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VAN REE, J. M. AND D. DE WIED. Involvement of neurohypophyseal peptides in drug-mediated adaptive responses.
PHARMAC. BIOCHEM. BEHAV . 13: Suppl. 1,257-263, 1980.-Neurohypophyseal hormones and their fragments affect
learning and memory processes in animals and men. Such processes have been implicated in development of tolerance to
and physical dependence on as well as acquisition of self-administering behavior with psychoactive drugs, e.g, mor
phinomimetics and ethanol. The data reviewed indicate that these phenomena are modulated by neuropeptides related to
neurohypophyseal hormones in a rather subtle and specific manner. This may be of significance for the underlying
mechanism of drug dependence.

Morphine tolerance Morphine dependence Ethanol tolerance Ethanol dependence
Morphine physical dependence Ethanol physical dependence Heroin self-administration
Neurohypophyseal peptides Vasopressin Oxytocin PLG

EVIDENCE is accumulating to date that neurohypophyseal
principles are concerned in adaptive processes in both exper
imental animals and men. The first report on this matter
demonstrated that removal of the posterior pituitary in rats
facilitated extinction of two way avoidance behavior [11].
This behavioral disturbance could be restored by treatment
with purified lysines-vasopressin (LVP) [11,12]. In addition,
it was observed that the deficits in learning and memory
abilities due to hypophysectomy could be restored by treat
ment with LVP [12]. Subsequent studies in intact rats
showed that a single subcutaneous injection of LVP results
in a long term resistance to extinction of one way active
avoidance behavior [13]. A similar effect was observed with
desglycinamide9-lysine8-vasopressin (DO-LVP), which is
practically devoid of classical endocrine activities displayed
by the whole LVP molecule [16]. thus, a dissociation with
respect to recognition sites mediating biological activity can
be made between peripheral and central effects of vasopres
sin. Further experimentation in animals revealed that vaso
pressin promotes consolidation of acquired information and
additionally plays a role in retrieval processes or in the ex
pression of stored information [12,57]. Structure-activity re
lationships show that particularly the ring structure of vaso
pressin and oxytocin (Fig. 1) is important for consolidation
processes, while the C-terminal part seems to be more con
cerned with retrieval processes [7,57]. The whole oxytocin
molecule may act to block consolidation processes and to
repress reproduction of recent information [6,7], and there
fore may be regarded as an amnestic peptide. Thus,
neurohypophyseal hormones may be involved in processes
which enable the organism to adapt adequately to environ
mental changes and in addition may serve as precursor
molecules for neuropeptides which selectively modulate
brain mechanisms to consolidate, to retrieve and to repress

cy's - Tyr - Phe - Gln - Asn - c~s - Pro - Lys - Gly - NHArg 2

Vasopress1ns

c~s - Tyr - I le - Gln - Asn - cys - Pro - Leu - Gly - NH 2

Oxytocin

FIG. I. Amino acid sequence of the neurohypophyseal hormones.

recently acquired information. The action of neurohypoph
yseal hormones and their fragments on memory processes
can also be derived from studies showing that these
neuropeptides affect experimentally induced amnesia [30,
42,63].

