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Abstract
Rationale Although the CB1 receptor antagonist/inverse
agonist rimonabant acutely suppresses food intake in rodents,
the behavioural specificity of this effect remains unclear.
Objectives To profile the behavioural effects of rimonabant
in a free-feeding context.
Materials and methods Videoanalysis was employed to
characterise the effects of acute rimonabant (1.5 and
3.0 mg/kg, IP) on the behaviour of non-deprived male rats
exposed to palatable mash. Data were also collected on
post-treatment weight gain, and, as prolonged appetite
suppression has been found after single dosing with
compounds of this series, rats were reassessed (drug-free)
for food intake 7 days after initial testing.
Results Both doses of rimonabant not only decreased mash
consumption (44–55%) but also reduced 24-h weight gain.
Although videoanalysis confirmed the inhibitory effects of
rimonabant on feeding behaviour, it also revealed concurrent
reductions in locomotion, rearing and sniffing as well as
substantial (up to tenfold) and dose-dependent increases in
grooming and scratching. Timecourse analyses further
revealed that rimonabant dose-dependently induced frequent
episodes of atypical scratching that waned over the test but
which were succeeded by prolonged and behaviourally
disruptive grooming. Finally, as groups did not differ in
mash consumption on retest, any prolonged anorectic effect
of acute rimonabant dissipates within 7 days of treatment.
Conclusions The anorectic response to rimonabant in male
rats would appear to be due largely to response competition.

This parsimonious conclusion is supported by the less
profound (although still significant) increases in scratching
and grooming observed in rats treated with a sub-anorectic
dose (0.5 mg/kg) of the compound.
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Introduction

Obesity is widely recognised as the largest and fastest
growing public health problem in the developed world
(World Health Organisation 2000; NIH Obesity Research
Task Force 2004). In the UK and the USA, the prevalence
of the disorder has more than tripled (both sexes) over the
past two decades and this trend has been accompanied by
an alarming rise in the incidence of childhood obesity
(Rennie and Jebb 2005). The condition not only impairs
general quality of life but also significantly increases
morbidity and the risk of premature mortality (Macdonald
2000). While current treatments are limited in efficacy and
sustainability, recent progress in our understanding of the
neurobiology of appetite regulation/energy homeostasis has
identified numerous targets of potential therapeutic signif-
icance (Carpino 2000; Chiesi et al. 2001; Clapham et al.
2001; Collins and Williams 2001; Bays and Dujovne 2002;
Halford et al. 2003). Among these novel targets, the
endocannabinoid system is currently attracting considerable
scientific and clinical interest (for a review, see: DiMarzo
and Matias 2005; Kirkham 2005; Cota et al. 2006).

Although the appetite-stimulating effects of cannabis
(for review: Kirkham and Williams 2001) and its prinicpal
active consituent Δ9-tetrahydrocannabinol (THC; e.g.
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Hollister 1971; Greenburg et al. 1976) have been recog-
nised for quite some time, insight into the mechanisms
underlying such effects is of much more recent origin. In
this context, our general understanding of the behavioural
pharmacology of cannabinoids was markedly enhanced by
a series of events in the late 1980s/early 1990s; the
discovery of two G-protein-coupled cannabinoid receptors
(CB1—Devane et al. 1988; Matsuda et al. 1990; CB2—
Munro et al. 1993), the identification of several endogenous
cannabinoid receptor ligands (endocannabinoids; Devane
et al. 1992; Mechoulam et al. 1995; Hanus et al. 2001), and
the development of the CB1 receptor antagonist/inverse
agonist SR141716A (rimonabant; Rinaldi-Carmona et al.
1994; 1995; Pertwee 2005). In a manner similar to THC
(e.g. Brown et al. 1977; Williams et al. 1998; Koch and
Matthews 2001), endocannabinoids such as anandamide
and 2-AG have been found to exert hyperphagic effects
even in pre-satiated animals (DiMarzo et al. 1998; Williams
and Kirkham 1999; Hao et al. 2000; Williams and Kirkham
2002a). Consistent with the view that most behavioural
effects of cannabinoids are mediated through CB1 receptor
mechanisms (Adams and Martin 1996; Chaperon and
Thiébot 1999; Kirkham and Williams 2001; Porter and
Felder 2001), the hyperphagic effects of anandamide
(Williams and Kirkham 1999) and Δ9-THC (Williams and
Kirkham 2002b) are blocked by rimonabant, but not by a
CB2 (SR144528) receptor antagonist.

Initially assumed to occur exclusively via CB1 receptors
in the central nervous system (CNS), cannabinoid regula-
tion of energy homeostasis is now widely believed to
involve both central and peripheral CB1 receptor mecha-
nisms (Cota et al. 2003b; DiMarzo and Matias 2005;
Kirkham 2005). Thus, short-term effects of cannabinoids on
food consumption appear to be largely mediated via CB1
receptors in the basal forebrain (e.g. Jamshidi and Taylor
2001; Kirkham et al. 2002; Cota et al. 2003b) and on
capsaicin-sensitive, CCK1 receptor-expressing vagal affer-
ents originating from the stomach and duodenum (e.g.
Gomez et al. 2002; Coutts and Izzo 2004; Pavon et al.
2006). In contrast, growing evidence suggests that longer-
term effects on bodyweight (e.g. lipogenesis, fat accumu-
lation, glucose metabolism) are mediated via CB1 receptors
on adipocytes (Bensaid et al. 2003; Cota et al. 2003b),
hepatocytes (Osei-Hyiaman et al. 2005), and pancreatic
islets (Bermudez-Siva et al. 2006).

In addition to their importance in confirming the CB1
receptor as the molecular substrate of cannabinoid-induced
hyperphagia, CB1 receptor antagonists/inverse agonists
may have therapeutic value per se. Thus, when given alone
to laboratory rats, acute rimonabant significantly and dose-
dependently reduces the intake of sucrose and ethanol (e.g.
Arnone et al. 1997; Freedland et al. 2000; Higgs et al.
2003) as well as normal laboratory chow (Colombo et al.

1998; Gomez et al. 2002; De Vry et al. 2004). Although
similar anorectic effects in rodents have since been reported
for other CB1 receptor antagonists/inverse agonists, such as
AM251 (McLaughlin et al. 2003; Shearman et al. 2003;
Chambers et al. 2004; Chambers et al. 2006), AM281
(Werner and Koch 2003) and AM1387 (McLaughlin et al.
2006), most work to date has been done with the
prototypical compound rimonabant. Several studies have
now confirmed that rimonabant inhibits to a similar extent
the consumption of diets differing in nutrient composition,
i.e. normal chow or diets high in either carbohydrate or fat
(McLaughlin et al. 2003; Verty et al. 2004), and that single
dosing with agents of this series can suppress food intake
and weight gain for several days after treatment (e.g.
McLaughlin et al. 2003; Chambers et al. 2004; McLaughlin
et al. 2006; Chambers et al. 2006). With chronic treatment,
tolerance quickly develops to the anorectic effects of
rimonabant, whereas the drug remains effective in suppress-
ing bodyweight for up to 28 days (Colombo et al. 1998;
Vickers et al. 2003). This apparent dissociation in the
effects of the compound on food intake and bodyweight is
consistent with growing evidence in favour of dual behav-
ioural and metabolic roles of the endocannabinoid system in
energy homeostasis (Cota et al. 2003b; DiMarzo and Matias
2005; Kirkham 2005; however, see also Thornton-Jones
et al. 2006).

In contrast to the large volume of evidence supporting an
anorectic action of rimonabant, many authors have drawn
attention to the relative dearth of information on the
behavioural selectivity of this action (e.g. Cota et al.
2003a; Kirkham 2005; Cota et al. 2006; McLaughlin et al.
2006). Such concerns are exemplified by Tucci et al. (2006)
who note that “although evidence supports the suggestion
that the anorectic effect of rimonabant results from an
attenuation of the rewarding properties of food, the
contribution of drug-induced aversion/malaise or induction
of behaviours that are incompatible with the expression of
eating cannot be fully excluded” (p. 2674). Such views
clearly recognise that food intake can be reduced by drug
actions totally unrelated to the normal physiological
regulation of appetite, actions such as sedation, nausea
and hyperactivity (Halford et al. 1998). In this context,
rimonabant is well-known to influence anxiety-like behav-
iour (e.g. Griebel et al. 2005), learning and memory
processes (e.g. Cota et al. 2006) and the reinforcing effects
of drugs of abuse (e.g. Carai et al. 2005; Tucci et al. 2006),
as well as inducing compulsive motor responses (e.g. Aceto
et al. 1996; De Fonseca et al. 1997; Navarro et al. 1997;
Cook et al. 1998; Rubino et al. 1998; Darmani and Pandya
2000; Järbe et al. 2006; Pavon et al. 2006). As any one or a
combination of these effects could interfere with feeding
behaviour, the principal aim of the present study was to
comprehensively profile the acute behavioural effects of
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rimonabant in non-deprived male rats during a 1-h test with
palatable food (e.g. Halford et al. 1998; Rodgers et al.
2001; Ishii et al. 2003, 2004, 2005).

