-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Maastricht University Research Portal

% Maastricht University

Vasopressin and human behaviour

Citation for published version (APA):

Jolles, J. (1987). Vasopressin and human behaviour. In Vasopressin: Principles and Properties (pp. 549-
578). Plenum.

Document status and date:
Published: 01/01/1987

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 04 Jan. 2021


https://core.ac.uk/display/323360737?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://cris.maastrichtuniversity.nl/en/publications/88550ffd-9709-4462-8a3b-67bb2034f4dc

15
Vasopressin and Human Behavior

JELLEMER JOLLES

1. Introduction

Peptides related to the pituitary hormone vasopressin (VP) have been found to
influence aspects of memory processes and learning in laboratory animals (De
Wied, 1969; see De Wied, 1983, for review). This finding has led to the suggestion
that VP might have a clinical application in the treatment of human memory
disorders. Unfortunately, it is not simple to state whether VP has been found
effective. This is because clinical studies differ with respect to the nature of the
patient population (e.g., brain trauma, alcoholism, depression) and the methods
of testing used. In addition, there is wide variation in pharmacological parame-
ters, such as the dose, route, and frequency of peptide administration. Accord-
ingly, some studies report positive effects of VP administration, whereas others
are negative (Jolles, 1983b).

Ii is the purpose of this chapter to summarize the studies performed to date
and to evaluate the sources of difference. In addition, attention is paid to the
nature, type, and context of the cognitive response in order to ascertain whether
the peptide might possibly have a specific action on particular cognitive processes
and not on others. In this respect, it is important 10 recognize that there are dif-
ferent aspects of memory and cognition, each of which may have its own under-
lying neural substrate. Furthermore, disparate memory and cognitive disorders
are often characterized by similar complaints. Accordingly, it is not to be
expected that VP treatment should be equally effective in each type of
impairment.

In order to assist the evaluation of the treatment studies in this respect, an
overview is given on the neuropsychology of memory and on methods of testing

JeLLemeR JoiLes @ Department of Neuropsychology and Psychobiology, Clinical Psychiatry, State
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used to assess the effects of VP. Also discussed are animal studies with VP as well
as its congeners that are pertinent to this topic.

2. Vasopressin and Cognitive Disorders
2.1. Animal Studies

VP-like peptides appear to improve the performance of normal rats in a vari-
ety of behavioral paradigms that measure the acquisition and retention of aver-
sively motivated behavior (De Wied, 1983). In addition, rats characterized by a
decrease or a lack of endogenous VP demonstrate impaired performance on
learning and memory tasks. This appeared in three different conditions of VP
deficiency: neurohypophysectomy, hereditary defects in the production of VP
(the Brattleboro rat), and treatment with VP antiserum (De Wied, 1983; van
Wimersma Greidanus ef al., 1975). Interestingly, the impaired behavior could be
restored by treatment with VP or congeners. Similar effects were found in animals
with impaired performance due to treatment with CO,, electroconvulsive shock,
or inhibitors of protein synthesis.

Several arguments suggest that VP has a direct effect on the central nervous
system (CNS): It appears that the dosage of the peptide needed to elicit a partic-
ular behavioral effect is much lower after central than after peripheral adminis-
tration. Second, VP fragments devoid of classic-peripheral-endocrine effects
([Lys®,dGlyNH,"]VP, dGLVP) still display the behavioral effect. Finally, exten-
sive systems of vasopressinergic fibers have been demonstrated in brain (Buys,
1987), suggesting that central peptidergic mechanisms do exist. However, there is
some dispute on the relative importance of peripheral versus central factors in
the mechanism of action of the peptide (Gash and Thomas, 1983; De Wied,
1984).

The behavioral effect of VP is longer lasting than that of adrenocorticotropic
hormone (ACTH)—days instead of hours. In addition, the peptide improved
both the initial acquisition of the information and the retention of the material,
whereas no clear-cut effects of ACTH on acquisition have been reported (see De
Wied, 1983).

2.2. Human Studies: General

The behavioral evidence suggesting that VP enhances memory processes has
led to the suggestion that the peptide might have application in the treatment of
human memory disorders. Unfortunately, there are many differences between the
studies with respect to aspect(s) of memory affected, type of patient, severity of
the defects, and methods used for treatment evaluation (see Sections 4 and 5;
see also Jolles, 19835, 19864). In addition, the studies differ with respect to the
dose, route, frequency, and duration of the peptide administration and experi-
mental design used (e.g., open, blind). Furthermore, different VP congeners have
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‘peen used. that difger with respect to the peripheral side effects. The porcine pitu-
1tgry ppp‘ude [Lys*]VP (LVP) has been used in many investigations and has anti-
diuretic, vasopressor, and behavioral effects; its congener, desamino[D-Arg’]VP

(dDAVP), has antidiuretic and behavioral effects, and [dGlyNH,’]VP (dGVP) has
only the behavioral effects.

2.3. Head Trauma

The first clinical trial concerning the antiamnesic effects of VP-like peptides
was performed with three patients who suffered from post-traumatic amnesia and
with one patient who had chronic alcoholism (Oliveros et al., 1978) (see Table I).
LVP was administered by nasal spray. Cognitive functions were not measured
systematically, but a clinical impression was that all patients improved after 3 to
9 days. Timist-Berthier et al. (1980) treated seven patients with LVP nasal spray
and indicated that five patients improved on tests that are supposed to measure
attention or short-term visual retention. In addition, clinical improvement was
found in activity, motivation, and social adjustment. The peptide effect devel-
oped in time and was maximal after weeks/months. Furthermore, all seven mem-
ory-disturbed patients had decreased levels of vasopressin-neurophysin (VP-NP),
the VP-transport protein. These levels increased to normal in four of five patients
who improved after treatment. Drago et al. (1981) reported a beneficial effect of
treatment with LVP in a brain trauma patient. A study with memory-disturbed
trauma patients had been conducted in our Institute (W. M. A. Verhoeven, A. F.
M. M. Verdonck, and J. M. van Ree, 1980, unpublished observations), where six
brain trauma patients were treated with dGVP nasal spray in a double-blind
crossover study. No statistically significant effects were seen on the tests of visual
memory and concentration (e.g., Benton visual retention test, Bourdon Wiersma
test, and tapping test). However, five of six patients reported 2 subjective
improvement with respect to general activity and general well-being from the
fourth day of treatment on. Basal levels of VP and neurophysins in blood and
cerebrospinal fluid (CSF) were in the normal range for all patients and did not
change as a result of the peptide treatment. Two more recent studies in which
dGVP (0.1 or 1.0 mg) was taken orally for 1 month in a placebo-controlled dou-
ble-blind design have shown that mild but not severe brain trauma patients expe-
rienced a positive effect of the treatment. The test parameters affected were espe-
cially the rate of memory retrieval and other aspects of the rate of information
processing, measured with a Sternberg-type Memory Comparison task (J. Jolles,
R. Hijman, A. Flderson, W. M. A. Verhoeven, J. M. van Ree, and D. De Wied,
in preparation) (see also Section 5). )