The physiological significance of the neurohypophyseal
hormones in this respect was demonstrated using three ex
perimental models. First, the already-mentioned ablation of
the posterior or the whole pituitary, resulting in behavioral
disturbances which could be corrected by vasopressin
treatment. Second, rats ofthe Brattleboro strain, which have
hereditary diabetes insipidus, lack the ability to synthesize
vasopressin. These rats have difficulties in acquiring and
maintaining responses in active and passive avoidance be
havioral procedures [4,18]. Treatment ofthese rats with vaso
pressin restored normal avoidance behavior. Third, tempo
rary blockade of vasopressin or oxytocin activity in the brain
by the intracerebroventricular injectionof, respectively, vaso
pressin or oxytocin antiserum. Such a treatment, adminis
tered immediately after the animal had acquired the infor
mation, repressed (in the case of vasopressin antiserum) or
facilitated (in the case of oxytocin antiserum) consolidation
processes [5,58].
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Some reports concerning the influence of vasopressin on
memory processes in men are available at present. Legros
and associates [33,34] showed that intranasal application of
LVP produces an improvement of several aspects of atten
tion and memory in men aged from 50 to 65 years. Case
reports describe a beneficial effect of vasopressin in patients
suffering from post-traumatic amnesia [38] or amnesia due to
alcoholism [32], although others question these findings
[3,24]. Some pilot studies suggest that vasopressin may be
beneficial in psychosis and depression [21, 40, 62]. Patients
with diabetes insipidus appeared to be inferior in several
memory tasks, as compared to healthy individuals, and the
patients with diabetes insipidus improved after vasopressin
treatment [29]. Children with Lesch-Nyhan disease, who are
unable to leam a passive avoidance task, improved markedly
in their leaming abilities after treatment with a vasopressin
analog [1]. Thus, vasopressin may also be implicated in
learning and memory processes of both healthy individuals
and patients with disturbances in these processes.

TOLERANCE AND PHYSICAL DEPENDENCE

A decrease in drug response is characterized as tolerance
when the effect of a fixed dose of the drug diminishes with
repeated exposure, and when this reduced effect is over
come by increasing the dose. Thus, tolerance is due to adap
tive changes in the organism, which alter the dose-response
curve [2, 5, 26]. The development of tolerance is certainly
not based on one single process. In fact, many adaptive
changes induced by drug administration may contribute
more or less to the ultimate degree of tolerance. Various
concepts have been formulated in order to explain the under
lying mechanisms of tolerance development [25]. One of
these concerns learning and memory processes in adaptive
changes during tolerance development. Two aspects of this
concept have been presented. First, the display of tolerance
seems to be at least partly dependent upon environmental
stimuli associated with drug administration, which stresses
the importance of Pavlovian conditioning principles in
tolerance [45]. Second, the process of tolerance develop
ment can be regarded as cellular learning and memory proc
esses. The cellular functions altered by drug administration
adapt, as it were, to a new environment which includes the
continuous presence of the drug, and this adaptation leads to
a more or less correction of drug-induced changes. The cells
'remember' the experience with the drug since the response
to the drug is changed by repeated exposure. Support for the
'learning' concept of tolerance is obtained from studies
showing that certain manipulations can attenuate both the
consolidation of conditioned behavior and the development
of tolerance. These manipulations include treatment with
protein synthesis inhibitors or with electroconvulsive shock,
and stimulation of certain brain areas (for ref. see [49, 53,
57]).

Physical dependence can be defined as an altered state
induced by repeated administration of a drug, which is rec
ognized by a specific pattern of disturbances on withdrawal
of the drug. Most of the concepts used to explain tolerance
suggest that the development of physical dependence co
varies with that of tolerance, although exceptions are present
[8,25]. It should be emphasized thet the similarity between
tolerance and physical dependence concerns almost exclu
sively the development of these phenomena and not the ex
pression of these processes like withdrawal symptoms, indi
cating that physical dependence is present.