The doses employed in the main study (1.5 and 3.0 mg/kg)
were closely based on the existing literature and represent the
lower end of the range (1–20 mg/kg) found to reliably
suppress intake in rodents (Kirkham 2005). As recent reports
have suggested prolonged anorectic activity after single
dosing with CB1 receptor antagonists/inverse agonists
(McLaughlin et al. 2003; Chambers et al. 2004, 2006;
McLaughlin et al. 2006), these animals were retested (food
intake only) in a drug-free state 1 week after treatment.
Finally, in view of the results obtained in the main study, a
second experiment was conducted using a lower dose
(0.5 mg/kg) of the compound.

Materials and methods

Animals

All procedures were performed under Home Office licence
in accordance with the UK Animals (Scientific Procedures)
Act 1986. Animals were adult male Lister hooded rats
(Charles River, UK), weighing 249.3±2.8g (N=30; experi-
ment 1) and 205.0±2.2 g (N=10; experiment 2) on arrival
in the laboratory. They were initially housed in groups of
five for 1 week but, thereafter, were transferred to
individual cages (cage size: 45×20×20 cm) for the
remainder of the study. Individual housing was employed
to facilitate both home cage familiarisation with the test diet
and accurate bodyweight tracking. Animals were main-
tained on a 12-h reversed light/dark cycle (lights on: 1900
hours; lights off: 0700 hours) in an environment controlled
for temperature (21±1°C) and humidity (50±2%). A
reversed light cycle was employed to facilitate behavioural
testing during the normally active (dark) phase of the cycle.
Subjects were handled regularly for routine husbandry and,
as detailed below, were fully habituated to all experimental
procedures before drug testing. With the exception of the
30-min injection-test interval, when home cage food was
removed, standard pelleted chow (Bantin & Kingman
Universal Diet, UK) and tap water were freely available
in the home cages. Bodyweights were recorded at the same
time daily (0900 hours) throughout the study.

Drugs

Rimonabant (SR141716A; [N-piperidin-5-(4-chlorophhenyl)-
1-(2,4-dichlorophenyl)-4-methyl-3-pyrazole-carboxamide]),
kindly donated by Sanofi-Aventis (Chilly-Mazarin, France),
was initially dissolved in a small volume of dimethyl
sulfoxide (DMSO; Sigma-Aldrich, Poole, UK), and subse-

quently made up to required concentrations in 0.5% methyl-
cellulose (Sigma-Aldrich). A corresponding methylcellulose/
DMSO solution was employed for vehicle control injections.
All solutions had a final DMSO concentration of ≤1%. Test
doses (experiment 1—1.5 and 3.0 mg/kg; experiment 2—
0.5 mg/kg) were selected on the basis of recent findings in the
literature (e.g. Gomez et al. 2002; Williams and Kirkham
2002b; Vickers et al. 2003; Chambers et al. 2004; Wiley et
al. 2005). Solutions were freshly prepared on test days and
administered intraperitoneally (IP) in a volume of 1 ml/kg
30 min before testing.

Apparatus

Feeding studies were conducted in a glass observation
arena (60×30×45 cm) large enough to provide animals
with the freedom to engage in a variety of behaviours. The
arena floor was covered lightly in wood shavings, and a
water bottle was suspended from one of the end walls. A
preweighed glass food pot was placed in the centre of the
test arena and secured to the floor by an annular metal
mounting. The test diet (mash) was freshly made each
morning by adding water to a powdered form of the
maintenance diet (Bantin & Kingman Universal Diet, UK;
1 g dry=3.125 g mash; digestible energy value of mash=
4.48 KJ/g); portions of mash were disbursed to individual
glass pots, covered and refrigerated until required. Mash
has the advantage of high palatability (obviating the need
for prior food deprivation), while its consistency minimises
spillage and hoarding (e.g. Halford et al. 1998). Two
videocameras, one positioned vertically above the arena
and the other horizontal to the front wall, were used to
record test sessions for subsequent behavioural analysis.
The resultant multi-angled view of the test arena facilitated
scoring accuracy by avoiding the ambiguities that frequent-
ly arise from single perspectives. The cameras were linked
to a monitor and DVD recorder via an image merger.

Procedure

All feeding test sessions were conducted under dim red
light (2 lx) during the dark phase of the light/dark cycle
(0800–1600 hours). As rats are nocturnal opportunistic
scavengers, it was felt appropriate not only to maintain
subjects under a reversed light cycle (vide supra), but also
to test them in virtual darkness at a time when they are most
active. Control food pots (two/day), positioned adjacent to
but outside the test arena, were used to estimate loss of food
mass through evaporation alone (average loss ≤0.2%). Two
experiments were conducted: experiment 1 (main study)
assessed the behavioural effects of 1.5 and 3.0 mg/kg
rimonabant, while experiment 2 examined the effects of a
lower dose of the compound (0.5 mg/kg). Both studies had
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habituation and experimental phases, while experiment 1
additionally incorporated a 7-day drug-free retest.

Habituation phase

After 15 days acclimatisation to the novel laboratory
conditions and personnel, rats were initially familiarised
(3 h on 2 consecutive days) with mash in their home cages.
The following week, each animal was exposed daily for
5 days to a pseudo-experimental procedure involving an IP
injection of vehicle, return to the home cage (chow diet
removed) for 30 min and finally 1-h exposure to the test
arena with preweighed mash and ad libitum tap water.
Mash consumption (accounting for any spillage) was
accurately measured on each of these trials. The habituation
phase not only fully familiarised rats with the test diet, test
environment and injection procedures, but also facilitated
the development of stable intake patterns and generated the
data necessary for the formation of independent treatment
groups (see below).

Experimental phase

Matched treatment groups were formed on the basis of food
intake scores and bodyweights on the final habituation trial
(experiment 1: three groups, n=10) or final basal intake
trial (experiment 2: two groups, n=5). In each case, a
between-subjects design was adopted in preference to a
within-subjects design to avoid possible confounds arising
from prolonged anorectic effects of acutely administered
CB1 receptor antagonists/inverse agonists (e.g. McLaughlin
et al. 2003; Chambers et al. 2004; McLaughlin et al. 2006;
Chambers et al. 2006). Experimental testing began within
72 h of the final habituation trial, with test order counter-
balanced for treatment both within and between test days.
Animals were individually transported to a preparation
room where they were treated (IP) with vehicle or
rimonabant (experiment 1: 1.5 or 3.0 mg/kg; experiment
2: 0.5 mg/kg) and immediately returned to their home cages
(chow diet removed). Thirty minutes later, they were
transferred to a nearby laboratory and individually placed
in the test arena with preweighed food (mash) and ad lib tap
water in situ. Animals were left undisturbed for the 1-h
digital video disc (DVD)-recorded test session, after which
any spillage was carefully retrieved and food pots accurately
reweighed.

Retest phase

In experiment 1 only, subjects were retested in a drug-free
state 7 days after the acute drug challenge. Procedures were
identical to those employed in the experimental phase with
the exception that every animal received an IP injection of

vehicle 30 min before the 1-h feeding test. As the sole aim
of this phase was to detect any prolonged anorectic activity
after single dosing with rimonabant, only food intake was
measured on this occasion.

Bodyweights and post-treatment weight gain

Bodyweights were recorded at the same time daily (0900
hours) from day 1 of individual housing until 5 days after
the retest phase. This procedure was used not only to
confirm the equivalence of test-day bodyweights but also
(experiment 1 only) to detect any prolonged effects of acute
drug treatment on weight gain.

