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SPEISKY, M. B. AND H. KALANT. Vasopressin-like peptides retain ethanol tolerance in the absence of changes in 
serotonin synthesis in limbic structures. PHARMACOL BIOCHEM BEHAV 25(4) 797-803, 1986.--Central tolerance to 
the effects of ethanol in rats can be prolonged beyond its normal time of disappearance by administration of vasopressin 
(AVP) or desglycinamide-arginine-vasopressin (DGAVP) after ethanol withdrawal. While the mechanism underlying this 
effect is unknown, we have reported that specific depletion of hippocampal serotonin (5-HT) prevents the prolongation of 
tolerance by DGAVP. The present study explored possible presynaptic interactions between DGAVP and 5-HT terminals 
in the hippocampus, in relation to tolerance retention. When administered acutely, DGAVP had no effect on the rates of 
hippocampal or septal 5-HT synthesis in naive rats, as assessed by the NSD 1015 method. Moreover, chronic DGAVP 
treatment that maintained tolerance did not change the in vivo rate of 5-HT synthesis in the hippocampus or septum. 
Similarly, no significant differences were found in the levels of hippocampal 5-HT or 5-HIAA. Septal 5-HIAA levels were 
slightly but significantly lower in ethanol-DGAVP than in ethanol-saline rats. In vitro studies revealed, on the other hand, 
that addition of AVP to the incubation medium failed to affect the spontaneous and stimulated release of endogenous 5-HT 
from hippocampal slices, While the lack of changes in hippocampal 5-HT synthesis argues against a presynaptic DGAVP- 
5-HT interaction, the possibility remains of a peptide modulation of 5-HT postsynaptic actions. 
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ADMINISTRATION of arginine vasopressin (AVP) or 
desglycinamideg-arginine8-vasopressin (DGAVP, an analog 
almost devoid of endocrine activity) to rodents has been re- 
ported by several groups to maintain tolerance to several 
effects of ethanol after ethanol administration is discontin- 
ued [8, 11, 16, 18]. Although at present little is known about 
the neuronal systems involved in this peptide-induced main- 
tenance of tolerance, indirect evidence supports the in- 
volvement of the central serotonergic [11] and noradrenergic 
systems [7] in rats and mice, respectively. A role for the 
serotonin (5-HT) system was suggested by the observation 
that electrolytic lesion of the median raphe nucleus (but not 
the dorsal or magnus) interfered with the ability of DGAVP 
to maintain tolerance to ethanol-induced hypothermia and 
motor impairment in rats [11]. This observation led to the 
hypothesis that a DGAVP-5-HT interaction had to take 
place, at some point in the mesolimbic serotonergic path- 
way, for this peptide to maintain ethanol tolerance. 

Further support for this idea was provided by our finding 
that the specific destruction of serotonergic fibers innervat- 
ing the hippocampus totally prevented DGAVP from main- 
taining tolerance to ethanol-induced motor impairment [18]. 
That the putative peptide-5-HT interaction could take place 
at the level of the hippocampus is also indirectly supported 
by the report [1] that addition of AVP in vitro increased the 
synthesis and potassium-stimulated release of endogenous 
5-HT in the hippocampal slice. In addition, the presence of 
synaptic AVP terminals [2] and specific receptors [15] in the 
hippocampus is consistent with the concept that this region 
could constitute one of the possible anatomical sites in- 
volved in the central actions of vasopressin-like peptides. 

In the present study we explored possible presynaptic 
interactions between DGAVP and 5-HT terminals. Specifi- 
cally, the effects of acute and chronic DGAVP administra- 
tion on the in vivo rate of 5-HT synthesis in hippocampus and 
septum were studied in relation to the peptide-induced main- 

tRequests for reprints should be addressed to Dr. M. B. Speisky, Department of Pharmacology, University of Toronto, Toronto, Ontario, 
Canada M5S 1A8. A brief version of this paper will appear in the Proceedings of the 3rd Biennial Congress of ISBRA, Helsinki, 1986. 
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tenance of tolerance. In addition, attempts were made to 
replicate the observation by Auerbach and Lipton [1] that 
AVP increases the release of endogenous 5-HT from the 
hippocampal slice. 

METHOD 

Animals 

Male Wistar rats (Charles River, Montrral, Canada), 
weighing 280-300 g when purchased, were individually 
housed in an environmentally controlled room (21-23°C and 
40% relative humidity) with lighting on from 0700 to 1900 hr. 
In the acute and in vitro studies rats were kept in the animal 
quarters for one week prior to the experiment. Water and 
standard Purina rat chow were available ad lib, except for 
the night prior to the experiment when rats were fasted while 
water continued to be available. In the chronic studies 
standard Purina rat chow and water were available ad lib 
until the rats reached 330 g. They were held at this body 
weight for at least one week prior to the experiment by ap- 
propriate restriction of the daily chow ration. Rats were 
fasted overnight prior to the experiment, while water contin- 
ued to be available. 

