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Abstract

Rationale The endogenous cannabinoid system is respon-
sive to the neurobiological actions of A°-tetrahydrocanna-
binol (THC) and other cannabinoid ligands. While
numerous studies have focused on the behavioral and
pharmacological effects of THC and cannabinoid agonists
in experimental animals, most recent work focuses on
compounds that modulate endocannabinoid neurotransmis-
sion. However, the relevant studies concerning the ability of
endocannabinoid modulators to modify reward processes in
experimental animals remain rather scarce.

Objectives The present study examined the effects of drugs
modulating endocannabinoid neurotransmission on brain
reward function using the rate—frequency curve shift
paradigm of intracranial self-stimulation (ICSS).

Methods Animals were implanted with electrodes into the
medial forebrain bundle (MFB). After brain stimulation
reward thresholds stabilized, rats received intraperitoneal
injections of the fatty acid amide hydrolase (FAAH)
inhibitors phenylmethylsulfonyl fluoride (PMSF) (0, 15,
30, and 60 mg/kg) and URB-597 (0, 0.3, 1, and 3 mg/kg)
and the selective anandamide reuptake inhibitor OMDM-2
(0, 3, 10, and 30 mg/kg).

Results The highest dose of URB-597 and OMDM-2
significantly increased the threshold frequency required
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for MFB ICSS, while PMSF increased the threshold
frequency in all doses tested. The cannabinoid 1 (CB)
receptor antagonist SR141716A reversed the actions of
URB-597 and OMDM-2, but not PMSF, without affecting
reward thresholds by itself.

Conclusions These results indicate that under the present
experimental conditions endocannabinoid modulators do
not exhibit reinforcing properties, but rather have inhibitory
influence on reward processes. The anhedonic effects of
URB-597 and OMDM-2, but not PMSF, observed at the
highest doses in this study are probably mediated through
direct CB, receptor stimulation.

Keywords Intracranial self-stimulation -
Endogenous cannabinoids - Anandamide transport -
Reward - Fatty acid amide hydrolase (FAAH) -
Phenylmethylsulfonyl fluoride (PMSF) - OMDM-2 -
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Introduction

Within the last 15 years, the discovery of the endogenous
cannabinoid system has boosted cannabinoid pharmacology
and led to an increasing number of investigations on its role
in physiology and pathophysiology and on the therapeutic
potential of compounds that modify endocannabinoid
neurotransmission. In the brain, this endocannabinoid
system is mainly comprised by the cannabinoid 1 (CB;)
receptor and its endogenous ligands with cellular mecha-
nisms for their production, release, and degradation (Ameri
1999; Chaperon and Thiébot 1998; Tanda and Goldberg
2003; Bisogno et al. 2005; Fowler et al. 2005; Pazos et al.
2005). It is generally accepted that the endocannabinoid
system plays a modulatory role in the control of motor
behavior, learning and memory, nociception, emesis,
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appetite, and mood (Inui 2001; Romero et al. 2002; Fowler
et al. 2005; Kirkham 2005; Lundqvist 2005; Vickers and
Kennett 2005; Viveros et al. 2005). Among the endogenous
cannabimimetic substances, anandamide is as yet the best
studied and known. Anandamide is released on demand by
stimulated neurons; it binds to and activates cannabinoid
receptors with relatively high affinity, potency, and efficacy
and is rapidly eliminated through a two-step process
consisting of a carrier-mediated transport followed by
intracellular hydrolysis (Di Marzo et al. 1994; Beltramo et
al. 1997; Giuffrida et al. 1999). Recently, an anandamide
transport process was identified (Moore et al. 2005), while
anandamide hydrolysis is catalyzed by the enzyme fatty
acid amide hydrolase (FAAH), a membrane-bound serine
hydrolase (Cravatt et al. 1996; Patricelli et al. 1999).

Recent studies have provided strong experimental evidence
that endogenous cannabinoids are released from depolarized
postsynaptic neurons and act retrogradely onto presynaptic
neurons to suppress subsequent neurotransmitter release
(Maejima et al. 2001; Wilson and Nicoll 2001; Freund et al.
2003). This neuromodulatory action of endocannabinoids at
the synapse is mediated via CB; receptors (Schlicker and
Kathmann 2001). It is interesting to note that endocannabi-
noid levels and/or cannabinoid receptor density are purport-
edly affected in several neuropsychiatric disorders such as
Parkinson’s disease, Huntington’s disease, multiple sclerosis,
epilepsy, certain types of pain, and excitotoxicity (Gubellini
et al. 2002; Lastres-Becker et al. 2002; Kathuria et al. 2003;
Marsicano et al. 2003; Wallace et al. 2003; Fujiwara and
Egashira 2004; Lichtman et al. 2004; Ortiz et al. 2004).
Therefore, it should be possible to treat these pathological
conditions using drugs that modulate endocannabinoid levels
(Lambert and Fowler 2005; Mackie 2005). In fact, the
knowledge of the mechanisms through which the endoge-
nous levels of endocannabinoids and the activation of
cannabinoid receptors are regulated might have an enormous
impact on the development of selective compounds with
beneficial effects (Martin 2002; Ortega-Gutiérrez 2005;
Pertwee 2005).

The development of agonists of the cannabinoid recep-
tors with high potency, efficacy, and selectivity was one of
the main targets of the pharmaceutical industry for many
years (Howlett et al. 2002). However, activation of the
endocannabinoid system through direct agonists was
associated with undesirable psychotropic effects (Huestis
et al. 2001). Another approach to avoid these unwanted
adverse effects is to enhance endogenous cannabinoid tone
through inhibition of endocannabinoid degradation. There
are experimental and medical interests in studying the
effects of molecules that selectively interfere with endo-
cannabinoid neurotransmission. Endocannabinoid neuro-
transmission enhancers may be used experimentally to
uncover the functions of the endocannabinoid system.

Furthermore, they may offer a rational approach to various
diseases in which elevation of endocannabinoids at their
release sites may result in a more selective pharmacological
response than the stimulation of CB; receptors by direct
agonists, as mentioned above. This strategy would lead to
enhanced levels of endocannabinoids only “on demand,”
i.e., when their production and release is recruited. Several
compounds that affect endocannabinoid levels were syn-
thesized; while some of these were examined in various
behavioral processes (see, e.g., Compton and Martin 1997;
Kathuria et al. 2003; de Lago et al. 2004). A few studies
have examined their possible reinforcing properties, which
seem to be very promising (Gobbi et al. 2005; Hansson et
al. 2006; Bortolato et al. 2006), but so far, there is no
knowledge about their effects on brain stimulation reward.