Behavioural analysis

Test DVDs were scored blind by a highly trained observer
(intra-rater reliability ≥0.8) using ethological analysis soft-
ware (‘Hindsight’, Weiss 1995) that permits the real-time
scoring of behaviour by direct keyboard entry to a PC. A
continuous monitoring technique was used in view of its
documented advantages over various time-sampling tech-
niques (Halford et al. 1998). Based on previous research
(e.g. Halford et al. 1998; Rodgers et al. 2001; Ishii et al.
2005), measures recorded from DVD comprised latency to
locate food source (time in seconds between the start of
testing and first contact with the food pot) and eat latency
(time in seconds between first contact with the food source
and the first eating episode), together with frequency and
duration scores for the following mutually exclusive behav-
ioural categories: eating (biting, gnawing or swallowing
food from food pot or from front paws); drinking (licking the
spout of the water bottle); grooming (licking of the body, feet
and genitals, stroking whiskers with paws, biting the tail);
scratching (repetitive ipsilateral hind paw scratching of
flanks, neck and head); sniffing (rapid wrinkling of the
nose/twitching of vibrissae at an aspect of the environment,
head movements with rear limbs immobile); locomotion
(walking around the cage or circling; movements involving
all four limbs); rearing (front paws raised from the cage
floor, either supported against a wall or free standing);
resting (sitting or lying in a relaxed position with head curled
to body or resting on the floor; animal inactive); and freezing
(sudden and complete cessation of movement).

In addition to analysing treatment effects on 1-h total
scores, each 60-min test period was divided into 12×5-min
time bins and treatment effects on behavioural time courses
were examined. Although testing during the active (dark)
phase of the LD cycle naturally curtailed the display of
resting behaviour, attention was paid to the behavioural
satiety sequence (BSS), i.e. the temporal relationship
between eating, grooming, and resting (Halford et al.
1998; Rodgers et al. 2001; Ishii et al. 2005).
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Statistical analysis

The suitability of all datasets for parametric analysis was
initially assessed using either Levene’s Test for Homoge-
neity of Variance or Mauchly’s Test of Sphericity. Datasets
passing Levene’s were analysed using independent t tests
(experiment 2) or one-way independent analysis of variance
(ANOVA; experiment 1) followed, where appropriate, by
Bonferroni comparisons. Datasets failing this criterion were
analysed by non-parametric Kruskal–Wallis and/or Mann–
Whitney procedures. Where datasets involving repeated
measures (one- or two-factor) failed Mauchly’s test,
Greenhouse–Geisser significance levels are reported. In all
cases, findings were accepted as statistically significant
where P≤0.05.

Habituation food intake data were analysed by one-way
repeated-measures (ANOVA) followed by Bonferroni com-
parisons. For experiment 1, one-way independent paramet-
ric or non-parametric ANOVAwere used (1) to confirm the
initial matching of the three independent treatment groups
as well as group equivalence in terms of test-day body-
weights, and (2) to assess treatment effects on 1-h food
intake (experimental and retest phases), total 1-h behaviour-
al scores, 7-day absolute post-treatment weight gain, and
daily post-treatment weight gain expressed as a percentage
of test-day bodyweight. For experiment 2, involving two
treatment conditions only, these analyses were performed
by independent t test or Mann–Whitney U test. To examine
possible treatment effects on behavioural change over time,
the full 60-min record for each main behavioural category
was divided into 12×5-min time bins and analysed by two-
way mixed ANOVA (treatment × time, repeated measures
on time). Significant treatment × time interactions were
initially explored (as appropriate) using one-way indepen-
dent parametric or non-parametric ANOVA for each time
period, followed (where indicated) by Bonferroni or Mann–
Whitney comparisons.

Results

Experiment 1

Habituation phase and treatment group allocation

Mean bodyweight for the entire sample (N=30) was 249.3±
2.8 g on arrival, and 459.0±5.7 g at the end of the study. All
animals remained healthy throughout the experiment. As
would be expected, 1-h mash intake differed significantly
over the five daily habituation trials (trial 1: 8.68±0.62 g;
trial 2: 13.47±0.83 g; trial 3: 14.32±0.94 g; trial 4: 16.86±
0.93 g; trial 5: 15.15±0.45 g; [F(4, 145)=12.03, P<0.01]).
Although consumption on trial 1 was significantly lower

than on trials 2–5 (P≤0.01), the development of a stable
intake pattern was confirmed by the lack of difference in
intake scores over trials 2–5. Three independent treatment
groups (n=10) were formed on the basis of food intake and
bodyweight measures taken on the final habituation trial.
ANOVA confirmed that these groups did not differ signifi-
cantly either on basal food intake (15.12±2.31 g, 15.15±
1.71 g, 15.19±1.55 g, [F(2, 27)=0.02, NS]) or bodyweight
(388.8±8.6 g, 390.4±6.0 g, 388.4±6.4 g, [F(2, 27)=0.00, NS]).

Experimental phase: acute response to rimonabant
(1.5–3.0 mg/kg)

Food intake ANOVA confirmed that groups did not differ
in test-day bodyweight (vehicle: 408.0±9.9 g; 1.5 mg/kg:
410.2±5.8 g, 3.0 mg/kg: 409.1±8.1 g [F(2,27)=0.02, NS]).
Kruskal–Wallis analysis revealed that food intake was
significantly altered by drug treatment [χ2=15.73, df=2,
P<0.001; Fig. 1], with subsequent Mann–Whitney tests
confirming a significant suppression of mash consumption
by both doses of rimonabant (p≤0.001). Although some
dose-dependency was evident (see Fig. 1), intake scores did
not differ significantly between dose levels.

Total behavioural scores The effects of rimonabant (1.5–
3.0 mg/kg) on total 1-h scores for ingestive and non-
ingestive behaviours are summarised in Fig. 2. Significant
treatment effects were found for the frequency [χ2=6.91,
df=2, P=0.032] and duration [F(2, 27)=11.83, P<0.001] of
eating, with post-hoc comparisons showing that these
measures were significantly suppressed by both doses of
rimonabant (P≤0.05). Drug treatment did not significantly
alter the time taken to locate the food source, eat latencies,
or average duration of eating bouts (data not shown; [F≤
1.78, NS]). The vast majority of non-ingestive behaviours
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Fig. 1 Acute effect of rimonabant (1.5 and 3.0 mg/kg, IP) on food
intake in male rats during a 1-h test with palatable mash. Data are
expressed as mean (± SE) values. ***P<0.001 vs vehicle
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were also significantly altered by acute rimonabant (1.5–
3.0 mg/kg) treatment, including the frequency of locomo-
tion, rearing and sniffing [F(2, 27)≥3.43, P≤0.05]; the
frequency of scratching [χ2=20.22, df=2, P<0.001]; the
duration of locomotion and rearing [F(2, 27)≥3.36, P≤0.05];
and the duration of grooming and scratching [χ2≥17.83,
df=2, P≤0.001]. Post hoc analysis revealed that the lower
dose of rimonabant significantly reduced the frequency of
locomotion and sniffing (P≤0.05), whereas both doses
significantly reduced the duration of locomotion and the
frequency of rearing (P≤0.05). These symptoms of general
behavioural suppression were accompanied by marked
increases in the duration of grooming (P≤0.001) and in
both the frequency and duration of scratching (P≤0.02). No
significant treatment effects were found for the other
behavioural measures recorded [F(2, 27)≤0.07, NS; χ2≤
0.62, df=2, NS].

Behavioural time courses and behavioural satiety sequence
(BSS)

Two-way ANOVA revealed significant main effects of time
for most behavioural variables (F(11, 297)≥2.52, P≤0.02),

except for groom frequency which remained fairly constant
throughout the test session. These temporal patterns reflect
well-documented reductions in active behaviour as the test
session progresses (e.g. Ishii et al. 2003, 2004, 2005).
However, it is noteworthy that the large increase in resting
behaviour typically observed during the second half of the
test session was not as marked as in previous experiments.
This difference is undoubtedly due to procedural variation
and, in particular, to dark phase testing under dim illumination
(current study) vs light phase testing under normal laboratory
illumination (previous studies). The only significant drug ×
time interactions obtained were for the frequency [F(22, 297)=
3.93, P<0.001] and duration [F(22, 297)=3.08, P<0.01] of
scratching behaviour. Follow-up comparisons showed that
these measures were significantly (P≤0.05) enhanced (both
doses) at all time points except the final 5 min of the test
session. Figure 3 confirms that rimonabant (1.5 and 3.0
mg/kg) effects on scratching frequency and duration were
not only dose-dependent but also most pronounced during
the first half of the test when peak levels of feeding
behaviour are normally observed.

The BSS concept describes the pattern of feeding
behaviour in rats, whereby eating gives way to grooming
and ultimately to resting. Treatment effects on the three
components of the BSS are summarized in Fig. 4. For the
control group (top panel), and as already noted, current test
conditions (i.e. dark/active phase testing under dim illumi-
nation) precluded the display of high levels of resting even
after the ingestion of a large meal (c. 17.5 g mash). Despite
the absence of a clear BSS profile (i.e. eat-to-rest transition)
in the control group, there did appear to be some evidence
of a modest rimonabant-induced acceleration in the eat–rest
transition at both dose levels (middle and bottom panels).
However, what is most apparent from these charts is the
dose-dependent and concurrent effects of drug treatment on
feeding (suppression) and grooming (stimulation). While
most marked during the early phase of testing, both effects
clearly persist throughout the 1-h session.

