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HOFFMAN, P. L. Structural requirement.~.l~Jr neurohyp,Jphy.~,'al peptide maintenance of ethanol toleram e. PHARMAC. 
BIOCHEM. BEHAV. 17(4) 685--690, 1982.--lolerance to the hypnotic effect of ethanol in mice is prolonged by daily 
subcutaneous administration ofarginine vasopressin and certain analogs of this hormone. The major structural requirement 
for maintenance of ethanol tolerance by these peptides appears to be the N-terminal "'ring" structure of vasopressin 
containing two amino acid residues with aromatic side chains. Peptides structurally related to the C-terminal portion of the 
neurohypophyseal hormones are less active in maintaining tolerance than the intact hormones. The structure-activity 
pattern observed for the effects of peptides on ethanol tolerance is similar to that described for neurohypophyseal peptide 
inhibition of extinction of an active avoidance response, an action thought to reflect peptide effects on memory consolida- 
tion. The results arc in line with our hypothesis that similar CNS recognition sites may mediate neurohypophyseal peptide 
effects on ethanol tolerance and certain memory processes. The neurohyl:x~physeal hormones and analogs did not affect the 
hypnotic or hypothermic response to an acute injection of ethanol, indicating that the determination of tolerance was not 
influenced by a direct peptide-ethanol interaction. The hormones themselves, however, did cause a drop in body tempera- 
ture in the mice, which could be a result of either central or peripheral hormonal actions. 

Alcohol Ethanol tolerance Neurohypophyseal peptides Vasopressin 

ARGININE vasopressin IAVP), a mammalian antidiuretic 
hormone, has been demonstrated to prolong the duration of 
functional tolerance to ethanol beyond the time when such 
tolerance has dissipated in animals not treated with AVP 
17,9]. As reported by us ]8] and others [17]. ethanol tolerance 
was also maintained by [des-9-glycinamide, 8-1ysine]vaso- 
pressin (DGLVP), and [des-9-glycinamide. 8-arginine]vaso- 
pressin (DGAVP), vasopressin analogs which are devoid of 
[25], or have reduced 117], peripheral endocrinological ac- 
tivity. These findings suggested that vasopressin mainten- 
ance of  ethanol tolerance is mediated via direct peptide ac- 
tion in the CNS. 

Vasopressin, oxytocin (another neurohypophyseal hor- 
mone), some of their analogs and certain smaller, 
structurally-related peptides have also been demonstrated to 
have a number of other CNS effects. For example, many of 
these peptides inhibit the extinction of active avoidance re- 
sponses and maintain passive avoidance responses, effects 
which have been interpreted as influences of the peptides on 
memory consolidation [ 16,28]. Some of the neurohypophys- 
eal peptides also attenuate the amnesia caused by various 
agents [3, 12, 18, 24, 251, apparently by influencing retrieval 
or expression of information ]26]. Although specific CNS 
binding sites have not yet been demonstrated for oxytocin or 
vasopressin (except for a preliminary report of  such sites lbr 
the C-terminal tripeptide of oxytocin [4]), structure-activity 
studies of the CNS actions of  these hormonal peptides have 
already provided an indirect characterization of putative 

CNS receptors which may mediate certain of the peptide 
effects [25.26]. 

In the present study, we have further examined the struc- 
tural requirements for neurohypophyseal peptide mainte- 
nance of ethanol tolerance. These studies were undertaken 
in order to determine which characteristics of  the peptides 
contribute to their interaction with the putative CNS recep- 
tors mediating effects on ethanol tolerance, and to compare 
the structural requirements for maintenance of ethanol 
tolerance with those for other CNS actions of the peptides. 

In addition, we have investigated some of the acute 
physiologic effects of the neurohypophyseal peptides, as 
well as the influence of peptide treatment on the response of  
animals to acute alcohol administration. 

Mt-THOD 

All peptides, with the exception of DGAVP, were syn- 
thesized in the Department of Physiology and Biophysics, 
University of Illinois Medical Center, in the laboratory of 
Dr. R. Walter, and were l¥om the same batches used in pre- 
vious studies [9, 24, 25]. AVP was bioassayed before use, 
and had approximately 400 U/rag of  rat pressor activity [13]. 
DGAVP dicitrate (Organon 5459 '~) was a generous gift from 
Dr. J. Crabbe. The primary structure of the peptides used is 
shown in Fig. I. 