Research evidence indicates that the endocannabinoid
system plays a role in brain reward circuitries, which are
activated by different types of reinforcers, and among them,
the habit-forming drugs (Arnone et al. 1997; Comings et al.
1997; Ledent et al. 1999; Mascia et al. 1999; Hungund and
Basavarajappa 2000; Lallemand et al. 2001). However, it
was rather difficult to demonstrate the rewarding properties
of cannabis or synthetic cannabinoids in the currently used
rodent models of addictive behavior. A number of studies
failed to show self-administration of cannabis or A°-
tetrahydrocannabinol (THC) in rodents or primates (Corcoran
and Amit 1974; Harris et al. 1974; Leite and Carlini 1974,
Van Ree et al. 1978; Mansbach et al. 1994). However, some
reports indicate a facilitation of brain stimulation reward
(Gardner et al. 1988; Lepore et al. 1996), sustained self-
administration (Takahashi and Singer 1979; Tanda et al.
2000; Justinova et al. 2003), and conditioned place prefer-
ence (Lepore et al. 1995; Valjent and Maldonado 2000) by
THC in experimental animals. Similarly, sustained self-
administration of the selective CB; receptor agonist WIN
55,212-2 was reported in drug-naive mice (Martellotta et al.
1998) and rats (Fattore et al. 2001), whereas various CB;
agonists were shown to establish both place conditioning
(Braida et al. 2001) and place aversion (McGregor et al.
1996; Safiudo-Pena et al. 1997; Chaperon et al. 1998; Mallet
and Beninger 1998; Cheer et al. 2000; Robinson et al. 2003)
or taste aversion (Elsmore and Fletcher 1972; Hunt and
Amit 1987; Parker and Gillies 1995; McGregor et al. 1996).
Arnold et al. (2001) have reported that the CB; receptor
agonist CP 55,940 did not affect the reinforcing properties
of medial forebrain bundle (MFB) self-stimulation. Recent-
ly, we also showed that the CB; receptor agonists WIN
55,212-2, CP 55,940, and HU-210 either did not affect or
increase intracranial self-stimulation (ICSS) threshold,
depending on the dose used (Vlachou et al. 2005), whereas
the CB; receptor agonist WIN 55,212-2 in a dose that did
not affect baseline self-stimulation reduces the reinforcing
effects induced by cocaine (Vlachou et al. 2003).
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An unresolved issue also exists regarding the direct
involvement of endocannabinoids, such as anandamide, in
brain reward processes. Thus, Justinova et al. (2005)
showed that anandamide is intravenously self-administered
by squirrel monkeys, while in the study by Mallet and
Beninger (1998), anandamide did not support conditioned
place preference. Similarly, Gobbi et al. (2005) showed that
URB-597, which increases brain anandamide levels, neither
exerted reinforcing properties in the conditioned place
preference paradigm nor produced generalization to the
discriminative effects of THC in rats. Furthermore, ananda-
mide does not generally produce THC-like effects in drug
discrimination studies, although its synthetic analog R(+)-
methanandamide shows cross-discrimination with THC in
rats (Jarbe et al. 2001; Maldonado and Rodriguez de
Fonseca 2002; Tanda and Goldberg 2003; Wiley et al.
2004). On the other hand, Bortolato et al. (2006) showed
that the endocannabinoid neurotransmission enhancer AM-
404 elicited rewarding effects in the conditioned place
preference paradigm in rats housed under enriched con-
ditions, but not in rats kept in standard cages.

Furthermore, it was argued that compounds that increase
endocannabinoid neurotransmission may affect the actions
of other drugs of abuse both in the acute and the
dependence state (Vela et al. 1995; Gallate et al. 1999;
Del Arco et al. 2002; Vigano et al. 2004; Yamaguchi et al.
2001; Vlachou et al. 2003; Solinas et al. 2005). Other
studies have demonstrated that the pharmacological man-
agement of endocannabinoid neurotransmission might
influence several aspects of addiction, such as vulnerability,
degree of dependence, reinforcement, abstinence, craving,
and relapse (Arnold 2005; De Vries and Schofeelmeer
2005; Fattore et al. 2005; Parolaro et al. 2005; Rodriguez de
Fonseca et al. 2005; Solinas et al. 2005; Hansson et al.
2006). These observations have contributed to expectations
that modulating endocannabinoid levels for therapeutic
purposes would have minimal psychotropic effects and
abuse liability (Martin 2002; Piomelli 2003, 2004; Di
Marzo et al. 2004; Ortega-Gutiérrez 2005; Pertwee 2005).

Against this background, the aim of the present study
was to further investigate the influence of the endogenous
cannabinoid system on reinforcement processes, using
drugs that inhibit endocannabinoid degradation. In partic-
ular, we studied the effects of phenylmethylsulfonyl
fluoride (PMSF), a nonselective serine protease inhibitor
that blocks the activity of FAAH and prevents the
hydrolysis of anandamide (Deutsch and Chin 1993; Hillard
et al. 1995); URB-597, an inhibitor of intracellular FAAH
activity (Kathuria et al. 2003; Fegley et al. 2004, 2005)
and OMDM-2, a selective and metabolically stable
inhibitor of anandamide cellular uptake that has minimal
activity against FAAH (Ortar et al. 2003; de Lago et al.
2004) on reward, using the ICSS paradigm. Because not

all of the centrally mediated effects of anandamide occur
through CB; receptor stimulation, we also studied the
ability of the selective CB; receptor antagonist
SR141716A (Rinaldi-Carmona et al. 1994) to counteract
the tentative effects of endocannabinoid modulators on
brain stimulation reward.

Materials and methods
Animals and surgery

Male Sprague—Dawley rats (n=103) weighing 300-350 g at
the time of surgery were used. Before surgery they were
housed in groups of three under a 12:12-h light—dark cycle
with free access to food and water. The animals were
anesthetized with intramuscular (im) injection of ketamine
hydrochloride (100 mg/kg) and xylazine (10 mg/kg).
Atropine sulfate (0.6 mg/kg, im) was injected to reduce
bronchial secretion. Moveable monopolar stimulating elec-
trodes (Model SME-01, Kinetrods, Ottawa, Ontario, Canada)
were lowered into the MFB at the level of lateral
hypothalamus (coordinates anteroposterior: —2.5 mm from
bregma, lateral: —1.7 mm from the midline, ventrodorsal:
—8.0 from a flat skull) according to Paxinos and Watson
(1998).

The electrodes consisted of a plastic guiding base and a
0.25-mm diameter moveable stainless steel wire, which
were insulated with Epoxylite except for the conically
shaped tip. The anode was an Amphenol pin connected to
five miniature skull screws. After implantation and for the
entire duration of the experiments, the animals were housed
individually.

Animal care and the procedures used were in accordance
with NIH public document 85-23 (1985).

Apparatus and procedures for self-stimulation

One week after surgery, the animals were tested for self-
stimulation in an operant chamber that was made of
transparent Plexiglas (25-cm-wide, 25-cm-deep, and 30-
cm-high). A stainless steel rodent lever protruded 2 cm
from the left wall at a height of 4 cm from the floor. Each
bar press triggered a constant current generator that
delivered a 0.4-s train of rectangular cathodal pulses of
constant duration (0.1 ms) and intensity (250 pA) and
variable frequency (25-125 Hz, i.e., 10-50 number of
pulses/0.4 s). The pulse frequency, i.e., the number of
pulses within a train, was progressively increased up to 40
per stimulation train until the subject showed vigorous self-
stimulation. If the implantation site failed to support self-
stimulation, the electrode was lowered by steps of 0.16 mm
(one step every 24 h), until a self-stimulation site was
found. The electrode position was held unchanged in all



296

Psychopharmacology (2006) 188:293-305

subsequent testing. During the acquisition phase the
animals were trained to self-stimulate for at least three
consecutive days (1 h daily), using stimulation parameters
that maintained near maximal bar pressing rates. After
self-stimulation was acquired and stabilized for a given
pulse frequency, animals were trained under a protocol in
which frequency was systematically manipulated to
generate rate—frequency response curves. On this protocol
the animals were tested at several stimulation frequencies,
beginning with frequencies that sustained responding at
maximal rates and descending in frequencies that did not
sustain responding. The pulse frequency was varied by
steps of approximately 0.1 log units. Fourteen rate—
frequency trials were conducted during each session. At
the beginning of each trial, the animals received three
trains of priming stimulation at the frequency of the
stimulation, which was available for that trial. Each
frequency was tested within trials of 60 s in duration,
followed by an extinction period of 30 s (intertrial interval).
A rate—frequency determination (i.e., the entire session)
lasted about 45 min. One rate—frequency curve was
established daily for 10-12 days, depending on the period
when the self-stimulation indices (i.e., shifts in the lateral
position of the curve and threshold measure) were stable.

Unequivocally, ICSS behavior has the advantage of not
being affected by satiation (factor) or dysphoric effects,
which are potentially modulated by cannabinoids. On the
other hand, because both endogenous cannabinoids and
cannabinoid agonists seem to disrupt motor activity/
performance capacity in a dose-dependent manner (Stark
and Dews 1980; Chaperon and Thiébot 1998; Romero et al.
2002; Iversen 2003), the use of a rate-free, reward selective
measure like the curve shift was requisite. In this method,
plotting the responses of the animals against the various
pulse frequencies yields a sigmoidal rate—frequency curve
as shown in Fig. 4. Shifts in the lateral position of the curve
provide selective measure of stimulation-produced reward,
as elegantly demonstrated by Edmonds and Gallistel
(1974), while vertical shifts provide information on motor/
performance capacity. Furthermore, this method offers
quantitative scaling of drug-induced changes in reward
(see Campbell et al. 1985) that is useful when comparing
the effects of different drugs. In other words, the rate—
frequency method appears to have reward selectivity that
is required in psychopharmacological research (Liebman
1983; Miliaressis et al. 1986; Markou and Koob 1992,
1993).