VAN REE AND DE WIEn

Neurohypophyseal Hormones and Morphine Tolerance and
Physical Dependence

The involvement of neurohypophyseal hormones in learn
ing/memory processes and the leaming hypothesis of
tolerance development, stimulated research on the influence
of these peptides on morphine tolerance and physical de
pendence. Krivoy and associates [28] studied the influence
of DG-LVP on the development of tolerance to the
antinociceptive action of morphine in mice. It was found that
this neuropeptide, administered after morphine injection,
facilitated development of tolerance. Accordingly, DG-LVP
injected directly into the nucleus Iinearis intermedius raphe
accelerated the development of tolerance to morphine
induced behavioral changes in freely moving cats [10]. Two
series of experiments were performed to study the physiolog
ical role of vasopressin in tolerance development. First, it
was shown that in hereditary diabetes insipidus rats the de
velopment of tolerance to the antinociceptive effect of mor
phine was delayed. Treatment of these rats with vasopressin
or DG-LVP normalized this delayed development of
tolerance [15]. Second, vasopressin antiserum was injected
into the cerebrospinal fluid of rats which were subjected to
repeated injection of morphine. It appeared that vasopressin
antiserum inhibited the development of tolerance to the an
algesic action of morphine as assessed with the electric foot
shock procedure. The antiserum was effective whether it
was applied after the morphine injection or prior to the in
jection at which time the development of tolerance was de
termined [59,60]. Thus, endogenous vasopressin may be
physiologically involved in the development of tolerance
to morphine at the level of storage as well as retrieval of
information. The action of neurohypophyseal hormones and
their fragments was also studied on development of physical
dependence. The first report in this respect concerns the
facilitatory influence of both DG-AVP (desglycinarnides,
argininet-vasopressin) and oxytocin on development of phys
ical dependence on morphine [49,50].The degree of physical
dependence was measured by the body weight loss and the
hypothermia induced by naloxone treatment of rats which
had been repeatedly injected with morphine, and by the in
creased sensitivity to naloxone in antagonizing morphine
antinociception following morphine pretreatment. It ap
peared that the process of development, rather than the ex
pression of physical dependence was affected by these
neuropeptides, since omitting peptide treatment on the test
day did not substantially influence the results. Structure
activity relationship studies revealed that the covalent ring of
vasopressin and oxytocin did not influence development of
physical dependence on morphine. However, the C-terminal
part of these hormones was as active as the parent
molecules. Both oxytocin and its C-terminal part prolyl
leucyl-glycinamide (PLG) appeared to be approximately 5
times more active than DG-AVP and prolyl-arginyl
glycinamide (PAG). The observation that particularly PLG
was effective in facilitating development of physical depend
ence on morphine, has led to a number of investigations. The
data so far are somewhat conflicting, although the different
test procedures used may, at least partly, account for the
observed discrepancies. In contrast to development of
tolerance to and physical dependence on morphine, the ulti
mate degree of these phenomena induced by pellet implanta
tion or multiple injection with morphine, was not affected by
vasopressin or oxytocin treatment [44, 49, 50]. Although the
effectiveness of PLG in one of the above-mentioned tests
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could not be replicated by others [36], it has been confirmed
that PLG facilitated development of morphine tolerance in
both rats and mice and that of physical dependence in mice
[9,46]. In fact, the data obtained in mice accord very well
with our results in rats. The influence of PLG in this respect
is not limited to morphine, since the development of
tolerance to the antinociceptive action of intracerebroven
tricularly injected ,B-endorphin was facilitated by the sub
cutaneous administration of PLG as well [55]. Replacement
of an L amino acid residue in a neuropeptide by its
D-enantiomer may yield peptides with decreased or in
creased activity, or with effects opposite to those of the orig
inal entity [I7J. Considering this principle, the dipeptide
Z-Pro-D-Leu was prepared and tested on development of
tolerance to and physical dependence on morphine. Indeed,
it was found that this modified peptide attenuated tolerance
development [64] . However, these authors, using the same
test procedure, found that PLG also inhibited development
of morphine tolerance and physical dependence, while
oxytocin had a facilatory effect [2,65]. Thus, neurohypoph
yseal hormones and their fragments modulate adaptive proc
esses concerned in the development of morphine tolerance
and physical dependence. It is not clear at present whether a
common neuronal mechanism mediates the action of
neurohypophyseal principles on both tolerance and physical
dependence. The data obtained in diabetes insipidus rats and
with vasopressin antiserum suggest a physiological role for
vasopressin in tolerance development, and PLG so far ap
pears to be the most potent peptide with respect to modula
tion of development of physical dependence. It must be kept
in mind that the ultimate degree of tolerance and physical
dependence, as determined in the experimental situation, is
the result of several neuronal processes. Thus, one of these
processes may be under the control of vasopressin, while
other processes could be preferentially affected by PLG.
Accordingly, it has been suggested that the action of PLG is
mediated by its suppressive effect on a- MSH release [46]but
such a mode of action is very unlikely for vasopressin.