Likewise, Legros (personal communication, 1984) reported a clinically sig-
nificant treatment effect of LVP in four of ten post-traumatic patients (comparpd
with controls). The peptide was mildly effective in three patients and not eﬁ'ect}ve
in three others. The four patients whose condition improved had the lowest (ie.,
undetectable) levels of VP-NP; interestingly, the treatment with VP appeared 1o
increase these levels. L

No treatment effects were seen in patients with more serious head injuries.
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For instance, no effect was seen after treatment of such patients with low doses
of dGVP or LVP (Jenkins et al., 1979); higher doses of dDAVP and dGVP were
also ineffective (Jenkins ef al., 1981). Several other studies with patients treated
with LVP were also negative (Koch-Henriksen et al., 1981; Fewtrell et al., 1982;
Reichert and Blass, 1982). Therapeutic efficiency may depend on the extent to
which degenerative processes have taken place in the brain: relatively less serious
defects seem to benefit more from peptide treatment.

2.4. Ampnesic Syndrome Associated with Chronic Alcoholism

Oliveros and co-workers (1978) treated an alcoholic patient with LYP and
reported a beneficial effect of this peptide. A subsequent investigation by Le Boeuf
et al., (1978) reported a similar effect in an alcoholic patient with the amnesic
syndrome (see Table II). This patient remembered more and had better concen-
tration, attention, and time orientation after intranasal application of LVP. A
more recent study of two alcoholic patients treated according to a double-blind
crossover design with LVP also reported a treatment effect (Drago et al., 1981).
Peabody et al. (1985) gave some preliminary evidence that the peptide might
affect the performance on a word-learning task, but Tinklenberg et al. (19814,
1982) found no improvement in alcoholic patients treated with dGVP or
dDAVP. Apart from the fact that different peptides were used, the duration of
treatment was also much shorter in the latter study. Other negative outcomes in
severe chronic alcoholics (Korsakoff syndrome) were reported by Blake et al
(1978) and Jenkins et al. (1982) (sce Table III). In addition, Jennekens ef al.
(1985) did not find treatment effects of dGVP administered orally in 1-mg sub-
lingual tablets. The behavioral and cognitive deficits in the five Korsakoff patients
treated by these investigators can be regarded as severe. It might be that a serious
amnesic syndrome induced by alcohol does not benefit from treatment with VP
analogues. This notion is strengthened by recent studies by Laczi et al. (1983b),
who failed to find an effect of dGVP on memory or attentional processes in 14
patients with Korsakoff syndrome. However, positive treatment effects were
found on these parameters in a later study with mild alcoholic subjects who had
memory deficits but no anamnesic syndrome (Lazci et al., 1983b).

2.5. Aging and Senile Dementia

Twelve patients (aged 50-64 years) hospitalized with somatic complaints
were treated with LVP applied intranasally (Legros ef al., 1978). These patients
performed better than did control subjects on tests of attention and memory. The
same investigators reported later that the scores of one parameter of the Rey
memory test correlated with levels of basal neurophysins in the blood (Legros and
Gilot, 1979). Effects of LVP were also found in senile demented patients, average
age, 80 years (Delwaide et al., 1980); a single administration of LVP improved
the performance of 9 of 10 patients on a word-list retention task; these effects were
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still present after 48 hr. Others have also reported that single administration of
dDAVP can improve the memory for semantic structures (i.e., word memory) in
a fluency task in patients suffering from progressive dementia (Weingartner ef al.,
19815). Ferris (1983) treated 20 patients suffering from mild to moderate demen-
tia with LVP for periods of 7 days in a placebo-controlled crossover study. Con-
sistent, but small, improvements on memory tests were noted. However, in a
study specially selecting patients for Alzheimer disease and then treated with
LVP, Durso et al. (1982) found no effects on test of memory, learning, and visual
perception. The only measurable effect concerned an improved performance in a
reaction-time test. These investigators concluded that VP might have a nonspe-
cific actlvatmg effect (Durso ef al., 1982). A similar suggestion was made by Tink-
leberg et al. (1981a,b, 1982), who also investigated the effects of VP analogues on
Alzheimer disease. Neither dDAVP nor dGVP had measurable effects on the tests
used. An impression was that some patients might experience more energy and
less depression, especially those with comparatively mild dysfunctions. These
same workers later found some preliminary evidence in favor of a dAGVP effect
on a word-learning test in senile dementia of Alzheimer type (SDAT) (Peabody
et al., 1985).

Interestingly, improved memory was reported in 5 of 11 patients suffering
from multi-infarct dementia, treated in a double-blind placebo-controlled design.
Social behavior improved in 8 of 11 subjects (Bucht et al, cited in Legros and
Lancranjan, 1984). More severely demented multi-infarct and SDAT patients did
not benefit from peptide treatment (Franceschi et al., 1982). In addition, dDAVP
appeared to be ineffective in another study with three SDAT patients (Jenkins et
al., 1982), and Jennekens-Schinkel ef al. (1985) were unable to obtain treatment
effects of 1 mg dGVP administered in sublingual tablets to four patients with mild
Alzheimer disease. Intranasal LVP treatment has not been effective on neurolog-
ical and psychiatric parameters in a double-blind study with parkinsonian
patients (Jensen, 1980). Taken together, there is some evidence in favor of the
hypothesis that VP treatment may be more effective in patients with senile
dementia who have less extensive neural degeneration.