Drugs
PMSF (Sigma-Aldrich, St. Louis, MO, USA), URB-597

(Cayman Chemical, Ann Arbor, MI, USA), OMDM-2
(Tocris Bioscience, Ellisville, MO, USA), and SR141716A

(synthesized by Lilly Research Laboratories, Indianapolis,
IN, USA; see Vlachou et al. 2003) were dissolved into a
vehicle solution that consisted of 5% dimethylsulfoxide,
5% cremophor EL, and 90% of 0.9% NaCl and were
injected intraperitoneally (i.p.) at a volume of 3 mlkg of
body weight. Control animals received i.p. the
corresponding vehicle solutions in the same injection
volume. The doses of the cannabinoid compounds tested
are within the range of doses regularly used in a plethora of
functional studies (see, e.g., Compton and Martin 1997; de
Lago et al. 2004; Kathuria et al. 2003; Holt et al. 2005), and
which most likely result in a substantial increase in
concentrations of endocannabinoids in the brain.

Experimental procedures

Drug testing began for each animal when the function
relating bar pressing rate to pulse frequency (the rate—
frequency function) was stable for at least three consecutive
days. The criterion for stability was met when the
frequency thresholds did not vary by more than 0.1 log
units. Each drug or vehicle self-stimulation test consisted of
a baseline and a drug rate—frequency function determination
(for 45 min each). After the baseline period, each animal
was injected with the drug or its vehicle. The animals were
tested 10 min after the last injection. This time interval was
also used in self-stimulation studies with other drugs of
abuse (see, for example, Maldonado-Irizarry et al. 1994;
Ranaldi and Beninger 1994; Vlachou et al. 2003, 2005)
and appears to be critical for the observation of other
behavioral and physiological effects of cannabinoids (see
original studies in Compton and Martin 1997; Chaperon
and Thiébot 1998; Kathuria et al. 2003; de Lago et al.
2004).

In the present study we used a mixed design, i.e., some
animals received only one treatment, whereas other animals
received all doses for only one drug treatment tested. All
animals took part in only one experiment, either by
receiving only one drug treatment or by receiving all drug
treatments of the experiment. An initial analysis not
presented in the paper showed no difference in the reward
and performance measurements of the animals used in
both designs (within- and between-subjects design). The
reason why we used animals that received all drug
treatments and animals that received only one drug
treatment in each experiment is because, as it is already
known, cannabinoids seem to have some “carry-over”
effects due to their lipophilicity. We tried to control these
effects by allowing a 3-day period between injections (this
period is considered sufficient for the behavior of the
animals to return to stable, pretreatment levels, and not
being affected by prior cannabinoid administration) and by
using animals that would receive only one drug treatment
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in one experiment. In fact, the use of animals that received
only one treatment gave us confidence that the obtained
results were not confounded by such a carry-over effect,
and because there was no statistical difference in the
responses between the group of animals with different
treatment history (see below), the data were pooled and
presented together. In the case of animals receiving more
than one drug injection, the sequence of injections for the
different drug doses was counterbalanced with respect to
order and a 3-day period was allowed between injections.
As we have observed in previous studies (Vlachou et al.
2003, 2005), this period is considered sufficient for the
behavior of the animals to return to stable, pretreatment
levels, and not being affected by prior cannabinoid
administration, i.e., no carry-over effects of the cannabi-
noids were detected.

Study 1

Experiment 1: effects of systemically administered PMSF
on brain stimulation reward

Sixteen rats were used. Four of them received all doses of
PMSF (15, 30, and 60 mg/kg, i.p.) or its vehicle in a
randomized order, while 12 received only one drug
treatment.

Experiment 2: effects of SR1417164 on PMSF-induced
changes in brain stimulation reward

Twenty-nine rats were used. Five of them received all
different doses of SR141716A (0, 0.02, 0.3, and 1 mg/kg,
i.p.) followed 5 min later by PMSF (60 mg/kg, i.p.) or its
vehicle in a randomized order, while 24 received only one
combination of SR141716A and PMSF.

Study 2

Experiment 1: effects of systemically administered
URB-597 on brain stimulation reward

Sixteen rats were used. Four of them received all doses of
URB-597 (0.3, 1, and 3 mg/kg, i.p.) or its vehicle, while 12
received only one drug treatment.

Experiment 2: effects of SR1417164 on URB-597-induced
changes in brain stimulation reward

Eleven rats were used. Three of them received SR141716A
(0.02 mg/kg, i.p.) or its vehicle followed 5 min later by
URB-597 (3 mg/kg, i.p.) or its vehicle in a randomized
order, while eight received only one combination of
SR141716A and URB-597.

f(X)xe

Study 3

Experiment 1: effects of systemically administered
OMDM-2 on brain stimulation reward

Eleven rats were used. Three of them received all doses of
OMDM-2 (3, 10, and 30 mg/kg, i.p.) or its vehicle in a
randomized order, while eight received only one drug
treatment.

Experiment 2: effects of SR1417164 on OMDM-2-induced
changes in brain stimulation reward

Twenty rats were used. Four of them received SR141716A
(0.02 mg/kg, i.p.) or its vehicle followed 5 min later by
OMDM-2 (30 mg/kg, i.p.) or its vehicle in a randomized
order, while 16 received only one combination of
SR141716A and OMDM-2.

Data analysis and statistics

Two aspects of the rate—frequency data were considered
for analysis: the lateral position of the rate—frequency
function on the frequency axis and the maximal rate.
These aspects were analyzed by fitting the rate frequency
data to the following variant of the Gompertz sigmoid
model (Coulombe and Miliaressis 1987):

_hlxi—x)

When this equation is used to fit the rate—frequency
function, « represents the maximum rate (asymptote),
whereas x; (X at inflection) represents the threshold
frequency. The latter is the pulse number producing
36.7% of the asymptotic rate, i.e., the rate lying on the
fastest-accelerating region of the curve. Parameter b
represents an index of the slope, whereas e is the base of
natural logarithms.

The preinjection session measurement for each animal is
considered baseline in the ICSS procedure used. Data
gathered for each animal from pre- and postinjection
portions of each session are curve-fitted. The posttreatment
threshold and asymptote values are expressed as percentage
of predrug values. Considering all the above, one-way
analysis of variance (ANOVA) was used in all experiments
where there was only one drug administered (effects of
cannabinoid agonists alone), while two-way ANOVA was
used when two drugs were administered (effects of
combined administration of cannabinoid agonists and
antagonists). In the first case (one-way ANOVA), the
cannabinoid agonist administration was the independent
variable and the threshold and asymptotic rate of respond-
ing were the dependent variables. In the second case, the
two compounds administered (antagonist and agonist) were
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the two independent variables and the threshold and
asymptotic rate of responding were the dependent variables.
In all experiments, all statistically significant results were
further evaluated by using the least significant difference
(LSD) test for multiple contrasts to determine differences
between groups.

Histology

At the end of the experiment, the animals were given a
lethal dose of sodium Pentothal. The location of the
terminal stimulation site was then marked according to the
following procedure: a direct anodal current of 0.1 mA and
15-s duration was passed through the electrode tip. The
animals were perfused intracardially with 0.9%, NaCl that
was followed by a 50-cc solution of potassium ferrocyanide
(3%) and trichloroacetic acid (0.5%) in 10% formalin. The
brains were then removed and stored in 10% formalin for
3 days, and 2 days in a 30% sucrose solution. Finally, the
brains were sliced in a cryostat microtome and the sections
containing the electrode tract were mounted on slides and
stained with cresyl violet. Only the rats in which tracks
from the electrode were verified to be located in the MFB
were included in this study. Electrode tips were examined
in all animals tested.

