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MUCHA, R. F. AND H. KALANT. Effects of desglycinamide®lysine®vasopressin and prolyl-leucyl-glycinamide on oral
ethanol intake in the rat. PHARMAC. BIOCHEM. BEHAV. 10(2) 229-234, 1979.—Rats given ethanol in their drinking
water at a concentration that permitted adequate fluid intake gradually accepted higher concentrations and consumed larger
amounts of ethanol. These increases were angmented when daily subcutaneous injections of 1 ug of desglycinamide®-
lysine8-vasopressin (DGLVP) or 10 ug of prolyl-leucyl-glycinamide (PLG) were given concomitantly. Nonsignificant
changes in ethanol consumption were seen with injections of 1 ug PLG, or 0.42 or 42 ug of lysine*-vasopressin (LVP). In a
second experiment 4 ug DGLVP given every second day as a long-acting zinc phosphate complex, commencing after the
increases in ethanol intake had taken place, failed to produce any change in ethanol consumption subsequently. In both
Experiments 1 and 2, the rats were switched from forced ethanol intake to a choice between ethanol and tap water. On
these tests there was only marginal evidence of peptide-produced changes in ethanol intake.

Ethanol Forced ethanol intake
Desglycinamide®-lysine®-vasopressin

Voluntary ethanol intake
Prolyl-leucyl-glycinamide

Pituitary peptides
Lysine®-vasopressin

IT WAS demonstrated previously that desglycinamide®-
lysine®-vasopressin (DGLVP), an octapeptide prepared by
cleaving the terminal glycine from lysine®-vasopressin
(LVP), influenced oral ethanol consumption in intact rats [7].
Naive rats, forced to consume low but gradually increasing
concentrations of ethanol in their drinking water, and in-
jected subcutaneously with microgram quantities of
DGLVP, eventually accepted higher concentrations and
consumed larger amounts of ethanol than rats injected with
vehicle containing no DGLVP. The DGLVP-treated rats also
showed higher voluntary consumption of ethanol than the
vehicle control group during a subsequent period of free
choice between the previously accepted ethanol concentra-
tion and plain tap water.

The purpose of the present experiments was to replicate
and extend these findings in at least two different ways.
First, DGLVP is only one of a number of peptides, related to

the hormones of the posterior pituitary, which have been
reported to have similar behavioral effects. LVP, for exam-
ple, produces effects resembling those of DGLVP on various
models of learning [1, 6, 8]. In addition, prolyl-leucyl-
glycinamide (PLG), the tripeptide sidechain of oxytocin, has
been reported to produce a facilitation of opiate tolerance
and physical dependence analogous to that of DGLVP [19].
It was of interest, therefore, to determine whether LVP,
DGLVP, and PLG would also have similar influences on the
development of ethanol drinking behavior. Second, it was
desirable to determine whether there was a critical period for
the peptide effect. In the earlier study [7], DGLVP was given
throughout the acquisition period and resulted in different
levels of ethanol intake. Therefore, in the second experiment
to be described here, the peptide was given for a limited time
after the subjects had been brought to a stable level of forced
ethanol intake.
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METHOD
Animals

The animals were male Sprague-Dawley rats purchased
from Canadian Breeding Laboratories (Constant, Quebec).
They had initial body weights of 325-400 g in Experiment 1,
and 250-350 g in Experiment 2. They were maintained in
single cages with ad lib access to Purina Laboratory Chow,
in a room at 20°C with lights on at 0800 and off at 2000 hr.
Each rat had access to two Richter-type drinking tubes
throughout its stay in the colony; the solutions in the tubes
varied according to the stage of the experiment. Initially, the
rats received tap water in both tubes.

Drug Preparations

Ethanol solutions were prepared from tap water and
95% ethanol. Concentrations were expressed as percent of
total volume constituted by the volume of 95% ethanol. So-
lutions were made 1-7 days before use, and were stored at
4°C.