Neuroh ypophyseal Hormones and Ethanol Tolerance and
Physical Dependence

A parallel between tolerance and learning has also been
suggested in the case of ethanol. It appeared that tolerance is
acquired more rapidly when animals can perform a task
under the influence of ethanol as compared to animals re
ceiving ethanol after the task. This phenomenon has been
defined as behavioral augmentation of tolerance (for ref. see
[31]). It was argued that association of the presence of
ethanol with the behavioral task facilitated the rate of
tolerance development rather than the ultimate degree of
tolerance . In view of the influence of neurohypophyseal
hormones on both learning and memory processes and on
development of tolerance to and physical dependence on
opioids, experiments were performed to test whether these
hormones are also involved in ethanol tolerance and physical
dependence. The first report on this matter from Hoffman
and coworkers [22] showed that treatment with arginine
vasopressin (AVP) attenuated the disappearance rate of
tolerance to ethanol in mice. This disappearance rate of
tolerance after cessation of ethanol administration via a liq
uid diet, was evaluated by measuring the hypothermic re
sponse and the duration of loss of the righting reflex induced
by a test dose of ethanol. The attenuating effect of AVP
occurred by treatment either during and after or only after

the ethanol consuming period . Oxytocin appeared to be inef
fective in this respect [23]. Neither the ethanol metabolism
nor the withdrawal symptomatology was effected by vaso
pressin or oxytocin treatment. Using a different test proce
dure, in which mice were continuously exposed to ethanol
vapours, it was found that residual tolerance to the
hypothermic effect of ethanol was enhanced by DG-AVP.
This effect was observed when the peptide was continuously
administered either during the ethanol exposure phase or
during and after this phase, but not when the administration
of DG-AVP was restricted to the period of testing for re
sidual tolerance [43]. Similar effects were noted when with
drawal convulsions were measured . These convulsions were
exacerbated in animals treated with DG-AVP throughout the
period of physical dependence induction and to a minor de
gree when treatment was started after the exposure to
ethanol. Oxytocin appeared to mimic at least some of the
effects of DG-AVP in this test [41]. Thus, DG-AVP seems to
facilitate development of tolerance to and physical depend
ence on ethanol, which agrees well with the findings on
opioids . Also the decay of ethanol tolerance and physical
dependence was found to be more or less attenuated by vaso
pressin. As in the case of morphine, the development of
ethanol tolerance and physical dependence may preferen
tially be influenced by vasopressin. Also with ethanol, a
variety of processes may be involved in the development of
tolerance to and physical dependence on this drug. These
processes may be differentially influenced by the same
neuropeptide. This may explain the preliminary finding that
DG-AVP and PLG inhibited the development of behaviorally
augmented tolerance to ethanol [27].

Although more experimentation is needed to clarify some
seeming discrepancies, the present data suggest that
tolerance to and physical dependence on both opioids and
ethanol are modulated by neurohypophyseal hormones and
their fragments . Thus, adaptive changes in response to in
vading stimuli, resulting in a more or less adjustment to the
new environment-the presence of the drug-may be mod
ulated by these neuropeptides.

