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RIGTER, H., C. DORTMANS AND J. C. CRABBE, JR. Effects of peptides related to neurohypophyseal hormones on
ethanol tolerance. PHARMAC. BIOCHEM. BEHAY. 13: Suppl. 1, 285-290, 1980.—Mice were rendered tolerant to the
hypothermic effect of ethanol by forcing them to inhale ethanol vapor for 3 days. One day after withdrawal, tolerance was
assessed by determining the response of the mice to an acute 3 g/kg IP challenge dose of ethanol. Thirty minutes before the
injection of ethanol, saline or peptide solution was SC injected. The peptides studied were des-Gly®-Arg®-vasopressin (a
peptide with reduced peripheral endocrine activities), oxytocin, and analogs and fragments of these peptides. None of ti}e
peptides, with the possible exception of oxytocin, affected body temperature in naive animals or the acute hypothermic
response to ethanol in non-tolerant mice. Des-Gly®-Arg®-vasopressin enhanced the expression of tolerance to ethano!
hypothermia; shorter fragments of vasopressin did not share this effect. Oxytocin attenuated the expression of tolerance
but this may have been due to an interaction with the acute effects of ethanol.
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REPEATED, prolonged exposure to alcohol leads to the de-
velopment of tolerance. Tolerance to alcohol, traditionally
considered to be a phenomenon that could be described in
purely pharmacologic terms, has recently been demon-
strated to be susceptible to behavioral manipulations. This
has led to speculation that something analogous to a memory
is formed by prior exposure to alcohol; in other words,
tolerance to alcohol may be to some degree learned 2, 8, 12].

The neurophypophyseal hormone Argt-vasopressin
(AVP) is known to enhance learning and memory in a variety
of experimental paradigms [1, §, 14]. A naturally arising
question was whether AVP or its structural analogs could
affect tolerance to alcohol. Studies in other laboratories and
our own work have indicated that AVP and the analogs
des-Gly®-Arg®-vasopressin (DGAVP) and des-Gly®-Lys®*-
vasopressin (DGLVP) have a variety of effects on alcohol
responses.

One group [9,10] rendered mice tolerant to and dependent
on alcohol by forcing them to drink a liquid ethanol diet for 7
days. After withdrawal, residual tolerance to alcohol was
assessed at 3-day intervals by administering an acute dose of
alcohol and measuring the duration of the loss of the righting
reflex and hypothermia. Mice were given daily SC injections
of saline or 10 ug AVP or oxytocin during the period of
induction of tolerance and for 9 days after withdrawal.
Animals treated with AVP retained tolerance to ethanol for
as long as the peptide was administered. Thereafter, AVP
had no residual effect on the rate at which tolerance was lost.
AVP was also active when treatment was restricted to the

period of testing for tolerance. Oxytocin was ineffective in
this study. AVP and oxytocin did not alter blood alcohol
levels during the ingestion period or clearance of alcohol
after withdrawal or during testing for tolerance. Neither
peptide affected sensitivity to the sedative or hypothermic
effects of alcohol in non-tolerant mice. It thus appears that
vasopressin may retard the decay of tolerance to alcohol.
One explanation would be that the peptide improves the re-
tention of a memory associated with tolerance.

In studies of conditioned behavior, AVP has been found
both to facilitate acquisition (development) of new responses
and to delay extinction (decay) of non-reinforced responses.
Both effects have been attributed to a peptide-induced mod-
ulation of memory [5,20]. By the same reasoning, one would
expect AVP to influence both development and decay of
tolerance. This possibility was tested in a series of experi-
ments in our laboratory [15,16]. Alcohol was administered to
mice by forcing them to inhale alcohol vapor, with pyrazole
given daily to stabilize blood alcohol levels. Residual
tolerance to the hypothermic effect of alcohol was assessed
one or more days after withdrawal. The efficacy of DGAVP
in modulating tolerance was examined by SC implantation of
ALZET® osmotic minipumps, from which the peptide was
continuously released. By restricting treatment to the period
of induction of tolerance or to the period beginning after
withdrawal we attempted to dissociate possible peptide ef-
fects on development versus decay of tolerance. Continuous
treatment with DGAVP throughout both the period of in-
duction of tolerance and the period of testing for tolerance
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enhanced residual tolerance to the hypothermic effect of the
challenge dose of alcohol given one day after withdraw-
al. When infusion of the peptide was restricted to either
the period of induction of tolerance or the period beginning
after withdrawal up to the time when tolerance was assessed,
only treatment during the development of tolerance clearly
enhanced residual tolerance.