Materials 

Sources. Noradrenaline (NA) bitartrate, dopamine hy- 
drochloride, 5-HT creatinine sulfate, 5-hydroxyindoleacetic 
acid (5-HIAA), 5-hydroxytryptophan (5-HTP), dihydroxy- 
benzylamine (DHBA), m-hydroxybenzylhydrazine dihydro- 
chloride (NSD 1015), imipramine.HCl and AVP (acetate salt, 
grade VIII, 390 I.U./mg) were purchased from Sigma Chem- 
icals (St. Louis, MO). DGAVP was kindly donated by Orga- 
non (Oss, The Netherlands) through the courtesy of Dr. H. 
Greven. Purity control of DGAVP was carried out by high 
voltage paper electrophoresis as previously described [4] 
using a solvent system of pyridine:acetic acid:water (50:1:950 
v/v) buffered at pH 6.5, at 2000 V for 1 hr. 

KRP bt(f, fer. The composition of the Krebs-Ringer- 
phosphate (KRP) buffer was: 128 mM NaC1, 4.8 mM KCI, 
0.75 mM CaC1._,, 1.2 mM MgSO~, 16 mM glucose, 16 mM 
NaeHPO~ (pH 7.4), 10 ~ mM imipramine. KRP-high K + buf- 
fer was made by replacing a portion of the NaCI with an 
equimolar amount of KC1 to a final concentration of 55 mM 
KC1. Imipramine was always included in the buffer in order 
to inhibit the neuronal uptake of the endogenous 5-HT previ- 
ously released into the incubation medium. 

Measurement  (~frate o f  5-HT synthesis and endogenous 
monoamine levels. The rate of 5-HT synthesis in discrete 
regions of the brain was estimated by measuring the in vivo ac- 
cumulation of the serotonin precursor 5-HTP, after inhibi- 
tion of the aromatic amino acid decarboxylase (E.C.4.1.1.28) 
with NSD 1015 as described by Carlsson et al. [3]. 

NSD 1015 (200 mg/kg in saline) was injected intraperito- 
neally. Thirty min later, the rats were decapitated and the 
septa and hippocampi were immediately dissected out. The 
tissue samples were frozen in dry ice and kept at -70°C until 
assayed. 5-HTP was measured in acidic extracts of brain 
samples by high performance liquid chromatography 
(HPLC) with electrochemical detection, according to the 
method described for monoamines [9]. In this instance, the 
mobile phase contained a higher concentration (0.75 mM) of 
the ion pairing reagent octyl sodium sulfate (OSS) in order to 
resolve the 5-HTP signal from that of NA. All other param- 

eters were kept unchanged [9]. This method permitted the 
simultaneous determination of 5-HTP, NA, 5-HIAA, 
dopamine and 5-HT. Possible interference by DOPA, 
MHPG, HVA and NSD 1015 was ruled out in preliminary 
experiments. Standards were prepared in 0.1 M perchloric 
acid (PCA) containing 0.025 mM ascorbic acid, and stored at 

- 70oc. 
PCA extracts of brain samples were prepared by 

homogenizing the tissue in 10-20 volumes of 0.1 M PCA 
containing 0.025 mM ascorbic acid and 40 ng/ml of DHBA as 
internal standard. Homogenates were prepared with a Poly- 
tron (Brinkmann Instruments, New York) probe PT I0 TS, 
at setting 5 for 20 sec, and centrifuged at 30,000 × g for 20 
min in a Sorvall Model RC-2B refrigerated centrifuge. The 
supernatants were separated and immediately injected into 
the HPLC or stored at -70°C to be processed within 2 
weeks. 

Moving Belt Test 

Training period. In this test, rats were trained to walk on 
a motor-driven belt that moved continuously over a shock 
grid [13]. When the rat stepped off the belt, it received a 
shock and a cumulative timer was activated to measure total 
time off belt during the 2-rain trial. 

Seventy rats were trained to a criterion of 99cA correct 
performance (i.e., not more than 1.2 sec off belt during any 
2-min trial). Training sessions began within the first week 
after arrival of the animals in the vivarium. 

Test session. On test days, the motor impairment was 
measured for each rat in 4 consecutive trials starting at 7, 17, 
27 and 47 min after an intraperitoneal (IP) injection of a test 
dose of ethanol (2.3 g/kg as an 11% w/v solution in saline). 

Upon completion of the last trial, 50/zl of blood was taken 
from the cut tip of the tail for gas chromatographic determi- 
nation of blood ethanol concentration [12]. Rats were run 
blindly with respect to their chronic treatments. 

