3 were animals not handled and sacrificed immediately after exposure to 1.00 mA electric foot- 
shock or to no footshock (0.00 mA). Data are expressed in pg IR-AVP/mg protein. Values are given as median with, in lower brack- 
ets, the highest and lowest IR-AVP content. 

Group I Group 2 Group 3 

Naive Handled Not handled 
controls 

Without With 0.00 1.00 
ether ether mA mA 

11.0 ($)** 12.6 (7) 12.0 (8) 5.8* (12) 5.7* (12) 
(8.1-17.6) (5.7-23.3) (7.5-19.0) (3.1-16.5) (1.8-22.0) 

* Different from naive control group (P < 0.05; Mann-Whitney U-test). 
** Number of animals. 

than 0.05 was accepted as a significant difference.  

RESULTS 

Five exper imenta l  condit ions were used in the first 

exper iment .  One  group of  rats (naive controls)  (5 an- 

imals per  cage) was left undis turbed  until  decapi ta-  

tion. These 'na ive '  animals were decapi ta ted  in the 

animal house. The  rats of  a second group were placed 

each in single cages 2 days before  decapi ta t ion  and 

handled  the day before  sacrifice. Immedia te ly  pr ior  

to sacrifice 8 rats were anesthet ized by exposure  to 

ether  for a strictly contro l led  per iod  of 45 s and subse- 

quently decapi ta ted ,  while the o ther  7 rats were not  

subjected to e ther  anesthesia .  A third group of  25 

rats were each placed in single cages 2 days before  

decapi ta t ion and were s tudied after  being exposed  to 

the passive avoidance appara tus  for the first t ime. 

Twelve of these animals were put  on the pla t form of 

the exper imenta l  appara tus  used for passive avoid- 

ance behavior ,  a l lowed to enter  the dark  compar t -  

ment  and subsequent ly  decapi ta ted .  The  other  13 

rats were subjec ted  to a footshock of high intensity 

(1.00 m A )  and decapi ta ted  immedia te ly  thereaf ter .  

I R - A V P  content  of h ippocampus  of  hand led  ani- 

mals was not  different  from those of naive controls  

(Table  I). I R - A V P  content  of h ippocampus  of ani- 

mals that  were exposed for the first t ime to the pas- 

sive avoidance appara tus  was significantly lower than 

that  of  naive controls  whether  subjec ted  to shock 

(1.00 m A )  or not  (Table I). E the r  anesthesia  for 45 s 

had no addit ional  influence on I R - A V P  levels in hip- 

pocampus.  

In the second exper iment  I R - A V P  content  of  hip- 

pocampus  and amygdala  was invest igated immedi-  

ately after the learning trial.  Groups  of rats habit-  

ua ted  to the exper imenta l  condi t ion of  the passive 

avoidance procedure  received ei ther  no shock or  a 

1.00 m A  shock during the learning trial.  I R - A V P  

content  in h ippocampus  of shocked rats was signifi- 

cantly lower than that  of non-shocked  animals (Table  

II).  This was not  found in the  amygdala .  

In the third exper iment  I R - A V P  content  immedi-  

ately after the 24 h re tent ion test of h ippocampus  was 

studied. Groups  of rats received no shock or  a 1.00 

m A  shock during the learning trial.  Animals  were ei- 

ther  anesthet ized with e ther  for a strictly contro l led  

TABLE II 

lmmunoreactive vasopressin (1R-A VP) content in hippocampus 
and amygdala of rats subjected to passive avoidance behavior 

Groups of male Wistar rats received either no shock (0.00 mA) 
or a 1.00 mA shock during the learning trial. Animals were de- 
capitated immediately after the learning trial. Data are ex- 
pressed in pg IR-AVP/mg protein. Values are given as median 
with, in lower brackets, the highest and lowest IR-AVP con- 
tent. 

Shock intensity Hippocampus Amygdala 
(mA) 

0.00 13.4 (12)** 13.7 ( 8 )  
(2.9-> 32.2) (1.1-39.2) 

1.00 6.2* (13) 17.6 (7) 
(2.8-10) (6.5-63.4) 

* Different from non-shocked (0.00 mA) group (P < 0.05; 
Mann-Whitney U-test) 
** Number of animals. 
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TABLE III 

lmmunoreactive vasopressin (IR-A VP) content in hippocampus 
of rats subjected to passive avoidance behavior 

Groups of rats received either no shock (0.00 mA) or a 1.00 mA 
shock during the learning trial. Animals were decapitated. Im- 
mediately after the 24 h retention test and prior to sacrifice ei- 
ther anesthetized with ether for 45 s (B) or not (A). Data are 
expressed in pg IR-AVP/mg protein. Values are given as medi- 
an with, in lower brackets, the highest and the lowest IR-AVP 
content (upper panel), or in s latency (lower panel) with the 
25th and 75th percentile in brackets. 