2.6. Depression and Schizophrenia

Several investigators have claimed that the antiamnesic action of VP-like
peptides is related to an antidepressant effect. In studies in which patients with
endogenous depression and cognitive disorders were treated with dDAVP (Wein-
gartner et al.,, 1981a; Gold et al., 1979) (see Table IV), three of four patients man-
ifested a significant improvement in the level of cognitive functioning. After 4
weeks, they were back at their pretreatment level. In a follow-up study by the
same researchers in two depressed patients, dDAVP appeared to counteract the
amnesia that is a characteristic side effect of electroconvulsive shock therapy.
Others reported that LVP improved memory processes in three depressed
patients (Drago et al, 1981). Likewise, Vranckx and co-workers (cited in Legros
and Lancranjan, 1984) found a beneficial effect of LVP treatment in moderately
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depressed patients. By contrast, there was no therapeutic action in more severely
depressed patients who did not respond to classic pharmacological treatment.
Other negative findings are reported by Lerer ef al. (1983), who tested the effect
of single doses of dDAVP on ECT-induced learning deficits in nine patients suf-
fering from major depressive disorder.

Interestingly, VP effects have also been found in schizophrenic patients, espe-
cially on those symptoms that are not influenced by neuroleptics, e.g., emotional
withdrawal, anergia, and blunted affect.

As early as 1937, Forisz treated chronic schizophrenic patients with intra-
muscular Pitressin for prolonged periods (Forisz, 1952a,5). About 40% of treated
patients improved in that after an initial sedative effect lasting 1-2 weeks, posi-
tive symptoms of the psychosis reappeared, eventually resulting in a more social
and interested attitude. A number of patients could leave the clinic. More
recently, in a study of 16 chronic schizophrenic patients (Korsgaard et al., 198 1),
a decrease in thought disorder was noted, accompanied by an increase in energy
and activity (in 6 of the 16 patients). The increase in activity was not of thera-
peutic value in four patients because they were agitated/aggressive. In a similar
study by Vranckx et al. (1979), undesirable effects (especially with respect to the
BPRS item, excitement) occurred in only a few patients. These investigators
reported that LVP in doses of 15 up to 45 IU may have a beneficial effect on
emotional withdrawal and blunted affect.

2.7. Other Patients

Memory processes are reported to be improved in diabetes insipidus
patients, in open studies with dDAVP (Gilot ef al., 1980; Waggoner et al., 1978)
(see Table V), and in double-blind studies with LVP, dDAVP, or dGVP applied
either intranasally or intramuscularly (Laczi et al., 1982, 1983a). The latter group
claims that acute intramuscular injection of dGVP improves aspects of short-
term memory; that subchronic intranasal administration of dGVP facilitates both
short-term and long-term memory. It would thus appear that different aspects of
memory can be manipulated by the nature of the peptide and the route of
administration.

Several studies have been performed with patients suffering from deep brain
lesions of different etiology. Some reports indicate an effect of VP on amnesia
caused by herpes simplex encephalitis (Koizumi et al, 1981) and hypothalamic
disorders (Calandra et al., 1980). By contrast, no treatment effect was found in
cases of brain hypoxia treated with LVP (Fewtrell ef al., 1982) or dGVP (W. M.
A. Verhoeven, A. F. M. M. Verdonck, and J. M. van Ree, unpublished data), or
in a patient suffering from cerebral vascular insufficiency (W.M.A. Verhoeven et
al., unpublished data). A subjective improvement after treatment with dGVP was
found in one patient suffering from a disorder of semantic and episodic memory
after left temporal brain surgery (W.M.A. Verhoeven et al, unpublished data).
Negative results were reported by Jennekens-Schinkel ez al. (1985), who treated
seven patients suffering from several severe neurological diseases with 1 mg
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dGVP, administered orally in a sublingual tablet. The neurological diagnoses
were as follows: posti-traumatic encephalopathy, cerebral shotgun lesion, menin-
gitis, paralysis agitans, olivo-ponto-cerebellar syndrome, panhypopituitarism,
and aneurysm of the basilar artery with subarachnoid hemorrhage.

A beneficial effect of dGVP has been reported in children suffering from
Lesch-Nyhan disease. This disease is characterized by automutilation behavior
interpreted as a disorder of passive-avoidance behavior (Anderson ef a., 1979).
Specific effects of ADAVP on memory retrieval were reported in a study on chil-
dren suffering from attention and learning disorders (Eisenberg et al, 1984a).
Negative results were reported by the same investigators (Eisenberg e al., 1984h)
in a crossover study with dDAVP in nine Down syndrome patients.

Findings suggesting that dGVP might influence the detoxification of heroin
addicts were reported by Fraenkel and co-workers. The peptide was administered
as a sublingual tablet and reportedly facilitated detoxification by methadone
(Fraenkel ef al, 1983). Moreover, there was a longer time course of clinic atten-
dance and a higher percentage of successful detoxifications as compared with pla-
cebo treatement (van Beek-Verbeek et al., 1983).

2.8. Healthy Volunteers

Volunteers without memory defects have also been found to benefit from
treatment with VP analogues (see Table VI). Six healthy young volunteers
appeared to have improved word-list rentention after treatment with dDAVP for
2-3 weeks (Weingartner et al, 1981a). Similarly, 10 healthy young subjects
improved on some tests, which are throught to measure aspects of memory, after
LVP or dDAVP (Laczi et al., 1982). Nine patients without a memory deficit also
improved in these respects after dGVP (Léczi et al, 1983a). In a study in 36
healthy volunteers reported by Posmurova et al (1983), 8 mg dDAVP was
administered intramuscularly. These investigators found significant treatment
effects with respect to either learning or short-term memory, or both, for tactile
stimuli. Medvedev et al. (1981) found that a single administration of VP can be
effective. This peptide was administered to 20 students, and the data were taken
to indicate that VP would specifically improve long-term memory and recall.
More recently, Jenkins et al. (1982) did not find an effect of dDAVP in healthy
subjects treated for 2 weeks. Likewise, negative findings were reported by Fehm-
Wolfsdorf ef al. (1985) in a study of 17 pairs of monozygotic (Mz) twins treated
with 10 TU LVP administered intranasally three times before experimental testing
(i.e., 48, 24, and 1 hr prior to testing). More recent studies are important in that
there was a careful selection of tasks to be used in the treatment evaluation,
thereby giving more insight into the nature of the memory processes affected by
VYP.

