
The Journal of Neuroscience 
July 1986, f?(7): 2085-2089 

A V 1 -like Receptor Mediates Vasopressin-Induced Flank Marking 
Behavior in Hamster Hypothalamus 

H. Elliott Albers,* John Pollock,* William H. Simmons,-f and Craig F. Ferris* 
*Department of Physiology, University of Massachusetts Medical School, Worcester, Massachusetts, and 
j-Department of Biochemistry and Biophysics, Loyola University, Stritch School of Medicine, Maywood, Illinois 

A vasopressin-sensitive mechanism within the medial preoptic 
area-anterior hypothalamus (MPOA-AH) appears to be essen- 
tial for expression of a complex behavior involved in olfactory 
communication in Golden hamsters called flank marking. The 
present study investigated whether the induction of flank mark- 
ing by arginine-vasopressin (AVP) within the MPOA-AH is 
mediated by a receptor that is more similar to the vasopressor 
(Vl) or the antidiurectic (V2) AVP receptor. Adult male ham- 
sters were anesthetized and implanted with a 26 gauge guide 
cannula stereotaxically aimed at the MPOA-AH and then mi- 
croinjected with analogs of vasopressin, oxytocin, and selective 
Vl and V2 antagonists. Hamsters were tested for flank-marking 
behavior during a 5 or 10 min observation period following the 
injection of peptlde in a vehicle of 100 nl of saline. None of the 
15 analogs of AVP and oxytocin produced more flank marking 
than the 50.8 + 16.2 and 76.8 f 4.4 (mean f SEW, II = 4) 
flank marks observed following injection of AVP at the 1 or 10 
ng dose, respectively. The number of flank marks produced by 
each analog was found to be highly related to the pressor activ- 
ity of that analog at both the 1 ng (p = +0.74, p < 0.01) and 
10 ng (p = +0.82, p < 0.01) doses. In contrast, no statistically 
reliable relationship between flank marking and the antidiuretic 
activity of these analogs was found at either dose (1 ng: p = 
+O.O7,p > 0.05; 10 ng: p = +O.lO,p > 0.05). In a second series 
of studies, microinjection of 2 different Vl antagonists into the 
MPOA-AH significantly (p < 0.005) inhibited flank marking 
in response to AVP. However, microinjection of a V2 antagonist 
or saline did not inhibit flank marking. These data indicate that 
the receptors mediating the induction of ‘flank marking within 
the MPOA-AH are more similiar to Vl (pressor) receptors than 
to V2 (antidiuretic) receptors. 

Scent marking is a major form of communication in mammals. 
Odors deposited in the environment can serve a variety of social 
functions from attracting mates to repelling competitors (Yahr, 
1984). In the Golden hamster (Mesocricetus auratus), one form 
of scent marking, termed flank gland marking, is accomplished 
by rubbing a dorsal flank gland against vertical objects in the 
environment. Flank gland marking is commonly observed in 
both male and female hamsters and can be elicited by the odors 
of other hamsters and aggression during social encounters (John- 
ston, 1975). 

Several lines of evidence now indicate that neurons within 
the medial preoptic area-anterior hypothalamus (MPOA-AH) 
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are critical for the expression of scent marking behavior. Lesions 
that destroy the MPOA-AH severely reduce scent-marking be- 
havior in several mammalian species (Hart, 1974; Hart and 
Voith, 1978; Yahr, 1984). Implants of testosterone into the 
MPOA-AH can override deficits in scent marking produced by 
castration (Thiessen and Yahr, 1970; Thiessen et al., 1973). 

One of the neurochemicals involved in the control of flank- 
marking behavior within the MPOA-AH has been identified 
recently. Injection of arginine-vasopressin (AVP), but not other 
peptides or putative neurotransmitters, into the MPOA-AH 
triggers intense bouts of flank-marking behavior in hamsters 
(Albers and Ferris, 1985; Ferris and Albers, 1985; Ferris et al., 
1984). An AVP antagonist injected into the MPOA-AH not 
only inhibits flank marking in response to AVP, but also flank 
marking stimulated by the odors of other hamsters (Ferris et 
al., 1985). These data indicate that an AVP-sensitive mecha- 
nism within the MPOA-AH is essential for the expression of 
flank-marking behavior. 