Male C57BI/6J mice were used in all experiments. Mice 
were housed six to a cage under conditions of  controlled 
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AVP: 

LVP: 

AVT: 

DGAVP: 

cyclo(Leu-Gly): 

Z-PLG: 

DAP: 

C~s-Tyr-Phe-Gln-Asn-C~s-Pro-Arg-GlyNH 2 

C~s-Tyr-Phe-Gln-Asn-C~s-Pro-Lys-GlyNH 2 

C;s-Tyr-lle-Gln-Asn-C~s-Pro-Arg-GlyNH 2 

Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-OH 
i. "I 
Leu-Gly 

Z-Pro-Leu-GlyNH 2 

M~r-Tyr-Phe-Gln-Asn-C~sNH 2 

FIG. 1. Primary structure of neurohypophyseal hormones and re- 
lated peptides used in the present experiments. Mpr=~3-mercap- 
topropionic acid; Z=benzyloxycarbonyl protecting group. 

temperature and lighting for at least one week prior to being 
used in an experiment. Chronic ethanol administration was 
by a liquid diet technique used previously in our laboratory 
[19]. Mice were acclimated for one day to a liquid diet con- 
taining Carnation Slender, vitamin supplement (3 g/I; ICN 
Corp., Cleveland, OH), and sucrose (96.8 g/l) (control diet). 
For the next seven days, control mice continued to receive 
the same diet, while ethanol-treated mice were given a diet in 
which ethanol (7%, v/v) equicalorically replaced the sucrose. 
The amount of diet offered to the control animals was ad- 
justed daily to match the amount consumed by the ethanol- 
consuming mice. On the morning of the eighth day, all mice 
were again given control diet (i.e., the ethanol diet was with- 
drawn from ethanol-consuming mice). This treatment 
protocol produced functional ethanol tolerance and physical 
dependence (defined by the appearance of previously- 
described withdrawal symptomatology [19]) in the ethanol- 
treated mice. 

Withdrawal symptoms were monitored at two-hour inter- 
vals for 12 hours following withdrawal [ 191. At 24 hours after 
withdrawal, when overt withdrawal symptoms had dissi- 
pated, mice were tested for tolerance to the hypnotic effect 
of a test dose of ethanol 19,19]. Tolerance testing was carried 
out at 9:00 a.m., and tolerance was assessed by measuring 
the duration of loss of righting reflex ("sleep-time") follow- 
ing a dose of 3.1 g/kg of ethanol [9,19]. Following the initial 
test, groups of control and ethanol-withdrawn mice were 
subdivided into groups which received a subcutaneous in- 
jection of peptide or vehicle (saline) at 4:00--6:00 p,m. Most 
peptides were administered at a dose of 400 nmole/kg body 
weight, and in some instances, additional groups of animals 
were treated with a dose of 40 nmole/kg (doses calculated on 
the basis of free peptide). Cyclo(Leu-Gly) was administered 
at doses of 4, 400 or 4,000 nmole/kg. Mice continued to re- 
ceive SC injections of peptide once daily (at 4:00 p.m.), and 
were also tested for tolerance on the mornings (9:00 a.m.) of 
days 3 .6  and 9 after withdrawal. 

A given experiment included from two to four groups of 
ethanol-treated mice and corresponding groups of control 
mice (i.e., saline-treated and one, two or three peptide- 
treated groups). In general, there were six to ten ethanol- 
treated mice per group, and six control mice per group. 

To measure the acute effect of peptides on body tempera- 
ture, mice not previously exposed to ethanol were injected 
SC with various doses of peptide or saline. Rectal tempera- 
ture was monitored by means of a Tele-Thermometer (Yel- 

low Springs Instrument Co., Yellow Springs, OH), as de- 
scribed previously [19], prior to and at 30, 60, 90 and 120 
minutes after peptide or saline injection. To determine the 
effect of the peptides on the response to acute ethanol treat- 
ment, ethanol (3.5 g/kg) was injected IP two hours after the 
peptide or saline injection, and body temperature was meas- 
ured prior to and at 30, 60, 90 and 120 minutes after ethanol 
injection. In separate experiments, the effect of the peptides 
on the duration of loss of righting reflex following acute 
ethanol administration was determined, following the 
protocol described above. In all acute experiments, mice not 
previously exposed to ethanol were used. 

Statistical significance was determined by analysis of 
variance and the Newman-Keuls test or Dunnett t-test. Val- 
ues of p<0.05 were considered to be significant. 