Some preliminary evidence has been found in favor of a peptide effect on
word-list retention (Fehm-Wolfsdorf et al., 1984). More clear-cut positive results
were reported by Beckwith et al. (1982), who showed in a series of experiments
with information-processing tasks that acute administration of dDAVP enhanced
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the learning performance on a concept-shift task. There was no effect on visual
memory, anxiety, blood pressure, or heart rate, which excludes a general arousal
explanation. These investigators concluded that the peptide influences memory
via an action on attentional processes (Beckwith et al., 1982). A similar finding
was done with the Sternberg Memory-Scanning task (see Section 5.3; see also
Beckwith et al, 1983). In addition, healthy young male adults treated with
dDAVP demonstrated better memory for implicational sentences than did con-
trol subjects. Interestingly, this treatment had no influence on women given the
same memory task, suggesting that dDAVP may have a sexually dimorphic effect
on learning and memory (Beckwith et al., 1984). A similar positive effect on the
Sternberg Memory-Scanning Task was found by Nebes et al. (1984). These inves-
tigators studied the effect of dDAVP in 48 healthy volunteers (24 young, 24
elderly) and found peptide effects on memory comparison time and perceptual
motor time in short-term memory and retrieval time in long-term memory. Other
aspects of memory were unaffected, again pointing toward a specific influence of
the peptide.

3. Cognitive Disorders and Changes in Cerebrospinal Fluid-
Vasopressin Levels

An increasing number of studies report that cerebrospinal fluid (CSF) levels
of VP are abnormal in several types of patients suffering from cognitive deficits.
Legros (1975) found a decrease in the blood levels of VP-NP beyond the age of
50 years. Moreover, there was a relationship between the circulating basal neu-
rophysins and a psychometric test parameter (item 7 of Rey’s PRM). In addition,
there was a reduced VP response to the water-deprivation test in old age (Legros
and Gilot, 1979; see also Legros and Lancranjan, 1984). More recently, Sundquist
et al. (1983) found a slight decrease in CSF-VP levels with increasing age in neu-
rological patients. The VP values were significantly higher in patients with cere-
brovascular disease, whereas lower CSF-VP values were found in patients with
dementia and Parkinson disease. By contrast, VP levels in the spinal fluid of 10
elderly normal subjects, 9 patients with multi-infarct dementia, and 5 patients
with SDAT were all in the same range (Legros and Lancranjan, 1984). The
absence of decreased VP levels with age was also reported by both Jenkins et al,
(1981) and Luerssen and Robertson (1980). Augmented peripheral plasma levels
of the peptide were found in patients from the age of 70 onward (Frolkis ez al,
1982; Kirkland et al., 1984). Similarly, Legros et al. (1980) reported a secondary
increase in immunoreactive neurophysins in the blood in the same age group. For
a critical evaluation of the data on VP levels and aging in relationship to the
morphometry of hypothalamic nuclei containing VP cells, see Chapter 17, this
volume,

Changes in VP levels have also been found in psychiatric populations char-
acterized by cognitive deficits. Anorexia nervosa patients were characterized by
relatively elevated levels of VP in spinal fluid (Gold et al., 1983) whereas oxytocin
(OX) levels were depressed in these patients. Vasopressin levels were also ele-
vated in mania, again with OX in the opposite direction (Gold et al., 1983). The
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relationship between these changed levels and the cognitive deficits remains to be
established, but the findings as such may prove significant.

4. Evaluation of Clinical Studies
4.1. Pharmacological Parameters

VP studies differ in many respects, including the type of VP used (VP, LVP,
dDAVP, dGVP); the dose, route, frequency, and duration of administration; and
the type of experimental design used (e.g., open, blind). Some of these parameters
are very important, and the results of the different studies must be interpreted
accordingly.

4.1.1. The Nature of the Vasopressin Congener

LVP has been the most popular type of VP analogue used, followed by the
more recently developed dDAVP and dGVP. VP was used in only three studies
and Pitressin in one. LVP, VP, and dDAVP have peripheral side effects (antidi-
uretic/cardiovascular, and antidiuretic, respectively). Several investigators have
noted these changes in patients in whom the antiamnesic action of the peptides
was found, after both intranasal and intramuscular application of LVP (Forisz,
19524,b; Timsit-Berthier et al., 1980; Laczi et al., 1982) and dDAVP (Tinklenberg
et al., 1981a). A crucial point concerns the perception by patients of changes tak-
ing place in their bodies. How do we exclude the possibility that the reported
effects are secondary to a peripheral effect? This applies to studies in patients with
diabetes insipidus (DI) in particular (Gilot et al., 1979; Laczi et al., 1982, 1983a),
as cognitive functioning in such a patient may change as a result of normalized
water retention. Furthermore, “double-blind” may not mean very much when the
patient is able to discern placebo treatment from active treatment by the percep-
tion of bodily symptoms. Therefore, dGVP, which has virtually no peripheral
side effects, may be the agent of choice in studies on behavioral actions of VP-
like peptides.

Interestingly, no cognitive deficits were found in eight of nine young patients
suffering from DI who had been treated with antidiuretic medication from birth
on, The patient with objectified deficits had suffered from a birth trauma. These
data were obtained with an extensive neuropsychological investigation as
described in Section 4.2.3. It may be that the normal cognitive functioning in
these DI patients has to do with the normalized water retention (R. Hijman, J.
M. Wit, and J. Jolles, 1985, unpublished observations).