A B 

IR-AVP (pg/mg protein) 
0.00 mA 

good avoiders 

poor avoiders 

12.8 (16) 9.9 (16) 
(3.1-29.4) {3.6-18.0) 
6.5"~{ll) 4.8* (10) 
(5.2-12.3) (2.8-9.3) 
13.4 (5) 7.9 (6) 
(8.5-15.6) (4.0-10.1) 

Latency (s) 
0.00 mA 

good avoiders 

poor avoiders 

3 (161 2 (16) 
(2-4) (1-4) 
300*** (11) 300"**(10) 
(180-300) (300-300) 
60** {5) 15"* (6) 
(5-66) (4-71) 

* Different from non-shocked {0.00 mA) group (*P < 0.05, 
**P < 0.01, ***P < 0.001, Mann-Whitney U-test). 
~Different from poor avoiders 0P < 0.005). 

period of time (45 s) before decapitation (B) or not 

(A). 

The shocked rats displayed a significantly in- 

creased passive avoidance response at the 24 h reten- 

tion test. Based on a 100 s latency criterion animals 

were divided into good and poor avoiders 20. Good 

avoiders had a significantly lower IR-AVP concen- 

tration in hippocampus (Table III). 

In the fourth experiment IR-AVP content  of hip- 

pocampus and amygdala was measured at 5 days af- 

ter the learning trial. Animals were either decapi- 

tated immediately before (B) or after (A) the 120 h 

retention test. The median value of the 120 h latency 

scores of the good avoiders was 285 s (Table IV). 

As was the case after the 24 h retention test, the 

IR-AVP content of hippocampus of good avoiders 

was significantly lower than that found in the non- 

shocked animals. This content in all avoiders (good + 

poor avoiders) did not differ from non-shocked ani- 

mals. No change in IR-AVP levels of hippocampus 

or amygdala was found in shocked rats decapitated 

immediately before the 120 h retention test. 

TABLE IV 

lmmunoreactive vasopressin (IR-A VP) content in hippocampus 
and amygdala of rats subjected to passive avoidance behavior 

Group of male Wistar rats received either no shock (0.00 mA) 
or a 1.00 mA shock during the learning trial. Animals were de- 
capitated immediately after the 120 h retention test (A) or im- 
mediately before (B). Data are expressed in pg IR-AVP/mg 
protein. Values are given as median with, in lower brackets, 
the highest and the lowest IR-AVP content (upper panel), or in 
s latency (lower panel) with 25th and 75th percentile in brack- 
ets. 

Hippocampus Amygdala 

IR-AVP (pg/mg protein) 
(A) 0.00 mA 11.0 (8) 17.4 (8) 

(6.8--> 39.3)  (4.6-> 31.4) 
(A) good avoiders 6.8* (5) 24.2 (5) 

(6.0-10.1) (10.7-> 30.4) 
(A) all avoiders 8.0 (8) 18.1 (8) 

(6.0-11.31 (6.3-> 30.4) 

(B) 0.00 mA 1(/.4 (8) 18.9 (8) 
(6.0-16.5) (10.1-31.6) 

(B) 1.00 mA 10.7 (8) 22.7 (8) 
(10.%> 30.4) (18.4-> 30) 

Latency (s) 
(A) 0.00 mA 3 (8) 

(2-5) 
(A) good avoiders 285 (5)*** 

(186-300) 
(A) all avoiders 235 (8)*** 

(15-292) 

(B) 0,00 mA 
(B) 1,00 mA 

* Different from non-shocked (0.00 mA) group. *P < 0.05; 
**P < 0.01; ***P < 0.001, Mann-Whitney U-test. 

DISCUSSION 

The present study demonstrated that the IR-AVP 

content of the hippocampus is related to the behav- 

ioral performance of rats in a one-trial learning pas- 

sive avoidance task. Hippocampal | R - A V P  content 

was decreased in good avoiders immediately after 

the retention test at 24 h as well as 120 h after the 

learning trial. Poor avoiders did not differ from non- 

shocked control animals in this respect. 

This observation extends previous findings on IR- 

AVP content of various brain regions during passive 

avoidance behavior. It was found that immediately 

after the 24 h retention test IR-AVP level was de- 

creased in the paraventricular,  suprachiasmatic and 

lateral septal nucleus, but increased in the central 

amygdaloid nucleus, locus coeruleus and subfornical 



organ. IR-AVP in the amygdala as dissected in this 
study (amygdala + overlying pyriform cortex) was 
not changed, possibly since the much larger tissue 
fragment masked the increase in IR-AVP in the small 
central amygdaloid nucleus as had been found pre- 
viously 23. 