Results
Study 1

Experiment 1: effects of systemically administered PMSF
on brain stimulation reward

The changes of self-stimulation threshold and asymptotic
rate of responding after systemic injection of the FAAH
inhibitor PMSF are presented in subpanels a and b in Fig. 1,
respectively. PMSF (15, 30, and 60 mg/kg, i.p.) signifi-
cantly increased self-stimulation thresholds [F(3,24)=6.845,
P=0.002] and decreased the asymptotic rate of responding
[F(3,24)=5.998, P=0.003]. Post hoc analysis with the LSD
test showed that these effects on the self-stimulation
thresholds were significant at all doses tested (15, 30, and
60 mg/kg, i.p.), compared with the vehicle group, while
they were significant for the asymptote only at the highest
dose tested (60 mg/kg, i.p.), compared with the vehicle
group (P=0.023).

Experiment 2: effects of SR141716A4 on PMSF-induced
changes in brain stimulation reward

Figure lc,d presents the changes in self-stimulation
threshold and asymptotic rate of responding after sys-
temic injection of SR141716A or its vehicle and PMSF
or its vehicle. Two-way ANOVA showed that PMSF
(60 mg/kg) produced an increase in self-stimulation

Fig. 1 Changes in self-stimula- PM SF PM SE
tion threshold (a, ¢) and 200 200
asymptotic rate (b, d) of aThreshold b Asymptote
responding (expressed as 160 . * 160
percentage of predrug values) 2 e * 2
after PMSF (0, 15, 30, and 5 1207 5 1201 - .
60 mg/kg, i.p.) and SR141716A s — 5
(0,0.02, 0.3, and 1 mgkg, ip) %5 807 5 801
+ PMSF (0 and 60 mg/kg, i.p.) L S
treatments. Vertical bars 407 407
represent the standard errors of
the mean. The asterisk signifies vehicle 15 30 60 vehicle 15 30 60
an ICSS threshold and asymp-
tote value significantly different SR141716A-PM SF SR141716A-PM SF
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threshold [F(1,56)=23.872, P<0.0001], while the adminis-
tration of SR141716A did not block this effect [F(3,56)=
0.042, P=0.988] in any of the doses tested (0.02, 0.3, and
1 mg/kg). SR141716A did not have any effect per se in the
self-stimulation threshold [F(3,56)=2.116, P=0.108]. Two-
way ANOVA also showed that PMSF (60 mg/kg) reduced
the asymptotic rate of responding [F(1,56)=15.643,
P<0.0001]. The effect of SR141716A on blocking the
decreased asymptotic rate of responding, as induced by
PMSF, did not reach statistical significance, although a
tendency was observed [F(3,56)=2.372, P=0.080].

Study 2

Experiment 1: effects of systemically administered
URB-597 on brain stimulation reward

The changes of self-stimulation threshold and asymptotic
rate of responding after systemic injection of the FAAH
inhibitor URB-597 are presented in subpanels a and b in
Fig. 2, respectively. As it can be seen, URB-597 (0.3, 1,
and 3 mg/kg, i.p.) significantly increased self-stimulation
thresholds [F(3,24)=5.084, P=0.007], whereas it did not
affect the asymptotic rate of responding [F(3,24)=1.833,
P=0.168]. Post hoc analysis with the LSD test showed that
the effects on the self-stimulation threshold were significant
at the two highest doses tested (1 and 3 mg/kg), compared
with the vehicle group (P=0.008 and 0.002, respectively).

Experiment 2: reversal of the action of URB-597
by SR141716A4

Figure 2c,d shows the changes in self-stimulation threshold
and asymptotic rate of responding after systemic injection
of SR141716A or its vehicle and URB-597 or its vehicle.
URB-597 (3 mg/kg, i.p.) produced a statistically significant
increase in self-stimulation threshold [F(1,16)=17.362,
P=0.001]. Administration of SR141716A (0.02 mg/kg,
i.p.) significantly blocked this effect [F(1,16)=9.723,
P=0.007]. Also, URB-597 [F(1,16)=0.474, P=0.501],
SR141716A [F(1,16)=0.899, P=0.357], or their coadminis-
tration did not affect the asymptotic rate of responding [F
(1,16)=1.613, P=0.222].

Study 3

Experiment 1: effects of systemically administered
OMDM-2 on brain stimulation reward

The changes of self-stimulation threshold and asymptotic
rate of responding after systemic injection of the selective
anandamide reuptake inhibitor OMDM-2 are presented in
subpanels a and b in Fig. 3, respectively. As it can be seen,
OMDM-2 (3, 10, and 30 mg/kg, i.p.) produced a significant
increase in self-stimulation threshold [F(3,16)=9.932,
P=0.001], while it did not affect the asymptotic rate of
responding [F(3,16)=0.483, P=0.699]. Post hoc analysis
with the LSD test showed that the increase on the self-
stimulation threshold was significant at the highest dose
tested (30 mg/kg) (P<0.0001), compared with the vehicle

group.
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Fig. 3 Changes in self-stimula- OMDM-2 OMDM-2
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Experiment 2: reversal of the action of OMDM-2
by SR1417164

Figure 3c,d presents the changes in self-stimulation
threshold and asymptotic rate of responding after systemic
injection of SR141716A or its vehicle and OMDM-2 or
its vehicle. Two-way ANOVA showed that OMDM-2
(30 mg/kg) produced an increase in self-stimulation
threshold [F(1,40)=7.722, P=0.008]. The administration of
SR141716A (0.02 mg/kg, i.p.) blocked this effect [F(3,40)=
5.804, P<0.0001]. Two-way ANOVA also showed that
OMDM-2 (30 mg/kg) [F(1,40)=2.819, P=0.101],
SR141716A (0.02 mg/kg) [F(3,40)=0.784, P=0.510], or
their coadministration [F(3,40)=0.130, P=0.942] did not
affect the asymptotic rate of responding.

Figure 4 depicts rate—frequency functions from repre-
sentative animals obtained before and after antagonist—
endocannabinoid enhancer injections. As indicated in the
figure, each of the endocannabinoid enhancers produced a
parallel curve shift to the right, indicating a clear decrease
in the rewarding efficacy of the stimulation. On the other
hand, we can see that this effect was reversed by
coadministration of SR141716A (for URB-597 and
OMDM-2).

Discussion

Systemic administration of the endocannabinoid neuro-
transmission modulators PMSF, URB-597, and OMDM-2,
depending on the dose administered, either did not affect or
decrease brain reward function, a finding reflected in
elevated brain reward thresholds. Most of the administered

veh-OMDM30 SR0.02-veh SR0.02-OMDM30

veh-veh veh-OMDM30  SR0.02-veh SR0.02-OMDM30

doses did not affect the asymptotic rate of responding.
These results indicate that the effects of endocannabinoid
modulators on reward thresholds were not confounded by
performance effects and are consistent with previous reports
on homologous findings with direct CB; receptor agonists
(Antoniou et al. 2005; Vlachou et al. 2005). It should be
emphasized that the endocannabinoid modulators used
might increase extracellular concentrations of not only
anandamide, but also of other endocannabinoids, which
exert their neurobiological actions through CB; or non-CB;
receptors (for a recent review, see Lambert and Fowler
2005). Solely based on the obtained data, we cannot
exclude that PMSF has other endocannabinoid-independent
effects or that URB-597 and OMDM-2 in high doses act by
directly stimulating the CB; receptors.