Acute Studie,s 

To assess the effects of the acute administration of 
DGAVP on the rate of in vivo accumulation of 5-HTP in the 
brain, DGAVP (10/xg/rat in 0.2 ml of saline) or saline was 
given subcutaneously (SC) in the back of the neck to rats 
fasted overnight. NSD 1015 (200 mg/kg in saline) was in- 
jected intraperitoneally either immediately following (Exper- 
iment 1) or 3.5 hr after (Experiment 2) the DGAVP or saline 
injection. Rats were sacrificed by decapitation 30 min after 
the administration of NSD 1015 (i.e., between 10:00 and 
12:00 hr in Experiment I and 13:00 and 15:00 hr in Experi- 
ment 2) and the rates of 5-HT synthesis were measured in the 
septum and hippocampus as described above. 

Chronic Studies 

After an initial test of ethanol-induced motor impairment 
on the moving belt, the rats were subdivided into 2 groups, 
matched according to their initial impairment scores, to re- 
ceive either sucrose (n=28) or ethanol treatment (n-42).  

Ethanol was administered to rats by garage as a 25% w/v 
solution (in tap water), starting with a daily dose of 3 g/kg 
that was gradually increased up to 5 g/kg by 0.5 g/kg incre- 
ments every 2 days. Control rats received chronic 
equicaloric sucrose treatment. Chronic treatment lasted for 
26 days. with tolerance being measured on days 12 and 26 ot 
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T A B L E  1 

ACCUMULATION OF 5-HTP AND BRAIN MONOAMINE LEVELS AFTER INJECTION OF NSD 1015 

5-HTP 5-HT 5-HIAA NA 
Group (ng/g) (ng/g) (ng/g) (ng/g) 

A. Hippocampus 
Sa l ine~0min  N.D. 313 ± 15 369 _+ 30 793 ± 25 
Saline--30min N.D. 314 _+ 16 366 ± 14 819 ± 42 
NSD-1015~0 min N.D. 281 ± 29 363 ± 14 837 ± 41 
NSD-1015--30min 172 ± 18t 314 ± 20 235 ± ll* 907 ± 17 

B. Septum 
Sal ine~0 min N.D. 635 ± 69 471 ± 66 1673 ± 163 
Saline--30min N.D. 601 ± 63 457 ± 42 1929 ± 100 
NSD-1015~0min N.D. 571 ± 111 455 ± 70 1710 ± 145 
NSD-1015--30min 223 ± 23t 462 ± 75 245 ± 19" 1601 ± 330 

Rats injected with NSD 1015 (200 mg/kg, IP) or saline were sacrificed by decapitation immediately or 
30 min after receiving their respective injections. The hippocampi and septa were rapidly dissected 
out, frozen on dry ice and kept at - 7 0  ° C until assayed by HPLC-EC. Results are expressed as ng/g 
wet weight of tissue. N.D. = not detected. 

*Designatesp <0.01. 
tTo convert these values to rates of 5-HT synthesis, multiply x 2 to obtain a corresponding 

accumulation for 1 hr instead of 30 min, and divide by the molecular weight of 5-HTP (220.22). This 
will yield a rate expressed in nanomoles/g/hr. For the values shown, the corresponding rates are 1.6 
nmol/g/hr for hippocamus and 2.0 nmol/g/hr for septum. 

t r ea tmen t .  U p o n  e thano l  and  suc rose  wi thd rawa l ,  each  
g roup  was d iv ided into two equal  subgroups ,  m a t c h e d  ac- 
co rd ing  to the i r  impa i rmen t  scores  on  day  26, to rece ive  
e i t h e r  sal ine or  D G A V P  t r e a t m e n t  for  33 days .  D G A V P  (10 
/zg/rat daily,  f reshly  d i s so lved  in 0.2 ml of  0.9% sal ine)  was 
a d m i n i s t e r e d  to ra ts  SC in the  back  of  the  neck ,  b e t w e e n  
10:00 and  12:00 hr  on t r e a t m e n t  days .  On tes t  days ,  the  pep- 
t ide was g iven  a p p r o x i m a t e l y  2 hr  a f te r  the tes t ing  was 
f in ished.  Cont ro l  ra ts  r ece ived  SC in jec t ions  of  0.2 ml of  
0.9% sal ine solut ion.  

T o l e r a n c e  was m e a s u r e d  on  days  12, 26 and  33 of  th is ,  
t r ea tmen t .  A p p r o x i m a t e l y  24 hr  af ter  the last  D G A V P  or  
sal ine in ject ion,  the ra ts  were  g iven  an IP in jec t ion  of  N S D  
1015 (200 mg/kg),  and  sacr i f iced 30 min later.  The i r  hip- 
pocampi  and sep ta  were  immedia t e ly  d i s sec ted  out ,  f rozen  
on  dry  ice and s tored  at - 7 0 ° C  for  H P L C - E C  ana lys i s  of  
the i r  5 -HTP  and m o n o a m i n e  con ten t .  