The receptors that mediate the response to AVP within the 
MPOA-AH have not been identified. The well-known vaso- 
pressor and antidiurectic activities of AVP appear to be me- 
diated by 2 separate classes of receptors, V 1 and V2, respectively 
(Michell et al., 1979). To determine whether the control offlank- 
marking behavior by AVP within the MPOA-AH is mediated 
by a Vl- or a V2-like receptor, the effects of selective Vl and 
V2 agonists and antagonists on this behavior were determined 
after injections into the MPOA-AH. 

Materials and Methods 
Adult male hamsters (M. aurutus) purchased from Engle Laboratory 
Animals (Farmersbury, IN) were housed in a 14: 10 light-dark cycle and 
provided free access to food and water. All hamsters were anesthetized 
with sodium pentobarbital and implanted with a 26 gauge guide cannula 
stereotaxically aimed at the MPOA-AH. Stereotaxic coordinates were 
1.2 mm anterior to bregma, 1.7 mm lateral, and 8 mm ventral from 
dura with an 8” angle from lateral to medial. All hamsters were allowed 
to recover from surgery for at least 2 d before experiments were run. 

All behavioral testing was done in a clean 24 x 32 x 20 cm Plexiglas 
cage. A flank mark was scored each time a hamster rubbed its dorsal 
flank gland against the cage wall or comer in association with forward 
movement. The total number of flank marks was recorded for either 5 
or 10 min test periods (see Results) immediately following peptide in- 
jection. Microinjections did not require anesthesia and were made with 
a 33 gauge needle attached to a microliter Hamilton syringe. All peptides 
were coded arbitrarily, so the substance tested was unknown to the 
observer. The (8-arginine) vasopressin, (8-lysine) vasopressin, [ 1 -deam- 
inopenicillamine-2-(0-methyl)tyrosine] 8-arginine-vasopressin, and [l- 
(@-mercapto-&fi-cyclopentamethylene propionic acid), 2-(O-methyl) ty- 
rosine] S-arginine-vasopressin were purchased from Bachem, Inc., and 
vasopressin metabolite neuropeptide was purchased from Peninsula 
Laboratories, Inc. The (2-phenylalanine 8-omithine) vasotocin, (4-va- 
line, D-arginine) vasopressin, and [ 1 -@-mercapto-&~-pentamethylene- 
propionic acid), 2-D-isoleucine, 4-isoleucine], &rginine-vasopressin were 
generously provided by Professor Maurice Manning, Medical College 
of Ohio. All other peptides were synthesized in the laboratories of the 
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Table 1. Pressor and antidiuretic activities of vasopressin and oxytocin analogs 

Pressor 
activity 

Analog W/mg) 

[I-arginine] vasopressin 487 
deamino[7-(3,4-dehydroproline) 8-arginine] vasopressin 240 

[8-arginine] vasotocin 245 

[8-lysine] vasopressin 243 

[7-(3,4-dehydroproline), I-arginine], vasopressin 255 

[2-phenylalanine I-omithine] vasotocin 124 
[4-aminobutyric acid, 8-arginine] vasopressin 38 

deamino [4-aminobutyric acid, 8-arginine] vasopressin 10.7 

oxytocin 3.1 
[5-(N4,N4-dimethylasparagine), 8-lysine] vasopressin 2.55 

deamino-oxytocin 1.44 
[7-glycine] oxytocin 0.3 
[4-valine, p-arginine] vasopressin 0.037 

deamino [2-phenylalanine, 7-(3,4-dehydroproline)], 8-arginine 
vasopressin - 

[ 1-@-mercapto-&j3-pentamethylene-propionic acid), Z-D- 

isoleucine, 4-isoleucine], I-arginine vasopressin 0 
[ 1-deaminopenicillamine-2-(O-methyl) tryosine] 8-arginine- 

vasopressin Antagonist 
[ 1-@I-mercapto-@,@cyclopentamethylene propionic acid), 

2-(Q-methyl) tryosine] 8-arginine vasopressin Antagonist 

Antidiuretic 
activity 
(U/w) 

503 
4134 

195 
203 

1260 

0.55 

760 

1060 

2.7 

5.5 

19 
co.01 

653 

13,000 

Antagonist 

3.5 

0.3 
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Universitv. The uressor and antidiuretic activities of these peptides can 
be found in Table 1. 

