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Summary

The concentration of immunoreactive arginine-vasopressin (IR-AVP)
was measured in the cerebrospinal fluid (CSF) during acquisition
and retention of passive avoidance behavior. IR-AVP level in

CSF of male Wistar rats immediately after the learning trial

was increased; the rate of which was related to the intensity of
the electric footschock during the learning trial and the avoidance
latency. as measured 1 day after the learning trial. Immediately
after the 24 h retention test IR-AVP levels were significantly
increased in rats subjected to the low (0.25 mA) shock intensity
during the learning trial, but IR-AVP levels of rats exposed to
the high shock (1.0 mA) were under the limit of detection. If

the retention test was postponed till 5 days after the learning
trial, the increase of IR-AVP level in the CSF was related to
avoidance latencies which reflect the intensity of aversive
stimulation {electric footshock). The results suggest an associa-
tion between central AVP release and passive avoidance behavior
and may be indicative of the role of this peptide in neuronal
mechanisms underlying learning and memory processes.

The neurohypophyseal hormone arginine-vasopressin (AVP) modulates memory pro-
cesses (1). Administration of AVP and related peptides increases resistance
to extinction of active avoidance behavior, facilitates retention of passive
avoidance behavior and prevents or reverses experimental amnesia. Intracere-
broventricular {i.c.v.) administration of AVP induces similar effects in much
lower doses than after peripheral administration. Furthermore, i.c.v. but not
peripheral injection of AVP antiserum induces a marked deficit in passive
avoidance performance. These results suggest that central rather than peri-
pheral release of AVP is involved in learning and memory processes (2). Studies
on the site of action of AVP on avoidance behavior revealed that midbrain-
limbic structures are involved in the memory effect of the peptide (3).
Putative AVP receptor sites have been demonstrated in discrete areas of the
Timbic brain (4-9), that may mediate the memory enhancing effects of AVP.
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In recent experiments we have measured the IR-AVP content of limbic regions
during passive avoidance behavior. It was found that at the 24 h retention
test the IR-AVP content was reduced in the lateral septum, hippocampus as
well as in the paraventricular and suprachiasmatic nucleus, while it was in-
creased in the central amygdala nucleus (10). In subsequent experiments in
which the studies were focussed on the hippocampus and amygdala, we observed
a depletion of IR-AVP in hippocampus immediately after the 1.0 mA electric
footshock and at the 24 and 120 h retention test only in those animals which
showed passive avoidance behavior (11).

AVP can be detected with a radioimmunoassay in the CSF (12) and in CSF the
IR-AVP Tevels show circadian variation (13). It was deemed of interest to

know whether AVP levels in the CSF would reflect the activity of the central
vasopressin system in response to passive avoidance behavior, which is marked-
ly affected by vasopressin. Therefore, IR-AVP levels were measured in CSF

of rats immediately after the learning trial of a passive avoidance response
and at 24 and 120 h after the learning trial, when CSF was taken immediately
after the retention test. The results indicate that under certain conditions
the activity of the vasopressin system can be read from the levels of AVP

in the CSF.

Materials and Methods

Animals and surgery

Male rats of a Wistar strain weighing 180 - 200 g at the onset of the experi-
ment were used. The rats were housed in separate cages and had free access

to water and food. The animal house was illuminated from 6 a.m. to 8 p.m.
They were transported to the experimental room 1 h before the experiment.

A1l observations were made between 1 p.m. and 4 p.m. A permanent stainless
steel cannula was implanted in the cisterna magna enabling the withdrawal

of CSF from free moving animals (14).

Passive avoidance behavior

The passive avoidance procedure was adapted from Ader et al. (15). The experi-
mental apparatus consisted of an illuminated platform attached to a dark com-
partment equipped with a grid floor. After habituation to the dark compart-
ment (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 three more adaptation trials (intertrial interval

5 min) an unavoidable footshock (with a duration of 3 s) was delivered through
the grid floor of the dark compartment (learning trial). Three different shock
intensities were applied, 0.00, 0.25 and 1.00 mA. Rats were removed from the
box 10 s after the termination of the shock. Passive avoidance latencies were
tested at retention trials performed at either 24 or 120 h after the Tearning
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.