Post-treatment bodyweight gain Although 7-day absolute
bodyweight gain was not altered after single dose treatment
with rimonabant [F(2, 27)=2.47, NS], animals receiving the
1.5 mg/kg dose gained the least weight over the period
(vehicle: 29.08±2.03 g; 1.5 mg/kg: 22.63±2.32 g; 3.0 mg/kg:
27.08±1.94 g). However, when daily bodyweights were
expressed as a percentage of testday bodyweight, animals
treated with rimonabant (both doses) were significantly lighter
24 h post treatment than those that had received vehicle (data
not shown: [F(2, 27)=8.60, P<0.001]). Post hoc analysis
confirmed that rimonabant actually reduced bodyweight
(relative to test day baseline) over the first 24-h period
(P≤0.01). No significant differences in percent bodyweight
scores were apparent beyond this initial 24-h period.

Fig. 2 Acute effects of rimonabant (1.5 and 3.0 mg/kg) on the
frequency (top panel) and duration (lower panel) of eating and non-
eating behaviours in male rats during a 1-h test with palatable mash.
Data are expressed as mean (± SE) values. *P≤0.05 vs vehicle
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Retest phase: food intake

When reassessed (drug-free) for food intake 7 days after
initial testing, groups did not differ with respect either to
bodyweight (vehicle: 437.1±10.7 g; 1.5 mg/kg: 433.0±6.1 g;
3.0 mg/kg: 436.2±8.9 g; [F(2, 27)=0.59, NS]) or 1-h mash
consumption (vehicle: 17.58±1.26 g; 1.5 mg/kg: 16.16±
1.50 g; 3.0 mg/kg: 15.64±1.55 g; [F(2, 27)=0.48, NS]). The
close correspondence in mash consumption by the vehicle
control group during test (17.4 g) and retest (17.6 g) further
confirms the stability of basal intake during the course of the
experiment.

Experiment 2

Habituation phase and treatment group allocation

Mean bodyweight for the entire sample (N=10) was 205.0±
2.2 g on arrival and 487.6±9.1 g at the end of the study. All

Fig. 4 Acute effects of rimonabant (1.5 and 3.0 mg/kg, IP) on the
timecourse of eating, grooming and resting in male rats during a 1-h test
with palatable mash. Data are expressed as the mean duration of each
behaviour in each of 12×5-min timebins. Rimonabant dose-dependently
reduced eating behaviour but concurrently exacerbated grooming
behaviour: see text for details

Fig. 3 Acute effects of rimonabant (1.5 and 3.0 mg/kg, IP) on the
frequency (upper panel) and duration (lower panel) of scratching
behaviour in male rats during a 1-h test with palatable mash. Data are
expressed as mean values. Both doses significantly increased the
frequency and duration of scratching except for the final 5 min of the
test session: see text for details
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animals remained healthy throughout the experiment.
Although food intake again varied significantly over the
five daily habituation trials (rising from 15.28±1.33 g on
trial 1 to 19.29±1.05 g on trial 5: [F(4, 36)=4.75, P=0.02]),
the absence of significant differences over trials 3 and 5
confirmed the development of stable intake patterns by the
end of the habituation phase. After initial use in another
feeding experiment, these animals were allowed a 1-week
washout period before reassessment of basal intake. Normal
levels of mash consumption were confirmed by a virtually
identical intake score (19.36±1.94 g) to that recorded on
the final habituation trial (vide supra). Two matched
treatment groups (n=5) were formed on the basis of
reassessment intake scores (19.02±1.98 g, 19.70±1.92 g;
[t(8)=−0.25, P>0.05]) and corresponding bodyweights
(486.1±10.7 g, 483.0±16.7 g; [t(8)=0.16, P>0.05]).

Experimental phase: acute response to rimonabant
(0.5 mg/kg)

Food intake Groups did not differ significantly on testday
bodyweight (vehicle: 489.4±22.3 g; 0.5 mg/kg: 484.1+
36.8 g; [t(8)=0.27, P>0.05]). Furthermore, although some-
what reduced, 1-h mash consumption was not significantly
altered by this low dose of rimonabant (vehicle: 21.84±
3.26 g; 0.5 mg/kg: 16.20±2.31 g; [t(8)=1.42, P>0.05]).

Behaviour Consistent with its lack of significant anorectic
activity, rimonabant 0.5 mg/kg also failed to alter the time
taken to locate the food source, eat latencies or the average
duration of eating bouts (data not shown; [t(8)≤1.11, P>
0.05]). Furthermore, as summarised in Fig. 5, treatment did
not significantly influence the total frequency or duration of
most behaviours displayed during the 1-h test, including
feeding [t(8)≤1.95, P>0.05]. However, while the effects
were less marked than observed at higher doses (compare
Fig. 5 with Fig. 2), rimonabant 0.5 mg/kg significantly
increased the frequency and duration of scratching and
grooming [t(8)≥3.33, P≤0.01]. Despite the relatively small
sample size, two-way ANOVA again confirmed significant
main effects of time for most behavioural measures [F(11, 88)≥
1.92, P≤0.05], but a complete absence of treatment × time
interactions [F(11, 88)≤1.53, P≥0.05]. Although the BSS
profiles (Fig. 6) show a relatively normal peak feeding
response in animals treated with 0.5 mg/kg rimonabant, they

Fig. 5 Acute effects of rimonabant (0.5 mg/kg, IP) on the frequency
(top panel) and duration (lower panel) of eating and non-eating
behaviours in male rats during a 1-h test with palatable mash. Data are
expressed as mean (± SE) values. *P≤0.05 vs vehicle
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Fig. 6 Acute effects of rimonabant (0.5 mg/kg, IP) on the timecourse
of eating, grooming and resting in male rats during a 1-h test with
palatable mash. Data are expressed as the mean duration of each
behaviour in each of 12×5-min timebins. At this low dose,
rimonabant significantly increased time spent grooming but did not
significantly influence time spent eating: see text for details
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also illustrate the onset of a mild (although statistically
significant) grooming syndrome at this dose level (compare
with Fig. 4).

Discussion

Over the past decade, an extensive literature has amassed
concerning the anorectic effects of the CB1 receptor anta-
gonist/inverse agonist rimonabant. However, as very few
drugs suppress appetite in a physiologically relevant or
behaviourally specific manner (Chiesi et al. 2001; Clapham
et al. 2001; Bays and Dujovne 2002; Halford et al. 2003), it
is surprising that this literature pays comparatively little
attention to the behavioural specificity of rimonabant-
induced anorexia (for reviews, see: Kirkham and Williams
2001; Cota et al. 2003a; DiMarzo and Matias 2005; Kirkham
2005; Cota et al. 2006; Tucci et al. 2006). This gap in our
knowledge assumes particular significance in view of the
range of non-ingestive effects that have been reported for the
compound, including alterations in emotionality, learning/
memory and the reinforcing properties of many drugs of
abuse (Carai et al. 2005; Griebel et al. 2005; Cota et al.
2006; Tucci et al. 2006). In this context, probably the most
consistently reported behavioural effect of rimonabant in
cannabinoid-naïve animals (rats, mice, shrews) is a vigorous
scratching and grooming syndrome (Aceto et al. 1996; De
Fonseca et al. 1997; Navarro et al. 1997; Aceto et al. 1998;
Cook et al. 1998; Rubino et al. 1998; Darmani and Pandya
2000; Janoyan et al. 2002; Darmani et al. 2003; Järbe et al.
2002, 2006; Pavon et al. 2006). It is perhaps significant that
none of these studies concerned appetite regulation, while,
reciprocally, very few reports on rimonabant-induced an-
orexia have recorded anything other than food intake and/or
bodyweight (Kirkham 2005). Our aim in the present study
was to fill a perceived gap in the literature through detailed
behavioural profiling of rimonabant in non-deprived rats
presented with palatable food.