Thus, while we found evidence for a facilitatory effect of
DGAYVP on the development of tolerance, our data failed to
clearly confirm the above mentioned finding [9] that AVP
also retards the decay of tolerance. We reasoned that
procedural differences between the two sets of studies might
have caused this discrepancy. In the study of Hoffman e? al.
{91 the peptide was SC injected once daily, whereas in our
study the peptide was continuously infused. Therefore, we
decided to examine the effect of a single SC injection of
peptide on the expression of residual tolerance. In a first set
of experiments we found that DGAVP, in a wide dose range,
had no effect on body temperature and no effect on the acute
hypothermia caused by alcohol. Such control data were also
collected for the other peptides studied: the ring amino acid
sequence of AVP, pressinoic acid; the tail amino acid se-
quence of AVP, Pro-Arg-Gly-NH;; oxytocin; the tail amino
acid sequence of oxytocin, Pro-Leu-Gly-NH,; cyclo-(Leu-
Gly); and oxypressin. In a second set of experiments we
assessed the efficacy of a single injection of DGAVP to
enhance residual tolerance to the hypothermic effect of alco-
hol. Also, data from preliminary structure-activity studies of
tolerance are reported.

METHOD

Male Swiss random-bred mice were purchased from
Broekman, Stiphout, The Netherlands. They weighed 20-30
g and were housed with free access to food and water in a
room with a 12:12 hr light-dark cycle (lights on at 07:00 a.m.)
and controlled temperature (22°C). Testing was performed in
the same or in a similar room between 9:30 a.m. and 16:00
p.m.

All peptides used were synthesized by Drs. Greven and
Van Nispen (Organon). Des-Gly®-Arg8-vasopressin dicitrate
(DGAVP) has a blood pressure activity in rats of less than
1.8 mU/mg. The other peptides were Pro-Arg-Gly-NH,
(PAG), pressinoic acid, oxytocin, Pro-Leu-Gly-NH, (PLG),
cyclo-(Leu-Gly), and oxypressin. Ethanol and peptides were
dissolved in 0.9% saline. Ethanol was given as a 20% (v/v)
solution.

Assessment of Effects on Body Temperature and Acute
Hypothermia

Rectal temperatures were assessed 5 min before injection
of ethanol or saline (baseline) and 45 min after injection. The
45 min treatment-test interval was selected from previous
time course studies [4]. Temperature measurements were
made with an Ellab DU-3 thermometer, 30 sec after insertion
of a probe to a depth of 2.5 cm. In the first experiment, each
mouse received two injections, an IP injection with 3 g/kg
ethanol or saline, and, within the same minute, a SC injec-
tion with 0.1, 1 or 10 ug DGAVP or saline. In other experi-
ments, the SC treatment was given 30-60 min before the IP
treatment but, since the results were similar, the data are not
reported here. In subsequent studies we tested the other
peptides. We selected the highest dose (10 ug) used in
tolerance studies. Subcutaneous injection of peptide solution
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or saline was given 30 min before the IP treatment with
ethanol or saline.