Statistical analysis of selective AVP antagonists was determined by one- 
way analysis of variance and Dunnett’s test of paired comparisons. 

Following the experiment, hamsters were anesthetized with sodium 
nentobarbital and nerfused intracardiallv with Perlix (Fisher Scientific). 
Brains were removed, cut on a freezing microtome,‘and then stained 
with cresyl violet. Injection sites were then evaluated under light mi- 
croscopy. 

All correlations and their statistical significance were determined with 

DOSE-RESPONSE CURVE 

0.5 1.0 10 100 1000 
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Figure I. Dose-dependent induction of hamster flank-marking behav- 
ior by the injection of AVP into the MPOA-AH. The dose of AVP 
injected in a vehicle of 100 nl saline is indicated on the horizontal axis. 
The number of flank marks observed during a 5 min test period im- 
mediately following the injection is indicated on the vertical axis. Each 
point represents the mean f  SEM for the number of hamsters indicated. 

Results 

Doseresponse relationship 
To determine whether AVP induced flank marking in a dose- 
dependent manner, the compound was injected (in 100 nl of 
saline) into the MPOA-AH in doses ranging from 0.1 to 1000 
ng. To standardize the comparison of AVP across doses, all 
hamsters were initially screened with 1 ng of AVP into the 
MPOA-AH. Only those hamsters exhibiting between 20 and 40 
flank marks during this initial test were subsequently tested at 
1 or 2 other doses of AVP. As can be seen in Figure 1, the 
number of flank marks observed after AVP injection increased 
at doses ranging from 0.1 to 10 ng. The dose of AVP that caused 
half-maximal stimulation of flank marking (i.e., 30 flank marks 
in the 5 min test) was 1.0 ng (ca. 5 PM). The number of flank 
marks leveled off at approximately 40 after doses of AVP above 
10 ng. 

Induction offlank marking by vasopressin 
and oxytocin analogs 
The number of flank marks observed following injection of 
vasopressin and oxytocin analogs was determined during a 10 
min test at doses of both 1 and 10 ng (Table 2). No analog was 
found to be more potent than AVP in the induction of flank- 
marking behavior; however, both (8-lysine) vasopressin and (2- 
phenylalanine Sornithine) vasotocin produced about the same 
number of flank marks as AVP at both the 1 and 10 ng. Analogs 
that produced more than 10 flank marks at the 1 ng dose resulted 
in more flank marking at the 10 ng dose. This dose-response 
relationship was not observed for analogs that produced fewer 
than 10 flank marks. Injection of vasopressin metabolite neu- 
ropeptide, i.e., AVP(4-9), which has been reported to be highly 
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active in facilitating memory consolidation (Burbach et al., 1983) 
did not produce flank marking (Table 2). 

Since the pressor and antidiuretic activities of these analogs 
have been reported previously (Table l), it was possible to com- 
pare the pressor and antidiuretic activity of each analog with 
its ability to induce flank marking. The amount of flank marking 
produced by each peptide was highly related to its activity in 
the rat blood pressure bioassay (Fig. 2). At both doses a statis- 
tically significant positive correlation was found between pressor 
activity and flank marking (1 ng: p = +0.74, p < 0.01; 10 ng: 
p = +0.82, p < 0.01). In contrast, no statistically significant 
relationship was observed between antidiuretic activity and flank 
marking at either the 1 ng b = +0.07, p > 0.05) or the 10 ng 
dose Co = +O.lO, p > 0.05). 

