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Summary 

The concentration of immunoreactive arginine-vasopressin (IR-AVP) 
was measured in the cerebrospinal f l u i d  (CSF) during acquis i t ion 
and retent ion of passive avoidance behavior. IR-AVP level  in 
CSF of male Wistar rats immediately af ter  the learning t r i a l  
was increased; the rate of which was related to the in tens i ty  of 
the e lec t r i c  footschock during the learning t r i a l  and the avoidance 
latenc~ as measured I day af ter  the learning t r i a l .  Immediately 
a f te r  the 24 h retent ion test IR-AVP levels were s i gn i f i can t l y  
increased in rats subjected to the low (0.25 mA) shock in tens i ty  
during the learning t r i a l ,  but IR-AVP levels of rats exposed to 
the high shock (1.0 mA) were under the l i m i t  of detection. I f  
the retent ion test  was postponed t i l l  5 days a f ter  the learning 
t r i a l ,  the increase of IR-AVP level in the CSF was related to 
avoidance latencies which re f l ec t  the in tens i ty  of aversive 
st imulat ion (e lec t r i c  footshock). The resul ts suggest an associa- 
t ion between central AVP release and passive avoidance behavior 
and may be ind icat ive of the role of th is  peptide in neuronal 
mechanisms underlying learning and memory processes. 

The neurohypophyseal hormone arginine-vasopressin (AVP) modulates memory pro- 
cesses ( I ) .  Administration of AVP and related peptides increases resistance 
to ext inct ion of active avoidance behavior, f a c i l i t a t e s  retention of passive 
avoidance behavior and prevents or reverses experimental amnesia. Intracere- 
broventr icular  ( i . c . v . )  administration of AVP induces s imi lar  ef fects in much 
lower doses than af ter  peripheral administrat ion. Furthermore, i . c . v ,  but not 
peripheral in ject ion of AVP antiserum induces a marked d e f i c i t  in passive 
avoidance performance. These results suggest that central rather than per i -  
pheral release of AVP is involved in learning and memory processes (2). Studie! 
on the s i te  of action of AVP on avoidance behavior revealed that midbrain- 
l imbic structures are involved in the memory ef fect  of the peptide (3). 
Putative AVP receptor s i tes have been demonstrated in discrete areas of the 
l imbic brain (4-9), that may mediate the memory enhancing ef fects of AVP. 
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In recent  experiments we have measured the IR-AVP content of l imbic  regions 
dur ing passive avoidance behavior.  I t  was found tha t  at the 24 h re ten t i on  
tes t  the IR-AVP content  was reduced in  the l a t e ra l  septum, hippocampus as 
wel l  as in the p~ raven t r i cu l a r  and suprachiasmatic nucleus, whi le  i t  was i n -  
creased in the cent ra l  amygdala nucleus (10). In subsequent experiments in 
which the studies were focussed on the hippocampus and amygdala, we observed 
a dep le t ion  of  IR-AVP in hippocampus immediately a f t e r  the 1.0 mA e l e c t r i c  
footshock and at the 24 and 120 h re ten t i on  tes t  only in those animals which 
showed passive avoidance behavior (11). 

AVP can be detected w i th  a radioimmunoassay in the CSF (12) and in CSF the 
IR-AVP leve ls  show c i r cad ian  v a r i a t i o n  (13). I t  was deemed of i n t e r e s t  to 
know whether AVP leve ls  in the CSF would r e f l e c t  the a c t i v i t y  o f  the cent ra l  
vasopressin system in response to passive avoidance behavior ,  which is marked- 
l y  a f fec ted by vasopressin. Therefore,  IR-AVP l eve l s  were measured in CSF 
of  ra ts  immediately a f t e r  the learn ing  t r i a l  of  a passive avoidance response 
and at 24 and 120 h a f t e r  the learn ing  t r i a l ,  when CSF was taken immediately 
a f t e r  the re ten t i on  t es t .  The resu l t s  i nd i ca te  tha t  under ce r t a i n  cond i t ions  
the a c t i v i t y  o f  the vasopressin system can be read from the leve ls  of  AVP 
in  the CSF. 

Mate r ia l s  and Methods 

Animals and surgery 

Male ra ts  of  a Wistar s t r a i n  weighing 180 - 200 g at the onset of  the exper i -  
ment were used. The rats were housed in  separate cages and had free access 
to water and food. The animal house was i l l u m i n a t e d  from 6 a.m. to 8 p.m. 
They were t ranspor ted to the experimental  room I h before the experiment.  
A l l  observat ions were made between I p.m. and 4 p.m. A permanent s ta in less  
steel  cannula was implanted in the c i s te rna  magna enabl ing the withdrawal 
of  CSF from free moving animals (14). 