RESUI,TS 

Mice which consumed the liquid diet containing ethanol 
for seven days became tolerant to ethanol's hypnotic effect 
[9,19]. Thus, at 24 hours after withdrawal, the ethanol- 
treated mice exhibited a significantly decreased "sleep- 
time," as compared to controls, in response to a challenge 
dose of ethanol (Figs. 2 and 3). Under our experimental 
conditions, tolerance to both the hypnotic and hypothermic 
effects of ethanol has been shown to dissipate over three to 
six days following withdrawal [9,19]. In the present study 
ethanol-exposed mice which received saline injections after 
withdrawal also gradually lost tolerance to the hypnotic ef- 
fect of ethanol, and their responses were no longer signifi- 
cantly different from those of control mice within six to nine 
days "after withdrawal (Fig. 2). However, when mice were 
treated daily with 400 nmole/kg of AVP, LVP or DGAVP, 
tolerance dissipated more slowly, and these animals were 
still tolerant to the hypnotic effect of ethanol on the ninth day 
after withdrawal (Fig. 2), at which time peptide treatment 
was ended. In certain experiments, the hypnotic response to 
ethanol of the peptide-treated mice was determined six days 
following cessation of peptide treatment. Tolerance had dis- 
sipated at this time. 

A comparison of the effects of AVP, LVP and DGAVP 
with the effects of other peptides on ethanol tolerance is 
shown in Fig. 3. In contrast to AVP, LVP and DGAVP, the 
other hormone analog tested, arginine vasotocin ([IIe:L Ar- 
g"lvasopressin; AVT), did not maintain ethanol tolerance. 
Similarly, ethanol-withdrawn animals treated with deamino 
pressinamide (DAP) Can analog of the "'ring" structure of 
vasopressin; see Fig. 1), or N-benzyloxycarbonyI-Pro- 
Leu-Gly-NH2 (Z-PLG, a derivative of the C-terminal tripep- 
tide of oxytocin) did not exhibit tolerance to ethanol on the 
ninth day after withdrawal (Fig. 3). Thus, these smaller pep- 
tides, like AVT, did not prolong ethanol tolerance. Cyclo 
(Leu-Gly), the cyclized derivative of the C-terminal dipep- 
tide of oxytocin, did maintain ethanol tolerance, but only at 
the highest dose tested (4,000 nmole/kg; Fig. 3). This peptide 
was inactive at lower doses I-~400 nmole/kg) 181. 

The peptides which maintained ethanol tolerance when 
given at a dose of 400 nmole/kg (i.e., AVP, LVP, DGAVP) 
were also active at a dose of 40 nmole/kg (data not shown). It 
should be noted that none of the peptides used affected the 
response of control animals to ethanol (Fig. 2), when ethanol 
was administered 17 hours after peptide treatment. 

In a preliminary study. LVP was not found to maintain 
ethanol tolerance [10]. In the present study, a different batch 
of hormone was used, one that had rat pressor activity II 31 of 
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FIG. 2. Effects of AVP, LVP and DGAVP on rate of dissipation of 
ethanol tolerance. Mice were fed a liquid diet containing ethanol or 
an equicaloric amount of sucrose (controls) for seven days. 
Tolerance to ethanol was determined by measuring the duration of 
loss of righting reflex ("sleep-time") following a challenge dose of 
ethanol (3. I g/kg). Animals received the indicated peptide or saline 
once daily, beginning on the day after ethanol withdrawal, as de- 
scribed in the text. Values represent the mean-SEM of sleep-times 
of control mice (©) and of ethanol-exposed mice treated with saline 
(@), AVP (V), LVP (~) or DGAVP IE). The data in this figure are 
taken from two experiments in which the effects of all of these 
peptides were determined concomitantly. Sleep-times on the first 
day after withdrawal were obtained prior to peptide treatment. 
Sleep-times of saline- and peptide-treated control animals did not 
differ significantly at any time, and data for control animals were 
therefore pooled. The response of control animals did not vary sig- 
nificantly over days. All groups of ethanol-treated animals gradually 
lost tolerance (comoarison of responses over days: saline-treated, 
F(3,75)=33.44; AVP-treated, F(3,47)=7.80; LVP-treated, F(3.55) 
=21.40; DGAVP-treated, F(3,49)=24.78; p<0.01 for all groups). 
However, the peptide-treated groups lost tolerance more slowly 
than the saline-treated group. All ethanol-treated groups were 
tolerant on day 3, as compared to controls (p<0.01, Newman- 
Keuls). On day 6, ethanol-exposed, saline-treated mice were less 
tolerant than AVP-treated and LVP-treated mice (p<0.01), New- 
man-Keuls). On day 9, ethanol-exposed, saline-treated mice 
were no longer tolerant (response not significantly different from 
that of controls: Newman-Keuls). while all groups of peptide-treated 
mice remained tolerant q~<0.01, Newman-Keuls). Abbreviations: 
AVP. [8-argininelvasopressin; LVP, [8-1ysine]vasopressin: DGAVP, 
ldes-9-glycinamide, 8-argininelvasopressin. 

