
,nice selectively bred for ethanol sensi- 
tivity also show differential responses to 
an adenosine receptor agonist, L-PIA. 
To  further characterize differences be- 
tween these lines of mice, we examined 
the behavioral effects of theophylline, 
which antagonizes the effects of endoge- 
nous adenosine in the brain (8, 10, 11). 
The behavioral parameter most affected 
by theophylline in these studies was the 
latency to successful escape from the 
elevated platform; escape attempts could 
not be measured because theophylline- 
injected mice did not remain on the plat- 
form for the duration of the 2.5-minute 
test. Theophylline (25 mgikg) caused a 
61 f 13 percent reduction in escape la- 
tency in L S  mice, but had no significant 
effect on S S  mice (2 f 7 percent in- 
crease; S S  versus LS, P < 0.005, t-test) 
(Fig. 3). 

Our results show that mice selective- 
ly bred for differential sensitivity to the 
soporific effects of ethanol differ mark- 
edly in their behavioral and physiological 
responses to  drugs that exert their effects 
via adenosine receptors. These data sug- 
gest that there may be important differ- 
ences in purinergic systems in SS  and L S  
mice; for example, in endogenous levels 
of brain adenosine or in adenosine recep- 
tors. 

In terms of mechanisms of action, 
ethanol is probably not a simple puriner- 
gic agonist, since adenosine antagonists 
such as  theophylline and caffeine can 
reduce but cannot block the effects of 
ethanol (10, 20). It is more likely that 
ethanol interacts in a more complex fash- 
ion with purinergic systems to affect 
behavior. Thus, ethanol and caffeine, 
two of the most widely used drugs in the 
United States (21), may both act at least 
in part via purinergic systems in brain. 

WILLIAM R. PROCTOR 
Department of Pharmacology, 
University of Colorado Health 
Sciences Center, Denver 80262 

Department of Pharmacology, 
University of Colorado Health 
Sciences Center, and Veterans 
Administration Medical Research 
Service, Denver 80220 

References and Notes 

1. G. E.  McClearn, J .  R. Wilson, W.  Meredith, in 
Contributions to Behavior-Genetic Analysis: 
The Mouse as a Prototype, G. Lindzey and D. 
D. Thiessen, Eds. (Appleton-Century-Crofts, 
New York, 19701, pp. 3-22; G .  E.  McClearn and 
R. Kakihana, Behav. Genet. 3, 409 (1973); W. 
D. W.  Heston er al., ibid., p. 402; G. E .  
McClearn and R. Kakihana, in Development of 
Animal Models as Pharmacogeneric Tools, G. 
E.  McClearn, R. A. Deitrich, V. G. Erwin, Eds. 
[U.S. Department of Health and Human Ser- 
vices, Research Monograph 6, Publication 
(ADM) 81-1133 (1981j1, pp. 147-159. 

2. A. W. K. Chan, Life Sci. 19, 597 (1976); A. C. 
Collins, M. E.  Lebsack, T. N. Yeager, Ann. 
N .  Y. Acad. Sci. 273, 303 (1976); M. D. Dibner er 
al., Pharmacol. Biochem. Behav. 12,509 (1980); 

R. Baker, C. Melchior, R. Deitrich, ibid., p. 691. 
3. I. Haulica et al., J. Neurochem. 21, 1019 (1973); 

M. Maitre et al., Biochem. Pharmacol. 23, 2807 
11474) 

8. T.  V. Dunwiddie, B. J .  Hoffer, B. B. Fredholm, 
Naunvn-Schmiedeberp's Arch. Pharmacol. 316. 
326 (i981). 
G. G.  Yarbrough and J. C. McGuffin-Cline- 
schmidt, Eur. 3. Pharmacol. 76, 137 (1981). 
J. W. Daly, R. F. Bmns, S .  H. Snyder, Life S C I .  
28, 2083 (1981). 
T. V. Dunwiddie, Epilepsia 21, 541 (1980); B. 
B. Fredholm, Trends Pharmacol. Sci. 1,  129 
~ I Q A ~ )  \ . , "-, . 