PMSF is a nonselective serine protease inhibitor that
blocks the activity of FAAH and prevents the hydrolysis of
anandamide (Deutsch and Chin 1993; Hillard et al. 1995).
Animals receiving PMSF exhibit cannabinoid effects, i.e.,
antinociception, hypothermia, and immobility. In our study,
PMSF increased brain reward threshold, independently of
the dose tested. This effect was not blocked or diminished
by the CB; receptor antagonist SR141716A. This implies
that the observed activity of PMSF is not likely caused by
actions at the CB,; receptors. Indeed, PMSF acts as a
nonspecific inhibitor of various proteases and enzymes,
which may be responsible for its effects on reward thresh-
olds of ICSS (Compton and Martin 1997). Furthermore, it
was demonstrated that anandamide is an endogenous ligand
also for vanilloid receptors (see, e.g., De Petrocellis and Di
Marzo 2005; Ross 2003; Van der Stelt and Di Marzo 2004).
Thus, the ICSS effects of PMSF might be attributed to
elevated anandamide levels resulting in stimulation of those
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Fig. 4 Rate—frequency functions (rate of lever pressing as a function
of stimulation frequency) taken from representative animals for each
drug treatment. Each plot represents data from a single animal under
predrug and drug conditions. Rate—frequency functions were obtained
by logarithmically decreasing the frequency of the stimulation pulses
from a value that sustained maximal lever pressing to one that failed to
sustain lever pressing

receptors. Alternatively, the anhedonic effects of PMSF
might be a result of increasing levels of endogenous
substances, other than cannabinoids, which activate non-
cannabinoid receptors or via an altogether endocannabi-
noid-independent mechanism. It is worth noting that this is
not the first study in which behavioral actions of PMSF
were not antagonized by SR141716A. Compton and Martin
(1997) showed that SR141716A did not block the anti-
nociceptive, hypothermic, and hypolocomotive actions of
PMSEF. It is interesting that PMSF decreased the asymptotic
rate of responding for ICSS only at the highest dose tested
(60 mg/kg). Detailed locomotor activity studies showed that

PMSF reduces spontaneous activity at doses higher than
100 mg/kg (Compton and Martin 1997).

URB-597 is reported to be a potent inhibitor of the
enzyme FAAH that degrades anandamide (Kathuria et al.
2003). Experimental data suggest that URB-597 is rather
selective and does not affect the activities of other serine
hydrolases (Kathuria et al. 2003). The dose of URB-597 at
which inhibition of the FAAH enzyme is maximal is
0.3 mg/kg (Kathuria et al. 2003). It is surprising that
0.3 mg/kg of URB-597, which increases anandamide levels
in the brain, did not affect brain stimulation reward, while
higher doses (1 and 3 mg/kg) even increased brain reward
thresholds. This effect was completely abolished by
pretreatment with the CB; receptor antagonist
SR141716A. Although, the increase in brain reward
threshold was slight, compared to the one observed after
PMSF administration, it still might be attributed to other
unselective actions of this drug, such as direct stimulation
of the CB,; receptors. This is supported further by the
finding that the anhedonic effects of URB-597 appear to be
CB;-receptor-dependent. It is interesting to note that URB-
597 did not affect maximal rates of responding even at the
highest doses used that could potentially result in a direct
CB, receptor stimulation. In the study by Kathuria et al.
(2003), administration of URB-597 did not produce
catalepsy, hypothermia, and hyperphagia, three typical
signs of CB,; receptor activation, although exerted mild
analgesic actions at doses that were at the lower end of
those used here.

OMDM-2 is a rather selective and metabolically stable
inhibitor of anandamide cellular reuptake that has minimal
activity against FAAH (Ortar et al. 2003; de Lago et al.
2004). Administration of OMDM-2 at low doses (3 and
10 mg/kg), which were shown to increase anandamide
levels (de Lago et al. 2004), did not affect ICSS behavior,
whereas at the highest dose it increased brain reward
thresholds. This effect of OMDM-2 was completely
abolished by pretreatment with the CB, receptor antagonist
SR141716A. However, because it is not clear whether
OMDM-2 at the dose of 30 mg/kg can still selectively
block anandamide reuptake, the observed effects could be
due to a nonselective increase of extracellular concentra-
tions of endocannabinoids other than anandamide (see
above). Similar to URB-597, but not to PMSF, the
anhedonic effects of OMDM-2 are seemingly CB;-recep-
tor-mediated. This is an indication that the anhedonic
effects of OMDM-2 observed at higher doses could be a
result of direct CB; receptor stimulation. OMDM-2 did not
affect maximal rates of responding. This confirms previous
studies showing the lack of significant activity of the same
compound on motor performance (de Lago et al. 2004).

The present data should be viewed with regard to the
results of previous studies on the rewarding/reinforcing
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effects of cannabinoid ligands. To extend that the endo-
cannabinoid modulators we studied affect cannabinoid
receptor neurotransmission, our work confirms previous
findings that direct cannabinoid agonists at low doses did
not affect ICSS behavior, whereas at higher doses,
increased brain reward thresholds (Antoniou et al. 2005;
Vlachou et al. 2005), which is consistent with other reports
indicating that cannabinoid agonists do not have direct
reinforcing properties in experimental animals (Corcoran
and Amit 1974; Harris et al. 1974; Leite and Carlini 1974,
Van Ree et al. 1978; Mansbach et al. 1994; Arnold et al.
2001; Braida et al. 2001; see also “Introduction”). It should
be noted that our study provides clear evidence that
compounds modulating endocannabinoid neurotransmis-
sion in the brain do not activate brain reward processes in
experimental animals. Our results are also in agreement
with the study by Mallet and Beninger (1998) in which
administration of the endogenous cannabinoid anandamide
did not produce any significant effect in place conditioning
using male Wistar rats and the study by Gobbi et al. (2005)
in which URB-597 neither exerted reinforcing properties in
the conditioned place preference paradigm nor produced
generalization to the discriminative effects of THC in rats.
However, it should be noted that it was recently reported
that both the endogenous cannabinoid anandamide and its
synthetic analog R(+)-methanandamide are intravenously
self-administered by squirrel monkeys (Justinova et al.
2005). It is interesting to note that in a very recent study,
Bortolato et al. (2006) showed that the endocannabinoid
transport inhibitor AM-404 elicited rewarding effects in the
conditioned place preference paradigm in rats housed under
enriched conditions, but not in rats kept in standard cages.
Furthermore, in a recent study by Solinas et al. (2005),
administration of AM-404 or URB-597 did not enhance but
rather reduced the reinforcing efficacy of heroin, whereas
both THC and WIN 55212-2 have the opposite effect.
These seemingly contrasting results could be attributed to
differences in the animals used and the different experi-
mental paradigms followed.

These findings may change our views of cannabinoids in
relation to their therapeutic actions and dependence
liabilities. The possible therapeutic applications of THC or
its synthetic analogs that directly activate the CB; receptors
are hindered by their psychotropic side effects. For this
reason, substances that activate CB; receptors indirectly,
i.e., by enhancing endocannabinoid levels, might offer a
new therapeutic target. Indeed, to date several examples of
the use of endocannabinoid enhancers with beneficial
effects in animal models of various human diseases were
reported (Ortega-Gutiérrez 2005).

In summary, the present study clearly shows that the
endocannabinoid neurotransmission modulators PMSF,
URB-597, and OMDM-2, administered at pharmacologi-

cally effective doses (which also substantially increase
endocannabinoid levels), do not exhibit reinforcing proper-
ties in the ICSS paradigm. These compounds might
increase brain stimulation reward threshold by enhancing
the brain levels of endogenous compounds that do not bind
to cannabinoid CB; receptors (for example PMSF), or
when administered at higher unselective doses, which are
above those necessary to obtain their known pharmacolog-
ical activity (for example URB-597 and OMDM-2), might
directly activate CB; cannabinoid receptors. The latter is
supported by the fact that the anhedonic actions of these
compounds observed after administration of higher, unse-
lective doses were sensitive to SR141716A pretreatment.

Acknowledgements This study was supported by a grant from the
Research Committee (KA 2303) and the Department of Psychology of
the University of Crete. Styliani Vlachou was supported by a
scholarship from PROPONTIS Foundation.