240 U/mg. Differences in act ivi ty were  also noted be tween  
different batches o f  DGAVP.  These  results emphas ize  the 
fact that hormones  and peptides used in behavioral  studies 
must be thoroughly character ized and, when possible,  bioas- 
sayed.  

The acute  response to the neurohypophysea l  peptides,  
and peptide effects  on responses  to acute  ethanol  adminis- 
tration, are shown in Table  1. In each instance,  the response  
to the peptide is compared  to the response to saline adminis- 
tered in the same exper iment .  Subcutaneous  injections of  
AVT or L V P  resulted in dose-dependent  drops in body tem- 
perature,  which were not seen following injection of  the 
o ther  peptides.  A similar hypothermic  response to AVP had 
previously been reported [8]. This drop in body tempera ture  
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FIG. 3. Effect of neurohypophyseal hormones, analogs and related 
peptides on maintenance of ethanol tolerance in C57BI mice. 
Treatment of mice with ethanol-containing diet (E) and control diet 
(C), and peptide administration, are described in the text and legend 
to Fig. 2. The dose of all peptides except cyclo(Leu-Gly) was 400 
nmole/kg. The dose of cyclo(l,eu-Gly) was 4,000 nmole/kg. Values 
are the mean-+ S EM of the ratios of "'sleep-time" in ethanol-treated 
mice and their matched controls. When the ratk) for ethanol-fed 
mice is less than 1.0, these animals are exhibiting tolerance to 
ethanol. This ratio approaches 1.0 as tolerance is lost. Number in 
parentheses is number of ethanol-fed animals tested. *p<0.05, 
peptide-treated compared to saline-treated groups (analysis of vari- 
ance: F(7,147)=4.98 and Dunnett t-test). Abbreviations: AVP, 18- 
arginine]vasopressin: LVP, [8-1ysine]vasopressin; AVT, 18-arginine] 
vasotocin, [lle:%Arg~]vasopressin; DGAVP. Ides-9-glycinamide, 8- 
arginine]vasopressin; DAP, deamino pressinamide" Z, benzyloxy- 
carbonyl protecting group. 

was maximal  at 30 minutes after peptide t reatment ,  and body 
temperature  had returned to control  values by 120 minutes 
after peptide t reatment .  When ethanol  was administered two 
hours after peptide t reatment ,  none of  the peptides signifi- 
cantly affected the hypnotic  or  hypothermic  responses  to the 
acute  ethanol  injection. 

D I S C U S S I O N  

As is the case for other  C N S  effects o f  neurohypophyseal  
peptides related to vasopressin [25,26], distinct structural 
requirements  exist for peptide maintenance  of  tolerance to 
the hypnotic effects  of  ethanol.  The most important  struc- 
tural character is t ic  for this act ivi ty  appears  to be the pres- 
ence of  two amino acid residues with aromatic  side chains 
within the N4ermina l  ("ring") portion of  the peptidcs.  This 
N-terminal  s tructure is character is t ic  of  vasopress ins  (see 
Fig. 1). Thus,  AVT,  which contains  an arginine residue in its 
linear C-terminal  portion,  but has the oxytocin  "'ring" struc- 
ture as its N-terminal  portion, was inactive in maintaining 
tolerance.  Similarly,  in previous  studies,  oxytocin  was found 
to be ineffect ive in maintaining alcohol  tolerance [7,9]. In 
general ,  our  results resemble those found both for peptide 
inhibition of  ext inct ion of  an act ive avoidance  response and 
tbr peptide at tenuat ion of  puromycin- induced amnesia  
[25,26J. The  major  difference be tween  the structural  re- 
qui rements  for these two peptide effects  on memory  was that 
small peptides,  s tructurally related to the C-terminal  por- 
tions of  the neurohypophysea l  hormones ,  were act ive in at- 
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T A B L E  I 

EFFECTS OF NEUR()HYPOPHYSEAI. PEPTIDES ON THE 
ACUTE RESPONSE TO ETHANOL 

Peptide Alone Peptide and Ethanol 

"Sleep-Time'" 
At 30' I~C) (mini Max ..~t (°C) 

Saline +0.01 ± 0.1 129 ~ 2 -1 .9  ± 0.2 
I.VP (400 nmole/kg) --2.7 , 0.2* 132 = 19 -2.4 ._ 0.2 
LVP (40 nmole/kg) - I . 9  ± 0.2* 118 '- 20 2.2 :- 0.2 
LVP (4 nmole,"kg) -0.8 ± 0.2* 172 - 27 -2.3 z 0.2 