4.1.2. Route of Administration

Intranasal application of the peptide is the most frequently used route,
although some investigators have also used the intramuscular route. The premise
is that the peptide reaches its site of action in the CNS more efficiently via the
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intranasal route, but unfortunately there is no evidence that this is indeed the
case. On the contrary, Ang and Jenkins (1982) showed that there is a blood-brain
barrier (BBB) for VP, dDAVP, and dGVP and that intranasal administration pro-
vides no increased access to the CNS. This indicates that we are seriously
restricted in the therapeutic use of VP and analogues in humans. Animal work
suggests that the amount of VP needed to elicit behavioral effects is 20-40 times
greater after intracerebroventricular administration than after application in spe-
cific brain nuclei, and another 100-1000 times more peptide is needed after
peripheral administration (De Wied, 1976). This creates a problem in clinical
trials with VP in which a large amount of VP has to be administered peripherally
to reach the CNS, yet the administration of larger amounts of LVP or dDAVP is
contraindicated due to peripheral side effects.

4.1.3. Duration of Administration

Some reports suggest that a single administration of VP or dDAVP can
induce a measurable antiamnesic effect (Medvedev et al,, 1981; Laczi et al., 1982,
Anderson ¢f al,, 1979; Delwaide et al., 1980) and that these effects are still present
after 48 hr (Delwaide et al., 1980), hence the parallel with animal experiments in
which acute effects of the peptide have been reported (De Wied, 1976). On the
other hand, it is our impression that patients treated with dGVP (intranasally)
report a subjective improvement 4-5 days after the start of treatment (W. M. A,
Verhoeven, A. F. M. M. Verdonck, and J. M. van Ree, unpublished data). Others
have similarly reported that effects of VP develop in time (e.g., Timsit-Berthier
et al,, 1980) and can be manifested after the end of the period of active peptide
treatment. This was one of the important findings in the animal research, in that
the behavioral effects of LVP or dGVP can be monitored for many days after
administration. These findings have several implications. First, a serious question
can be raised with respect to the use of crossover studies without a washout
period, as peptide effects may still be present during the post-VP placebo period.
Second, a treatment evaluation must be performed some time after treatment
termination, to assess the effects of longer duration. Third, brief treatment peri-
ods {(e.g., less than a week) may be too short for a relevant effect to develop. It is
likely that the effects seen after a single administration were dependent on the

moment of assessment, as has been found in animal experiments (De Wied,
1971).

4.2. Neuropsychological Parameters

Many different types of patient have been used in the study of the treatment
effects of VP-like peptides. A better understanding of both the type of the cogni-
tive changes exerted by VP appears to be necessary to determine those patient
populations in which the peptide may be therapeutically active. A brief survey of
the relevant neuropsychological parameters may serve to illustrate this point: a
more thorough elaboration on this matter may be found in Jolles (1985, 1986d).
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4.2.1. Memory Processes and the Neuropsychology of Memory

Memory complaints accompany many types of disease. As the brain pro-
cesses underlying these complaints can be very different (reviewed by Luria, 1976;
Newcombe, 1980; Russell, 1981). It is necessary to discriminate relatively true
memory disorders from those that are secondary to another disorder. For
instance, memory complaints can result from general slowness or from a planning
disorder. Alternatively, attentional deficits, language deficits, or concentrational
deficiencies can be translated as a memory complaint. Finally, motivation pro-

cesses and the state of the activation or arousal of the organism can also play a
" role in a deficient memory performance. This has also been found in animal
experiments (see De Wied and Jolles, 1983; Jolles, 1983a).

Careful neuropsychological investigation has demonstrated a relationship
between the types of memory disorders and the underlying cerebral substrate. A
relatively true memory deficit, specific for a particular type of material (e.g., audi-
tory-verbal), is taken to be due to dysfunction of posterior neocortical structures.
The brain structure that is primarily involved in memory retrieval is the frontal
cortex; consolidation deficits seem to relate to dysfunctions in deep brain struc-
tures, notably thalamus and hippocampus. The hippocampus seems to be specif-
ically involved in spatio/temporal memory (O’Keefe and Nadel, 1978) and in
handling novelty. There is much evidence to suggest that a disconnection between
the different structures in the pathways between hippocampal, diencephalic
nuclei and neocortical structures can give rise to an amnesic syndrome. However,
the specific features of this amnesic syndrome depend on the nature and location
of the lesion (Lhermitte and Signoret, 1972; Newcombe, 1980). In addition to
these neocortical and limbic structures, structures in the brain stem appear to play
a role in memory processes. Brain stem nuclei, the reticular formation, specific
thalamic nuclei and ascending fibers to basal forebrain and neocortex seem to be
involved in the rate of information processing (Luria, 1976, 1980). According to
Squire and Davis (1981), many memory-active drugs act primarily or exclusively
on this extrinsic system (see also Jolles, 1983a).

It is important to discern the aspects of higher cognitive learning and mem-
ory described from motor learning or skill learning, It appears that their cerebral
substrate is different (McGeer et al., 1978). The brain areas involved in skill learn-
ing are the cerebellum and pathways to and from the basal ganglia and motor
areas of the neocortex. This is why the aspects of human learning and memory
that are usually studied in human psychopharmacology are different from those
studied in nonhuman psychopharmacology. The relative importance of motor
learning is much greater in animal studies, because the animal is required to per-
form an act, such as climbing a pole or stepping through a door. By contrast,
studies in human subjects rely much more on higher cognitive processes, such as
learning and retention of words or complex visual scenes.

In conclusion, several different memory processes exist; these different
aspects of memory depend on a different cerebral substrate. It is therefore impor-
tant to specify the action of drugs in terms of an action on different aspects of
memory and cognition,
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4.2.2. Nature of the Patient Population

It is not to be expected that one drug will have a beneficial effect in all neu-
rological and psychiatric disorders in which memory processes are affected.
Nevertheless, many clinical studies with VP have been performed under this false
premise. The remainder of this section is concerned with a brief description of
the similarities and differences among four types of subjects that have been used
frequently in clinical studies with VP.

Aging. Elderly subjects are characterized by an age-associated decline in all
cognitive functions tested (intellectual functioning, memory, language functions,
problem solving, and perception). Well-stored skills and knowledge are preserved
until old age, but there is increasing inefficiency in the consolidation of new infor-
mation (mild senescent forgetfulness), which may relate partly to decreased speed
of information processing and partly to a planning deficit (see Jolles, 1986b).

