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Abstract

A novel procedure for the assessment of orofacial movement topographies in mice was used to study, for the first time, the individual
and interactive involvement of dopamine, D -like vs, D -like receptors in their regulation. The dopamine D -like receptor agonists A
68930 ([ 1R,3S]-1-aminomethyl-5,6-dihydroxy-3-phenyl-isochroman and SK&F 83959 3-methyl-6-chloro-7,8-dihydioxy-1- 3-methyl-
phenyl -2,3,4,5-tetrahydrot-3-benzazepine each induced vertical jaw movements with tongue protrusions and incisor chattering. The
dopamine Q) -like receptor antagonists SCH 234®)-3-methyl-7-chloro-8-hydroxy-1-phenyl-2,3,4,5-tetrahyditd-2-benzazepine and
BW 737C ([S]-6-chloro-1f 2,5-dimethoxy-4-propylbenyl -7-hydroxy-2-methyl-1,2,3,4-tetrahydroisoquinoline  antagonised these re-
sponses, while the dopamine, D -like receptor antagonist YM 091&ds2N-[1-benzyl-2-methyl-pyrrolidin-3-yI -5-chloro-2-methoxy-4-
methylaminobenzamide attenuated those to SK&F 83959 and released horizontal jaw movements. These findings suggest some role fc
a dopamine D -like receptor that is coupled to a transduction system otheratfditional to adenylyl cyclase, and for dopamine
D,-like:Dlike receptor interactions, in the regulation of individual orofacial movement topographies in the mouse. This methodology
will allow the use of knockout mice to clarify the roles of individual dopamine receptor subtypes in their requ@@®01 Elsevier
Science B.V. All rights reserved.
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1. Introduction their regulation( Rosengarten et al., 1983, 1986; Murray
and Waddington, 1989; Koshikawa et al., 1989; Collins et
It is recognised from several studies, confined essen-al., 1991; Daly and Waddington, 1993; Deveney and
tially to rats, that both the dopamine D -like B, , Waddington, 1995; Waddington et al., 1995, 1998; Adachi
DlB/S] and DZ-Iike[DzL/S, D,, D] families of receptor et al., 1999; Niznik et al., 2001 . However, the roles of
subtypes are involved in the regulation of orofacial move- individual family members in these processes are poorly
ments. Current theory, deriving from the use in rats of understood in the absence of agonists and antagonists able
agonists and antagonists that distingulstween but not to discriminate between them.
within these families, posits a greater primary role for One fundamental approach to clarifying these issues
dopamine D -like than for D -like receptors in the genesis involves mice having ablation of individual family mem-
of such movements; these studies also indicate opposi-bers by targeted gene deletipn knocHoUt Sibley, 1999;
tional dopamine D -like:D -like receptor interactions in Waddington et al., 2001 . However, systematic assessment
of orofacial movement topography in mice has yet to be
undertaken, because of practical issues: mice are consider-
" Corresponding author. Tel.+353-1-402 2245: fax:+353-1-402- any.smaIIer and thgir orofac_ial movements more rapid,
2453, making for problems in resolution and quantification, while
E-mail address: jwadding@rcsi.ig J.L. Waddington . their generally heightened level of overall behaviour is an
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additional complication to their naturalistic assessment; 2. Materials and methods
furthermore, there is little general consensus as to how )

orofacial movements in rodents should be defined phe- 2.1. Animals
nomenologically and resolved empirically Waddington,

1990; Waddington et al., 1998 . We have de_,\vel_oped a RCSI, Dublil were used. They were housed in groups of
novel procedure for the observation, categorisation and . . : o ;
five, with food and water available ad libitum, and main-

qugnuflcatlon of orofacial r_novgment tqpograph|es_|n mice. .. ood at 2% 1°C on a 12 [y12 h (0900 o210 ofp
This has then been applied in studies challenging mice . .
. : ) . light/dark schedule. These studies were approved by the
with the dopamine D -like receptor agonist A 68930, the : .
: . Research Committee of the Royal College of Surgeons in
anomalous dopamine D -like receptor agent SK&F 83959 : ) h
and the dopamine D -like receptor agonist RU 24213 Ireland and the Higher Education Authority of Ireland, and
P P 9 " conducted under licence from the Department of Health in

following pretreatment with the dopamine D -like receptor : .
antagonists SCH 23390 and BW 737C and the dopamineaccor(_jance W'th EU regulations for the care and use of
experimental animals.