Saline +0.2 ~_ 0.1 112 _+ 16 -1.7 ± 0.2 
AVT(400nmole/kg) 2.5 • 0.2* 98 z 13 -2.2 t 0.2 
AVT (40nmole/kg) -1.3 = 0.1" 1(~ ~_ 22 --2.2 ± 0.2 
AVT (4 nmole,"kg) 0.3 ,_ 0.1- 96 _+. 5 -2.2 - 0.2 

Saline -0.1 ~ 0.1 92 -- 6 1.9 , 0.3 
DGAVP(400 nmole/kg) -0.2 ,- 0.1 82 -~ 7 -1.7 ± 0.2 
DGAVP (40nmole/kg} -0.2 ± 0.1 97 ± 11 -2.5 _- (I.3 
DGAVP (4nmole/kg) ~0.3 -_ 0.1 88 ± 9 -2.2 - 0.2 

Saline -0.3 7- 0.1 98 ~ 11 - 1.9 _-7 0.6 
Z-PLG (400 nmole/kg) ~-0.03 7- 0.1 103 '. 10 - 2.0 = 1).2 
Z-PLG (40nmole/kg) ~-0.1 ± 0.1 118 ± 5 -2.1 ~_ 0.2 
Z-PLG 14 nmole/kg) -0.2 ~ 0.1 100 ± 8 -2.1 • 0.2 

Saline +0.2 _+ 0.1 123 , 4 - 1.9 ± 0.2 
DAP(400nmole/kg) ~0.1 : 0.1 124 -~ 7 -2.4 , 0.2 
DAP C40 nmole/kg) -0.04 z 0.1 129 • 15 -2.5 _+ 0.3 
DAP (4nmole/kg~ -~0.2 :, 0.1 123 ± 7 - 2.2 ± 0.2 

Peptides or saline were administered two hours before ethanol (3.5 g/kg). Duration 
of loss of righting reflex and rectal temperature were measured as described previ- 
ously [19]. The maximum change in body temperature alter peptide treatment oc- 
curred at 30 minutes following injection. The response to the peptides was compared 
to the response to saline which was obtained during the same experiment. There were 
10--20 animals per group. Values represent mean = SEM. 

*p<0.01:-:p<0.05 peptide-treated animals compared to saline-treated animals 
within each group (Analysis of variance and Newman-Keuls test: for I.VP. 
F(3,66)=36.9; for AVT. F(3,83)=56.38.) 

tenuat ing amnes ia ,  but were  less act ive or  inactive in inhibit- 
ing ext inct ion of  avo idance  behav ior  [25,26]. In this r espec t ,  
the s t ruc ture-ac t iv i ty  profile for pept ide  main tenance  of  
e thanol  to lerance  r e sembles  that for inhibition of  ext inc t ion  
of  an act ive avo idance  response .  Thus ,  Z-Pro-Leu-Gly-NH2,  
a pept ide  which is s t ructural ly  similar to the C-terminal  
t r ipept ide of  oxytoc in ,  had no de tec tab le  effect  on e thanol  
to lerance.  In cont ras t ,  Z-Pro-Leu-GIy-NH2 was even  more  
act ive than A V P  in a t tenuat ing  pu romyc in - induced  amnes ia  
[6,24]. Cyclo(Leu-Gly)  was found to maintain e thanol  
to lerance  only at the highest  dose  adminis te red .  Similarly, 
this pept ide  was  much less po ten t  (about 15-fold) than A V P  
in inhibiting ext inct ion of  act ive avo idance  behavior ,  but did 
show activity [26]. Cyclo(Leu-Gly)  was  relatively more  po- 
tent  in a t tenuat ing pu romyc in - induced  amnes ia  [6,24]. 

Because  the N-terminal  port ion of  vasopress in  was nec- 
essary  for the main tenance  of  e thanol  to lerance ,  an analog of  
the N- terminal  " ' r ing"  o f  vasopress in  was also tes ted.  De- 
amino press inamide  (DAP;  see Fig. I), was  inactive in main- 
taining e thanol  to lerance  (Fig. 3). It is o f  interest  that  
p ress inamide ,  al though inactive when  adminis te red  SC. did 

inhibit ext inct ion of  an active avoidance  response  when it 
was adminis te red  intraventr icular ly [27]. Similarly, the 
C-terminal  t r ipept ide of  arginine vasopress in  IPro-Arg- 
GIy-NH:)  was act ive when adminis te red  central ly,  and in- 
act ive when given subcu taneous ly  [27]. It is possible  that 
these  pept ides  are rapidly metabol ized in the per iphery ,  or 
do not easily en te r  brain following per ipheral  adminis t ra t ion.  
Deamino press inamide ,  as well as the der ivat ives  of  the 
C-terminal  port ion of  oxytocin  that were  tes ted in our  
s tudies ,  might maintain e thanol  to lerance  in a paradigm in 
which they could be adminis te red  central ly.  