Passive avoidance behavior 

The passive avoidance procedure was adapted from Ader et  a l .  (15).  The exper i -  
mental apparatus consisted of an i l l um ina ted  p la t form attached to a dark com- 
partment equipped w i th  a gr id  f l o o r ,  A f t e r  hab i tua t i on  to the dark compart- 
ment (2 min) rats were placed on the p la t fo rm and al lowed to enter  the dark 
compartment. Since ra ts  pre fer  dark to l i g h t ,  they normal ly enter  w i t h i n  15 
s. On the next day, a f t e r  three more adaptat ion t r i a l s  ( i n t e r t r i a l  i n t e r va l  
5 min) an unavoidable footshock (w i th  a dura t ion  of  3 s) was de l ivered through 
the gr id  f l o o r  o f  the dark compartment ( l ea rn ing  t r i a l ) .  Three d i f f e r e n t  shock 
i n t e n s i t i e s  were app l ied ,  0.00, 0.25 and 1.00 mA. Rats were removed from the 
box 10 s a f t e r  the te rm ina t ion  of  the shock. Passive avoidance la tenc ies  were 
tested at r e ten t i on  t r i a l s  performed at  e i t h e r  24 or 120 h a f t e r  the l ea rn ing  
t r i a l ;  the ra t  was placed on the p la t form and the la tency to enter  the dark 
compartment was measured up to a maximum of 300 s. 

CSF c o l l e c t i o n  and AVP radioimmunoassay procedure 

The CSF was co l l ec ted  in 3 d i f f e r e n t  s i t u a t i o n s :  at 30 s a f t e r  the lea rn ing  
t r i a l  and at 30 s a f t e r  the 24 h and the 120 h r e t en t i on  t es t .  Although anes- 
thes ia  is not necessary to obta in  CSF from the c i s te rna  magna, t h i s  procedure 
was chosen in order  to compare the resu l t s  w i th  those obtained in experiments 
in  which eye plexus blood was co l l ec ted  under e ther  anesthesia (16).  Samples 
of  CSF were co l l ec ted  in cooled polypropylene tubes. These were cen t r i fuged  
at 4 ° C in order to remove blood contaminat ion.  For the determinat ion of  IR- 
AVP in CSF, samples obtained from two animals w i th  a s i m i l a r  passive avoid-  



Vol. 34, No. 24, 1984 AVP Release and Passive Avoidance 2387 

ance response were pooled. The to ta l  CSF volume was 150 ul .  The pooled samples 
were lyoph i l i sed.  AVP determinations were performed in unextracted, lyophi l ised 
samples using a speci f ic  RIA system. Immediately before the RIA procedure 
the lyophi l ised CSF samples were redissolved in assay buffer.  The antiserum 
used was highly speci f ic  for AVP, the c ross - reac t i v i t y  on a mol basis with 
oxytocin being 0.0019% and with vasotocin 0.25%. Synthetic AVP (pressor a c t i v i -  
t y :  509 IU/mg, Organon, Oss, The Netherlands) was used as a standard and for  
preparation of the tracer.  In a previous study using the same antiserum a 
good corre lat ion was found between an t id iu re t i c  a c t i v i t y  and immunoreactivity 
of an AVP sample extracted from eye plexus blood plasma (16). 

For d i l u t i on  of standard and CSF samples, veronal buffer (pH 8.0) containing 
0.02 M barb i tu r ic  acid (Merck, Darmstadt, Germany), 66.6 nmol/ml L cystine 
(Nutr. Biochem. Comp. Cleveland, USA), 0.01 EDTA (.Merck) and 73.5 nmol/ml 
human serum albumin (HSA, Sigma, Brunschwig Chemie, Amsterdam, The Netherlands) 
was used. Antiserum was di luted with the same buffer containing 18.4 mmol/ml 
HSA. The incubation mixture t y p i c a l l y  consisted of 50 ul AVP antiserum ( f ina l  
d i l u t i on  I : 32,000), 50 ~I standard or sample and 10 ~I 1251 iodo AVP in 
veronal buffer. Assays were performed in an equi l ibr ium system. The tubes 
were incubated at 4 ° C for  72 h. Bound AVP was separated from free by addit ion 
of 100 ~l of dextran coated charcoal. AVP levels were expressed in fmol/ml 
CSF. All  experiments were performed using a bl ind procedure where the experi- 
menter performing the RIA determination was unaware of the behavioral perform- 
ance of the rat from which the CSF was col lected. IR-AVP levels in CSF and 
passive avoidance latencies were analyzed with ANOVA-testing (Kruskal-Wall is) 
and subsequently with Mann-Whitney non-parametric tests.  