Assessment of Effects on Tolerance

Mice were housed in groups of 25 in large plastic cages
and made dependent on ethanol using an inhalation method
[7]. At 10:00 a.m. on Day 1, a priming dose of ethanol (1.25
g/kg), followed by pyrazole (68.1 mg/kg) was IP injected.
Pyrazole treatment was repeated on Day 2 and 3, also at
10:00 a.m. This treatment was used to stabilize blood alcohol
levels [7]. The cages housing the mice were placed in a
110x60x40 cm chamber, in which ethanol vapor was con-
tinuously led (6-8 mg/l air), using a method described
clsewhere [16]. Average mortality during the induction of
dependence was 4.6%.

At 9:00 a.m. on Day 4 the animals were withdrawn from
ethanol. On Day 5, residual tolerance to the hypothermic
effect of an acute challenge dose of 3 g/kg IP ethanol was
assessed. Body temperature was measured 5 min before and
45 min after administration of ethanol. For each peptide, a
separate study was performed, including 5 groups of tolerant
mice and a group of naive mice (control group). The contro]
group was used to assess the acute hypothermic effect of
ethanol. The groups of tolerant mice were SC pretreated
with saline, 0.01 pg, 0.1 ug or 10 ug peptide, respectively.
Pretreatment was 30 min before the injection of ethanol. The
control group was pretreated with saline.

RESULTS

Assessment of Effects on Body Temperature and Acute
Hypothermia

The results for DGAVP, administered within one minute
of saline or ethanol injection, are presented in Table 1.
DGAVP had no effect on either the test temperature meas-
ured 45 min after treatments or on the difference (A), in °C,
between baseline and test temperature. Most other peptides
studied were also without effect on test temperature or A, In
separate experiments, groups of -11 mice were SC pre-
treated with saline or peptide. A values, across these exper-
iments, ranged from 2.9 * 0.3°C to 3.5 + 0.2°C. Compari-
sons between peptide groups and corresponding saline
groups yielded Student’s ¢ values of 0.96 for pressinoic acid;
0.24 for PAG; 1.59 for PLG; 0.08 for cyclo-(Leu-Gly); and
0.45 for oxypressin (not significant). Oxytocin did not affect
baseline temperature but tended to enhance the acute
hypothermic response to ethanol, 1(19)=2.06, p<0.1, and
the A score, 1(19)=1.93, p<0.1. Oxytocin had no effect on
test temperatures in saline-treated mice, 7(17)=0.10.

Assessment of Effects on Tolerance

As can be seen from Fig. 1, a dose of 0.1 ug DGAVP
reduced A relative to the saline-treated group, #(31)=3.67,
p<0.001. A similar tendency was seen for the 1 ug dose,
1(32)=1.77, p<0.1. Since all these animals were tolerant, as
indicated by reduced A’s compared with the naive control
group (saline-treated tolerant group versus control group:
t(37)=2.77, p<0.01), the further reduction of A by DGAVP
probably reflects enhanced tolerance. DGAVP had no effect
on baseline temperatures in this study, indicating again, that
the peptide does not affect body temperature per se. How-
ever, there was a tendency for the tolerant groups of mice to
have a slightly lower baseline temperature than the control
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TABLE 1

LACK OF EFFECT OF DGAVP ON BODY TEMPERATURE AND ACUTE
HYPOTHERMIC ACTION OF ETHANOL

Pretreatment Treatment n Temperature (°C) A t
(SC) (Ip) Baseline Test
Saline Saline 19 38.2+0.1 38.1=+0.1 0.2 = 0.1
0.1 g 16 383 +01 379=%0.2 0.5 0.1 1.63
1 ug 19 380+01 376+01 04=0.1 0.94
10 ug 20 381=x0.1 378=+0.1 0.3 +0.2 0.60
Saline Ethanol 20 383 +0.1 354+02 3.0=+02
0.1 ug 19 38401 352+02 33+02 1.17
1 ug 19 382x01 351x202 31=%02 0.47
10 ug 19 382+01 349+02 33+02 1.01