On the o the r  hand,  there  is s t rong ev idence  that the route 
of  adminis t ra t ion is not the major  de te rminant  of  pept idc  
effects  on ethanol  to lerance  or on memory- re la ted  
phenomena .  Cyclo(Leu-Gly) ,  for example ,  has been de- 
tec ted  in its intact state in mouse  brain following subcutane-  
ous injection,  and the concen t ra t ion  of  this pept ide in the 
synap tosomal  fraction corre la ted  posi t ively with its po tency  
in a t tenuat ing puromycin- induced  amnesia  [14]. Further-  
more,  pept ides  related to the C-terminal  s t ructure  of  oxyto-  
cin and vasopress in  were  very active in blocking 
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puromycin- induced  amnesia  in mice fol lowing peripheral  in- 
jec t ion  [6, 24, 25]. Since this act ivi ty also appears  to be 
mediated central ly [251, it may be concluded that these  pep- 
tides do. in fact,  reach the brain in high enough concent ra-  
tions to exert  behavioral  effects  fol lowing subcutaneous  in- 
ject ion.  

Therefore ,  differences in response  to these neurohypo-  
physeal  hormones  and analogs cannot  be at tr ibuted purely to 
differences in uptake and/or  metabol i sm following systemic 
administrat ion,  al though these factors may play a role. In- 
stead, it seems likely that the entire vasopress in  molecule  is 
important  for maintenance  of  e thanol  tolerance,  as well as 
for inhibition of  ext inct ion of  an act ive avoidance  response.  
In this respect ,  it should be noted that,  for this latter act ivi ty,  
both press inamide and Pro-Arg-Gly-NH~ were  less act ive 
than AVP,  even when they were  adminis tered central ly [27]. 
The total vasopress in  s tructure is also important  for at tenua- 
tion of  puromycin- induced  amnesia  [25]. H o w e v e r ,  C N S  
pathways which are also sensit ive to the C-terminal  pept ides  
or  their  der iva t ives  appear  to influence this response.  

In general ,  our results are in line with the hypothesis  that 
ethanol  tolerance shares certain underlying mechanisms  with 
memory- re la ted  processes ,  as assessed by the response  to 
the neurohypophysea l  peptides.  In particular,  the mainte- 
nance of  to lerance and the maintenance  of  a condi t ioned 
avoidance  response  may be mediated by certain c o m m o n  
pathways ,  and neurohypophysea l  peptide effects  on these 
processes  may occur ,  in part,  through the same or similar 
recognit ion sites. Howeve r .  it is likely that all of  the behav- 
ioral effects  being considered are influenced in a complex  
manner  by many neuronal pa thways ,  each of  which may be 
differentially sensi t ive to var ious neurohypophysea l  pep- 
tides. 

The influence of  vasopress in  and related pept ides  on the 
acute  response to ethanol was invest igated in order  to de- 
termine whether  direct pept ide-ethanol  interact ions might 
contr ibute  to the observed  effects on tolerance.  We have 
examined  peptide effects  on the hypothermic  response  to 
acute  ethanol  administrat ion,  as well as on e thanol- induced 
hypnosis .  We previously  showed that A V P  and 
cyclo(Leu-Gly) ,  at a dose of  400 nmole/kg,  potent iated the 
hypnotic  effect of  an acute dose of  e thanol  adminis tered two 
hours after peptide t rea tment  [8]. Since tolerance to ethanol 

involves  a reduced " s l e e p - t i m e "  response,  it was concluded 
that such direct interaction did not mask the effects  of  AVP 
on tolerance [8]. None  of  the o ther  peptides tested in the 
present  study significantly affected the hypnotic  or  
hypothermic  response to an acute  dose of  e thanol  adminis- 
tered two hours after the peptides.  It should also be reiter- 
ated that, during chronic exper iments ,  ethanol was adminis- 
tered 17 hours after peptide t reatment .  Thus,  these peptides 
had little influence on the tested acute  responses  to ethanol,  
and the interact ions that did occur  did not interfere with the 
evaluat ion  of  peptide effects  on tolerance.  