DRUG DEPENDENCE

Several psychoactive drugs, including morphinomimetics
and ethanol, possess dependence-creating properties. The
(self-)administration of these drugs may lead to a state of
drug dependence, which is characterized by the drug user
performing behavior leading specifically to further adminis
tration of the drug [26]. Severe degrees of dependence are
commonly labelled as drug addiction. The dependence creat
ing properties can be analyzed reliably in self-administration
experiments in animals as well as humans. Such procedures
in particular test the reinforcing capacity of the drug, which
is the common denominator of the occurrence of dependence
with various drugs [26,48]. Additionally, procedures using
self-administration techniques in animals predict reliably
about human abuse potential of a particular drug. Learning
and memory processes play an important role in the initial
phase of a new behavioral pattern. Thus, neuropeptides re
lated to neurohypophyseal hormones may be involved in ac
quisition and maintenance of drug seeking behavior as well.

Neurohypophyseal Hormones and
Heroin Self-Administration

Acquisition of intravenous heroin self-administration in
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FIG. 2. Position of the cannulae for fentanyl self-administration.
Only the data of rats whichhave the cannula in the indicatedarea, as
verified by histological examination, were used in the analysis.
VT=ventral tegmentalarea; SN=substantia nigra. Drawingis taken
from Pellegrino and Cushman [39].

rats was attenuated by daily treatment with DG-A VP. This
effect was clearly present after some days of testing and
appeared to be long-lasting [52]. Vasopressin may be physi
ologically involved in acquisition of heroin self-admini
stration, since intracerebroventricularly applied vaso
pressin antiserum enhanced the rate of acquisition [51]
Structure-activity relationship studies revealed that the ef
fect of vasopressin is located mainly in the ring structure of
this hormone [52,53]. Interestingly, PLG facilitated acquisi
tion of heroin self-administration, thus exhibiting an effect
opposite to that of DG-A VP . Since the amount of drug taken
can serve as an index of the reinforcing efficacy of the rein 
forcer, i.e . drug injection [56], it was postulated that
DG·AVP attenuates and PLG enhances the reinforcing effi
cacy of heroin. This hypothesis is supported by data on in
tracranial self-stimulating (ICSS) behavior. This behavior is
widely used to explore the significance of certain brain struc-

tures with respect to reward [66]. It was found that DG-AVP
attenuated and that PLG enhanced ICSS elicited via elec
trodes implanted in the ventral tegmental-medial substantia
nigra area, which contains the cell bodies of the mesolimbic
and mesocortical dopaminergic pathways [19]. Thus, these
peptides may influence heroin self-administration by inter
fering with transmission in mesolimbic dopaminergic sys
tems, which may be consistent with the role of dopamine in
reward and the reinforcing effects of opiates [67] and with
the interference of these neuropeptides with dopaminergic
activity in the brain [57,61]. To test this possibility an exper
iment was carried out with fentanyl self-administration into
the ventral tegmental-medial substantia nigra area (Fig. 2). It
was observed that self-administering behavior developed
relatively fast, in that the ceiling level of behavior was ob
tained already on the 4 day of testing (Fig. 3). Peripheral
treatment with DG-AVP attenuated, while treatment with
PLG enhanced, fentanyl self-administration into this area
(Fig. 3). These data may support the involvement of the
mesolimbic dopaminergic pathway in the interaction be
tween neuropeptides related to neurohypophyseal hormones
and opiate self-administration.