Senile Dementia. The pattern of cognitive deficits in SDAT appears to be
qualitatively similar to that of normal aging (Jolles and Hijman, 1983; Jolles,
1986b); the same applies to the similarities between the presenile and the senile
form of SDAT (Sulkava and Amberla, 1981). The early stages of SDAT are dif-
ficult to discern from depression, although differences with respect to the nature
of the memory deficits appear to be present (Jolles, 1985). There is a clearly defin-
able course of progression in SDAT; such symptoms as general lowering of activ-
ityand deterioration of short-term memory and awareness appear before apraxic,
aphasic, and agnosic deficits. Vascular types of dementia (multi-infarct dementia)
are characterized much more by focal deficits relating to the location of the
infact(s) (see Jolles, 1983, 19865).

The relative lack of VP effects in the moderate and severe stages of dementia,
in contrast to mild dementia (Section 2) may have to do with the extent to which
degenerative processes have taken place in the brain. The peptide effects found
in aged volunteers (Nebes et al., 1984; Legros et al., 1979) attract attention to the
group of aged subjects suffering from mild senescent forgetfulness as a potential
treatment group.

Brain Trauma. The brain trauma group is etiologically homogeneous but
very heterogeneous with respect to the nature of the memory disorder. The nature
of the cognitive and memory defects is dependent on the nature, extent, and local-
ization of the cerebral damage. A general phenomenon appears to be a slowing of
general information processing ability and deficits in concentration and attention.
Aspects of a planning disorder appear in several patients; memory disorders are
often profound, but they can be either a true memory disorder or secondary to
slowness or to a planning disorder.

Peptide effects in brain trauma patients can be expected to be dependent on
the nature and extent of the neuroanatomical destruction that has taken place.
The reported data (Section 2) are suggestive of this notion in that moderately
affected patients generally appear to give more clear-cut positive results than do
more severely affected trauma patients.

Alcoholism and Korsakoff Syndrome. A general finding in subjects suffering
from Korsakoff syndrome is impaired recent memory. Many arguments favor the
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conclusion that the underlying mechanism is a deficit in the consolidation of new
information (Newcombe, 1980; Russell, 1981). Disorientation regarding time and
place is another characteristic attributed to the loss of recent memory. Many of
the higher cognitive functions appear to be impaired in addition to memory,
whereas lack of insight into the condition is also characteristic of the syndrome.
Generally, the nature of the cognitive deficits seen in Korsakoff syndrome relates
strongly to the nature and extent of the anatomical lesions; in addition, all alco-
holics appear to have impairments similar to those found in Korsakoff syndrome,
but to a lesser extent (see Russell, 1981; Butters, 198)).

The alcoholic/Korsakoff patient was formerly regarded as a good subject for
peptide treatment in view of the clear-cut amnesic syndrome. The complex pat-
tern of deficits, however, may prevent the buildup of a reliable peptide effect. In
addition, the extensive degeneration of the subcortical structures may destroy the
site of action of VP.

4.3. Nature of Tests Used for Diagnosis and Treatment Evaluation

Much information has been gathered on the nature of memory and of mem-
ory disorders, yet no adequate method exists for use in the clinic (see Russell,
1981; Jolles, 1985, 1986b). It is generally recommended that a test battery be used
to measure different aspects of memory and cognition. Speed tests appear to be
especially important, in view of those studies in which VP effects were found on
speed factors (Durso et al.,, 1982; Tinklenberg, 1981¢, 1982) and the effects found
in studies in which information-processing tasks were used (Beckwith et al., 1982,
1983, 1984; Nebes et al., 1984). In addition, these tasks may give more informa-
tion on the specific aspects of cognition that are affected by VP.

The most widely used clinical measures are the Wechsler Memory Scale, sub-
tests from the Wechsler Adult Intelligence Scale (WAIS), the Benton test, and
word-learning tests. Generally, these standard psychometric tests have the advan-
tage of being standardized and that published norms are generally available.
However, they are usually crude and insensitive and do not give any insight into
the aspects of information processing that are involved. In addition, these tests
generally do not exist in sufficiently parallel versions, thereby prohibiting their
use in repeated testing in VP trials.

Procedures based on information processing models may prove more rele-
vant for human psychopharmacology (Nebes ef al, 1984; Beckwith ef al., 1982,
1983, 1984). This paradigm strives toward examining cognitive processes by ana-
lyzing behavior in quantifiable components and qualitative patterns. Reaction
time measurements are used to probe into the different stages of information pro-
cessing (Brand and Jolles, 1985, 1987), and this enables inferences on the cogni-
tive processes underlying the performance that is measured. There are a number
of additional advantages of the approach: There are many quantifiable data which
lend themselves for evaluation studies; there is usually a good test-retest relia-
bility, which indicates that learning effects are small; and the approach lends itself
especially to computerized testing (Branconnier, 1983; Jolles, 1985).

The approach characteristic of behavioral neurology is based on a model of
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TasLe VII
Battery of Tests Used for the Assessment of Cognitive Deficits
Test Parameter tested Investigators
Luria-~Christensen Motor-, perceptual-, language-, and Luma (1973) Christensen
Battery higher cognitive functions (1975)
Rey Work Learning Learning, consolidation vs. Luma (1976); Brand and Jolles
Test retrieval; rate of retrieval; (19854a)
sensitivity to interference
Memory Comparison Rate of perception/motor output; Sternberg (1975); Brand and
Task rate of memory comparison Jolles (1987)
Stroop Task . Color naming; retrieval of words Lezak (1983)
and color-names; color~word
interference
Trail-Making Task Rate of perception, retrieval of Lezak (1983); Vink and Jolles
(adapted version) letters, concept shift (1985)
Road Map Test Speed, left-right discrimination, Lezak (1983)
mental rotation
Symbol Digit Modalities Speed of perception and motor Lezak (1983)
Test output

brain~behavior relationships; it consists of a set of procedures that systematically
assess motor, perceptual, language, memory, and higher cognitive functions
{(Luria, 1980; Christensen, 1975). The approach is systematic and theoretical but
nonstructured and not standardized. Its theoretical nature permits an interpre-
tation from the behavioral/cognitive deficits to brain dysfunctioning and vice
versa. A disadvantage is its qualitative nature, which prohibits the use of the par-
adigm in the assessment of treatment efficacy (Jolles, 1985).