D,-like receptor antagonist YM 09151€2 see Deveney and
Waddington, 1995; Adachi et al., 1999 . This now allows, 22 Assesgment system

and provides a pharmacological background on which to

interpret, subsequent studies in dopamine receptor subtype The system consisted of a ‘restrictor’, by which mice

Young adult female or male C 57B16 mice [ BRF,

knockouts. were lightly restrained around the neck by a clear perspex
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Fig. 1. Behavioural counts for orofacial movement topographies in response to vehicle or 0.068-/k® Ang8930 over a 1-h period. Data are mean
counts+ S.E.M. of n= 8 female mice per groug.P < 0.05,”" "P <0.01,” * " P < 0.001 vs. vehicl€ V .
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collar attached to a horizontal platform; this allowed visual tioned optimally in relation to the head and mouth, mirrors
observation to be focussed onto the orofacial region with and illumination.
minimal disturbance to movements other than locomotion, .

X ) . 2.3. Behavioural assessment
rearing and grooming. Circular collars were composed of
two semicircular elements: one fixed to the platform and  On the basis of their natural repertoire of behaviours at
constituting a trough into which the neck was positioned; an ethological level, orofacial movements of mice were
the other, inserted from above, completed light enclosure categorised into the following seven topographies: vertical
of the neck. Both the diameter of the collar and its height jaw movements; horizontél latefal jaw movements; tongue
above the platform were adjustable according to body size, protrusions; chattering high-frequency rhythmical jaw
to allow a comfortable posture to be maintained. A piece movements with incisor tappithg ; head movements; vibris-
of absorbent paper was spread over the platform of thesae movements; stillne§s motionless, with no behaviour
restrictor. To facilitate observation of the orofacial region, evident. Following a 3-h period of habituation to ‘restric-
small mirrors were fixed in inclined positions just under tors’ and subsequent treatment with drdg s or vehitle s
the snout of each mouse and lighting directed appropri- as indicated, a rapid time-sampling behavioural checklist
ately to illuminate the head and mouth. For each experi- technique, used previously to resolve topographies of gen-
mental session, five mice were placed individually into eral mouse behaviour in an unrestricted paradigm Clifford
identical ‘restrictors’, each separated by cardboard dividers et al., 1998, 1999, 2000 , was applied similarly to resolve
to minimize visual and auditory disruption. The observer the above elements of orofacial movement: each of five
viewed each animal through slits in a cardboard screen inmice was observed sequentially for 5-s periods at 25-s
front of the array of ‘restrictors’; these slits were posi- intervals over a total period of 1 h; for each mouse, the
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Fig. 2. Behavioural counts for orofacial movement topographies in response to vehicle or 0.016-/k® $%g& F 83959 over a 1-h period. Data are
mean countg- S.E.M. of n= 8 female mice per group.P < 0.05, " "P < 0.01,” * "P < 0.001 vs. vehicl€ V .
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presence or absence of each individual pattern of orofacialthyl-1,2,3,4-tetrahydroisoquinoline;

Glaxo-Wellcome,

movement( occurring alone or in any combina)ion was UK); YM 09151-2(cis-N-[1-benzyl-2-methyl-pyrrolidin-3-

determined in each of the 144 periods of 5 s constituting yl]-5-chloro-2-methoxy-4-methylaminobenzamide;

Ya-

this 1-h period. Mice were used on two occasions only, manouchi, Japan . SK&F 83959, RU 24213, SCH 23390
separated by a drug-free interval of at least 1 week, with and BW 737C were dissolved in distilled water; A 68930
random allocation to one of the various treatments in eachwas dissolved in dilute acetic acid and made up to volume
instance. All assessments were made by an observer whawith distilled water; YM 09151-2 was dissolved in 0.1 N

was unaware of the treatment given to each animal.
2.4. Drugs

The drugs used were: A 68930 RI3S]-1-aminome-
thyl-5,6-dihydroxy-3-phenyl-isochroman; Abbott, UBA ;
SK & F 83959 ( 3-methyl-6-chloro-7,8-dihydroxy-1-
[3-methyl-phenyll -2,'3, 4, 5-tetrahydroHk3-benzazepine;
Research Biochemicals InternatiofliIMH Chemical
Synthesis Program, USA ; RU 2421GN-n-propyl-N-
phenylp-3-hydroxyphenylethylamine; Hoechst-Marion-
Roussel, Frande ; SCH 23390R]-3-methyl-7-chloro-8-
hydroxy-1-phenyl- 2, 3, 4, 5-tetrahydrd-t3-benzazepine;
Research Biochemicals International ; BW 737&]-6-
chloro-1f 2,5-dimethoxy-4-propylbengyl -7-hydroxy-2-me-

HCI and made up to volume with distilled water. All drugs
and their respective vehicles were injected subcutaneously
into the flank in a volume of 2 mikg, with antagonists or
their vehicles given 30 min before agonists in combination
experiments.