N=number of mice per group. A=difference in °C between baseline and test tem-
peratures (mean = SEM). Student’s ¢ values given relate to comparisons of A values
between peptide groups and the corresponding saline-treated group.
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FIG. 1. Effect of a single SC injection of DGAVP on residual
tolerance to the hypothermic effect of alcohol. DGAVP or saline
was given 30 min before the IP challenge dose of 3 g/kg ethanol, 1
day after withdrawal from chronic ethanol. A°C is the difference
(mean = SEM) between baseline rectal temperature, recorded 5 min
before acute administration of ethanol, and temperature recorded 45
min after the ethanol treatment. A reduction in A°C is thought to
reflect increased tolerance. ***p<0.001; tp<0.1, relative to placebo
group (two-tailed Student’s ¢ test). N=15-17 mice/group. This figure
was published in a recent review [14] and is reproduced here with
permission of Raven Press.

group, t(37)=1.94, p<0.1. This has also been observed in
other experiments (see Table 2).

The results for the other peptides are summarized in
Table 2. The ring and tail amino acid sequences of AVP,
pressinoic acid and PAG, did not reduce A. Rather, the
highest dose of pressinoic acid appeared to increase A, Table

2 also shows that the highest dose of oxytocin tested, 10 ug,
increased hypothermia and tended to increase A. Due to
experimental error no data could be collected for the control
group in this experiment. However, in a repeat study the
existence of tolerance was suggested by a smaller
hypothermic response in the saline-treated tolerant group
compared with the control group, 1(36)=8.27, p<0.001. The
hypothermic response was again increased by 10 g oxyto-
cin (saline-treated versus oxytocin-treated tolerant groups:
1(35)=2.04, p<0.05), although not sufficiently to approach
the values measured for the control group (oxytocin-treated
tolerant group versus control group: #(37)=4.09, p<0.001).
Table 2 further shows that the other peptides studied (PLG,
cyclo-(Leu-Gly) and oxypressin) did not affect any of the
measures used.

DISCUSSION

We previously reported that DGAVP enhances tolerance
to the hypothermic of alcohol, when peptide treatment was
restricted to the period of induction of tolerance. Continuous
infusion of DGAVP did not clearly influence our measure of
tolerance when infusion was restricted to the period of test-
ing for tolerance [16]. However, the present data indicate
that a single injection of DGAVP shortly before testing for
tolerance reduces the hypothermic response to a challenge
dose of alcohol. We believe that this effect reflects a mod-
ulation of the expression of functional tolerance. Previous
studies [10,16] from our and other laboratories have well
characterized the reduction of ethanol-induced hypothermia
seen in animals previously subjected to chronic treatment
with alcohol. These studies have indicated that this reduced
response cannot be attributed to possible changes in the me-
tabolism of alcohol. The existence of functional tolerance is
further suggested by the finding of a parallel shift of the
dose-response curve of alcohol (Rigter, unpublished find-
ings).

Our finding that DGAVP enhanced the expression of re-
sidual tolerance to alcohol when the peptide was given ex-
clusively during the period of testing for tolerance seems
consistent with a similar finding of Hoffman e al. [9] with
AVP. We did not report here data for AVP since we have
found that, with the short treatment-test intervals used in our
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TABLE 2
EFFECT OF PEPTIDES ON TOLERANCE TO THE HYPOTHERMIC
EFFECT OF ETHANOL