The  neurohypophysea l  hormones  LVP and AVT,  in ad- 
dition to AVP [81, did cause a short- l ived drop in body tem- 
perature  in mice. This drop was dose-dependent  (AVP data 
not shown).  The fact that D G A V P  did not cause a significant 
drop in body tempera ture  suggests that the change in body 
tempera ture  may involve a peripheral  response  to the hor- 
mones.  In rats, however ,  AVP was previously  shown to 
cause hypothermia  fol lowing intraventr icular ,  as well as pe- 
ripheral,  injection [5, 111. 

In summary ,  our results suggest that the maintenance of  
functional tolerance to ethanol  involves  modulat ion of  a 
C N S  adapt ive response by the tested peptides,  and that this 
peptide act ion may be mediated by neuronal  recognit ion 
sites which are relat ively specific for vasopressin .  Vaso- 
pressin has been shown to have both e lect rophysiological  
[I,2] and biochemical  effects in the CNS [15,231. In addition, 
recent  studies indicate the widespread distribution of  this 
peptide in brain areas o ther  than the hypothalamus [20-221. 
Thus,  vasopress in  may well be found to be an endogenous  
regulator or  modula tor  of  a number  of  CNS adapt ive proc- 
esses.  

ACKNOWLEDGEMENTS 

The author thanks Dr. J. C. Crabbe for his gifts of DGAVP, and 
Dr. B. Tabakoff for helpful discussion. The invaluable technical 
assistance of Dr. T. S. Raju is greatly appreciated. This work was 
supported in part by grants from ADAMHA, PHS (AA-3817. AA- 
2696. DA-1951); the State of Illinois Department of Mental Health 
and Developmental Disabilities (8083-13) and the VA Medical Re- 
search Service. The author is the recipient of an ADAMHA Re- 
search Scientist Development Award (AA-52). 

REFERENCES 

1. Barker, J. L. and T. G. Smith. Peptide regulation of neuronal 
membrane properties. Brain Res.  103: 167-17(]. 1976. 

2. Bohus. B., I. Urban, Tj. B. van Wimersma Greidanus and D. de 
Wied. Opposite effects of oxytocin and vasopressin on 
avoidance behavior and hippocampal theta rhythm in the rat. 
N e , r o p h a r m a c o l o g y  17: 239-247, 1978. 

3. Bookin, H. B. and W. D. Pfeifer. Effect oflysinc vasopressin on 
pentylenetetrazole-induced retrograde amnesia in rats. Phar- 
mac.  Biochem. Behav.  7: 51-54, 1977. 

4. Chiu, S.. Y.-W. Wong and R. K. Mishra. Identification of spe- 
cific receptor sites for L-prolyl-leucyl-glycinamide (PI,GI in 
mammalian brain. Pharmacologis t  22: 205, 1980. 

5. Crinc. A. F.. S. Bredart and J. J. Legros. Effect of exogenous 
arginine vasopressin on rectal temperature in the albino rat. 
I lormones  Behav.  15: 226-231, 1981. 

6. Flexner, J. B., L. B. Flexner, P. I,. Hoffman and R. Walter. 
Dose-response relationships in attenuation of puromycin- 
induced amnesia by neurohypophyseal peptides. Brait! Rex. 
134: 39-44, 1977. 

7. Hoffman, P. 1,., R. F. Ritzmann and B. Tabakoff. The influence 
of argininc vasopressin and oxytocin on ethanol dependence 
and tolerance. In: Currents in Alcoholism, vol. 5, edited by M. 
Galanter. New York: Grune and Stratton, 1979, pp. 5-16. 

8. Hoffman, P. L., R. F. Ritzmann and B. Tabakoff. Ncurohypo- 
physeal peptide influences on ethanol tolerance and acute ef- 
fects of ethanol. I 'harmac.  Biochem. Behav.  13: Suppl, I. 279- 
284, 1980. 

9. Hoffman, P. I,.. R. F. Ritzmann, R. Walter and B. Tabakoff. 
Arginine vasopressin maintains ethanol tolerance. Nature  276: 
614-616, 1978. 

10. Hoffman, P. L. and B. Tabakoff. Centrally-acting peptides and 
tolerance to ethanol. In: Currents in Ah'oholi,~m, vol. 8, edited 
by M. Galanter. New York: Grune and Stratton, 1981, pp. 359- 
378. 

I I. Kasting, N. W., W. L. Veale and K. E. Cooper. Convulsive and 
hypothermic effects of vasopressin in the brain of the rat. ('tan. 
.I. Physiol. I 'harmac.  58: 316-319. 1980. 