Inhibition ofjlank marking by selective 
A VP antagonists 
The properties of the receptors mediating flank-marking be- 
havior within the MPOA-AH were examined further with 2 
selective antagonists of pressor activity-i.e., [ 1 -deaminopeni- 

Figure 2. Relationship between flank 
marking and pressor activity (left) and 
flank marking and antidiuretic activ- 
ity (right) for vasopressin and oxy- 
tocin analogs given in a dose of 1 ng 
(solid circles) and 10 ng (open circles). 
The ranked flank-marking behavior is 
indicated on the vertical axis and the 
pressor (left) and antidiuretic (right) 
rank appear on the horizontal axis. A 
statistically reliable positive correla- 
tion was observed between pressor ac- 
tivity and flank marking at the 1 and 
10 ng dose (see Results), but no sta- 
tistically reliable relationship was ob- 
served between antidiuretic activity 
and flank marking at either dose. 

cillamine-2-(O-methyl)tyrosine] 8-arginine-vasopressin [dPTyr 
(Me)AVP] and 1 -@-mercapto+&cyclopentamethylene pro- 
pionic acid), 2-( O-methyl) tyrosine %arginine-vasopressin 
[d(CH,),Try(Me)AVP]-and one antagonist of antidiuretic ac- 
tivity- i.e., [ 1 -@-mercapto-&P-pentamethylenepropionic acid), 
2-b-isoleucine, 4-isoleucine] 8-arginine-vasopressin [d(CH,),(D- 
IleZ,Ile4)AVP]. Except for dPTry(Me) AVP, all antagonists and 
a saline control were injected (100 ng in 100 nl saline) into the 
MPOA-AH, followed immediately by the dose of AVP that 
caused half-maximal stimulation of flank marking, i.e., 1 ng in 
100 nl saline. Injection of saline (n = 5) or the V2 antagonist 
d(CH,),(b-IleZ,Ile4)AVP (n = 5) into the MPOA did not elimi- 
nate flank marking produced by AVP injected into the MPOA 
(Fig. 3). In contrast, injection of the selective Vl antagonist 
d(CH,),Try(Me)AVP (n = 5) significantly (p < 0.005) inhibited 
the number of flank marks observed in response to AVP injec- 
tion. The inhibition of flank marking by d(CH,),Try(Me)AVP 
was short-lived, since a second injection of AVP 10 min after 
the initial d(CH,),Try(Me)AVP injection produced significant 
amounts of flank marking, 34.4 -+ 3.1 (mean f SEM). 

Table 2. Flank marks following injection of vasopressin and oxytocin analogs 

Flank mark/ 10 min 

Analog 

[8-arginine] vasopressin 
deamino[7-(3,4-dehydroproline) 8-arginine] vasopressin 
[I-arginine] vasotocin 
[I-lysine] vasopressin 
[7-(3,4-dehydroproline), 8-arginine] vasopressin 
[2-phenylalanine 8-omithine] vasotocin 
[4-aminobutyric acid, 8-arginine] vasopressin 
deamino [4-aminobutyric acid, 8-arginine] vasopressin 
oxytocin 
[5-(PJP-dimethylasparagine), 8-lysine] vasopressin 
deamino-oxytocin 
[7-glycine] oxytocin 
[4-valine, D-arginine] vasopressin 
deamino [2-phenylalanine, 7-(3,4-dehydroproline), I-arginine] 

vasopressin 
vasopressin metabolite neuropeptide 
saline 

1 n8 10 ng 
(n = 4) (n = 4) 

50.8 + 16.2 76.8 + 4.4 
13.9 + 2.5 15.6 + 2.8 
11.7 + 1.2 16.0 + 9.1 
51.0 + 1.8 69.0 k 7.0 
10.5 + 1.6 34.0 + 3.4 
49.3 T!I 7.9 62.3 + 2.5 

9.5 + 1.6 61.3 k 9.9 
2.3 zk 0.9 5.3 + 1.1 
0.3 Yh 0.3 7.5 + 1.3 
4.0 * 1.0 2.5 2 1.0 
0.0 + 0.0 4.0 + 0.7 
5.0 + 1.1 0.0 f  0.0 
8.8 + 2.1 7.5 Ik 1.7 

1.8 -t 0.3 2.0 + 0.7 
1.5 + 0.7 0.3 * 0.3 

2.5 +- 0.65 
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Figure 3. Inhibition of AVP-induced flank marking by pretreatment 
with selective Vl pressor antagonists, but not by pretreatment with 
saline or a V2 antidiuretic antagonist. Each group (n = 5) was injected 
with the AVP antagonist (100 ng in 100 nl saline). V2 antug [ l-w- 
mercapto-~,&pentamethylenepropionic acid), 2+isoleucine, 4-isoleu- 
tine] 8-arginine-vasopressin; VI antug B, 1 -@-mercapto-&&cyclopen- 
tamethylene propionic acid), 2-[O-methyl) tyrosine-8-arginine-vaso- 
pressin] or saline followed immediately by AVP (1 ng in 100 nl saline) 
except in the case of VI antug. [ 1 -deaminopenicillamine-2-(O-methyl) 
tyrosine] 8-arginine-vasopressin (see Results). 