Pretreatment  Condition n Temperature (°C) A t
(SO Baseline Test
Saline Tolerant 19 383 +0.1 366=+0.1 1.7+ 0.1
PA 0.01 ug 20 382+01 364=x0.1 1.8 = 0.1 0.45
PA 0.1 pug 17 384+01 363+x02 21+02¢ 177
PA 1 ug 19 383+01 363%x02 20=x02 1.22
PA10 pug 19 38301 36.1=+02t 22=0.2f 2.47
Saline Control 10 38.6=x0.1%f 357 =+02% 29=x03% 4.18
Saline Tolerant 18 38201 367 0.1 1.5+0.2
PAG 0.01 ug 17 38.2+0.1 36.5=0.1 1.6 £ 0.2 0.58
PAG 0.1 pug 19 382 =+0.1 365=0.1* 1.7=x0.2 1.15
PAG 1| pug 18 38.0+02 366=+x02 13=+0.2 0.67
PAG 10 ug 18 382 +0.1 368 0.1 1.3+0.2 0.57
Saline Control 9 38.5+ 0t 352 £0.2§ 3.4 +02§8 6.96
Saline Tolerant 14 385+01 364+x02 2102
OT 0.01 ug 15 385+0.1 362+02 2202 0.43
OT 0.1 ug 14 386+02 362=%0.3 25+03 0.91
OT 1 g 15 38701 362+02 25+03 1.24
OT10 pug 16 384 =+01 358=x02t 26x02* 180
Saline Tolerant 19 383+0.1 364x02 1902
PLG 0.01 ug 21 38.0+0.1* 36.1 0.1 19 = 0.2 0.09
PLG 0.1 ug 19 38301 36402 1.9 £ 0.2 0.08
PLG 1| ug 20 382+01 364x02 18=+0.1 0.78
PLG10 pug 20 384+01 365=0.1 1.9 £ 0.1 0.05
Saline Control 11 38401 353x01§8 3.1x0.2§ 4.48
Saline Tolerant 15 384 +0.1 369+0.2 1.6 £ 0.2
cLG 0.01 ug 17 38.6+02 37.0x0.1 1.6 = 0.1 0.05
¢cLG 0.1 pug 17 38.2+0.1 368 0.1 1.5 = 0.1 0.46
¢cLG 1 ug 19 384 +02 369 =+0.1 1.5+ 0.1 0.29
cLG 10 pug 20 382+02 369+02 13=x0.1 1.31
Saline Control 20 38.7 0.1t 357 +0.28 3.0=x03§ 4.30
Saline Tolerant 20 386+01 365+x02 21=x02
OP 0.01 ug 20 385+x01 365+01 2102 0.08
OP 0.1 pug 19 38.7+01 365+02 22=0.2 0.52
OP 1 “e 20 38.6x0.1 364 =0.1 22+0.1 0.61
OP10 g 20 38.7+0.1 362=+02 2502 1.37
Saline Control 20 38.5+0.1 355+028 3.0=x02§ 3.67

All animals were IP injected with 3 g/kg ethanol. Pretreatment was 30 min before
ethanol. N=number of mice per group. Data are means + SEM. A=difference in °C
between baseline and test temperatures. Student’s 1 values given relate to comparisons of
A scores between a given group and the corresponding saline-treated tolerant group of
mice. *p<0.1; 1p<0.05; $p<0.01; §p<0.001 (two-tailed Student’s 1 test). PA=pressinoic
acid; PAG=Pro-Arg-Gly-NH,; OT=oxytocin; PLG=Pro-Leu-Gly-NH;; ¢cLG=
cyclo(Leu-Gly); OP=oxypressin.



VASOPRESSIN, OXYTOCIN AND ALCOHOL TOLERANCE 289

studies, AVP affects baseline temperatures. Although the
data from our AVP studies would be consistent with a
peptide-induced enhancement of tolerance, the effect of
AVP on body temperature may have confounded the meas-
urement of tolerance. DGAVP, on the other hand, has
greatly reduced peripheral endocrine activities, and, perhaps
for that reason, has no effect on body temperature and on the
acute hypothermia caused by alcohol.