12. K. M. M. Murphy and S. H. Snyder, Mol. 
Pharmacol. 22, 250 (1982). 

13. Theophylline and L-PIA (dissolved in 0.9 per- 
cent saline) and ethanol (20 percent, weight to 
volume) were injected intraperitoneally; control 
solutions were 0.9 percent saline. Drug solutions 
were diluted so that each injection was in a 
volume of 0. l ml per 10 g of body weight. 

14. J. Crawley and F. K. Goodwin, Pharmacol. 
Biochem. Behav. 13, 167 (1980). 

15. Body temperatures were determined with a rec- 
tal thermistor probe and a telethermometer (Yel- 
low Springs Instrument). 

16. R. J .  Tallarida and L. S. Jacob, The Dose- 
Response Relation in Pharmacology (Springer- 
Verlag, New York, 1979). 

17. The heterogeneous stock was derived from eight 
strains of mice [see (I)]. This group became the 
parent stock from which the LS and SS lines 
were genetically selected and outbred on the 
basis of their responses to the soporific effects of 
ethanol. 

18. B. Sanders, 3. Comp. Physiol. Psychol. 90, 394 
(1976); A. C. Church, J. L. Fuller, B. C. Dudek, 
Drug Alcohol Depend. 2, 443,(1977). 

19. Behav~oral experiments s~mllar to those de- 
scribed in the text were carried out in a warm 
room (30°C). Under these conditions, L-PIA (0.1 
mglkg) reduced the body temperature by 1.5"C 
instead of 6.0°C in LS mice and by O.5"C instead 
of 1.8"C in SS mice. When mice exhibiting 
similar decreases in temperature were compared 
(LS in warm environment versus SS at room 
temperature), L-PIA still elicited a much larger 
depression in activity in LS (59 i 5.9 percent) 
compared to SS (16 t 3.2 percent) ( P  < 0.005, 
t-test). 

20. B. Tabakoff, P. L. Hoffman, R. F. Ritzman, in 
Currents in Alcoholism, F .  A. Seixas, Ed. 
(Gmne & Stratton, New Y o ~ k ,  ?78), vol. 3, pp. 
97-118; T. Seppala, M. Llnnolla, M. Mattila, 
Drugs 17, 389 (1979); M. L~nnoila and M. J .  
Mattlla, Pharmacol. Ther. 15, 99 (1981). 

21. J .  A. Ewing, Drinking to Your Health (Reston 
Publishing, Reston, Va., 1981); D. M. Graham, 
Nutr. Rev. 36, 97 (1978). 

22. Supported by the National Institute of Drug 
Abuse grants 02702 and 07043 and a Veterans 
Administration Medical Research grant 3944631 16. 

27 September 1983; accepted 3 February 1984 

Vasopressin Injected into the Hypothalamus 

Triggers a Stereotypic Behavior in Golden Hamsters 

Abstract. Microinjection of arginine vasopressin into the medial preoptic area of 
the hypothalamus of male and female golden hamsters triggered a complex, 
stereotypic behavior-junk marking-a type of scent marking used in olfactory 
communication. The flank marking was not elicited by saline, oxytocin, neurotensin, 
or angiotensin I I .  Vasopressin was inefective when injected into other areas of the 
hypothalam~ls or into the lateral cerebroventricle. 

Golden hamsters have large sebaceous 
glands on their dorsolateral flanks that 
are in an area encompassed by dark 
pigmented hair (I). The rubbing of these 
flank glands against objects is called 
flank marking (2), a type of scent mark- 
ing that aids olfactory communication (3) 
and that can normally be elicited in intact 
hamsters by odors o r  aggressive behav- 
ior from other hamsters (2, 4). In the 
course of studies designed to evaluate 
the effects of peptides on circadian 
rhythms (5) ,  we observed that after mi- 
croinjection of arginine vasopressin 
(AVP) into the vicinity of the suprachias- 
matic nucleus, the animal rubbed its eyes 
and nose with its forepaws and then 
started to lick and chew its flanks, creat- 
ing large areas on both sides that were 
matted and soaked with saliva. Imme- 
diately afterward the hamster flank- 
marked by running forward with its back 
arched, vigorously rubbing its flanks 
against the sides of the cage. We now 
report that microinjection of AVP into a 
discrete area of the hypothalamus of the 
golden hamster can trigger a complex 
and well-organized behavior. 