In Vitro Studies 

Measurement ~[ endogenous 5-HT release. T r a n s v e r s e  
h ippocampa l  slices (300 /xm in th ickness ) ,  p r epa red  wi th  a 
McI lwa in  t i ssue  c h o p p e r ,  were  ob ta ined  f rom each  hip- 
p o c a m p u s  ( approx ima te ly  50 rag), s u s p e n d e d  in 0.5 ml of  
o x y g e n a t e d  K R P  buffer  (pH 7.4) and  p r e i n c u b a t e d  for  5 min 
at 37°C. U p o n  comple t i on  of  the  p r e incuba t i on  per iod,  the 
sl ices were  spun  down  at 15,000 x g for  1 min in an Eppen-  
do f f  cent r i fuge .  The  s u p e r n a t a n t  m e d i u m  was  d i sca rded  and  
the  sl ices were  r e s u s p e n d e d  in f resh  o x y g e n a t e d  buffer  
(e i ther  normal  K R P  or  KRP-h igh  K +) and  i ncuba t ed  for  5 
rain at 37°C. To s tudy the  ef fec ts  of  A V P  on the  basal  and 
K+- induced  re lease  of  5-HT,  di f ferent  a m o u n t s  of  A V P  were  
added  to bo th  the p r e incuba t i on  and incuba t ion  media .  The  
pept ide  was  f reshly  d i s so lved  in 0.1 mM HC1 and  di luted into 
the p r e incuba t i on  and incuba t ion  med ia  to yield final concen -  

t ra t ions  of  10 7 and 10 n M. For  the  con t ro l  slices,  0.1 m M  
HCI was  used in the same  di lu t ions  but  wi thou t  pept ide .  

Bo th  basal  and K+- induced  re lease  of  5 -HT were  s tudied 
in t i ssue  ob ta ined  f rom the  same animal .  Fo r  this  purpose ,  
for  e ach  rat ,  one  h i p p o c a m p u s  was i ncuba t ed  in normal  
KRP,  while  the o the r  was  i ncuba t ed  in KRP-h igh  K +. 

The  incuba t ion  was t e r m i n a t e d  by cen t r i fuga t ion  at  15,000 
× g for  1 min. The  s u p e r n a t a n t  was  asp i ra ted  and  a 400/.~1 
sample  was t r ans fe r r ed  to an E p p e n d o r f  tube  con ta in ing  100 
/zl of  an  acid solut ion cons i s t ing  of  0.1 M PCA,  0.025 mM 
ascorb ic  acid and  0 .7 /xM D H B A ;  50 or  100/~1 a l iquots  of  this  
acidif ied incuba t ion  med ium were  in jected di rect ly  into the  
H P L C  to quant i fy  the  re leased  m o n o a m i n e s ,  as desc r ibed  
above .  

Statistical Analysis 

Resul ts  are exp re s sed  as g roup  means_+s tandard  e r ro r  ot 
the  mean  (SEM).  For  some s ta t is t ical  c o m p a r i s o n s ,  the two- 
tai led S t u d e n t ' s  t - tes t  for  unpa i red  da ta  [17] was  used.  
Probabi l i ty  (p) values  equal  to or  lower  than  0.05 were  con-  
s idered  to indicate  s tat is t ical  s ignif icance.  W h e n  appropr i -  
a te ,  the  da ta  were  sub jec ted  to analys is  of  va r i ance  using a 
c o m p u t e r  package  p rogram ( B M D P  stat is t ical  sof tware ,  
Un ive r s i ty  of  California) .  

RESULTS 

Acute Studies 

Admin i s t r a t i on  of  N S D  1015 resu l ted  in the accumula t ion  
of  m e a s u r a b l e  a m o u n t s  of  5 -HTP in b o t h  the  h i p p o c a m p u s  
and  sep tum,  but  had no  s ignif icant  effect  on the  s teady  state 
levels  of  5-HT or  N A  in e i the r  region (Table  1). Rats  sac- 
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T A B L E  2 

EFFECT OF ACUTE DGAVP ADMINISTRATION ON THE RATE OF TRYPTOPHAN HYDROXYLATION 
AND MONOAMINE LEVELS IN THE HIPPOCAMPUS AND SEPTUM 

5-HTP 5-HT 5-HIAA NA 
Group (ng/g/30 rain) (ng/g) (ng/g) (ng/g) 