2.5. Data analysis

From application of the behavioural checklist, the total
‘counts’ for each individual orofacial movement were de-
termined as the number of 5-s observation windows in
which a given behaviour was evident, summed over the
1-h period, and expressed as mearS.E.M.. These data
were then analysed using analysis of variaice ANQVA
followed by Student'st-test or, in instances where data
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Fig. 3. Behavioural counts for orofacial movement topographies in response to vehicle or 0.1-/x§ Rid 24213 over a 1-h period. Data are mean
counts+ S.E.M. of n=8 male mice per group.P <0.05," " P < 0.001 vs. vehicld V .
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distribution deviated from normality, using the Kruskal— chattering; there were only modest or no effects on tongue
Wallis non-parametric ANOVA followed by Mann—Whit-  protrusions and on head and vibrissae movements, while
ney U-test. episodes of stillness were increased.

3.2. Effects of SCH 23390 and BW 737C on responsivity to
A 68930 and SK& F 83959

SCH 23390( 0.005-0.125 m$g) dose-dependently
3.1. Effects of A 68930, K& F 83959 and RU 24213 given antagonised vertical jaw movement® < 0.00), tongue
alone protrusions(P < 0.09 and incisor chatteringP < 0.001)
induced by A 6893@ 0.2 mgkg), with modest attenuation
When given alone, both A 68930 0.068-2.0 fg; (P < 0.09 of head and vibrissae movements but no effect
Fig. 1 and SK&F 83959 0.016—2.0 nifg; Fig. 2 each  on horizontal jaw movements data not shown ; the effects
induced prominent, dose-dependent increases in verticalof SCH 23390 on responsivity to SK&F 83959 0.08
jaw movements, accompanied by tongue protrusions andmg/kg) were generally similar, though little antagonism of
incisor chattering, together with head and vibrissae move- incisor chattering was evidet Fig) 4 . BW 737C 0.08-0.2
ments; there were only modest or no effects on horizontal mg/kg) also dose-dependently antagonised vertical jaw
jaw movements, while stillness, reflecting the absence of movementg P < 0.05), tongue protrusior$ < 0.0) and
any of the above orofacial movements, was essentially incisor chattering(P < 0.01) induced by A 68930, with
abolished by both drugs. Conversely, RU 24Z13 0.1-2.5 some attenuation of heddP < 0.0 but less so of vibris-
mg/kg; Fig. 3 resulted in a modest decrease in baseline sae movements, and no effect on horizontal jaw move-
levels of vertical jaw movements, together with more ments; the effects of BW 737C on responsivity to SK&F
marked decreases in horizontal jaw movements and incisor83959 were similat data not shoyvn .
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Fig. 4. Behavioural counts for orofacial movement topographies in response to vehicle or (/&8 Bi§& F 83959 over a 1-h period, 30 min following
pretreatment with 0.005-0.125 kg SCH 23390. Data are mean coumtS.E.M. of n=5-8 female mice per grougP < 0.001 vs. vehicle V ;
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3.3. Effects of YM 09151-2 on responsivity to A 68930 and
K& F 83959

YM 09151-2 (0.005-0.125 nykg) did not influence
vertical jaw movements, tongue protrusions or incisor
chattering induced by A 68930 0.2 ikg), while attenu-
ating head P < 0.01) and vibrissae movemert8 < 0.05
but not horizontal jaw movements data not shown . How-
ever, YM 09151-2 attenuated vertical jaw movements,

K. Tomiyama et al. / European Journal of Pharmacology 418 (2001) 47-54

chopharmacological studies. The final form of ‘restrictor’
was considerably less stressful, and enabled mice to main-
tain a more comfortable posture with freedom of trunk
movement without soiling; this allowed resolution and
guantification of a range of individual orofacial movement
topographies more extensive than has been possible previ-
ously, even in the rat.

The full efficacy-cyclase-stimulating, selective
dopamine D -like receptor agonist A 68930 and the selec-

tongue protrusions, head and vibrissae movements but notive dopamine D -like receptor agent SK&F 83959, which

incisor chattering induced by SK&F 839%9 0.08 ym),
and released horizontal jaw movemefts Fiy. 5 .

4, Discussion

In preliminary studies, mice were immobilized in a

inhibits the stimulation of adenylyl cyclase, induced simi-
lar profiles of orofacial movement topography; thus, such
movements may be mediated at least in part by a putative
D,-like receptor that is linked to a transduction system
other tharradditional to adenylyl cyclase, possibly to
phosphoinositide hydrolysi§ Mahan et al., 1990; Undie
and Friedman, 1990, 1994; Arnt et al., 1992; Deveney and

plastic tube to expose only the snout and exclude all other Waddington, 1995; Rosengarten and Friedhoff, 1998;
forms of movement, but the resultant level of stress and Adachi et al., 1999; Niznik et al., 2001 . The distinct
soiling was both inappropriate and a confound to psy- profile induced by the selective dopaming D -like receptor
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