All the peptides were kindly donated by Organon (Oss,
The Netherlands) through the courtesy of Drs. E. Schon-
baum and H. Rigter. The LVP had a potency of 242 interna-
tional pressor units (U) per mg, as assayed by Organon. All
peptide solutions were prepared every second day, stored at
4°C until use, and administered in a volume of 0.2 ml. In
Experiment 1, the peptides were dissolved in physiological
saline. In Experiment 2, the peptide was given as a zinc-
phosphate suspension. This vehicle permits a sustained re-
lease of peptide for up to 48 hr [5].

Procedure

Experiment 1. The general design of Experiment 1 was
very similar to that of the earlier report [7]. Seventy-two rats
were studied during a 46-day period in which individual fluid
consumption was monitored daily at 1000 to 1300 hr. Every
second day, the rats were weighed and the drinking bottles
were filled with fresh solutions. The experiment had three
consecutive phases differing only in the presence or absence
of peptide injections, and in the nature of the drinking fluids
presented.

The first phase of the experiment consisted of a 6-day
period in which the baseline water consumption was meas-
ured. These data were used to divide the rats into six groups,
and derive an estimate of each rat’s normal volume of fluid
consumption for a 2-day period. The second phase lasted 26
days and involved two aspects. First, the solution in both
drinking tubes was ethanol. The starting ethanol concentra-
tion was 1% and it was varied individually for each rat
through a series of concentration steps consisting of 3, 5, 9,
11, 13, 15 and 18%. Decisions to change the concentration
were made following each 2-day period and were based on
the drinking behavior of individual animals. Whenever the
volume of fluid consumed over the 2-day period exceeded
82% of the rat’s baseline intake, the ethanol concentration
for the next 2-day period was increased by one step. How-
ever, if less than 82% was consumed various changes in con-
centration were possible. The concentration was kept the
same if it had been changed during the previous 4 days. If the
concentration was the same over the previous two consecu-
tive 2-day periods and still less than 82% of baseline fluid
intake was consumed, the concentration was dropped one
step. It was dropped by two steps if less than 75% of the
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baseline fluid volume had been consumed. Throughout the
second phase, the six groups were also given vehicle, 1 ug
DGLVP, 1 ug PLG, 10 ug PLG, 42 ug LVP (10 U), or 0.42
ug LVP (0.1 U), respectively. Injections were given sub-
cutaneously (SC) at the back of the neck between 1600 and
1700 hr, commencing on the last baseline day and ending 26
days later. The third phase of the experiment involved offer-
ing a choice between ethanol in one drinking tube and tap
water in the other. The ethanol concentration for an indi-
vidual rat consisted of the last concentration that the rat
consumed in a volume greater than 82% of the baseline water
intake. Each rat was offered this concentration for 8 days
and was offered a concentration one step lower for 6 more
days. Bias in the data due to side preference was minimized
by randomly selecting the relative positions of the ethanol
and water bottles every 2 days.

Experiment 2. The procedure was very similar to that of
Experiment 1 except that DGLVP, in a zinc-phosphate buf-
fer, was administered only once every second day in a dose
of 4 ug per rat, and the starting ethanol concentration was
3% instead of 1%.

Forty-three rats were started on the 6-day baseline water
consumption phase, then were placed on the regimen of
forced ethanol consumption for 14 days. Concentrations of
ethanol were determined individually as in Experiment 1. On
Day 135, the animals were divided into two groups balanced
on the basis of daily ethanol consumption. That afternoon,
21 rats were injected with DGLVP and 22 with vehicle. Each
rat received four more similar injections at 2-day intervals.
After the last injection, all rats were offered a choice of water
and ethanol solution over the next 12 days.