Consistent with previous findings (Arnone et al. 1997;
Colombo et al. 1998; Gomez et al. 2002; McLaughlin et al.
2003; Shearman et al. 2003; Vickers et al. 2003; De Vry et al.
2004; Verty et al. 2004; Wiley et al. 2005; Thornton-Jones
et al. 2006), the results of experiment 1 show that
rimonabant (1.5 and 3.0 mg/kg) significantly suppressed
mash intake when assessed 30 min post dosing. Further-
more, although a metabolic contribution cannot be exclud-
ed, the observed inhibition of weight gain over the initial
24 h after treatment is consistent with the reported enduring
anorectic action of single doses of CB1 receptor antagonists/
inverse agonists (McLaughlin et al. 2003; Chambers et al.
2004; Chambers et al. 2006; McLaughlin et al. 2006).
However, as groups did not differ in consumption when
retested (drug-free) 7 days after dosing, any persistent

anorectic activity of single-dose rimonabant treatment clearly
dissipates within this timeframe. Ethological analysis con-
firmed that acute rimonabant (1.5 and 3.0 mg/kg) signifi-
cantly reduced both the frequency and duration of eating,
without altering the time taken to locate the food source or to
commence eating. Although the training history of the
animals is not irrelevant in this context, the lack of a
treatment effect on these two latency measures would argue
against any disruption of basic perceptual, arousal and/or
motivational mechanisms. These findings agree with the
behavioural work of Webster et al. (2003) who, albeit in ab-
stract form only, report that acute rimonabant (1–10 mg/kg)
dose-dependently reduced mash intake and feeding behav-
iour in obese (fa/fa) Zucker rats.

A profile of reduced food intake, feeding behaviour and
weight gain is entirely consistent with that expected of a
selective anorectic agent (e.g. Halford et al. 1998, 2003).
However, under present test conditions, rimonabant (1.5–
3.0 mg/kg) also significantly reduced the frequency and/or
duration of locomotion, rearing and sniffing. Although
suggestive of behavioural non-specificity, these reductions
in non-ingestive components of the behavioural repertoire
would not per se be inconsistent with an acceleration in
behavioural satiety, i.e. an earlier transition from feeding to
resting can logically lead to reductions in general activity
levels (e.g. Halford et al. 1998; Rodgers et al. 2001; Ishii et al.
2005). Despite the fact that testing under dim illumination
during the active (dark) phase of the light cycle precluded a
large post-meal increase in resting behaviour (vehicle
controls), Fig. 4 suggests that rimonabant may indeed have
produced an acceleration (a shift to the left) in behavioural
satiety. However, close examination of the chart shows that
such an effect is illusory, i.e. due almost entirely to the
suppression of feeding rather than, as is normally seen with
selective anorectics (e.g. Halford et al. 1998; Hewitt et al.
2002; Rodgers et al. 2002), an earlier transition from eating
to resting.

If not displaying increased resting, what then were the
rimonabant-treated animals doing during a finite test period
when many other behaviours (including feeding) were
suppressed? Consistent with a large body of literature on
the basic behavioural pharmacology of the compound
(Aceto et al. 1996; De Fonseca et al. 1997; Navarro et al.
1997; Aceto et al. 1998; Cook et al. 1998; Rubino et al.
1998; Darmani and Pandya 2000; Janoyan et al. 2002;
Järbe et al. 2002; Darmani et al. 2003; Järbe et al. 2003,
2004, 2006; Pavon et al. 2006), our data show that
rimonabant (1.5 and 3.0 mg/kg) markedly increased the
duration of grooming and significantly increased both the
frequency and duration of scratching. These profound
effects are graphically illustrated in: Fig. 2, which empha-
sises the impact of treatment on the total time spent
grooming (which, for 3 mg/kg, represents c.30% of the

Psychopharmacology (2007) 195:27–39 35



entire test); Fig. 3, which confirms that this exacerbation of
grooming was presaged and accompanied by frequent bouts
of compulsive scratching; and Fig. 4, which shows that
feeding was dose-dependently and completely displaced by
grooming as the dominant behaviour during the 60-min
test. Indeed, for both doses, the combined increases in time
spent scratching and grooming (c. 600 and 800 s, respec-
tively) very closely match the combined reductions in time
spent feeding, locomoting, rearing and sniffing. Although
the reverse relationship remains a theoretical possibility, it
seems parsimonious to conclude that the former was in fact
largely responsible for the latter, i.e. the excessive scratch-
ing and grooming induced by rimonabant (1.5–3.0 mg/kg)
continually interrupted the flow of behaviour (including
normal feeding).

To the present authors’ knowledge, only two other
feeding studies have reported rimonabant’s effects on
grooming and/or scratching. In a published conference
abstract, Webster et al. (2003) found that rimonabant (3–
10 mg/kg) produced a fourfold increase in the incidence of
grooming with a consequent disruption of normal feeding
patterns. Although Vickers et al. (2003) also noted that the
drug’s anorectic action was accompanied by three- to
eightfold increases in the incidence of wet dog shakes,
scratching and grooming, they argued against the possibil-
ity that the former was merely an artefact of the latter. The
authors’ argument was based on the observation, in obese
(fa/fa) Zucker rats, that tolerance developed to the motor,
but not to the anorectic, effects of the drug. However, it is
pertinent to note that (a) while not statistically significant
beyond the acute phase, the motor effects of rimonabant
remained elevated throughout the entire 4-week study, and
(b) the lack of tolerance to anorectic effect of rimonabant in
these obese rats contrasts markedly with the swift develop-
ment of tolerance to this action in non-obese rats (e.g.
Colombo et al. 1998; Vickers et al. 2003).

Nevertheless, as the results of our first study could not
exclude the possibility of a behaviourally selective anorec-
tic effect at lower doses, a second experiment assessed the
effects of 0.5 mg/kg rimonabant under virtually identical
test conditions. Our findings show that, at this lower dose
level, rimonabant failed to significantly reduce food intake,
feeding behaviour or, indeed, most behaviours displayed
during the 1-h test session. These data are entirely
consistent with the vast majority of published studies on
rimonabant anorexia, which point to a minimum effective
dose of ≥1.0 mg/kg (Arnone et al. 1997; Colombo et al.
1998; Williams and Kirkham 1999; Freedland et al. 2000;
Higgs et al. 2003; Vickers et al. 2003; Webster et al. 2003;
De Vry et al. 2004; Wiley et al. 2005; Thornton-Jones et al.
2006; but see also Gomez et al. 2002; McLaughlin et al.
2003; Verty et al. 2004). However, despite its sub-anorectic
profile, the 0.5 mg/kg dose of rimonabant still significantly

(albeit less intensely than at higher doses) increased
grooming and scratching. This finding indicates that the
compound has more potent effects on scratching and
grooming than on appetite, and seems to imply that a
certain level of motor disturbance (e.g. levels of grooming
≥20% of total test time, as seen with 1.5 and 3.0 mg/kg)
may be necessary before ingestive behaviour is significantly
compromised. Overall, therefore, it would seem parsimoni-
ous to conclude that the acute anorectic response to
rimonabant is most probably a consequence of response
competition arising from excessive grooming and scratching.

Pertwee (2005) has recently outlined three basic mech-
anisms whereby CB1 receptor antagonists/ inverse agonists
could produce intrinsic physiological and behavioural
effects. These mechanisms are an inverse cannabimimetic
action, competitive blockade of endocannabinoid tone
(silent antagonism) and/or effects on non-cannabinoid
neurotransmitter systems. In truth, it currently remains
unclear as to which of these actions may be responsible
for rimonabant-induced grooming and scratching (Wilson et
al. 2006). However, as the syndrome is not completely
abolished by CB1 receptor agonists (e.g. Järbe et al. 2002,
2003, 2004, 2006), mechanisms over and beyond cannabi-
noid receptors would appear to be involved. In this context,
research on rimonabant-induced head-twitching and ear-
scratching in mice has implicated downstream involvement
of central 5-HT2A/2C receptor mechanisms (Darmani and
Pandya 2000; Janoyan et al. 2002), a particularly intriguing
finding in view of 5-HT2C receptor involvement in the
inhibitory regulation of appetite (e.g. Hewitt et al. 2002)
and in neuropeptide-induced grooming (e.g. Duxon et al.
2001). Beyond these considerations, current evidence
suggests that rimonabant-induced scratching and grooming
could be initiated either centrally or peripherally. For
example, cannabinoids are known to strongly influence
basal ganglia function (Rubino et al. 1998; De Fonseca et
al. 1998) and, as rimonabant increases unit activity in the
substantia nigra (Gueudet et al. 1995) as well as c-Fos
expression throughout the nigrostriatal system (De Fonseca
et al. 1997), the observed syndrome could well be mediated
via activation/disinhibition of neural circuits controlling
these complex motor sequences.