References

Ameri A (1999) The effects of cannabinoids on the brain. Prog
Neurobiol 58:315-348

Antoniou K, Galanopoulos A, Vlachou S, Kourouli T, Nahmias V,
Thermos K, Panagis G, Daifoti Z, Marselos M, Papahatjis D,
Spyraki C (2005) Behavioral pharmacological properties of a
novel cannabinoid 1’,1’-dithiolane ASTHC analogue, AMG-3.
Behav Pharmacol 16:499-510

Amold JC (2005) The role of endocannabinoid transmission in
cocaine addiction. Pharmacol Biochem Behav 81(2):396-406

Arnold JC, Hunt GE, McGregor IS (2001) Effects of the cannabinoid
receptor agonist CP 55,940 and the cannabinoid receptor
antagonist SR 141716 on intracranial self-stimulation in Lewis
rats. Life Sci 70:97-108

Arnone M, Maruani J, Chaperon F, Thiebot MH, Poncelet M, Soubrie
P, Le Fur G (1997) Selective inhibition of sucrose and ethanol
intake by SR 141716, an antagonist of central cannabinoid (CB1)
receptors. Psychopharmacology 132(1):104-106

Beltramo M, Stella N, Calignano A, Lin SY, Makriyannis A, Piomelli
D (1997) Functional role of high-affinity anandamide transport,
as revealed by selective inhibition. Science 277(5329):1094—
1097

Bisogno T, Ligresti A, Di Marzo V (2005) The endocannabinoid
signaling system: biochemical aspects. Pharmacol Biochem
Behav 81:224-238

Bortolato M, Campolongo P, Mangieri RA, Scattoni ML, Frau R, Trezza
V, La Rana G et al (2006) Anxiolytic-like properties of the
anandamide transport inhibitor AM404. Neuropsychopharmacology
(in press). DOI 10.1038/sj.npp.1301061

Braida D, Pozzi M, Cavallini R, Sala M (2001) Conditioned place
preference induced by the cannabinoid agonist CP 55,940:
interaction with the opioid system. Neuroscience 104:923-926

Campbell KA, Evans G, Gallistel CR (1985) A microcomputer-based
method for physiologically interpretable measurement of the
rewarding efficacy of brain stimulation. Physiol Behav 35
(3):395-403

Chaperon F, Thiébot MH (1998) Behavioral effects of cannabinoid
agents in animals. Crit Rev Neurobiol 13:243-281

Chaperon F, Soubrié P, Puech AJ, Thiébot MH (1998) Involvement of
central cannabinoid (CB;) receptors in the establishment of place
conditioning in rats. Psychopharmacology 135:324-332


10.1038/sj.npp.1301061

Psychopharmacology (2006) 188:293-305

303

Cheer JF, Kendall DA, Marsden CA (2000) Cannabinoid receptors
and reward in the rat: a conditioned place preference study.
Psychopharmacology 151:25-30

Comings DE, Muchleman D, Gade R, Johnson P, Verde R, Saucier G,
MacMurray J (1997) Cannabinoid receptor gene (CNRI1):
association with i.v. drug use. Mol Psychiatry 2(2):161-168

Compton DR, Martin BR (1997) The effect of the enzyme
inhibitor phenylmethylsulfonyl fluoride on the pharmacolog-
ical effect of anandamide in the mouse model of cannabimi-
metic activity. J Pharmacol Exp Ther 283(3):1138-1143

Corcoran ME, Amit Z (1974) Reluctance of rats to drink hashish
suspensions: free choice and forced consumption and the
effects of hypothalamic stimulation. Psychopharmacologia
352:129-147

Coulombe D, Miliaressis E (1987) Fitting intracranial self-stimulation
data with growth models. Behav Neurosci 101(2):209-214

Cravatt BF, Giang DK, Mayfield SP, Boger DL, Lerner RA, Gilula
NB (1996) Molecular characterization of an enzyme that
degrades neuromodulatory fatty-acid amides. Nature 384
(6604):83-87

de Lago E, Ligresti A, Ortar G, Morera E, Cabranes A, Pryce G,
Bifulco M, Baker D, Fernandez-Ruiz J, Di Marzo V (2004) In
vivo pharmacological actions of two novel inhibitors of ananda-
mide cellular uptake. Eur J Pharmacol 484(2-3):249-57

De Petrocellis L, Di Marzo V (2005) Lipids as regulators of the
activity of transient receptor potential type VI (TRPVI)
channels. Life Sci 77(14):1651-1666

De Vries TJ, Schofeelmeer AN (2005) Cannabinoid CB1 receptors
control conditioned drug seeking. Trends Pharmacol Sci 26
(8):420-426

Del Arco I, Navarro M, Bilbao A, Ferrer B, Piomelli D, Rodriguez de
Fonseca F (2002) Attenuation of spontaneous opiate withdrawal
in mice by the anandamide transport inhibitor AM404. Eur J
Pharmacol 454(1):103-104

Deutsch DG, Chin SA (1993) Enzymatic synthesis and degradation of
anandamide, a cannabinoid receptor agonist. Biochem Pharmacol
46(5):791-796

Di Marzo V, Fontana A, Cadas H, Schinelli S, Cimino G, Schwartz
JC, Piomelli D (1994) Formation and inactivation of endogenous
cannabinoid anandamide in central neurons. Nature 372
(6507):686—691

Di Marzo V, Bifulco M, De Petrocellis L (2004) The endocannabinoid
system and its therapeutic exploitation. Nat Rev Drug Discov 3
(9):771-784

Edmonds DE, Gallistel CR (1974) Parametric analysis of brain
stimulation reward in the rat: III. Effect of performance variables
on the reward summation function. J] Comp Physiol Psychol 87
(5):876-883

Elsmore TF, Fletcher GV (1972) A°-tetrahydrocannabinol: aversive
effects in rats at high doses. Science 171:911-912

Fattore L, Cossu G, Martellotta CM, Fratta W (2001) Intravenous self-
administration of the cannabinoid CB1 receptor agonist WIN
55,212-2 in rats. Psychopharmacology 156:410-416

Fattore L, Deiana S, Spano SM, Cossu G, Fadda P, Scherma M, Fratta
W (2005) Endocannabinoid system and opioid addiction:
behavioural aspects. Pharmacol Biochem Behav 81(2):343-59

Fegley D, Kathuria S, Mercier R, Li C, Goutopoulos A, Makriyannis
A, Piomelli D (2004) Anandamide transport is independent of
fatty-acid amide hydrolase activity and is blocked by the
hydrolysis-resistant inhibitor AM1172. Proc Natl Acad Sci
USA 101(23):8756-8761

Fegley D, Gaetani S, Duranti A, Tontini A, Mor M, Tarzia G, Piomelli
D (2005) Characterization of the fatty acid amide hydrolase
inhibitor cyclohexyl carbamic acid 3'-carbamoyl-biphenyl-3-yl
ester (URB597): effects on anandamide and oleoylethanolamide
deactivation. J Pharmacol Exp Ther 313(1):352-358

Fowler CJ, Holt S, Nilsson O, Jonsson KO, Tiger G, Jacobsson SOP
(2005) The endocannabinoid signaling system: pharmacological
and therapeutic aspects. Pharmacol Biochem Behav 81:248-262

Freund TF, Katona I, Piomelli D (2003) Role of endogenous
cannabinoids in synaptic signaling. Physiol Rev 83(3):1017-
1066

Fujiwara M, Egashira N (2004) New perspectives in the studies on
endocannabinoids and cannabis: abnormal behaviours associate
with CB1 cannabinoid receptor and development of therapeutic
application. J Pharmacol Sci 96(4):362-366

Gallate JE, Sharov T, Mallet PE, McGregor IS (1999) Increased
motivation for beer in rats following administration of a
cannabinoid CBI1 receptor agonist. Eur J Pharmacol 370
(3):233-240

Gardner EL, Paredes W, Smith D, Donner A, Milling C, Cohen D,
Morrison D (1988) Facilitation of brain stimulation reward by
A9-tetrahydrocannabinol. Psychopharmacology 96:142-144

Giuffrida A, Parsons LH, Kerr TM, Rodriguez de Fonseca F, Navarro
M, Piomelli D (1999) Dopamine activation of endogenous
cannabinoid signalling in dorsal striatum. Nat Neurosci 2:358-363