Data Analyses

The data were analyzed by the methods of Kirk [9]. A
priori hypotheses were advanced for alcohol intake and
alcohol acceptance concentrations on the basis of the pre-
vious study [7]. Overall analyses of variance were used to
determine the error terms. Dunn’s procedure was used
to evaluate individual mean comparisons and the ex-
perimentwise error was set at p<0.05. Alcohol intake
data were plotted as mean g/kg of ethanol consumed during
each two-day block. This served largely to eliminate a saw-
tooth appearance caused by a consistently decreased level of
consumption on the first day of each block. This decrease
was not relevant to the present experiments since the group
differences in drinking patterns were always present on both
days of each block. In addition, the analyses of variance
were carried out before averaging over the two-day blocks.
Since no a priori hypotheses were advanced for changes in
body weight, the data were first analyzed by an overall
analysis of variance followed by Tukey HSD tests for indi-
vidual mean comparisons. The actual analyses were carried
out on the weight gains above the last baseline weight; gains
were computed by subtracting the weight of the last baseline
day from those of each of the 20 two-way blocks. This was
necessary since the mean weights of the rats at the start of
the experiment were not quite equal.

RESULTS

Experiment 1. The results of the experiment are sum-
marized in the first three figures. The mean daily alcohol
intakes (Fig. 1) confirmed the previous finding [7] that
DGLVP increased the forced ethanol intake, and showed
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FIG. 1. Mean ethanol consumption during forced and choice drink-

ing periods, for groups injected daily for 26 days with saline (@....), 1

ug DGLVP (A—), 1 ug PLG (O~ - —), 10 ug PLG (@&—), 42

pg LVP (B—), or 0.42 ug LVP (O— ~ —). On Day 5 of the choice
the ethanol concentration was lowered one concentration.

that PLG had a similar effect. Over the first three two-day
blocks, every rat in each group more than doubled its daily
ethanol intake. Thus, on the third block, with the exception
of a tendency in the 42 ug LVP group towards a lower level
of intake relative to the remaining five groups,
F(1,1716)=2.36, p>0.05/6, all treatment groups exhibited a
similar level of ethanol intake. However, between Block 3
and Block 13, there was no appreciable increase in the
amount consumed by the control, whereas there was for the
DGLVP and 10 ug PLG groups; the difference between the
means of Block 3 and 13 for the DGLVP, F(1,1650)=9.17,
p<0.05/3, was significant. The 42 ug LEVP group also showed
a similar increase over the period, F(1,1650)=7.5, p<0.05/3;
however, this may have been partly due to the lower level
consumed on the third block. Comparisons of the group
means over the final 10 blocks indicated that the DGLVP,
F(1,1716)=13.3, p<0.05/6, and the 10 ug PLG, F(1,1716)
=9.95, p<0.05/6, group consumed significantly more than
the saline-treated rats. Similar comparisons of the control to
the 42 ug LVP group failed to indicate significance; how-
ever, both 1 ug PLG, F(1,1716)=5.48, p>0.05/6, and 0.42 ug
LVP, F(1,1716)=4.42, p>0.05/6, showed strong tendencies
towards significance. Since the total fluid intake for each rat
was Kkept fairly constant during the forced ethanol consump-
tion phase by varying the ethanol concentrations, the same
pattern of results was observed when the concentrations of
ethanol consumed over two-day blocks were plotted (Fig. 2).
Over the final 10 two-day blocks the saline-treated rats were
significantly different from the DGLVP, F(1,858)=10.28,
p<0.05/3, and the 10 ug PLG group, F(1,858)=6.39,
p<0.05/3, but not from any other groups. The 1 ug PLG
group did not even approach a level significantly different
from the control, F(1,858)=2.26, p>0.05/3.

During the first 8 days of the ethanol choice period (Fig.
1) there were no differences between the groups, but when
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FIG. 2. Mean concentration of ethanol consumed during forced
ethanol consumption for the groups in Fig. 1.
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FIG. 3. Mean body weight of groups in Figs. 1 and 2 during Experi-
ment 1.

the ethanol concentration was lowered one step there was a
tendency for the peptide groups to drink higher doses of
ethanol. However, statistical tests failed to find the means of
any individual peptide-treated group significantly different
from those of the control.