CSF collection and AVP radioimmunoassay procedure

The CSF was collected in 3 different situations: at 30 s after the Tearning
trial and at 30 s after the 24 h and the 120 h retention test. Although anes-
thesia is not necessary to obtain CSF from the cisterna magna, this procedure
was chosen in order to compare the results with those obtained in experiments
in which eye plexus blood was collected under ether anesthesia (16). Samples
of CSF were collected in cooled polypropylene tubes. These were centrifuged
at 4° C in order to remove blood contamination. For the determination of IR-
AVP in CSF, samples obtained from two animals with a similar passive avoid-
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ance response were pooled. The total CSF volume was 150 ul. The pooled samples
were lyophilised. AVP determinations were performed in unextracted, lyophilised
samples using a specific RIA system. Immediately before the RIA procedure

the Tyophilised CSF samples were redissolved in assay buffer. The antiserum
used was highly specific for AVP, the cross-reactivity on a mol basis with
oxytocin being 0.0019% and with vasotocin 0.25%. Synthetic AVP (pressor activi-
ty: 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 correlation was found between antidiuretic activity and immunoreactivity
of an AVP sample extracted from eye plexus blood plasma (16).

For dilution of standard and CSF samples, veronal buffer (pH 8.0) containing
0.02 M barbituric acid (Merck, Darmstadt, Germany), 66.6 nmol/m1 L cystine
(Nutr. Biochem. Comp. Cleveland, USA), 0.01 EDTA (Merck) and 73.5 nmol1/ml
human serum albumin (HSA, Sigma, Brunschwig Chemie, Amsterdam, The Netherlands)
was used. Antiserum was diluted with the same buffer containing 18.4 nmol/ml
HSA. The incubation mixture typically consisted of 50 ul AVP antiserum (final
dilution 1 : 32,000), 50 ul standard or sample and 10 ul 1251 jodo AVP in
veronal buffer. Assays were performed in an equilibrium system. The tubes

were incubated at 4° C for 72 h. Bound AVP was separated from free by addition
of 100 ul of dextran coated charcoal. AVP levels were expressed in fmol/ml
CSF. A1l experiments were performed using a blind procedure where the experi-
menter performing the RIA determination was unaware of the behavioral perform-
ance of the rat from which the CSF was collected. IR-AVP levels in CSF and
passive avoidance latencies were analyzed with ANOVA-testing (Kruskal-Wallis)
and subsequently with Mann-Whitney non-parametric tests.

Results

Figure 1 presents two standard curves that were prepared in veronal buffer
containing 73.5 nmo1/ml HSA or human CSF, respectively. The latter samples
were lyophilised and redissolved in veronal buffer. This procedure caused

a slight depression in the binding, however, it changed neither the slope

of the standard curve nor the sensitivity of the assay. One rat CSF sample
with an AVP concentration of about 65 fmol/ml was lyophilised and subsequently
diluted serially with assay buffer, and AVP was measured. The values obtained
parallelled the standard curve (Fig. 1). Therefore, and in view of the speci-
ficity of the antiserum, it is Tikely that the material measured in CSF is
immunologically indistinguishable from AVP. The effect of shock intensities

on IR-AVP levels of CSF and passive avoidance latency scores of rats are shown
in Table 1. The 24 h avoidance latencies of each group of rats exposed to
electric footshocks of different intensity differed significantly from those
of the non-shocked animals. The retention latencies in each group of animals
were related to the intensity of the electric footshock applied at the learn-
ing trial. The higher the intensity of the electric footshock at the learning
trial, the higher the passive avoidance scores at the retention sessions.

At 120 h after the learning trial the response latencies were slightly lower
than those found at the 24 h retention test, but the latencies were still
significantly different from those found in the non-shocked group.

Rats that were exposed to the 0.25 mA of shock intensity showed a tendency

to increase their IR-AVP levels in the CSF at 30 s after the learning trial.
The high shock intensity (1.0 mA) caused a significant elevation in IR-AVP
levels in CSF (p < 0.01). CSF IR-AVP levels were increased significantly 24

h after the learning trial (retention session) in rats subjected to the foot-
shock of low intensity (0.25 mA) during the learning trial but were below
the detection 1imit after 1.00 mA. The IR-AVP Tevels in CSF of non-shocked
animals at 120 h after the learning trial did not significantly differ from
those found in CSF samples collected at 30 s after the learning trial or at
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FIG. 1
Standard curves obtained using rabbit antiserum in a 1 : 32,000
final dilution, one in buffer containing 73.53 nmol1/ml1 of human
serum albumin (HSA) e-————=e, one in human CSF subsequently lyo-
phylised and redissolved in buffer containing 73.53 nmol/ml1 of
HSA 0——o0. Triangles (a) indicate the values of serial dilutions
of lyophilised rat CSF.

the 24 h retention test. CSF IR-AVP levels of rats exposed during the learning
trial 5 days previously to low (0.25 mA) or high (1.0 mA) footshock were sig-
nificantly increased, the magnitude of which depended on the intensity of

the footshock.