Gobbi G, Bambico FR, Mangieri R, Bortolato M, Campologno P,
Solinas M, Cassano T, Morgese MG, Debonnel G et al (2005)
Antidepressant-like activity and modulation of brain monoamin-
ergic transmission by blockade of anandamide hydrolysis. Proc
Natl Acad Sci USA 102(51):18620-18625

Gubellini P, Picconi B, Bari M, Battista N, Calabresi P, Centonze D,
Bernardi G, Finazzi-Agro A, Maccarrone M (2002) Experimental
parkinsonism alters endocannabinoid degradation: implications
for striatal glutamatergic transmission. J Neurosci 22(16):6900—
6907

Hansson AC, Bermudez-Silva FJ, Malinen H, Hyytia P, Sanchez-Vera
I, Rimondini R, Rodriguez de Fonseca F, Kunos G, Sommer
WH, Heilig M (2006) Genetic impairment of frontocortical
endocannabinoid degradation and high alcohol preference.
Neuropsychopharmacology (in press). DOI 10.1038/sj.
npp.1301034

Harris RT, Waters W, McLendon D (1974) Evaluation of rein-
forcing capability of DELTA 9-THC in rhesus monkeys.
Psychopharmacologia 37:23-39

Hillard CJ, Wilkinson DM, Edgemond WS, Campbell WB (1995)
Characterization of the kinetics and distribution of N-arachido-
nylethanolamine (anandamide) hydrolysis by rat brain. Biochim
Biophys Acta 1257(3):249-256

Holt S, Comelli F, Costa B, Fowler CJ (2005) Inhibitors of fatty acid
amide hydrolase reduce carrageenan-induced hind paw inflam-
mation in pentobarbital-treated mice: comparison with indometh-
acin and possible involvement of cannabinoid receptors. Br J
Pharmacol 146(3):467-476

Howlett AC, Barth F, Bonner TI, Cabral G, Casellas G, Devane WA,
Felder CC, Herkenham M, Mackie K, Martin BR, Mechoulam
R, Pertwee RG (2002) International Union of Pharmacology.
XXVIL. Classification of cannabinoid receptors. Pharmacol Rev
54(2):161-202

Huestis MA, Gorelick DA, Heishman SJ, Preston KL, Nelson RA,
Moolchan ET, Frank RA (2001) Blockade of effects of smoked
marijuana by the CB1-selective cannabinoid receptor antagonist
SR141716. Arch Gen Psychiatry 58(4):322-328

Hungund BL, Basavarajappa BS (2000) Are anandamide and
cannabinoid receptors involved in ethanol tolerance? A review
of the evidence. Alcohol Alcohol 35(2):126-33

Hunt T, Amit Z (1987) Conditioned taste aversion induced by self-
administered drugs: paradox revisited. Neurosci Biobehav Rev
11:107-130

Inui A (2001) Emesis, appetite and endocannabinoids. Gastroenterology
123(2):655-656

Iversen L (2003) Cannabis and the brain. Brain 126:1252—1270


10.1038/sj.npp.1301034
10.1038/sj.npp.1301034

304

Psychopharmacology (2006) 188:293-305

Jarbe TU, Lamb RJ, Lin S, Makriyannis A (2001) (R)-methananda-
mide and Delta 9-THC as discriminative stimuli in rats: tests with
the cannabinoid antagonist SR-141716 and the endogenous
ligand anandamide. Psychopharmacology (Berl) 156(4):369-380

Justinova Z, Tanda G, Redhi GH, Goldberg SR (2003) Self-
administration of A’-tetrahydrocannabinol (THC) by drug naive
squirrel monkeys. Psychopharmacology 169:135-140

Justinova Z, Solinas M, Tanda G, Redhi GH, Goldberg SR (2005) The
endogenous cannabinoid anandamide and its synthetic analog R
(+)-methanandamide are intravenously self-administered by
squirrel monkeys. J Neurosci 25(23):5645-5650

Kathuria S, Gaetani S, Fegley D, Valino F, Duranti A, Tontini A, Mor
M, Tarzia G, La Rana G, Calignano A, Giustino A, Tattoli M,
Palmery M, Cuomo V, Piomelli D (2003) Modulation of anxiety
through blockade of anandamide hydrolysis. Nat Med 9(1):76-81

Kirkham TC (2005) Endocannabinoids in the regulation of appetite
and body weight. Behav Pharmacol 16(5-6):297-313

Lallemand F, Soubrie PH, De Witte PH (2001) Effects of CBI
cannabinoid receptor blockade on ethanol preference after
chronic ethanol administration. Alcohol Clin Exp Res 25
(9):1317-1323

Lambert DM, Fowler CJ (2005) The endocannabinoid system: drug
targets, lead compounds, and potential therapeutic applications.
J Med Chem 48(16):5059-5087

Lastres-Becker I, Hanses HH, Berrendero F, De Miguel R, Perez-
Rosado A, Manzanares J, Ramos JA, Fernandez-Ruiz J (2002)
Alleviation of motor hyperactivity and neurochemical deficits by
endocannabinoid uptake inhibition in a rat model of Huntington’s
disease. Synapse 44(1):23-35

Ledent C, Valverde O, Cossu G, Petitet F, Aubert JF, Beslot F, Bohme
GA, Imperato A, Pedrazzini T, Roques BP, Vassart G, Fratta W,
Parmentier M (1999) Unresponsiveness to cannabinoids and
reduced addictive effects of opiates in CB1 receptor knockout
mice. Science 15;283(5400):401-404

Leite JL, Carlini EA (1974) Failure to obtain “cannabis directed
behavior” and abstinence syndrome in rats chronically treated
with cannabis sativa extracts. Psychopharmacologia 36:133—145

Lepore M, Vorel SR, Lowinson J, Gardner EL (1995) Conditioned place
preference induced by A9-tetrahydrocannabinol: comparison with
cocaine, morphine and food reward. Life Sci 56:2073-2080

Lepore M, Liu X, Savage V, Matalon D, Gardner EL (1996) Genetic
differences in A9-tetrahydrocannabinol-induced facilitation of
brain stimulation reward as measured by a rate—frequency curve-
shift electrical brain stimulation paradigm in three different rat
strains. Life Sci 58:365-372

Lichtman AH, Leung D, Shelton CC, Saghatelian A, Hardouin C,
Boger DL, Cravatt BF (2004) Reversible inhibitors of fatty acid
amide hydrolase that promote analgesia: evidence for an unpre-
cedented combination of potency and selectivity. J Pharmacol Exp
Ther 311(2):441-448

Liebman JM (1983) Discriminating between reward and performance:
a critical review of intracranial self-stimulation methodology.
Neurosci Biobehav Rev 7:45-72

Lundqvist T (2005) Cognitive consequences of cannabis use:
comparison with abuse of stimulants and heroin with regard to
attention, memory and executive functions. Pharmacol Biochem
Behav 81:319-330

Mackie K (2005) Cannabinoid receptors as therapeutic targets. Annu
Rev Pharmacol Toxicol 46:101-122

Maejima T, Ohno-Shosaku T, Kano M (2001) Endogenous
cannabinoid as a retrograde messenger from depolarized
postsynaptic neurons to presynaptic terminals. Neurosci Res
40(3):205-210

Maldonado R, Rodriguez de Fonseca F (2002) Cannabinoid addiction:
behavioral models and neural correlates. J Neurosci 22(9):3326—
3331

Maldonado-Irizarry CS, Stellar JR, Kelley AE (1994) Effects of
cocaine and GBR-12909 on brain stimulation reward. Pharmacol
Biochem Behav 48:915-920

Mallet PE, Beninger RJ (1998) A9-tetrahydrocannabinol, but not the
endogenous cannabinoid receptor ligand anandamide, produces
conditioned place avoidance. Life Sci 62:2431-2439

Mansbach RS, Nicholson KL, Martin BR, Balster RL (1994) Failure
of A9-tetrahydrocannabinol and CP 55,940 to maintain intrave-
nous self-administration under a fixed-interval schedule in rhesus
monkeys. Behav Pharmacol 5:210-225