Adult male and female golden ham- 
sters were anesthesized with pentobarbi- 
tal, and a 26-gauge stainless steel guide 
cannula was implanted stereotaxically 
into the medial preoptic area (MPOA) 
above the suprachiasmatic nucleus, the 
area of the ventromedial and lateral hy- 
pothalami (VMLH), or the lateral ventri- 
cle (6). Animals received micro injection^ 
within 3 days after the guide cannulas 
were implanted. 

For each experiment every animal was 
placed individually in a clean 24 by 32 by 
20 cm plexiglass cage and allowed to 
adapt for 2 minutes. Test solutions were 
then microinjected, and the animals were 
observed for either 5 or 10 minutes. All 
microinjections were done with 33-gauge 
needles connected to a 1-p1 Hamilton 
syringe through P E  20 tubing. These 
needles were easily inserted into the 
guide cannulas while the animals were 
restrained without the use of anesthesia. 
Five test solutions were used: control 
vehicle of 0.9 percent sodium chloride, 
neurotensin (NT) (50 ng), angiotensin I1 
(AII) (50 ng), AVP (50 ng), and oxytocin 
(50 ng) (Sigma). All peptides were dis- 



solved in 0.9 percent chloride and given 
in a volume of 50 nl. The behavior of 
the animals was recorded on videotape. 
Flank marking was scored by counting 
the number of times each animal rubbed 
its flank against the side of the cage 
during the observation period. Statistical 
comparisons were made with analyses of 
variance. Hamsters were exposed to a 
cycle of 14 hours of light and 10 hours of 
darkness. 

In experiment 1, gonadally intact male 
(N = 5) and female (N = 5) hamsters 
were tested independently with either 
AVP or 0.9 percent NaCl on different 
days (Fig. 1). Every animal receiving 
AVP in the MPOA flank-marked vigor- 
ously, whereas only a few of these ani- 
mals showed any flank marking when 
tested with saline [F(1, 16) = 38.56, 
P < 0.0011. Males and females did not 
differ significantly in the number of times 
the animals flank-marked after stimula- 
tion. That both male and female ham- 
sters responded to the microinjection of 
AVP is not surprising since both sexes 
have flank glands and naturally display 
flank marking. 

In experiment 2, intact male hamsters 
( N  = 4) received microinjections into 
the MPOA of AVP, oxytocin, NT,  and 
AII. Each hamster received each of the 
four peptides over a course of 4 days. 
The sequence was counterbalanced to 
control for order and number of injec- 
tions. Two-way analysis of variance re- 
vealed significant differences in flank 
marking ( P  < 0.01) (Fig. 2). Four times 
as  many scent marks were observed af- 
ter the microinjection of AVP as after 
oxytocin. The A11 and N T  had little or 
no effect on flank marking. That these 
two peptides, like AVP, are vasoactive 
and yet were unable to stimulate flank 
marking suggests that the response was 
not being indirectly mediated by changes 
in vascular permeability o r  blood flow in 
the area of the microinjection. 

In experiment 3, intact male hamsters 
were divided into two groups: group 1 
(N = 4) received AVP in the lateral cere- 
broventricle, and group 2 ( N  = 7 )  re- 
ceived AVP in the area of VMLH. Mi- 
croinjections of AVP into the lateral ven- 
tricle and VMLH had no effect on flank 
marking (Fig. 2). The inability of AVP to 
induce flank marking when injected into 
the lateral ventricle shows that the re- 
sponse is probably controlled from a 
discrete area of the hypothalamus near 
the site of microinjection and not some 
other area of the central nervous system 
that may have been stimulated as  a result 
of the possible spread of AVP through 
the ventricular system. 