A reduced IR-AVP content was observed immedi- 
ately after exposure to electric footshock during the 
learning trial in the hippocampus but not in the amyg- 
dala + pyriform cortex region. The decrease in hip- 
pocampal IR-AVP content was transient and not ob- 
served 5 days after the learning trial when measured 
immediately before the retention test. Naturally, the 
groups of rats that were sacrificed prior to the reten- 
tion test contained animals that are potentially good 
or poor avoiders. However, immediately after the 5 
day retention test 'good avoiders' displayed a deple- 
tion in hippocampal IR-AVP content. Thus, the re- 
duction in IR-AVP content seems a consequence as- 
sociated with memory of the aversive experience to 
which the animal had been exposed previously. 

In fact, exposure of the animal to the test situation 
for the first time already provided a stimulus of suffi- 
cient potency to reduce hippocampal IR-AVP con- 
tent. This was not found in animals trained and habit- 
uated the day before exposure to the passive avoid- 
ance apparatus. The decrease was of the same mag- 

nitude as that induced by the electric footshock. 
However, not every stimulus which is considered 
stressful resulted in a decreased IR-AVP content 
since exposure to ether anesthesia for 45 s failed to 
affect hippocampal IR-AVP content. It is of interest 
that, after 48 h water deprivation of rats, a reduced 
IR-AVP content was found in certain limbic regions 
(lateral and medial septum) while an increase was 
noted in the medial amygdaloid nucleus 14. Unfortu- 

nately, there were no data provided for the hippo- 
campus. That study 14, however, also demonstrated 
that regulation of central IR-AVP content may be 
different in various brain regions. 

The decreased hippocampal IR-AVP content after 
the retention trial may be due to an enhanced release 
of the peptide. Previous work from this laboratory 
showed that the IR-AVP level in the CSF increases 
immediately after the learning trial and at the 120 h 
retention test 24. This increase in CSF depended on 
the intensity of the electric footshock experienced 
during the learning trial possibly as a result of an en- 
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hanced IR-AVP release from nerve terminals. The 

immunoreactive material assayed in CSF and brain 
tissue was immunologically indistinguishable from 
synthetic AVP 23,24. It cannot be excluded, however, 

that fragments of AVP are detected as well. A dis- 
tinct AVP-immunoreactive peptide is present in ex- 
trahypothalamic tissues, that does not coelute with 
AVP after HPLC fractionation 14. Such peptides 
could be generated from AVP by proteolytic en- 
zymes known to be associated with synaptosomal 
plasma membranes6. 

It has been attempted to relate neurochemical 
events to performance of rats in passive avoidance 
behavior. It was found that a-methyl-p-tyrosine-in- 
duced noradrenaline disappearance was higher in the 
hippocampal dentate gyrus and that the dopamine 
disappearance was higher in the central amygdaloid 
of animals classified as good avoiders z0. These in- 
dices suggest different turnovers of catecholamines 
in dorsal hippocampus and the amygdala in relation 
to behavioral performance. In another study it was 
found that the number of corticosterone receptors 
was about 20% higher in the hippocampus of good 
avoiders than that of poor avoiders 3. Catecholamine 
turnover and number of steroid receptors were meas- 

ured several days after the actual behavioral experi- 
ment. Both neurochemical parameters have been 
shown to be implicated in learning and memory proc- 
essesS, s. The correlation of these parameters in the 
particular brain regions with behavioral performance 
is striking. However, there is an important difference 
with the findings on IR-AVP in the present study. 
The catecholamine turnover and steroid receptor 
number measured at a time not associated with the 

behavior suggest that these parameters represent in- 
born differences. Based on such innate differences, 
the change in IR-AVP content as reported in this 
study may measure the immediate response to a fear- 
ful situation. As such the IR-AVP response in limbic 
structures appears to be an extremely sensitive index 
for behavioral performance. 

AVP released from nerve terminals could be in- 
strumental in consolidation and retrieval of memory 
processes. The hippocampus and amygdala are high- 
ly sensitive to microinjections of AVP. Application 
of AVP in the dorsal hippocampus facilitates the con- 
solidation of memory processesS.19, while local ad- 
ministration in the amygdala possibly involves neural 
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mechan i sms  re la ted  to the  re t r ieva l  type  o f  act ion of  

A V P  5,t9. It  is p r o p o s e d  that  l earn ing  and r e t en t ion  of  

a passive avo idance  response  is assoc ia ted  with a re- 

duct ion  in h ippocampa l  I R - A V P  conten t .  T h e  reduc-  

t ion possibly ref lects  inc reased  secre tory  act ivi ty at 

the pep t ide rg ic  t e rmina l .  This  A V P  re leased  at the  

te rmina l  might  be in s t rumen ta l  in faci l i tat ing m e m -  

ory fo rmat ion .  
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