The striking similarities between the effectiveness of
vasopressin in memory consolidation and in heroin self
administration [14,52], might suggest that vasopressin and
related neuropeptides are only effective during acquisition of
heroin self-administration or when th is behavior is changed
in response to variations in the reinforcement or environ
mental cues. Thus, the effectiveness of these neuropeptides
may depend on the degree of reinforcement control over
behavior. This assumption may explain the findings showing
that DG-AVP interacts with ICSS at low but not at high
current intensities [19], and that this neuropeptide does not
reduce morphine self-administration in well-trained mon
keys, physically dependent on morphine and with a long
history of self-administration [35]. The influence ofDG-AVP
was also studied in human heroin addicts in an outpatient
clinic. Since the effectiveness of DG-A VP may be most
pronounced in situations in which the behavior is changed in
response to alterations in the reinforcement, the effect of
DG-A VP on drug intake was investigated during the initial
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FIG. 3. Fentanyl self-administration via cannula implanted into the ventral tegmental area (see Fig. 2). Animals were allowed to
self-administerfentanyl (2.5 ng/O.S ILl/injection) on a continuous reinforcement schedule by pressing a lever in a 5 day, 6 hours per
day. test procedure as described in detail previously [52].The mean (:tSEM) of self-injections per day of a group of rats subcutane
ously treated every day 1 hr before the experimental session with either placebo (0.5 ml saline) or 1 IJ.g DG-AVP or 1 ILg PLG are
presented. n=number of animals. *differentfrom placebo treatment (*p<0.02, **p<O.Ol).
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phase of the methadon detoxification therapy. The outcome
of this pilot experiment indicates that sublingual application
of DG-AVP facilitated the methadon detoxificat ion of heroin
addicts as was inferred from the longer time course of attend
ing the clinic and from the lower percentage of urine samples
with detectable morphine in patients treated with DG-AVP
as compared to those receiving placebo [47]. This decrease
of heroin intake in patients treated with DG-AVP may sup
port the postulate that this neuropeptide attenuated the rein
forcing efficacy of heroin which may be critically involved in
acquisition and maintenance of heroin seeking behavior.

Neurohypophyseal Hormones and
Ethanol Self-Administration

Acquisition and retention of ethanol drinking was studied
in rats using a procedure in which the ethanol concentration
in the drinking water was varied according to the fluid con
sumption of each individual animal. It was reported that
hypophysectomized animals rejected lower ethanol concen
trations than did sham operated controls [20]. This may im
plicate pituitary hormones in the aversiveness of ethanol to
rats. This is consistent with the findings that oral morphine
and quinine intake behavior are suppressed after removal of
the pituitary [54]. Detailed analysis of this effect suggested
that the influence of corticosteroids on the threshold for taste
may be important in this respect. The ethanol consumption
of hypophysectomized rats was not substantially affected by
treatment with DG-LVP [20]. However, DG-LVP treatment
during the learning period enhanced the final ethanol concen
tration in sham operated controls, suggesting that this
neuropeptide facilitated the acquisition of forced ethanol
drinking behavior. The influence of DG-LVP was of a long
term nature, because it was also present in the period after
treatment, when the rats could choose between water and an
ethanol solution. Subsequent studies showed that PLG, like
DG-LVP, augmented the time-related increase in the con
centration of ethanol which rats accepted in their drinking
water [37]. The influence of the neuropeptides emerged after
some days of the forced ethanol consumption period. The

peptides appeared to be active when treatment was started
from the first day of ethanol consumption, but not when
DG-LVP injections were given to rats already drinking at the
maximal level of acceptance concentration of ethanol.

In view of the similarities and dissimilarities between the
effects of DG-LVP and PLG on ethanol consumption and the
action of these neuropeptides on morphine and ethanol
tolerance and physical dependence as well as heroin self
administration, it may be argued that ethanol consumption is
stimulated by these peptides via facilitation of tolerance de
velopment, although other modes of actions can not be ex
cluded as yet [37].

CONCLUDING REMARKS

The data reviewed here suggest that neuropeptides re
lated to neurohypophyseal hormones affect drug-induced
changes of homeostatic mechanisms and responses in the
central nervous system. These peptides may be physiolog
ically implicated in adaptive processes elicited by psychoac
tive drugs. This concerns the development of tolerance and
physical dependence as well as drug seeking behavior. As
yet, the available information in this respect is practically
limited to morphinomimetics and ethanol, and even concern
ing these drugs the amount of data is too limited to draw
definite conclusions as to the influence and mode of action of
the neurohypophyseal hormones. However, the possible
implication of these and other neuropeptide systems in drug
dependence justifies detailed analysis of the activity ofthese
systems during acquisition, maintenance and extinction of
drug seeking behavior in experimental animals as well as
human addicts.
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