The mean body weights of the rats in the present experi-
ment are shown in Fig. 3. Analyses of the amount of weight
gained during the course of the experiment indicated a clear
group-by-block interaction, F(5,1254)=1.63, p<0.05. Com-
parisons of the combined data from the last four blocks of the
forced ethanol consumption period indicated that the saline
group gained significantly more weight than the LVP
(Tukey’s g=5.97, p<0.05). There was also a tendency for the
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FIG. 4. Mean ethanol consumption during forced and choice drink-

ing periods for groups injected every second day for 10 days, com-

mencing on Day 14, with zinc phosphate vehicle (®....) or vehicle
plus 4 ug DGLVP (A—).

DGLVP group to be low relative to the saline, but it was not
significant (Tukey’s ¢=3.59, p>0.05, critical g=4.00).

Experiment 2. The data are presented in Figs. 4 and 5. Itis
clear that neither the alcohol intakes (Fig. 4) nor the alcohol
acceptance concentrations (Fig. 5) were affected by DGLVP
administration. Similarly, during the choice ethanol drinking
period (see Fig. 4) there were no significant differences be-
tween the two treatment groups. The body weights of these
two groups did not differ at any point after the presentation
of DGLVP.

DISCUSSION

Experiment 1 indicated that daily administration of 1 ug
DGLVP or 10 ug PLG can augment the increase in amount
and concentration of ethanol consumed during forced
ethanol consumption. These results replicated our previous
finding [7] and indicated that peptide-produced changes in
ethanol-intake behavior were not specific to DGLVP. Al-
though there were tendencies in the data the most surprising
finding was that LVP did not produce a similar augmentation
even though the two employed doses of LVP were equiv-
alent to or even higher than the doses reported to have ef-
fects on conditioned avoidance [6]. It is possible that the 0.42
g of LVP was, however, too low for this particular experi-
mental paradigm. In addition, the influence of LVP on
body-weight gain (Fig. 3) argued that the 42 ug LVP rats
were not comparable to those in the other groups. The
mechanism of this effect is not clear; however, it is probably
not due to the water retaining property of LVP since that
should have caused an increase in body weight [3]. There
may have been an endocrine central effect, since there was
also a tendency for DGLVP to produce a weight suppres-
sion.

The results of Experiment 2 clearly indicated that the
administration of DGLVP following the increase in
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FIG. 5. Mean concentration of ethanol consumed during forced
ethanol consumption for groups in Fig. 4.

ethanol consumption produced almost no change in sub-
sequent ethanol drinking behavior. The absence of a peptide
effect could not be attributed to methodological problems
since the group sizes were large. In addition, the DGLVP
effects were assessed against stable baselines of ethanol
drinking behavior. Such baselines have in the past been very
effective in detecting changes in ethanol drinking produced
by other agents (cf. [14]). Furthermore, it is unlikely that
stress of injections masked an effect. Five injections were
given and the animals were handled every second day for
their weighing; this allowed ample time for habituation to
take place. Also, these injections rarely caused any reaction
in the animals. Finally, the failure to see effects cannot be
due to the dose of DGLVP or the vehicle of administration
since Finkelberg ef al. [7] used this regimen and mode of
peptide administration and found effects with doses” that
were equal to or one quarter the size of the present. It was
concluded that DGLVP likely alters processes that occur
only during the initial period of forced ethanol exposure.

It should be noted that the control group in Experiment 2
attained a much higher acceptance level and daily intake
than the vehicle controls in Experiment 1. This does not
seem to be related to the use of a zinc phosphate vehicle in
Experiment 2, since the injections were not started until the
animals had reached a stable intake. The difference is consis-
tent with our previous experience that different batches of
animals, even from the same supplier, vary substantially in
alcohol consumption. The level of intake by the controls in
Experiment 2 was very similar to that seen by Finkelberg et
al. [7].