Females Males 

Fig. 1. Effects of microinjections of 0.9 per- 
cent NaCl and AVP on the number of flank 
markers scored over a 10-minute observation 
period. Vertical lines denote standard errors 
of the means. 

flank marks during the 5-minutt 
vation period. This result suggests that 
the response to AVP is independent of 
the gonadal status of the animal. Testos- 
terone is necessary for odor-elicited 
flank marking in golden hamsters (7), but 
is not required for flank marking elicited 
by aggressive behavior by conspecifics 
(8) .  

The AVP-stimulated flank marking 
was always preceded by grooming be- 
havior. Within a minute of the microin- 
jection the hamster would vigorously rub 
its eyes and nose with its forepaws and 
without hesitation start to groom the 
flank glands. This grooming consisted of 
tossing and combing the hair with the 
forepaws while licking and chewing the 
area. The grooming behavior was ob- 
served after the microiniection of all of 
the peptides tested, but animals tested 
with oxytocin and AVP spent more time 

In the original experiments, we stud- 
ied male hamsters maintained under con- 
stant illumination. Each of these animals 
( N  = 5) was tested independently with 
either AVP or  N T  on different days. 
More flank marking occurred when AVP 
was injected into the MPOA (mean k 

standard error of the mean, 16.3 i 5.6) 
during the 5-minute observation period 
than when NT was injected into the same 
site (1.4 t 0.9) [F(l ,  8) = 6.68, P < 
0.0051. Thus animals maintained in con- 
stant light can also respond with an in- 
crease in flank-marking behavior when 
injected with AVP. 

Three hamsters that had been blinded 
and castrated 6 weeks before this study 
for use in circadian studies were also 
responsive to AVP injected into the 
MPOA; these animals made 16.0 -+ 4.0 

L.. MPOA 

4 0 1  "" LV 

VM-LH 

A11 NT OXY t - - A V P - - I  

Fig. 2. Effects of microinjections of AII, NT, 
oxytocin (Oxy), and AVP on the number of 
flank marks scored over a 10-minute observa- 
tion period. Vertical lines denote standard er- 
rors of the means. 

grooming than those tested with either 
A11 or NT (9). The flank gland areas 
became matted and soaked with saliva in 
the hamsters tested with AVP and oxyto- 
cin but not with A11 or  NT. Whether the 
wetting of the flank glands is a resuh 
of the longer grooming time or whether 
there is an actual increase in salivary 
secretion due to the microinjection of 
AVP or oxytocin is uncertain. 

We have demonstrated that discrete 
microinjections of AVP into the MPOA 
of all the animals tested ( N  = 22) trig- 
gered flank marking behavior. The 
MPOA has been implicated in the con- 
trol of scent marking in several species. 
Lesions in the medial preoptic-anterior 
hypothalamic region of male cats (10) 
and dogs (11) eliminates urine scent 
marking, whereas extensive lesions or 
the rostra1 MPOA near the diagonal band 
of Broca significantly diminish scent 
marking in intact gerbils (12). Recently, 
Card and Moore (13) observed fibers and 
perikarya containing immunoreactive 
vasopressin in the MPOA of the golden 
hamster, the region that is responsive to 
the microinjection of the peptide. 

Many behavioral responses have been 
observed after the intracerebroventric- 
ular administration of vasopressin in 
several species (14). In mice, vasopres- 
sin stimulates hyperactivity, increased 
grooming, foraging, and squeaking (15). 
In a pilot study using golden hamsters 
the intraventricular injection of 2 kg of 
lysine vasopressin "induced a dramatic 
bout of flank-marking" (15, p. 359). 
These injections may have stimulated 
the site we have found in the MPOA. 