The measure of tolerance used in the present studies was
attenuation of hypothermia produced by alcohol. We intend
to examine other measures of tolerance, too. It should be
noted that the response measure used seems not to be cru-
cial since AVP has been found by Hoffman et al. to enhance
tolerance to both the hypothermic effect and the sedative
effect of alcohol [10]. We have found no tolerance to the
sedative effect of alcohol under the conditions used in our
studies. This, together with evidence that tolerance to the
hypothermic effect of alcohol is lost more rapidly in our mice
than in those of Hoffman et al. [10,16], indicates that the
degree of tolerance induced in our studies is less than in
those of Hoffman et al. This suggests that the facilitatory
effect of vasopressin-like peptides on tolerance may be inde-
pendent of the degree of tolerance present. Nevertheless, we
feel that in future studies the degree of tolerance and the
patterning of peptide treatment should be varied systemati-
cally. From the available data, we cannot determine whether
AVP or DGAVP affect the rate of decay of tolerance or the
degree of tolerance displayed at a given test. Such studies
would also bear on the possibility that there are learning
components in tolerance (see Introduction). For example,
vasopressin is known to enhance performance of a previ-
ously learned response when the peptide is given shortly
before the retention test. This effect has been attributed to
facilitated memory retrieval [20]. If tolerance contains
learned components, this may explain the ability of
vasopressin-like peptides to enhance residual tolerance.
However, we have argued elsewhere [15] that it is difficult to
see how the mice in our experiments could have learned
discrete alcohol-related stimulus-response associations since
alcohol was administered continuously during the induction
of tolerance.

Nevertheless, there is a parallel between the effects of
AVP and DGAVP on tolerance to alcohol and the effects of
these peptides on conditioned behavior. Does this analogy
also extend to oxytocin? Oxytocin has been reported to have
effects on learning and memory which, under specific condi-
tions, are opposite to those of vasopressin-like peptides
[1,17). The data reported here suggest that oxytocin
enhances the acute hypothermic effect of alcohol. Qur re-

sults therefore do not allow the conclusion that oxytocin and
vasopressin may also have an opposite effect on tolerance to
alcohol hypothermia: attenuation versus enhancement.
Others have found no effect of oxytocin on tolerance to
alcohol or on the acute hypothermic effect of alcohol [10].
An apparent difference between the two sets of studies is the
duration of the treatment-test interval. Hoffman et al. ad-
ministered the peptide approximately 17 hr before daily tests
while our animals were injected with oxytocin shortly before
testing.

The results of our preoiminary structure-activity studies
suggest that the activity of DGAVP may be lost or reduced
when this peptide is fragmented. The ring and tail amino acid
sequences of AVP did not enhance tolerance to alcohol in
our paradigm. The structure-activity relationship for behav-
ioral effects of vasopressin depend upon the test used. In
tests of memory consolidation intracerebroventricularly in-
jected pressinamide is more active than PAG (5] while in
tests of morphine dependence the activity of vasopressin
appears to reside in PAG [21]. There was an indication in our
data that SC injected pressinoic acid may attenuate tolerance
to the hypothermic effect of alcohol As yet, this is an inci-
dental finding that needs to be replicated. At any rate, there
was no sign of enhanced tolerance. We have not yet tested
the related peptide, pressinamide. In the study reported
here, PAG was inactive; we have confirmed this lack of ac-
tivity in repeat studies.

A number of peptides structurally related to vasopressin
and oxytocin have been studied in tests for tolerance to
opiates/opioids. DGAVP enhanced the expression of tol-
erance to the induction of stereotyped behavior by mor-
phine in cats [3] or to an analgetic effect of morphine in mice
[11] or rats [6]. This seems to be consistent with the findings
reported for alcohol tolerance. PLG has been reported to
enhance tolerance to an analgetic effect of morphine [18] or
B-endorphin [20] in rats, although a recent attempt at rep-
lication has been unsuccessful [13]. In mice, PLG (and
cyclo(Leu-Gly)) were found to attenuate tolerance to mor-
phine [22]. Both peptides were inactive in our test for alcohol
tolerance. It thus appears that peptides may enhance or at-
tenuate tolerance to various substances, the structure-
activity relationships and the direction of effect being highly
dependent on procedural details. Most importantly, how-
ever, there is now considerable evidence that naturally
occurring peptides may modulate the development and
decay of tolerance and other adaptive responses. This
suggests that these peptides, notably those related to
neurophypophyseal hormones, play a physiological role in
CNS adaptability.
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