A combination of the psychometric, information-processing, behavioral par-
adigms can be fruitful in assessing cognitive disorders and drug treatment effects.
The test series used for the assessment of cognitive deficits in our clinic consists
of the tests and tasks described in Table VII (see Jolles, 1985). In addition to this
test series, other tests are used to examine any specific deficits more closely. These
tests are chosen from standard batteries (e.g., the tapping test from Halstead Rei-
tan Neuropsychological Test Battery or Block design from WAIS) or from exper-
imental tasks, used in an ad hoc fashion. This neuropsychological approach
toward individual assessment lends itself particularly to a profile analysis that
permits a description of the cognitive strengths and weaknesses of the subject
{Jolles, 1985). Tests used for the evaluation of drug-treatment effects are chosen
from this battery of assessment techniques.

4.4. Nature of the Vasopressin Effect

When evaluating clinical studies with VP and it analogues, one is tempted to
conclude that the peptides have many different effects on cognition. However,
there are indications that similar mechanisms may underlie the seemingly differ-
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ent findings. For example, Weingartner et al. (1981a,b) suggested that VP may
affect human memory through inducing more efficient organization and encoding
of memory. Others suggest that VP facilitates attention (Legros et al,, 1979; Beck-
with, 1982) and concentration (Legros et al., 1979), Still others find that VP espe-
cially affects speed. An effect on reaction time (faster) was the only significant VP
effect found by Durso ef al. (1982) in senile demented patients. Similarly, W. M.
A. Verhoeven ef al. (unpublished observations) found intranasal administration
of VP to improve the speed of motor performance (tapping test) in patients with
brain trauma. The observations in schizophrenic patients support the notion of
an effect on the rate of working, thinking, and so forth, in that VP had an acti-
vating effect (Forisz, 19524,b; Vranckx et al., 1979; Korsgaard ef al,, 1981). The
peptide effect reported in depressed patients (Gold et al., 1979; Weingartner et
al., 1981a,b) may be based on the same mode of action of the hormone, because
a decrease in the rate of thinking and working is a characteristic of depressed
patients. Finally, on the basis of behavioral observations of patients, some work-
ers have suggested that VP might have a general nonspecific activating effect,
which may be different terminology for the same effect described by others (Tink-
lenberg et al., 1981a,b; 1982).

Our own studies suggest that there might be an increase in the rate of infor-
mation processing, which can manifest itself as an increased efficiency in the orga-
nization of memory, but also in a subjective feeling of increased energy and better
mood. It may be the case that all the different interpretations reflect the same
basic mechanism of action of VP, expressed in different terms.

There is some fundamental neurobiological and neuropsychological knowl-
edge that favors such a notion. For instance, both animal and human studies
suggest that the effects of VP on cognitive, affective, and electrophysiological para-
meters resemble those of agents that increase CNS activation, such as catechola-
mine agonists (Weingartner ef al., 1980; Reus et al., 1979; Timsit-Berthier et al.,
1982). In addition, there is some evidence that the effects of VP on animal behav-
ior are mediated by ascending catecholaminergic systems, notably norepineph-
rine (NE) (see Section 6.3). The available evidence thus suggests that VP influ-
ences the extrinsic aspects of memory by modulating the synaptic efficacy of the
ascending fiber system (possibly on its termination in telencephalic areas, i.e.,
neocortex and limbic cortical areas). Again, a terminological problem appears, as
some authorities traditionally describe the behavioral functions associated with
the activity of the ascending fiber system in terms of arousal and (nonspecific?)
activation, whereas others view these as memory processes in view of their mod-
ulating effect on activity in the anatomical memory circuit (described in Section

" 5.1). Recent experiments (Nebes et al., 1984) with sophisticated methods based
on information-processing techniques do not support the concept of a diffuse
nonspecific general action of the peptide (put forward by Durso et al., 1982; Tink-
lenberg er al,, 1982; Gash and Thomas, 1983). Accordingly, there is increasing
evidence in favor of a specific action of the peptide (see also De Wied, 1984).
Several other investigators have suggested that NE may enhance the impact of
significant stimuli, while dampening the effect of less significant inputs. This
would result in an improved signal-to-noise ratio (Segal and Bloom, 1976; see also
Woodward et al., 1979). Strupp et al. (1983) suggested that VP directly, or indi-
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rectly, might have a similar effect on information processing. When analyzed on
the behavioral level, this would be termed selective attention. Interestingly, there
is experimental evidence in favor of this interpretation (Beckwith et al,, 1982).
al., 1982).

Strupp et al. (1983) suggested that a dose-response relationship exists such
that at physiological levels, VP may play a role in adaptive processes by focusing
attention on the most important aspects of the environment, while at higher lev-
els this narrowing of focus may result in rigidity or perseveration. There are many
arguments in favor of such a notion with respect to other hormones, such as
ACTH (Strupp et al., 1983; see also De Wied and Jolles, 1983). In addition, there
is a trend toward impaired reversal learning in animals treated with VP (Couk
and Beckwith, 1982). Interestingly, high doses of LVP in rats give rise to so-called
barrel-rotation behavior (Kruse ef a/., 1977) which might also be interpreted in
terms of perseveration of a specific motor response. All these data indicate that a
U-shaped curve with respect to the efficacy of VP treatment might exist in
humans. If this is true, there is an optimal dose above which there is no beneficial
effect of peptide administration. It remains to be determined what range is most
effective for any treatment in humans.

5. Evaluation of Animal Studies Pertinent to the Possible Treatment
Effects in Humans

3.1. Impact of Neuropathological Lesions

Animal studies suggest that the nature and extent of neuropathological
lesions must be considered when evaluating the effectiveness of VP treatment.
For instance, van Wimersma Greidanus et al. (1975, 1976) showed that the effect
of VP on avoidance behavior is prevented by lesions in the amygdala and in the
rostral septal area and is diminished by lesions in the parafascicular nucleus of
the thalamus. In addition, destruction of the dorsal norepinephrinergic bundle by
injection with 5-hydroxydopamine has a similar effect in that it prevents the VP-
induced facilitative consolidation (Kovacs et al.,, 1977, 1979, 1980). The impli-
cation for human studies is that patients with clear anatomical destruction of
these deep limbic structures may lack the neural substrate that mediates the vaso-
pressin effect. This applies especially to patients suffering from amnesic syndrome
caused by chronic alcoholism or encephalitis; this may also explain the findings

- with trauma patients, alcoholic patients, and demented patients described earlier

(see Section 5) with respect to the influence of more or less profound brain
degeneration.