The electrical stimulation of discrete 
areas of the optic tectum in a freely 
moving toad initiates a complete se- 
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quence of prey-catching behavior (16). 
Similarly, stimulation of discrete brain 
sites in the freely moving cricket elicits 
different songs (17), and activation of 
certain neurons in the marine gastropod, 
Tritonia diomedia, elicits a complex es- 
cape pattern (18). These electrical stimu- 
lation experiments in lower vertebrates 
and invertebrates demonstrate that in the 
central nervous svstem there are motor 
programs with fixed neuronal circuits 
which, when stimulated, result in com- 
plex, well-coordinated motor patterns. It  
is probable that such "hard wired" be- 
haviors exist in mammals. Our studies 
indicate that the microinjection of AVP 
into a discrete area of the hypothalamus 
of the hamster is able to trigger a com- 
plex, stereotypic motor pattern that ex- 
ists normally in the animal's behavioral 
repertoire, and they suggest that AVP 
might function as  a chemical messenger 
in the initiation of flank marking in the 
golden hamster. 
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Factors in Ethanol Tolerance 

The report by Wenger et al. (I)  reiter- 
ates these investigators' important addi- 
tion to the literature on alcohol tolerance 
(2 ) ,  but the conclusions of the authors 
would lead one to believe that learning is 
the most important, if not the only, fac- 
tor important for the development of 
ethanol tolerance. These conclusions ig- 
nore a large number of experiments with 
other techniques, such as liquid diets (3),  
in which ethanol was administered to 
animals in a manner such that learning 
could play but a minimal role in the 
development of tolerance. Yet, function- 
al tolerance to ethanol's physiologic and 
behavioral effects was clearly demon- 
strated after such a method of ethanol 
administration. 

Recent work in our laboratories (4) 
has, however, also demonstrated that 
the use of ethanol in paradigms which 
constitute conditioning can produce tol- 
erance not only to the hypothermic, but 
also to the hypnotic effects of ethanol. 
The demonstration of this "condi- 
tioned" tolerance depends on testing the 
animals in the environment within which 
they are accustomed to receiving etha- 
nol, and no tolerance can be demonstrat- 
ed when animals are given ethanol in a 
novel environment. On the other hand, 
tolerance produced by feeding animals a 
liquid diet containing ethanol can be 
demonstrated within a wide variety of 
experimental environments. We have, 
therefore, used the terms "environment- 
dependent" and "environment-indepen- 
dent" tolerance to refer to forms of 
tolerance in which learning plays a major 
and a minor role, respectively (4), and 
we have presented evidence that devel- 
opment of the chronic, environment-in- 
dependent form of alcohol tolerance re- 
quires the presence in the animal of 
higher levels of ethanol for continuous 
and extended periods of time compared 
to the levels of ethanol required for de- 
velopment of environment-dependent al- 
cohol tolerance. 

Whether environment-dependent and 
environment-independent forms of etha- 
nol tolerance are simply dose-related, 
additive, manifestations of a singular 
physiological process is not, a t  present, 
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clearly understood, but more is known in 
this area than is presented by Wenger et 
al. The pharmacologic manipulations 
which have been used to investigate 
learning and memory have been applied 
to studies of ethanol tolerance. Our stud- 
ies, with neurotoxins and neurohypo- 
physeal peptides (5) have shown certain 
similarities and some important differ- 
ences in the way these agents affect the 
environment-independent form of alco- 
hol tolerance and their effect on learning 
and memory. Our recent data on the 
effects of neurohypophyseal peptides or 
their analogs on development of environ- 
ment-dependent and environment-inde- 
pendent alcohol tolerance further dem- 
onstrate differences in the effect of the 
peptides on these two forms of ethanol 
tolerance (6). 

We would caution against an oversim- 
plification of the alcohol tolerance phe- 
nomenon. Learning may be important in 
the development of some aspects of eth- 
anol tolerance, but may not be important 
in all forms of ethanol tolerance. One 
should not ignore the fact that even 
within the categories of environment- 
independent and environment-depen- 
dent forms of tolerance, a further sub- 
division into dispositional (metabolic) 
and functional forms of ethanol tolerance 
is necessary ( 7 ) .  
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