Results 

Figure 1 presents two standard curves that were prepared in veronal buffer 
containing 73.5 nmol/ml HSA or human CSF, respect ively.  The l a t t e r  samples 
were lyophi l ised and redissolved in veronal buffer.  This procedure caused 
a s l i gh t  depression in the binding, however, i t  changed neither the slope 
of the standard curve nor the s e n s i t i v i t y  of the assay. One rat  CSF sample 
with an AVP concentration of about 65 fmol/ml was lyophi l ised and subsequently 
d i lu ted s e r i a l l y  with assay buf fer ,  and AVP was measured. The values obtained 
para l le l led  the standard curve (Fig. I ) .  Therefore, and in view of the speci- 
f i c i t y  of the antiserum, i t  is l i k e l y  that the material measured in CSF is 
immunologically indist inguishable from AVP. The ef fect  of shock in tens i t ies  
on IR-AVP levels of CSF and passive avoidance latency scores of rats are shown 
in Table I.  The 24 h avoidance latencies of each group of rats exposed to 
e lec t r i c  footshocks of d i f f e ren t  in tens i ty  d i f fered s i gn i f i can t l y  from those 
of the non-shocked animals. The retention latencies in each group of animals 
were related to the in tens i ty  of the e lec t r i c  footshock applied at the learn- 
ing t r i a l .  The higher the in tens i ty  of the e lec t r i c  footshock at the learning 
t r i a l ,  the higher the passive avoidance scores at the retention sessions. 
At 120 h a f te r  the learning t r i a l  the response latencies were s l i g h t l y  lower 
than those found at the 24 h retent ion tes t ,  but the latencies were s t i l l  
s i gn i f i can t l y  d i f f e ren t  from those found in the non-shocked group. 

Rats that were exposed to the 0.25 mA of shock in tens i ty  showed a tendency 
to increase the i r  IR-AVP levels in the CSF at 30 s a f ter  the learning t r i a l .  
The high shock in tens i ty  (1.0 n~A) caused a s ign i f i can t  elevat ion in IR-AVP 
levels in CSF (p < 0.01). CSF IR-AVP levels were increased s i gn i f i can t l y  24 
h a f ter  the learning t r i a l  (retent ion session) in rats subjected to the foot-  
shock of low in tens i ty  (0.25 mA) during the learning t r i a l  but were below 
the detection l i m i t  a f te r  1.00 mA. The IR-AVP levels in CSF of non-shocked 
animals at 120 h a f ter  the learning t r i a l  did not s i gn i f i can t l y  d i f f e r  from 
those found in CSF samples collected at 30 s a f ter  the learning t r i a l  or at 
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FIG. I 
Standard curves obtained using rabbit  antiserum in a I : 32,000 
f i na l  d i l u t i on ,  one in buffer containing 73.53 nmol/ml of human 
serum albumin (HSA) e- ~, one in human CSF subsequently lyo- 
phylised and redissolved in buffer containing 73.53 nmol/ml of 
HSA o -o.  Triangles (A) indicate the values of ser ia l  d i lu t ions  
of lyophi l ised rat  CSF. 

the 24 h retent ion test .  CSF IR-AVP levels of rats exposed during the learning 
t r i a l  5 days previously to low (0.25 mA) or high ( I .0  mA) footshock were sig- 
n i f i c a n t l y  increased, the magnitude of which depended on the in tens i ty  of 
the footshock. 

Discussion 

The present data show changes in the level of IR-AVP in CSF immediately a f ter  
learning and retention of a passive avoidance response. After the learning 
t r i a l  IR-AVP levels increase in the CSF and the magnitude corresponds ~ i th  
the in tens i ty  of the e lec t r i c  footshock during the learning t r i a l .  Retention 
of passive avoidance behavior is associated with an increase in AVP level 
in CSF of rats tested 5 days a f te r  the learning t r i a l ;  the AVP level being 
related to the avoidance latencies which re f l ec t  the in tens i ty  of the aversive 
st imulat ion. 