Experiment 1 
A. Hippocampus 

Saline 164 ± 10 332 ± 31 
DGAVP 158 ± 8 336 ± 11 

B. Septum 
Saline 253 ± 32 511 ± 60 
DGAVP 269 ± 10 554 ± 22 

274 ± 20 976 ± 33 
264 ± 10 968 ± 52 

284 ± 26 1634 ± 143 
272 ± 13 1764 ± 119 

Experiment 2 
A. Hippocampus 

Saline 83 + 9 319 ± 23 
DGAVP 93 ± 11 328 ± 22 

B. Septum 
Saline 196 ± 16 721 ± 31 
DGAVP 180 ± 13 651 ± 19 

207 ± 3 883 ± 13 
212 ± 15 840 ± 47 

278 ± 13 2001 ± 160 
271 ± 17 1983 ± 123 

Rats were given a SC injection of DGAVP (10 ~g/rat) or saline immediately prior (Experiment 1) or 
3.5 hr after (Experiment 2) the administration of NSD 1015 (200 mg/kg, IP). Thirty rain later rats were 
sacrificed by decapitation and their hippocampi and septa were rapidly dissected out, frozen on dry ice 
and kept at -70  ° C until assayed by HPLC-EC, n=6 per group. 

rificed 30 min after administrat ion of  N S D  1015 presented  
levels  of  5-HTP that co r responded  to a calculated synthesis  
rate of  1.6 and 2.0 nmol/g/hr  in the h ippocampus  and septum 
respect ive ly  (Table 1). In addition, this group presented  sig- 
nificantly decreased  levels  o f  5 -HIAA in both brain regions 
relat ive to the control  group.  

Compar i son  of  5-HTP levels in the h ippocampus  and sep- 
turn o f  D G A V P  and sal ine-treated rats (Table 2, Exper iment  
1) indicates that the pept ide administrat ion 30 min prior to 
sacrif ice did not  alter  the rate of  t ryptophan hydroxyla t ion  in 
these regions. Hippocampal  and septal levels  of  5-HT,  
5 -HIAA and N A  were also unaffected by the administrat ion 
o f  DGAVP.  

Adminis t ra t ion of  D G A V P  4 hr prior to sacrif ice (Table 2, 
Exper iment  2), proved equal ly  ineffect ive in promot ing 
changes  in the rate of  5-HT synthesis  or  levels  o f  endogenous  
monoamines ,  e i ther  in the septum or h ippocampus.  

Fo r  a reason at present  unclear,  the rates of  t ryptophan 
hydroxyla t ion  were  markedly  lower  in Exper imen t  2 relat ive 
to those  found in Exper iment  1 (see Table  2). While it is 
known that 5-HT synthesis  is subject  to circadian variat ion 
[6] this difference is unlikely related to it since in both exper-  
iments  rats were  sacrificed during the light cycle,  with a 
dif ference o f  no more than 3 hr (see the Method  section,  
Acute  Studies). 

Chronic Studies 

After  26 days of  chronic  t rea tment  (Fig. 1), the ethanol-  
receiving group displayed a significant degree  of  to lerance as 
ev idenced  by the smaller  area  under  the curve  of  t ime-off- 
belt versus  t ime, relat ive to that of  the sucrose  controls ,  
F(1,56)=30.18,  p<0.00001.  Thir ty- three  days after  ethanol 
wi thdrawal ,  tolerance to the e thanol- induced motor  impair- 
ment  had complete ly  disappeared in the rats that rece ived  

saline during the withdrawal  period (Fig. 2). Administrat ion 
of  DGAVP,  on the o ther  hand, resulted in the retention of 
central  tolerance to ethanol ,  indicated by consis tent ly  
smaller  impairment  scores relat ive to those of  the controls ,  
F(1,21)=6.18,  p - 0 . 0 2 1 4 ,  in the absence 6f  changes in blood 
alcohol  concent ra t ions  (see legend to Fig. 2). 

Analysis  o f  the rate of  in vivo hydroxyla t ion  of  t ryptophan 
in both the h ippocampus  and the septum (Table 3) showed no 
significant differences be tween  the 4 t rea tment  groups. 
Therefore ,  the ability of  chronic  D G A V P  treatment  to main- 
tain ethanol  to lerance is unlikely to be related to a change in 
the total synthesis of  5-HT in the presynapt ic  nerve  terminals 
of  the h ippocampus  or  septum. In addition, no differences 
were  found in the levels  of  5-HT, 5-H1AA or NA be tween  
the different groups in ei ther  the h ippocampus  or  the septum. 
5 -HIAA levels,  however ,  were  slightly lower  in the septum 
of e t hano l -DGAVP rats relat ive to those of  ethanol-saline 
controls .  

In Vitro Studies 

As shown in Fig. 3, incubation of  slices in high K+-KRP 
buffer resulted in a 3- to 4-fold increase in the amount  of 
endogenous  5-HT released,  in compar ison to the amount  re- 
leased under  basal condit ions.  In a calc ium-free  medium,  
however ,  high K + concent ra t ions  failed to p romote  release 
o f  5-HT above basal levels  (data not  shown). 

Addit ion of  A V P  (10-7 or  10 6 M) to the incubation media 
p romoted  no significant changes in ei ther  the basal or  the 
K+-st imulated release of  endogenous  5-HT from the hip- 
pocampal  slice. 