The results of the present experiments also tended to
suggest that the higher level of choice ethanol consumption
in DGLVP-treated rats seen previously [7] and to a slight
degree in Experiment 1 was a minor effect, likely related to
the increased drinking during the forced ethanol period.
First, the DGLVP-related increase in consumption of
ethanol during the choice period in Experiment 1 was of mar-
ginal magnitude relative to the effects seen during the forced
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period. We can not yet explain the difference in findings
during the choice period in Experiment 1 and in the earlier
study. Second, administration of DGLVP for 10 days prior to
the choice period in Experiment 2 failed to cause any in-
crease in the levels of ethanol intake during the choice period
and this was concomitant with a failure to see increased
intake during the last part of the forced period.

A number of psychological factors are involved in deter-
mining the level of ethanol intake by rats (cf. [12,13]) and it is
possible that DGLVP and PLLG may influence any one of
them. Although some of these factors may be ruled out,
precisely how the peptides altered ethanol intake must re-
main speculative. Our data suggested that the peptides influ-
ence processes occurring during the period of initial expo-
sure to the ethanol. Thus, factors which are thought to de-
termine ethanol intake at any point of ethanol exposure (e.g.,
taste threshold, motivation for water) are likely not involved.
There are a number of factors that may be involved during
the early exposure to ethanol. First, these peptides may alter
a process of habituation to the aversive effects of the alcohol
[13]. Our model does not allow us to determine whether
ethanol intake under these conditions is determined primar-
ily by the motivating effects of ethanol or by the aversive-
ness of its taste. Second, a learning process may take place
during the development of the drinking behavior, and the
peptides may influence processes of consolidation and mem-
ory, as has been suggested for other behaviors [10,16].
Third, DGLVP may subtly influence positive reinforcement
[18] and, if ethanol intake goes up because of the positively
reinforcing properties [12], alterations of these will change
the level eventually consumed. Failure to see effects in Ex-
periment 2 may be related to the fact that in many instances
an established behavior is more resistant to changes of rein-
forcement than those undergoing acquisition [4]. Fourth,
there is a punishment process in our paradigm that may be
attenuated in the peptide-treated animals: on each 2-day
period that a rat consumes a quantity of ethanol greater than
82% of its baseline it is punished for doing so by getting a
more aversive concentration of ethanol to consume.

The literature on the psychological effects of the pres-
ently employed peptides also fails to provide a clear locus for
the peptide effect on ethanol intake. On the basis of various

reports, one may postulate that the present effects were due
to a specific alteration of motivation [18], consolidation [10],
retrieval [16] or attention [17]. However, such postulates
may not be fruitful since they are spawned by data suggest-
ing that the effects of the peptides vary with the behaviors
under study. Van Ree and De Wied [18], for example, found
that DGLVP decreased and PLG increased the acquisition of
a barpressing response reinforced by intravenously adminis-
tered heroin. The acquistion and retention of a pole-jumping
response to avoid footshock was increased by DGLVP (6, 11]
and the retention of an acquired avoidance of a flavored
solution paired with lithium chloride-induced illness was, in
some instances, inhibited by PLG and not changed in others
[15]. Moreover, both DGLVP and PLG potentiated the ac-
quisition of morphine tolerance and dependence [19] and
protected mice from amnesia for a learned response pro-
duced by puromycin [10,20]. Thus, a unitary postulate can-
not be derived to account for the present and previously
reported PLG- and DGLVP-produced effects unless more is
known about the relative contribution of the aforementioned
psychological processes in each of the behaviors and how
the peptides interact with these processes.

The similar effect of both DGLVP and PLG on ethanol
intake is consistent with the results found in studies of mor-
phine tolerance and dependence [19] and puromycin-induced
amnesia [20]. It has been suggested that C-terminal
neurohypophyseal peptides may comprise the structural re-
quirements for activity in the present paradigm. However,
we cannot rule out the possibility that DGLVP and PLG
produced their effects by activating different receptors. Ad-
ditional peptides must be tested for effects on ethanol intake.
Pentobarbital-induced sleeping time was altered by a wide
range of natural and synthetic peptides that lack any appar-
ent common structure and endocrine relation [2]. It is appar-
ent, therefore, that considerable information is required be-
fore the effects of peptides on ethanol intake can be satisfac-
torily understood.
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