Discussion

The present data show changes in the level of IR-AVP in CSF immediately after
learning and retention of a passive avoidance response. After the learning
trial IR-AVP levels increase in the CSF and the magnitude corresponds with

the intensity of the electric footshock during the learning trial. Retention
of passive avoidance behavior is associated with an increase in AVP level

in CSF of rats tested 5 days after the learning trial; the AVP level being
related to the avoidance latencies which reflect the intensity of the aversive
stimulation.

A more complex pattern of AVP release in the CSF appeared when AVP levels
were studied immediately after the 24 h retention 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 trial. This is not easy to explain but it may be that
exposure to high shock intensity at the learning trial releases most of the
readily releasable pool of AVP from the extrahypothalamic AVP containing nerve
terminals. Repletion of AVP released from terminals after the 1.0 mA shock

may not be complete in the subsequent 24 h interval, but needs more time,
since increased IR-AVP Tevels were found again at the retention test, 5 days
after the learning trial. 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 retention test. This hypothesis, however, assumes that the
amount of IR-AVP at the site of action in the brain would still be sufficient
to affect passive avoidance behavior. That such locally released AVP is effect-
ive may be concluded from experiments showing that local administration of

AVP antiserum in the brain target sites at the 24 h retention test blocks
passive avoidance behavior (17).

The line of reasoning followed in the interpretation of changes in IR-AVP
levels in CSF finds support from more recent data showing that marked depletion
of IR-AVP takes place in limbic structures immediately after the learning
trial (11). IR-AVP levels in hippocampus, septum, the paraventricular and
suprachiasmatic nucleus are also reduced at the 24 h retention 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 tissue levels of IR-AVP

may reflect an increased secretory activity at the AVP terminal. The increase
of the IR-AVP level in the CSF may, therefore, be an index of such secretory
activity provided, however, that mild shock conditions are applied or that

a peptidergic terminal is permitted enough time to replete its readily releas-
able pool. Further support for this line of reasoning may be taken from the
reported circadian variation of AVP levels in the CSF (13, 18), which also
suggests that this level reflects the activity of central AVP secretory neu-
rones. Moreover, memory processes also are subject to circadian organization
(19). The significance of AVP released into the Tiquor is not clear. It could
represent the actual spill-over of released AVP as mentioned above, or the

CSF may be used as avenue of transport for AVP to reach a distant site of
action in the brain (20-22).

Mens et al. (21) did not find significant changes in CSF IR-AVP level during
passive avoidance behavior. A possible explanation for the difference bétween
these and the present data may be the difference in experimental procedure
and the RIA determination. We arrived at this conclusion after examinaticn

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 tissue IR-AVP were, therefore,
only detectable during passive avoidance behavior, when the animals were pre-
viously handled and habituated to the conditions of the behavioral experiment
(11). Such precautions were also taken in this study.

The changes in IR-AVP level of CSF might have been due to cleavage of AVP

in smaller fragments. CSF is virtually devoid of proteolytic enzymes involved
in peptide conversion (23). Burbach et al. (24) showed that brain synaptic
membranes contained an amino peptidase that cleaves the ring portion of the
molecule at the Cys! and Tyr2 bond, and generates a series of C-terminal frag-
ments, that also occur endogenously in the brain (25). Two fragments, the
[pGlud,Cyt6]AVP-(4-9) and its desglycinamide derivative were at least one
thousand times more potent than AVP-{1-9) in facilitation of a passive avoid-
ance response (24). However, using an antiserum that showed an approximate
30% cross-reactivity for the [pGlu#,Cyt6]AVP-(4-9) fragment essentially the
same patterns of changes in IR-AVP level of CSF were found during passive
avoidance behavior (26). Therefore, altered biotransformation of AVP

in the brain may contribute to, but certainly
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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 conditions associated with the release of AVP
in the CSF. This finding may be of assistance in the understanding of the

role of this peptide in brain mechanisms underlying learning and memory pro-
cesses.
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