DISCUSSION 

The present  study addresses  the effects  of  acute and 
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FIG. I. Time course of the ethanol-induced motor impairment, 
tested after 26 days of chronic treatment. Time off belt (sec) was 
recorded 7, 17, 27 and 47 min after the injection of a test dose of 
ethanol (2.0 g/kg, IP). Plotted values are group means; vertical bars 
represent positive or negative half of the respective SEM. O su- 
crose; • ethanol. 
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FIG. 2. Time-course of the ethanol-induced motor-impairment, 
tested 33 days after ethanol withdrawal, Time off belt (sec) was 
recorded 7, 17, 27 and 47 rain after the injection of a test dose of 
ethanol (2.3 g/kg, IP). Results are plotted as in Fig. 1. O O 
sucrose-saline; O - - - - O  sucrose-DGAVP; • • ethanol-saline; 
• - - - - 0  ethanol-DGAVP. BAC in samples taken after completion 
of the last trial were the same in all groups (sucrose-saline 283_+6 mg 
%; sucrose-DGAVP 281_+4 mg %; ethanol-saline 277_+5 mg %; 
ethanol-DGAVP 284_+4 mg %). 

chronic D G A V P  administration on the rate of  5-HT synthesis 
in the h ippocampus  and septum, in relation to the peptide- 
induced main tenance  o f  e thanol  tolerance.  While several  re- 
ports suggest that the central  effects  of  vasopressin- l ike pep- 
tides are related to their  ability to alter the tu rnover  of  cate- 
cholamines  [10,20], to our  knowledge,  no studies have yet 
addressed the in v ivo  effects of  these pept ides  on the turn- 
o v e r  o f  indoleamines.  

To study the in v i vo  rate of  5-HT synthesis ,  the accumu-  
lation of  the serotonin p recursor  5-HTP was measured  after 
inhibition of  the decarboxyla t ion  step by N S D  1015. As orig- 
inally descr ibed by Carlsson et  al. in 1972 [3], administrat ion 
of  N S D  1015 to rats resulted in the accumulat ion  of  S-HTP in 
the brain. Under  the present  condit ions,  N S D  1015 promoted  
an accumula t ion  o f  5-HTP that was l inear for up to 45 min in 
both the h ippocampus  and septum (data not shown). Rates of  
5-HT synthesis  calculated on the basis of  the accumulat ion  
of  5 -HTP at 30 min were  comparab le  to those reported pre- 
viously [3]. 

In agreement  with the original report  [3], N S D  1015 pro- 
moted no change in the concent ra t ions  of  5-HT and N A  in 
the septum and h ippocampus .  This is likely the result  o f  the 

ability o f  this compound  to exer t  a s imultaneous and com- 
plete inhibition of  both the decarboxyla t ion  step leading tc 
5-HT synthesis  and the oxidat ion of  5-HT cata lyzed by 
MAO.  This absence  of  appreciable  changes in the steady 
state levels  o f  5-HT and N A  is a condit ion necessary  for 
method  aiming at measuring serotonin tu rnover  rates. Fi- 
nally, 5 -HIAA levels were  significantly decreased  30 min 
after the injection of  N S D  1015, presumably as a result o f  a 
cont inued transport  of  brain 5 -HIAA to the CSF,  under 
condi t ions  of  an inhibited MAO.  

To study the effects  of  a c u t e  D G A V P  administrat ion on 
5-HT synthesis  we initially chose  a time period of  30 min 
be tween  D G A V P  injection and sacrifice (Exper iment  1). 
This t ime period was selected on the basis of  the observat ion 
that peak C S F  concent ra t ions  of  the parent  peptide,  AVP,  
had been reported 5 min after  the SC administrat ion of  5/,tg 
A V P  to rats, with C S F  concent ra t ions  declining slowly over  
the next  hour  [14]. These  invest igators  found that AVP was 
cleared from the C S F  with a half-life of  26 min. 

Thirty min, therefore,  seemed a suitable period of  t ime for 
D G A V P  to reach its target t issue in the brain and possibly 
p romote  changes in serotonergic  neurotransmiss ion.  Under  
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E F F E C T  O F  C H R O N I C  D G A V P  T R E A T M E N T  O N  T H E  R A T E  O F  T R Y P T O P H A N  H Y D R O X Y L A T I O N  A N D  
MONOAMINE LEVELS IN THE HIPPOCAMPUS AND SEPTUM 

5-HTP 5-HT 5-HIAA NA 
Group I ng/g/30 min) (ng/g) (ng/g) (ng/g) 