A more complex pattern of AVP release in the CSF appeared when AVP levels 
were studied immediately a f te r  the 24 h retent ion test .  While a previously 
experienced moderate footshock (0.25 mA) increased IR-AVP levels in the CSF, 
the levels were not detectable in the CSF of rats exposed to high shock (1.0 
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mA) at the learning t r i a l .  This is not easy to explain but i t  may be that 
exposure to high shock in tens i ty  at the learning t r i a l  releases most of the 
readi ly  releasable pool of AVP from the extrahypothalamic AVP containing nerve 
terminals. Repletion of AVP released from terminals a f te r  the 1.0 mA shock 
may not be complete in the subsequent 24 h i n te r va l ,  but needs more time, 
since increased IR-AVP levels were found again at the retent ion tes t ,  5 days 
a f te r  the learning t r i a l .  Therefore, the depleted stores of AVP in nerve 
terminals would not permit release of measurable amounts of IR-AVP into the 
CSF at the 24 h retent ion test .  This hypothesis, however, assumes that the 
amount of IR-AVP at the s i te  of action in the brain would s t i l l  be su f f i c i en t  
to a f fect  passive avoidance behavior. That such loca l l y  released AVP is e f fec t -  
ive may be concluded from experiments showing that local administrat ion of 
AVP antiserum in the brain target s i tes at the 24 h retent ion test blocks 
passive avoidance behavior (17). 

The l ine of reasoning followed in the in terpre ta t ion of changes in IR-AVP 
levels in CSF finds support from more recent data showing that marked depletion 
of IR-AVP takes place in l imbic structures inlnediately a f ter  the learning 
t r i a l  (11). IR-AVP levels in hippocampus, septum, the paraventr icular and 
suprachiasmatic nucleus are also reduced at the 24 h retent ion test in rats 
exposed to the high shock of 1.0 mA (10, 11) which is associated with the 
non-detectable IR-AVP in the CSF. The reduction in t issue levels of IR-AVP 
may re f l ec t  an increased secretory a c t i v i t y  at the AVP terminal.  The increase 
of the IR-AVP level in the CSF may, therefore, be an index of such secretory 
a c t i v i t y  provided, however, that mild shock conditions are applied or that 
a peptidergic terminal is permitted enough time to replete i t s  read i ly  releas- 
able pool. Further support for th is  l ine of reasoning may be taken from the 
reported circadian var ia t ion of AVP levels in the CSF (13, 18), which also 
suggests that th is level re f lec ts  the a c t i v i t y  of central AVP secretory neu- 
rones. Moreover, memory processes also are subject to circadian organization 
(19). The signi f icance of AVP released into the l iquor is not c lear.  I t  could 
represent the actual s p i l l - o v e r  of released AVP as mentioned above, or the 
CSF may be used as avenue of transport for  AVP to reach a d istant  s i te  of 
action in the brain (20-22). 

Mens et a l .  (21) did not f ind s ign i f i can t  changes in CSF IR-AVP level during 
passive avoidance behavior. A possible explanation for the dif ference be£ween 
these and the present data may be the di f ference in experimental procedure 
and the RIA determination. We arr ived at th is conclusion a f te r  examination 
of the influence of various experimental conditions on the IR-AVP content 
of the hippocampus. Exposure to a novel environment is a potent stimulus for 
depletion of hippocampal IR-AVP. Changes in t issue IR-AVP were, therefore, 
only detectable during passive avoidance behavior, when the animals were pre- 
v iously handled and habituated to the conditions of the behavioral experiment 
( I I ) .  Such precautions were also taken in th is study. 

The changes in IR-AVP level of CSF might have been due to cleavage of AVP 
in smaller fragments. CSF is v i r t u a l l y  devoid of pro teo ly t ic  enzymes involved 
in peptide conversion (23). Burbach et a l .  (24) showed that brain synaptic 
membranes contained an amino peptidase that cleaves the ring portion of the 
molecule at the Cysl and Tyr2 bond, and generates a series of C-terminal f rag- 
ments, that also occur endogenously in the brain (25). Two fragments, the 
[pGIu4,Cyt6]AVP-(4-9) and i t s  desglycinamide der iva t ive  were at least one 
thousand times more potent than AVP-(I-9) in f a c i l i t a t i o n  of a passive avoid- 
ance response (24). However, using4an antiserum that showed an approximate 
30% c ross - reac t i v i t y  for  the [pGlu ,Cyt6]AVP-(4-9) fragment essent ia l l y  the 
same patterns of changes in IR-AVP level of CSF were found during passive 
avoidance behavior (26). Therefore~ al tered biotransformation of AVP 
in the brain may contr ibute to, but ce r ta in l y  
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does not explain the profound changes in IR-AVP level of CSF during passive 
avoidance behavior. 

In conclusion, the present study suggests that performance of a passive avoid- 
ance response is under certain condit ions associated with the release of AVP 
in the CSF. This f inding may be of assistance in the understanding of the 
role of th is  peptide in brain, mechanisms underlying learning and memory pro- 
cesses. 
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