As we have described previously (Ferris et al., 1985), the Vl 
antagonist dPTry(Me)AVP initially has agonistic activity fol- 
lowed by antagonistic activity. As a result, the ability of AVP 
to induce flank marking was tested 90 min after injection of 
dPTry(Me)AVP (n = 5). As can be seen in Figure 3, 
dPTry(Me)AVP, like Manning Compound, produced a signifi- 
cant (p < 0.005) inhibition of flank marking in response to AVP 
injected into the MPOA-AH. 

Discussion 
AVP induces flank marking in a dose-dependent fashion when 
injected into the MPOA-AH. The concentration that produces 
half-maximal stimulation of flank-marking behavior is 1 ng (in 
100 nl saline) or approximately 5 PM. In several studies that 
examined AVP binding in rat brain, Scatchard analysis showed 
the existence of high- and low-affinity binding sites with dis- 
sociation equilibrium constants (Kd) of approximately 1 and 20 
nM, respectively (Brinton et al., 1984; Lawrence et al., 1984; 
Pearlmutter et al., 1983). Without taking into consideration the 
diffusion and degradation of AVP that may occur following its 
injection into the brain, the concentration of peptide employed 
in these studies is only about 200-fold greater than these Kd. 

The degree to which flank-marking behavior was induced by 
vasopressin and oxytocin analogs within the MPOA-AH was 
highly correlated with the pressor, but not the antidiuretic, ac- 
tivity of these peptides. Similarly, pressor antagonists, but not 
antidiuretic antagonists, injected into the MPOA-AH inhibited 
flank marking in response to AVP. These data indicate that the 
receptor that mediates flank-marking behavior in the MPOA- 
AH of the hamster is more similar to the Vl pressor receptor 
than to the V2 antidiuretic receptor. 

Other studies have investigated the receptor mediating va- 
sopressin activity within the CNS and pituitary. In mice, va- 
sopressin injected into the cerebroventricles produces a variety 
of behavioral changes, such as excessive grooming and scratch- 
ing (Meisenberg and Simmons, 1982). These behavioral effects 
were found to be positively correlated with the pressor activity, 
but not the antidiuretic activity, of vasopressin and oxytocin 
analogs. Studies of vasopressin activity in the pituitary also 
suggest that a Vl-like receptor is involved in adrenocortico- 

tropic hormone (ACTH) release by vasopressin (Aizawa et al., 
1982). A selective Vl antagonist, but not a V2 antagonist, was 
found to inhibit vasopressin-stimulated ACTH release (Rivier 
et al., 1984). More recently, studies examining the binding of 
vasopressin to isolated pituitary cells and AVP-induced ACTH 
release from these cells suggested that a subtype of Vl receptor 
may be involved in mediating vasopressin activity in the pi- 
tuitary (Gaillard et al., 1985). 

The effects of AVP on learning and memory appear to be 
mediated by mechanisms very different from those of AVP on 
other behaviors and pituitary secretion. It has been hypothesized 
that AVP(4-9) is a metabolic product of AVP in brain and that 
this AVP fragment mediates the learning and memory effects 
previously attributed to AVP (Burbach et al., 1983). In support 
of this view, AVP(4-9) has been found to be a thousand times 
more potent than AVP in facilitating consolidation of passive- 
avoidance behavior. In the present study, AVP(4-9) was inef- 
fective in inducing flank-marking behavior when injected into 
the MPOA-AH, which is not surprising since it has little or no 
pressor activity (Burbach et al., 1983). It would therefore seem 
that the receptor that mediates flank-marking behavior is quite 
different from the receptor that mediates the memory and learn- 
ing effects of AVP. 
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