A. Hippocampus 
Sucrose-saline 175 _+ II 439 ___ 14 266 _+ I1 1145 _+ 54 
Sucrose-DGAVP 188 _+ 7 461 _+ 21 297 ± 12 1154 _+ 40 
Ethanol-saline 170 +_ 8 454 ± 23 289 + 20 1085 + 23 
EthanoI-DGAVP 166 ± 14 454 ± 21 271 ± 13 1124 ± 35 

B. Septum 
Sucrose-saline 277 ± 15 611 ___ 29 297 _+ 36 2367 +_ 201 
Sucrose-DGAVP 272 ± 16 559 ± 48 284 ± 27 2049 ± 135 
Ethanol-saline 279 ± 18 592 ± 32 297 ± 26 1977 ± 74 
Ethanol-DGAVP 248 + 14 528 ± 51 239 ± 16" 2050 _+ 127 

Rats were sacrificed 30 min after the IP injection (200 mg/kg) of NSD 1015, and approximately 24 hr 
after the last SC injection of DGAVP ( 10 txg/rat) or saline. The hippocampi and septa were immediately 
dissected out, frozen on dry ice and kept at - 7 0  ° C until assayed by HPLC-EC. n -  10 per group. 
*Designates p<0.05 relative to ethanol-saline controls (Student's t-test for unpaired data). 
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FIG. 3. Effect of AVP on the release of endogenous 5-HT. Hip- 
pocampal slices were incubated for 5 min in normal (open bars) or 
high K+-KRP buffer (stippled bars), in the presence or absence of 
AVP, Bars represent group means+SEM (n-6) .  

t he se  cond i t ions ,  h o w e v e r ,  we failed to o b s e r v e  any effect  of  
D G A V P  on h ippocam pa l  or  septal  5 -HT synthes i s .  This  was  
also the  case  in E x p e r i m e n t  2 (acute  s tudies) ,  whe re  4 hr  
were  a l lowed b e t w e e n  D G A V P  injec t ion and  sacrif ice.  
C h a n g e s  in brain  c a t e c h o l a m i n e  t u r n o v e r  were  repor ted  to 

o c c u r  4 hr af ter  admin i s t r a t ion  of  lysine vasopres s in  to rats 
[19]. If VP-l ike pept ides  affect  c a t echo lamine rg i c  and in- 
do leaminerg ic  n e u r o n s  by s imilar  m e c h a n i s m s ,  then 4 hr 
should  have  sufficed for a D G A V P - i n d u c e d  a l te ra t ion  in the 
act ivi ty  of  5-HT terminals .  

It could  also be argued the  the lack of  pept ide  effect re- 
sults f rom the  fact tha t  in the  acute  s tudies ,  bo th  the length of  
D G A V P  t r e a t m e n t  and the  drug-re la ted  s tate  of  the animal  
sub jec t s  were  marked ly  di f ferent  f rom those  genera l ly  used 
in e x p e r i m e n t s  in which  D G A V P  main ta ins  e thanol  
to l e rance .  Resul ts  f rom our  chron ic  s tudies ,  howeve r ,  do not  
suppor t  this a rgument .  While  chronic  D G A V P  adminis t ra -  
t ion to e thano l - to l e ran t  subjec ts  resul ted  in a long- te rm main-  
t e n a n c e  of  cen t ra l  to le rance  to e thano l - induced  mo to r  im- 
pa i rmen t ,  as previous ly  repor ted  [8, 1 I, 16, 181, the p resen t  
s tudy shows  that  this  behav iora l  effect  o f  D G A V P  is not 
a ssoc ia ted  with changes  in the rate of  t r y p t o p h a n  hydroxyla -  
t ion in the h i p p o c a m p u s  or sep tum.  

These  f indings,  the re fore ,  do not  suppor t  the concep t  ol 
an in vivo p resynap t ic  D G A V P - 5 - H T  in te rac t ion  leading to 
an e n h a n c e d  n e u r o t r a n s m i t t e r  avai labi l i ty  via inc reases  in 
the 5-HT syn thes i s  rate.  Moreove r ,  the o b s e r v a t i o n  that  the 
syn thes i s  of  S-HT was unaf fec ted  by the pept ide t r e a t m e n t  in 
cond i t ions  in which  the levels  of se ro ton in  were  also undis-  
tu rbed  by D G A V P ,  suggests  that  it is highly unl ikely that  
pept ide  t r e a t m e n t  had modif ied  the in vivo re lease  of  5-HT. 
In fact ,  had an inc rease  in 5-HT release  occu r red  wi thou t  an 
inc rease  in syn thes i s ,  it would have  led to a sharp  d rop  in the 
t i ssue  c o n c e n t r a t i o n  of  5-HT,  and this did not occur .  