Alternatively, CB1 receptor immunoreactivity is found
in cutaneous nerve fibre bundles and mast cells (Ständer et
al.2005) and, as CB1 receptor agonists have therapeutic
value in pruritic conditions associated with chronic itching
and scratching (Rukwied et al. 2003; Maekawa et al. 2006),
rimonabant acting at CB1 receptors in the skin may create
local irritation prompting compulsive scratching and
grooming. At first glance, a recent study by Pavon et al.
(2006) seems to support central as opposed to peripheral
mediation of the scratching/grooming syndrome. These
authors found that LH-21, a cannabinoid receptor antago-
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nist that is poorly brain-penetrant compared with rimona-
bant, significantly inhibited food intake without inducing
compulsive scratching and grooming. These new data
would appear consistent with peripheral mediation of the
anorectic response (see also Gomez et al. 2002) but central
mediation of the scratching/grooming syndrome. However,
this seemingly straightforward interpretation is complicated
by the fact that LH-21 is not completely excluded from the
CNS and, unlike rimonabant, is a silent CB1 receptor
antagonist apparently devoid of inverse agonist activity.

In summary, the acute anorectic effect of rimonabant
(1.5–3.0 mg/kg) under present test conditions appears to be
behaviourally non-specific, most probably arising as a
consequence of competing scratching and grooming
responses. In view of ongoing debates regarding the
principal mechanisms responsible for rimonabant-induced
anorexia and weight loss in animals (e.g. Osei-Hyiaman et
al. 2005; Bermudez-Siva et al. 2006; Thornton-Jones et al.
2006), and the relatively modest although sustained
reductions in bodyweight recently reported in several
clinical trials (Despres et al. 2005; Van Gaal et al. 2005;
Pi-Sunyer et al. 2006), further detailed behavioural studies
in animals are clearly warranted. In this context, it is
certainly important to note that clinical trials have
employed lower doses of rimonabant compared to most
animal studies, and that the recent European authorisation
of rimonabant (Acomplia®) is not as a pure appetite
suppressant, but rather for the treatment of complicated
obesity (metabolic syndrome/diabetes). Nevertheless, a
more complete understanding of precisely how appetite is
modulated by CB1 receptors will clearly depend on
sophisticated preclinical work with a range of CB1 receptor
antagonist/inverse agonists and silent antagonists, including
ligands unable to cross the blood–brain barrier.

Acknowledgements The authors are most grateful to Sanofi-Aventis
for the kind gift of rimonabant.

References

Aceto MD, Scates SM, Lowe JA, Martin BR (1996) Δ-9-tetrahydro-
cannabinol: studies on precipitated and abrupt withdrawal. J
Pharmacol Exp Ther 278:1290–1295

Aceto MD, Scates SM, Razdan RK, Martin BR (1998) Anandamide,
an endogenous cannabinoid, has a very low physical dependence
potential. J Pharmacol Exp Ther 287:598–605

Adams IB, Martin BR (1996) Cannabis: pharmacology and toxicology
in animals and humans. Addiction 91:1585–1614

Arnone M, Maruani J, Chaperon F, Thiebot M-H, Poncelot M,
Soubrié P, Le Fur G (1997) Selective inhibition of sucrose and
ethanol intake by SR141716, an antagonist of central cannabi-
noid (CB1) receptors. Psychopharmacology 132:104–106

Bays H, Dujovne C (2002) Anti-obesity drug development. Expert
Opin Investig Drugs 11:1189–1204

Bensaid M, Gary-Bobo M, Esclangon A, Maffrand JP, LeFur G, Oury-
Donat F, Soubrie P (2003) The cannabinoid CB1 receptor
antagonist SR141716 increases Acrp30 mRNA expression in
adipose tissue of obese fa/fa rats and cultured adipocyte cells.
Mol Pharmacol 63:908–914

Bermudez-Siva FJ, Serrano A, Diaz-Molina FJ, Vera IS, Juan-Pico P,
Nadal A, Fuentes E, de Fonseca FR (2006) Activation of
cannabinoid CB1 receptors induces glucose intolerance in rats.
Eur J Pharmacol 531:282–284

Brown JE, Kassouny M, Cross JK (1977) Kinetic studies of food
intake and sucrose solution preference by rats treated with low
doses of delta-9-tetrahydrocannabinol. Behav Biol 20:104–110

Carai MAM, Colombo G, Gessa GL (2005) Rimonabant: the first
therapeutically relevant cannabinoid antagonist. Life Sci
77:2339–2350

Carpino PA (2000) Patent focus on new anti-obesity agents: September
1999–February 2000. Expert Opin Ther Pat 10:819–831

Chambers AP, Sharkley KA, Koopmans HS (2004) Cannabinoid (CB)
1 receptor antagonist, AM251, causes a sustained reduction of
daily food intake in the rat. Physiol Behav 82:863–869

Chambers AP, Koopmans HS, Pittman QJ, Sharkley KA (2006) AM
251 produces sustained reductions in food intake and body
weight that are resistant to tolerance and conditioned taste
aversion. Br J Pharmacol 147:109–116

Chaperon F, Thiébot M-H (1999) Behavioral effects of cannabinoid
agents in animals. Crit Revs Neurobiol 13:243–281

ChiesiM, Huppertz C, Hofbauer KG (2001) Pharmacotherapy of obesity:
targets and perspectives. Trends Pharmacol Sci 22:247–254

Clapham JC, Arch JRS, Tadayyon M (2001) Anti-obesity drugs: a
critical review of current therapies and future opportunities.
Pharmacol Ther 89:81–121

Collins P, Williams G (2001) Drug treatment of obesity: from past
failures to future successes? Br J Clin Pharmacol 51:13–25

Colombo G, Agabio R, Diaz G, Lobina C, Reali R, Gessa GL (1998)
Appetite suppression and weight loss after the cannabinoids
antagonist SR141716A. Life Sci 63:PL113–PL117

Cook SA, Lowe JA, Martin BR (1998) CB1 receptor antagonist
precipitates withdrawal in mice exposed to Δ-9-tetrahydrocan-
nabinol. J Pharmacol Exp Ther 285:1150–1156

Cota D, Marsicano G, Lutz B, Vicennati V, Stalla GK, Pasquali R,
Pagotto U (2003a) Endogenous cannabinoid system as a modulator
of food intake. Int J Obesity and Relat Metab Disord 27:289–301

Cota D, Marsicano G, Tschop M, Grubler Y, Flachskamm C, Schubert
M, Auer D, Yassouridis A, Thone-Reineke C, Ortmann S,
Tomassoni F, Cervino C, Nisoli E, Linthorst ACE, Pasquali R,
Lutz B, Stalla GK, Pagotto U (2003b) The endogenous
cannabinoid system affects energy balance via central orexigenic
drive and peripheral lipogenesis. J Clin Invest 112:423–431

Cota D, Tschöp M, Horvath TL, Levine AS (2006) Cannabinoids,
opioids and eating behavior: the molecular face of hedonism?
Brain Res Rev 51:85–107

Coutts AA, Izzo AA (2004) The gastrointestinal pharmacology of
cannabinoids: an update. Curr Opin Pharmacol 4:572–579

Darmani NA, Pandya DK (2000) Involvement of other neurotransmitters
in behaviors induced by the cannabinoid CB1 receptor antagonist
SR 141716A in naïve mice. J Neural Transm 107:931–945

Darmani NA, Janoyan JJ, Kumar N, Crim JL (2003) Behaviorally
active doses of the CB1 receptor antagonist SR 141716A
increase brain serotonin and dopamine levels and turnover.
Pharmacol Biochem Behav 75:777–787

de Fonseca FR, Carrera MRA, Navarro M, Koob GF, Weiss F (1997)
Activation of corticotropin-releasing factor in the limbic system
during cannabinoid withdrawal. Science 276:2050–2054

de Fonseca FR, Del Arco I, Nartin-Calderon JL, Gorriti MA, Navarro
M (1998) Role of endogenous cannabinoid system in the
regulation of motor activity. Neurobiol Dis 5:483–501

Psychopharmacology (2007) 195:27–39 37



De Vry J, Schrieber R, Eckel G, Jentzsch KR (2004) Behavioral
mechaniams underlying inhibition of food-maintained respond-
ing by the cannabinoid receptor antagonist/inverse agonist
SR141716A. Eur J Pharmacol 483:55–63

Despres JP, Golay A, Sjoestroem L (2005) Effects of rimonabant on
metabolic risk factors in overweight patients with dyslipidemia.
New Eng J Med 353:2121–2134

Devane WA, Dysarz FA, Johnson MR, Melvin LS, Howlett AC
(1988) Determination and characterization of a cannabinoid
receptor in rat brain. Mol Pharmacol 34:605–613

Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin
G, Gibson D, Mandelbaum A, Etinger A, Mechoulam R (1992)
Isolation of a brain constituent that binds to the cannabinoid
receptor. Science 258:1946–1949

DiMarzo V, Matias I (2005) Endocannabinoid control of food intake
and energy balance. Nat Neurosci 8:585–589

DiMarzo V, Melck D, Bisogno T, De Petrocellis L (1998) Endocan-
nabinoids: endogenous cannabinoid receptor ligands with neuro-
modulatory action. Trends Neurosci 21:521–528

Duxon MS, Stretton J, Starr K, Jones DNC, Holland V, Riley G,
Jerman J, Brough S, Smart D, Johns A, Chan W, Porter RA,
Upton N (2001) Evidence that orexin-A-evoked grooming in the
rat is mediated by orexin-1 (OX1) receptors with downstream 5-
HT2C receptor involvement. Psychopharmacology 153:203–209

Freedland CS, Poston JS, Porrino LJ (2000) Effects of SR141716A, a
central cannabinoid receptor antagonist, on food-maintained
responding. Pharmacol Biochem Behav 67:265–270

Gomez R, Navarro M, Ferrer B, Trigo JM, Bilbao A, Del Arco I,
Cippitelli A, Nava F, Piomelli D, de Fonseca FR (2002) A
peripheral mechanism for CB1 cannabinoid receptor-dependent
modulation of feeding. J Neurosci 22:9612–9617

Greenburg I, Kuehnle J, Mendelson JH, Bernstein JG (1976) Effects
of marijuana use on body weight and energy intake in humans.
Psychopharmacology 49:79–84

Griebel G, Stemmelin J, Scatton B (2005) Effects of the cannabinoid
CB1 receptor antagonist rimonabant in models of emotional
reactivity in rodents. Biol Psychiatry 57:261–267

Gueudet C, Santucci V, Rinaldi-Carmona M, Soubrié P, Le Fur G (1995)
The CB1 cannabinoid receptor antagonist SR 141716A affects A9
dopamine neuronal activity in the rat. NeuroReport 6:1421–1425

Halford JCG, Wanninayake SCD, Blundell JE (1998) Behavioral
satiety sequence (BSS) for the diagnosis of drug action on food
intake. Pharmacol Biochem Behav 61:159–168

Halford JCG, Cooper GD, Dovey TM, Ishii Y, Rodgers RJ, Blundell
JE (2003) The psychopharmacology of appetite: targets for
potential anti-obesity agents. Curr Med Chem 3:283–310

Hanus L, Abu-Lafi S, Fride E, Breuer A, Vogel Z, Shalev DE,
Kustanovich I, Mechoulam R (2001) 2-Arachidonyl glyceryl
ether, an endogenous agonist of the cannabinoid CB1 receptor.
Proc Natl Acad Sci U S A 98:3662–3665

Hao SZ, Avraham Y, Mechoulam R, Berry EM (2000) Low-dose
anandamide affects food intake, cognitive function, neurotrans-
mitter and corticosterone levels in diet-restricted mice. Eur J
Pharmacol 392:147–156

Hewitt KN, Lee MD, Dourish CT, Clifton PG (2002) Serotonin 2C
receptor agonists and the behavioural satiety sequence in mice.
Pharmacol Biochem Behav 71:691–700

Higgs S, Williams CM, Kirkham TC (2003) Cannabinoid influences
on palatability: microstructural analysis of sucrose drinking after
Δ9-tetrahydrocannabinol, anandamide, 2-arachidonoyl glycerol
and SR141716. Psychopharmacology 165:370–377

Hollister LE (1971) Hunger and appetite after single doses of marijuana,
alcohol, and dextroamphetamine. Clin Pharmacol Ther 12:45–49

Ishii Y, Blundell JE, Halford JCG, Rodgers RJ (2003) Effects of
systematic variation in presatiation and fasting on the behavioural
satiety sequence in male rats. Physiol Behav 79:227–238

Ishii Y, Blundell JE, Halford JCG, Upton N, Porter R, Johns A,
Rodgers RJ (2004) Differential effects of the selective orexin-1
receptor antagonist SB-334867 and lithium chloride on the
behavioural satiety sequence in rats. Physiol Behav 81:129–140

Ishii Y, Blundell JE, Halford JCG, Upton N, Porter R, Johns A, Jeffrey
P, Summerfield S, Rodgers RJ (2005) Anorexia and weight loss
in male rats 24 h following single dose treatment with orexin-1
receptor antagonist SB-334867. Behav Brain Res 157:331–341

Jamshidi N, Taylor DA (2001) Anandamide administration into the
ventromedial hypothalamus stimulates appetite in rats. Br J
Pharmacol 134:1151–1154

Janoyan JJ, Crim JL, Darmani NA (2002) Reversal of SR 141716A-
induced head-twitch and ear-scratch responses in mice byΔ-9-THC
and other cannabinoids. Pharmacol Biochem Behav 71:155–162

Jarbe TUC, Andrzejewski ME, DiPatrizio NV (2002) Interactions
between the CB1 receptor agonist Δ

9-THC and the CB1 receptor
antagonist SR-141716 in rats: open-field revisitied. Pharmacol
Biochem Behav 73:911–919

Järbe TUC, DiPatrizio NV, Lu D, Makriyannis A (2003) The
cannabinoid receptor antagonist SR-141716 does not readily
antagonise open-field effects induced by the cannabinoid reeptor
agonist (R)-methanandamide in rats. Pharmacol Biochem Behav
75:809–821

Järbe TUC, DiPatrizio NV, Lu D, Makriyannis A (2004) (-)-Adamantyl-
Δ8-tetrahydrocannabinol (AM-411), a selective cannabinoid CB1
receptor agonist: effects on open field behaviors and antagonism
by SR-141716 in rats. Behav Pharmacol 15:517–521

Järbe TUC, Ross T, DiPatrizion NV, Pandarinathan L, Makriyannis A
(2006) Effects of CB1R agonist WIN-55,212-2 and the CB1R
antagonists SR-141716 and AM-1387: open-field examination in
rats. Pharmacol Biochem Behav 85:243–252

Kirkham TC (2005) Endocannabinoids in the regulation of appetite
and body weight. Behav Pharmacol 16:297–313

Kirkham TC, Williams CM (2001) Endogenous cannabinoids and
appetite. Nutr Res Rev 14:65–86

Kirkham TC, Williams CM, Fezza F, DiMarzo V (2002) Endocanna-
binoid levels in rat limbic forebrain and hypothalamus in relation
to fasting, feeding and satiation: stimulation of eating by 2-
arachidonoyl glycerol. Br J Pharmacol 136:550–557

Koch JE, Matthews SM (2001) Delta(9)-tetrahydrocannabinol stim-
ulates palatable food intake in Lewis rats: effects of peripheral
and central administration. Nutr Neurosci 4:179–187

Macdonald IA (2000) Obesity: are we any closer to identifying causes
and effective tretaments? Trends Pharmacol Sci 21:334–336

Maekawa T, Nojima H, Kuraishi Y, Aisaka K (2006) The cannabinoid
CB2 receptor inverse agonist JTE-907 suppresses spontaneous
itch-associated responses of NC mice, a model of atopic
dermatitis. Eur J Pharmacol 542:179–783

Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner TI (1990)
Structure of a cannabinoid receptor and functional expression of
the cloned cDNA 561. Nature 346:561–564

McLaughlin PJ, Winston K, Swezey L, Wisniecki A, Aberman J,
Tardif DJ, Betz AJ, Ishwari K, Makriyannis A, Salamone JD
(2003) The cannabinoid CB1 antagonists SR 141716A and AM
251 suppress food intake and food-reinforced behavior in a
variety of tasks in rats. Behav Pharmacol 14:583–588

McLaughlin PJ, Quan L, Wood JT, Wisniecki A, Winston KM,
Swezey LA, Ishiwari K, Betz AJ, Pandarinathan L, Xu W,
Makriyannis A, Salamone JD (2006) Suppression of food intake
and food-reinforced behavior produced by the novel CB1 receptor
antagonist/inverse agonist AM 1387. Pharmacol Biochem Behav
83:396–402

Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE,
Schatz AR, Gopher A, Almog S, Martin BR, Compton DR,
Pertwee RG, Griffin G, Bayewitch M, Barg J, Vogel Z (1995)
Identification of an endogenous 2-monoglyceride, present in

38 Psychopharmacology (2007) 195:27–39



canine gut, that nids to cannabinoid receptors. Biochem Pharmacol
50:83–90

Munro S, Thomas KL, Abu-Shaar M (1993) Molecular characteriza-
tion of a peripheral receptor for cannabinoids. Nature 365:61–65