5.2, The Neural Substrate for the Action of Vasopressin
There is much evidence to suggest that VP exerts its behavioral effects via an

action on the catecholaminergic nerve terminals. For example, VP enhances NE
turnover in specific areas in the brain (Tanaka ef al,, 1977, Versteeg et al., 1979),
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and lesions in catecholaminergic systems prevent the VP effect on behavior
(Kovacs et al, 1977, 1980). Moreover, there is electrophysiological evidence that
the VP administration may lead to electrophysiological arousal in mid-brain
structures (Urban and De Wied, 1978). This is also suggestive of an involvement
of ascending catecholaminergic fibers arising in the brain stem. These animal
findings are of importance for an interpretation of the human data; again, they
are an indication for the involvement of extrinsic aspects of memory and, thus,
may serve to bridge the gap between the different interpretations of the cognitive
effect in humans. The recent findings on the distribution of vasopressinergic fibers
in the brain are in line with the notion that there must be a physiological role of
VP that is different from its action on the periphery (i.e., its antidiuretic and vaso-
pressor activity). The demonstration that important vasopressinergic nerve fibers
terminate in the amygdala, the septum, hippocampus, and hypothalamic and tha-
lamic nuclei, as well as in structures in the lower brain stem (see Chapter 2, this
volume) adds support to the notion that the peptide may have something to do
with memory processes as these structures are implicated in attention, memory,
and learning in both animals and man (see Section 5.1).

5.3. Nature of the Vasopressin Effect

Generally, VP has been shown to affect memory processes, particularly in
aversively motivated learned behaviors. Until now, this effect has not been dem-
onstrated convincingly in nonaversively motivated situations. Interestingly, there
is increasing evidence that the memory-enhancing effect of VP in avoidance tasks
may have to do with its possible aversive properties. For instance, endogenous
VP is normally released by some stressors (Schier, 1979), while peripheral admin-
istration of pharmacological doses of VP appear 1o be aversive to rats (see Strupp
et al., 1983, and references cited therein). It has been suggested that the admin-
istered peptide may enhance memory by amplifying the aversiveness of the sit-
vation (Gold and van Buskirk, 1976). It is relevant in that several LVP-treated
subjects experience aversive reactions, such as nausea and vomiting (Forisz,
19524, b; Timsit-Berthier et al., 1980; Laczi, 1982). This effect seems to occur only
upon long-term treatment and may be characteristic of intramuscular adminis-
tration. There is also a strong argument against this hypothesis that the VP effect
is mediated by its aversive stimulus characteristics, in that VP fragments, which
are practically devoid of the classic endocrine activity in normal rats (e.g., dGVP),
still show effects on memory processes. Besides, aversive effects on humans have
never been found with dGVP. However, the fact that a reliable treatment effect
of VP in animals has only been demonstrated in aversively motivated behaviors
may suggest that a treatment effect in humans is at least partly dependent on the
task and situations, in that some emotional involvement of the subject may be
required.

5.4. The Diurnal Cycle

Most animal studies have tested the animals during the light portion of the
diurnal cycle, during which time VP levels are highest in CSF (Reppert et al.,
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1981; Perlow et al., 1982). VP might possibly have a greater effect on learning if
administered during the dark cycle, when endogenous VP is low (Strupp et al.,
1983). A similar argument may apply to the situation in humans, in that the
moment of peptide administration may appear to be more important than is rec-
ognized. In our own studies, VP is routinely administered in the morning after
breakfast.

6. Concluding Remarks

Clinical trials with neuropeptides, including VP and its congeners, are diffi-
cult to evaluate, as there are many sources of difference and error. Nevertheless,
it seems that VP does have behavioral effects in humans. This conclusion is based
on the fact that most studies find something, be it a clinical impression of
improvement or subjective test results, Many studies in which the peptide was
ineffective were performed on patients with a complex pattern of neuropsycho-
logical deficits or other symptoms suggesting profound brain degeneration. This
should not be surprising, because degeneration of the relevant brain structures
may well destroy the sites of action of the peptide. More positive effects have been
found in moderately (as opposed to severely) traumatized patients. The same is
true for the alcoholic/Korsakoff patients and for early versus late stages in senile
dementia. Interestingly, 9 of 10 studies in volunteers have reported a positive
effect of treatment. Taken together, these findings may indicate that future studies
should focus on those patients who have mild deficits without pronouced ana-
tomical destruction. In our opinion, the subjects of choice for peptide studies are
patients presenting cognitive dysfunctions resulting from mild brain trauma (e.g.,
concussion), elderly people with mild senescent forgetfulness, those with very
early dementia, and patients suffering from depression. This implies that the
patient groups should be more defined neuropsychologically, to assess specific
influences on types or aspects of memory. We suggest that information-processing
tasks that measure the processes underlying both consolidation and retrieval and
other aspects of memory may be the most relevant to study. Better and more
specific methods of treatment evaluation (including parallel test versions) should
therefore be used. Again, information-processing tasks may prove important in
this respect.

Another important point concerns the nature and amount of the active prin-
ciple. The amount of VP that can be used in humans is limited, due to peripheral
side effects, while high doses are necessary to enable sufficient VP or analogues to
pass the BBB and reach the CNS. VP congeners, which are resistant to metabolic
degradation, would therefore be of value. dGVP is favored above dDAVP, and
especially LVP, because its peripheral endocrine effects are much less than those
of VP, LVP, and dDAVP. Finally, it may be necessary to treat for relatively pro-
longed periods of time (weeks) to allow a relevant treatment effect to develop.

Conclusions that can be drawn from the clinical studies performed to date
are generally in line with those based on animal experiments. Future patient stud-
ies may yield more relevant information when they make more use of the exten-
sive knowledge collected for the past decade in animal experiments, in cognitive
psychology, and in the neuropsychological studies of brain-behavior relation-
ships in humans.
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