In line with this  a rgumen t ,  the in vitro s tudies  indicate  
that  addi t ion  of  AVP (I0 7 or  10 '; M) to the incuba t ion  
med ium failed to increase  the po t a s s ium- induced  re lease  ot 
e n d o g e n o u s  5-HT from naive h ippocampa l  sl ices (Fig. 3). 
T h e s e  resul ts  are in d i s ag reemen t  with those  repor ted  b}, 
A u e r b a c h  and Lip ton  [1] who  found  that  A V P  increased  the 
po ta s s ium-s t imula t ed  re lease  of  5 -HT f lom h ippocampa l  
slices. The expe r imen ta l  cond i t ions  used in our  s tudies  were  
s imilar  to those  emp loyed  by A u e r b a c h  and Lipton { I I, ex- 
cept  for  the s train of  ra ts  and the dura t ion  of  the s t imula t ion  
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period.  While  in our  s tudies  sl ices were  sub jec ted  to a de-  
polar iz ing m e d i u m  for  5 rain, A u e r b a c h  and  L ip ton  st imu- 
lated for  10 min,  which  would  pe rmi t  h igher  c h a n c e s  for  the 
o c c u r r e n c e  of  non-spec i f ic  effects  tha t  could c o n f o u n d  the 
e x p e r i m e n t a l  results .  In this  r e spec t  it is in te res t ing  to note  
tha t  in the  s tudy  by A u e r b a c h  and Lip ton  [1], i ncuba t ion  of  
sl ices in h igh-K + buffer  resu l ted  only in a two-fold  inc rease  
in the  a m o u n t  of  e n d o g e n o u s  5-HT re leased  re la t ive  to the  
a m o u n t  re leased  u n d e r  basal  cond i t ions .  In our  s tudy,  on the  
o t h e r  hand ,  a 3- to 4-fold increase  in 5-HT re lease  was ob- 
ta ined ,  suggest ing tha t  ou r  cond i t ions  p rov ided  a more  sen- 
sit ive e s t ima t ion  of  the depo la r i za t i on - induced  re lease  of  en-  
dogenous  se ro ton in .  W h e t h e r  these  expe r i m en t a l  d i f fe rences  
could accoun t  for the d i s c r epancy  in resul ts  c o n c e r n i n g  the  
ef fec ts  of  A V P  is u n k n o w n .  The  e luc ida t ion  of  this  ques t ion  
would  require  a comple t e  d o s e - r e s p o n s e  s tudy with sys- 
t emat ic  var ia t ion  of  the  dura t ion  of  the incuba t ion  per iod  and  
a c o m p a r i s o n  of  resul t s  ob t a ined  with h i ppocam pa l  sl ices 
f rom Wis ta r  and H o l t z m a n  rats. 

A lack of  change  in 5-HT re lease  af ter  i ncuba t ion  of  hip- 
pocampa l  slices with  AVP,  h o w e v e r ,  is cons i s t en t  with  the  
o b s e r v a t i o n  that  D G A V P  fails to a l ter  the  syn thes i s  or s teady 
state  levels  of  5 -HT in this  bra in  region.  

In our  chron ic  s tudies ,  pep t ide -ma in t a ined  to le rance  to 
e thano l  was  not  a s soc ia t ed  with changes  in 5-HT synthesL, 
or  re lease  jus t  as to l e rance  p roduced  by chron ic  e t h a n o  
admin i s t r a t i on  was  not  a c c o m p a n i e d  by changes  in 5 - H I  
t u r n o v e r  ra te  [5]. 

This  lack of  effect  of  D G A V P  t r e a t m e n t  on  the  rate ol 
5 -HTP  accumula t i on  in the  h i p p o c a m p u s  of  to le ran t  rats. 
t oge the r  with  the inabil i ty  of  A V P  to modify  5-HT release 
f rom the h ippocampa l  slice, s eems  to argue agains t  the hy- 
po thes i s  of  a p re synap t i c  D G A V P - 5 - H T  in te rac t ion  underly-  
ing the pept ide  effect  on e thano l  to le rance .  It should  be 
poin ted  out ,  neve r the l e s s ,  tha t  if the effects  of  D G A V P  on 
a lcohol  to le rance  involve  an in te rac t ion  with only a few 
5-HT te rmina ls ,  as sugges ted  by our  behav io ra l  da ta  [18], 
then  it is conce ivab le  tha t  subt le  pep t ide - induced  changes  in 
the 5-HT syn thes i s  and /o r  re lease  of  some ne rve  terminals  
could have  passed  unde t ec t ed  in our  m e a s u r e m e n t  of  total 
h ippocampa l  5-HT syn thes i s  and re lease .  A d i rec t  assess-  
men t  of  this  possibi l i ty  would require  an eva lua t ion  of  the 
rate of  5 -HT syn thes i s  or re lease  in different  regions  of  the 
h ippocampus .  In addi t ion ,  the  possibi l i ty  r ema ins  open  of  a 
modu la to ry  effect  of  D G A V P  on the in te rac t ion  o f  5 -HT with 
its pos t synap t i c  target .  
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