690 H O F F M  AN 

12. Lande, S., J. B. Flexner and L. B. Flexner. Effect of cortico- 
tropin and desglycinamide 9-1ysine vasopressin on suppression 
of memory by puromycin. Pro,'. hath. Acad.  Sci. U.S .A.  69: 
558-560, 1972. 

13. Pharmacopoeia of the United States, 17th Revision. Easton: 
Mack Publishing Company. 1975, pp. 750. 

14. Rainbow, T. C., J. B. Flexner, L. B. Flexner, P. L. Hoffman 
and R. Walter. Distribution. survival and biological effects in 
mice of a behaviorally active, enzymatically stable peptide: 
pharmacokinetics of cyclo(Leu-Gly) and puromycin-induced 
amnesia. Pharma~'. Biochcm. Flehav. 10: 787-793. 1979. 

15. Ramaekers, F., H. Rigter and B. E. Leonard. Parallel changes 
in behavior and hipfx~campal serotonin metabolism in rats fol- 
lowing treatment with desglycinamide lysine vasopressin. Brain 
Res.  120: 485--492. 1977. 

16. van Ree, J. M.. B. Bohus, D. H. G. Versteeg and D. de Wied. 
Neurohylx, physeal principles and memory processes. Biochem. 
Pharmac.  27: 1793--1800, 1978. 

17. Rigter, H., H. Rijk and J. C. Crabbe. Tolerance to ethanol and 
severity of withdrawal in mice are enhanced by a vasopressin 
fragment. Eur. J. Pharmac.  64: 53-68, 1981). 

18. Rigter, H., H. van Riezen and D. de Wied. The effects of 
ACTH- and vasopressin-analogues on COe-induced retrograde 
amnesia in rats. Physiol.  Behav.  13: 381-388, 1974. 

19. Ritzmann, R. F. and B. Tabakoff. Body temperature in mice: A 
quantitative measure of alcohol tolerance and physical depend- 
ence. ,I. Pharma('.  c,rp. Thor. 199: 158---170. 1976. 

20. Rossor, M. N., L. L. lversen, J. Hawthorn. V. T. Y. Ang and J. 
S. Jenkins. Extrahypothalamic vasopressin in human brain. 
Brain Rcs.  214: 34%355. 1981. 

21. Sofroniew. M. V. and U. Schrell. Evidence for a direct projec- 
tion from oxytocin and vasopressin neurons in the hypothalamic 
paraventricular nucleus to the medulla oblongata: immunohis- 
tochemical visualization of both the horseradish peroxidase 
transported and the peptide produced by the same neurons. 
Neurosc'i. Lett.  22:211-217, 1981. 

22. Sofroniew, M. F. and A. Weindl. Projections from the parvocel- 
lular vasopressin- and neurophysin-containing neurons of the 
suprachiasmatic nucleus. Am.  J. Anat.  153: 391-430, 1978. 

23. Tanaka. M., D. H. G. Versteeg and D. de Wied. Regional ef- 
fects of vasopressin on rat brain catecholamine metabolism. 
Neuroxt'i .  Lett. 4: 321-325. 1977. 

24. Walter, R., L. B. Flexner, R. F. Ritzmann, H. N. Bhargava and 
P. L. Hoffman. Central nervous system effects of posterior pi- 
tuitary hormones, fragments and their derivatives on drug 
tolerance/dependence and behavior. In: Polypeptide Hormones .  
edited by R. E. Beers, Jr. and E. G. Bassett. New York: Raven 
Press, 1980. pp. 321-336. 

25. Walter, R., P. L. Hoffman. J. B. Flexner and L. B. Flexner. 
Neurohypophyseal hormones, analogues and fragments: Their 
effect on puromycin-induced amnesia. I'roc. hath. Ac'ttd. S( i. 
U.S .A.  72: 4180--4184, 1975. 

26. Walter, R., J. M. van Ree and D. de Wied. Modification of 
conditioned behavior of rats by neurohypophyseal hormones 
and analogues. Pro('. nutn. A~'ad. S,'i. U.S .A.  75: 2493-2496, 
1978. 

27. de Wied, D. Behavioral effects of intraventricularly adminis- 
tered vasopressin and vasopressin fragments. L(I~" S~'i. 19: 68.5-- 
690, 1976. 

28. de Wied, D.. B. Bohus, I. Urban, Tj. B. van Wimersma 
Greidanus and W. H. Gispen. Pituitary peptides and memory. 
In: Peptides: Chemistry.  Strum'tar,'. Biology. edited by R. Wal- 
ter and J. Meienhofer. Ann Arbor: Ann Arbor Scientific Publi- 
cations, 1975. pp. 635-643. 