Navarro M, Hernandez E, Munoz RM, del Arco I, Villanua MA,
Carrera MRA, de Fonseca FR (1997) Acute administration of the
CB1 cannabinoid receptor antagonist SR 141716A induces
anxiety-like responses in the rat. NeuroReport 8:491–496

NIH Obesity Research Task Force (2004) http://www.obesityresearch.
nih.gov

Osei-Hyiaman D, DePetrillo M, Pacher P, Liu J, Radaeva S, Batkai S,
Harvey-White J, Mackie K, Offertaler L, Wang L, Kunos G
(2005) Endocannabinoid activation at hepatic CB1 receptors
stimulates fatty acid synthesis and contributes to diet-induced
obesity. J Clin Invest 115:1298–1305

Pavon FJ, Bilbao A, Hernandez-Folgado L, Cippitelli A, Jagerovic N,
Abellan G, Rodriguez-Franco MI, Serrano A, Macias M, Gomez
R, Navarro M, Goya P, de Fonseca FR (2006) Antiobesity effects
of the novel in vivo neutral cannabinoid receptor antagonist 5-(4-
chlorophenyl)-1-(2,4-dichlorophenyl)-3-hexyl-1H-1,2,4-trazole-
LH21. Neuropharmacology 51:358–366

Pertwee RG (2005) Inverse agonism and neural antagonism at
cannabinoid CB1 receptors. Life Sci 76:1307–1324

Pi-Sunyer FX, Aronne LJ, Heshmati HM, Devin J, Rosenstock J,
RIO-North American Study Group (2006) Effect of rimonabant,
a cannabinoid-1 receptor blocker, on weight and cardiometabolic
risk factors in overweight or obese patients: RIO-North America:
a randomised controlled trial. J Am Med Assoc 295:761–775

Porter AC, Felder CC (2001) The endocannabinoid nervous system:
unique opportunities for therapeutic intervention. Pharmacol Ther
90:45–60

Rennie KL, Jebb SA (2005) Prevalence of obesity in Great Britain.
Obes Rev 6:11–12

Rinaldi-Carmona M, Barth F, HeaulmeM, Shire D, Calandra B, Congy C,
Martinez S, Maruani J, Neliat G, Caput D, Ferrara P, Soubrie P,
Breliere JC, Le Fur G. (1994) SR141716A, a potent and selective
antagonist of the brain cannabinoid receptor. FEBS Lett 350:240–244

Rinaldi-Carmona M, Barth F, Heaulme M, Alonso R, Shire D, Congy
C, Soubrie P, Breliere J-C, Le Fur G (1995) Biochemical and
pharmacological characteristics of SR141716A, the first potent
and selective brain cannabinoid receptor antagonist. Life Sci
56:1941–1947

Rodgers RJ, Halford JCG, Nunes de Souza N, Canto de Souza AL,
Piper DC, Arch JRS, Upton N, Porter RA, Johns A, Blundell JE
(2001) SB-334867, a selective orexin-1 receptor antagonist,
enhances behavioural satiety and blocks the hyperphagic effect
of orexin-A in rats. Eur J Neurosci 13:1444–1452

Rodgers RJ, Ishii Y, Halford JCG, Blundell JE (2002) Orexins and
appetite regulation. Neuropeptides 36:303–325

Rubino T, Patrini G,Massi P, Fuzio D, Vigano D, Giagnoni G, Parolaro D
(1998) Cannabinoid-precipitated withdrawal: a time-course study of
the behavioral aspect and its correlation with cannabinoid receptors
and G protein expression. J Pharmacol Exp Ther 285:813–819

Rukwied R, Watkinson A, McGlone F, Dvorak M (2003) Cannabinoid
agonists attenuate capsaicin-induced responses in human skin.
Pain 102:283–288

Shearman LP, Rosko KM, Fleischer R, Wang J, Xu S, Tong XS, Rocha BA
(2003)Antidepressant-like and anorectic effects of the cannabinoidCB1
receptor inverse agonist AM251 inmice. Behav Pharmacol 14:573–582

Ständer S, Schmelz M, Metze D, Luger T, Rukwied R (2005)
Distribution of cannabinoid receptor 1 (CB1) and 2 (CB2) on
sensory nerve fibres and adnexal structures in the human skin. J
Dermatol Sci 38:177–188

Thornton-Jones ZD, Kennett GA, Benwell KR, Revell DF, Misra A,
Sellwood DM, Vickers SP, Clifton PG (2006) The cannabinoid
CB1 receptor inverse agonist, rimonabant, modifies body weight
and adiponectin function in diet-induced obese rats as a
consequence of reduced food intake. Pharmacol Biochem Behav
84:353–359

Tucci SA, Halford JCG, Harrold JA, Kirkham TC (2006) Therapeutic
potential of targeting the endocannabinoids: implications for the
treatment of obesity, metabolic syndrome, drug abuse and
smoking cessation. Current Med Chem 13:2669–2680

Van Gaal LF, Rissanen AM, Scheen AJ, Ziegler O, Rossner S (2005)
Effects of the cannabinoid-1 receptor blocker rimonabant on
weight reduction and cardiovascular risk factors in overweight
patients: 1-year experience from the RIO-Europe study. Lancet
365:1389–1397

Verty AN, McGregor IS, Mallet PE (2004) Consumption of high
carbohydrate, high fat, and normal chow is equally suppressed by
a cannabinoid receptor antagonist in non-deprived rats. Neurosci
Lett 354:217–220

Vickers SP, Webster LJ, Wyatt A, Dourish CT, Kennett GA (2003)
Preferential effects of the cannabinoids CB1 receptor antagonist,
SR141716, on food intake and body weight gain of obese (fa/fa)
compared to lean Zucker rats. Psychopharmacology 167:103–111

Webster LJ, Kennett GA, Vickers SP (2003) Effect of the CB1

receptor antagonist SR 141716 on food intake, bodyweight and
the behavioural satiety sequence in obese (fa/fa) Zucker rats. Br J
Pharmacol 138:106P

Weiss SM (1995) Pharmacological and behavioural examination of
the defensive reactions of laboratory mice to the calls of the
Tawny owl. PhD thesis, School of Psychology, University of
Leeds

Werner NA, Koch JE (2003) Effects of the cannabinoid antagonists
AM281 and AM630 on deprivation-induced intake in Lewis rats.
Brain Res 967:2290–2292

Wiley JL, Burston JJ, Leggett DC, Alekseeva OO, Razdan RK,
Mahadevan A, Martin BR (2005) CB1 cannabinoid receptor-
mediated modulation of food intake in mice. Br J Pharmacol
145:293–300

Williams CM, Kirkham TC (1999) Anandamide induces overeating:
mediation by central cannabinoid receptors. Psychopharmacology
143:315–317

Williams CM, Kirkham TC (2002a) Observational analysis of feeding
induced by delta(9)-THC and anandamide. Physiol Behav
76:241–250

Williams CM, Kirkham TC (2002b) Reversal of Ä9 -THC hyperpha-
gia by SR141716 and naloxone but not dexfenfluramine.
Pharmacol Biochem Behav 71:341–348

Williams CM, Rogers PJ, Kirkham TC (1998) Hyperphagia in pre-fed
rats following oral Δ-9-THC. Physiol Behav 65:343–346

Wilson DM, Varvel S, Harloe JP, Martin BR, Lichtman AH (2006) SR
141716 (Rimonabant) precipitates withdrawal in marijuana-
dependent mice. Pharmacol Biochem Behav 85:105–113

World Health Organisation (2000) Obesity: preventing and managing
the global epidemic. Report of a WHO consultation. WHO
Technical Report Series No. 84, ISBN 92 4 120894 5

Psychopharmacology (2007) 195:27–39 39

http://www.obesityresearch.nih.gov
http://www.obesityresearch.nih.gov

	Grooming, scratching and feeding: role of response competition in acute anorectic response to rimonabant in male rats
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Animals
	Drugs
	Apparatus
	Procedure
	Habituation phase
	Experimental phase
	Retest phase

	Bodyweights and post-treatment weight gain
	Behavioural analysis
	Statistical analysis

	Results
	Experiment 1
	Habituation phase and treatment group allocation
	Experimental phase: acute response to rimonabant �(1.5–3.0&newnbsp;mg/kg)
	Behavioural time courses and behavioural satiety sequence (BSS)
	Retest phase: food intake

	Experiment 2
	Habituation phase and treatment group allocation
	Experimental phase: acute response to rimonabant (0.5&newnbsp;mg/kg)


	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