Markou A, Koob GF (1992) Construct validity of a self-stimulation
threshold paradigm: effects of reward and performance manipu-
lations. Physiol Behav 51:111-119

Markou A, Koob GF (1993) Intracranial self-stimulation thresholds are
a measure of reward. In: Saghal A (ed) Behavioral neuroscience: a
practical approach, vol. II. IRL, Oxford, pp 93-115

Marsicano G, Goodenough S, Monory K, Hermann H, Eder M,
Cannish A, Azad SC, Cscio MG, Gutierrez SO, van der Stelt M,
Lopez-Rodriguez ML, Casanova E, Schutz G, Zieglgansberger
W, Di marzo V, Lutz B (2003) CB1 cannabinoid receptors and
on-demand defense against excitotoxicity. Science 302(5642):
84-88

Martellotta MC, Cossu G, Fattore L, Gessa GL, and Fratta W (1998)
Self-administration of the cannabinoid receptor agonist WIN
55,212-2 in drug-naive mice. Neuroscience 85:327-330

Martin BR (2002) Identification of the endogenous cannabinoid system
through integrative pharmacological approaches. J Pharmacol Exp
Ther 301(3):790-796

Mascia MS, Obinu MC, Ledent C, Parmentier M, Bohme GA,
Imperato A, Fratta W (1999) Lack of morphine-induced
dopamine release in the nucleus accumbens of cannabinoid CB
(1) receptor knockout mice. Eur J Pharmacol 383(3):R1-R2

McGregor IS, Issakidis CN, Prior G (1996) Aversive effects of the
synthetic cannabinoid CP 55,940 in rats. Pharmacol Biochem
Behav 53:657-664

Miliaressis E, Rompré PP, Laviolette P, Philippe L, Coulombe D
(1986) The curve-shift paradigm in self-stimulation. Physiol
Behav 37:85-91

Moore SA, Nomikos GG, Dickason-Chesterfield AK, Schober DA,
Schaus JM, Ying BP, Xu YC, Phebus L, Simmons RM, Li D,
Iyengar S, Felder CC (2005) Identification of a high-affinity
binding site involved in the transport of endocannabinoids. Proc
Natl Acad Sci USA 102(49):17852-17857

Ortar G, Ligresti A, De Petrocellis L, Morera E, Di Marzo V (2003)
Novel selective and metabolically stable inhibitors of ananda-
mide cellular uptake. Biochem Pharmacol 65(9):1473—-1481

Ortega-Gutiérrez S (2005) Therapeutic perspectives of inhibitors of
endocannabinoid degradation. Curr Drug Targets CNS Neurol
Disord 4(6):697-707

Ortiz S, Oliva JM, Pérez-Rial S, Palomo T, Manzanares J (2004)
Chronic ethanol consumption regulates cannabinoid CB; receptor
gene expression in selected regions of rat brain. Alcohol Alcohol
39:88-92

Parker LA, Gillies T (1995) THC-induced place and taste aversions in
Lewis and Sprague-Dawley rats. Behav Neurosci 109:71-78

Parolaro D, Vigano D, Rubino T (2005) Endocannabinoids and drug
dependence. Curr Drug Targets CNS Neurol Disord 4(6):643-655

Patricelli MP, Lovato MA, Cravatt BF (1999) Chemical and
mutagenic investigations of fatty acid amid hydrolase: evidence
for a family of serine hydrolases with distinct catalytic properties.
Biochemistry 38(31):9804-9812

Paxinos G, Watson C (1998) The rat brain in stereotaxic coordinates,
4th edn. Academic, San Diego

Pazos MR, Nufiez E, Benito C, Tolon RM, Romero J (2005)
Functional neuroanatomy of the endocannabinoid system.
Pharmacol Biochem Behav 81:239-247



Psychopharmacology (2006) 188:293-305

305

Pertwee RG (2005) The therapeutic potential of drugs that target
cannabinoid receptors or modulate the tissue levels or actions of
endocannabinoids. AAPS J 7(3):E625-E654

Piomelli D (2003) The molecular logic of endocannabinoid signal-
ling. Nat Rev Neurosci 4(11):873-884

Piomelli D (2004) The endogenous cannabinoid system and the
treatment of marijuana dependence. Neuropharmacology 47
(Suppl 1):359-367

Ranaldi R, Beninger RJ (1994) The effects of systemic and
intracerebral injections of D; and D, agonists on brain stimula-
tion reward. Brain Res 651:283-292

Rinaldi-Carmona M, Barth F, Héaulme M, Shire D, Calandra B,
Congry C, Martinez S, Maruani J, Néliat G, Caput D et al
(1994) SR141716A, a potent and selective antagonist of the
brain cannabinoid receptor. FEBS Lett 350:240-244

Robinson L, Hinder L, Pertwee RG, Riedel G (2003) Effects of A°-
THC and WIN 55,2122 on place preference in the water maze
in rats. Psychopharmacology 166:40-50

Rodriguez de Fonseca F, Del Arco I, Bermudez-Silva FJ, Bilbao A,
Cippitelli A, Navarro M (2005) The endocannabinoid system:
physiology and pharmacology. Alcohol Alcohol 40(1):2—14

Romero J, Lastres-Becker I, De Miguel R, Berrendero F, Ramos,
JA, Fernandez-Ruiz J (2002) The endogenous cannabinoid
system and the basal ganglia: biochemical, pharmacological,
and therapeutic aspects. Pharmacol Ther 95:137-152

Ross RA (2003) Anandamide and vanilloid TRPV1 receptors. Br J
Pharmacol 140(5):790-801

Sanudo-Pena MC, Tsou K, Delay ER, Hohman AG, Force M, Walker
M (1997) Endogenous cannabinoids as an aversive or counter-
rewarding system in the rat. Neurosci Lett 223:125-128

Schlicker E, Kathmann M (2001) Modulation of transmitter release
via presynaptic cannabinoid receptors. Trends Pharmacol Sci 22
(11):565-572

Solinas M, Panlilio LV, Tanda G, Makriyannis A, Matthews SA,
Goldberg SR (2005) Cannabinoid agonists but not inhibitors of
endogenous cannabinoid transport or metabolism enhance the
reinforcing efficacy of heroin in rats. Neuropsychopharmacology
30(11):2046-2057

Stark P, Dews PB (1980) Cannabinoids: behavioral effects. J Pharmacol
Exp Ther 214:124-130

Takahashi RN, Singer G (1979) Self-administration of delta-9-
tetrahydrocannabinol by rats. Pharmacol Biochem Behav 11:
737-740

Tanda G, Goldberg SR (2003) Cannabinoids: reward, dependence, and
underlying neurochemical mechanisms—a review of recent
preclinical data. Psychopharmacology 169:115-134

Tanda G, Munzar P, Goldberg SR (2000) Self-administration behavior
is maintained by the psychoactive ingredient of marijuana in
squirrel monkeys. Nat Neurosci 3:1073—-1074

Valjent E, Maldonado R (2000) A behavioral model to reveal place
preference to A9-tetrahydrocannabinol in mice. Psychopharmacolo-
gy 147:436-438

Van der Stelt M, Di Marzo V (2004) Endovanilloids. Putative
endogenous ligands of transient receptor potential vanilloid 1
channels. Eur J Biochem (10):1827-1834

Van Ree JM, Slangen J, de Wied D (1978) Intravenous self-
administration of drugs in rats. J Pharmacol Exp Ther 20:547-557

Vela G, Ruiz-Gayo M, Fuentes JA (1995) Anandamide decreases
naloxone-precipitated withdrawal signs in mice chronically
treated with morphine. Neuropharmacology 34(6):665—-668

Vickers SP, Kennett GA (2005) Cannabinoids and the regulation of
ingestive behaviour. Curr Drug Targets 6(2):215-223

Vigano D, Valenti M, Cascio MG, Di Marzo V, Parolaro D, Rubino T
(2004) Changes in endocannabinoid levels in a rat model of
behavioural sensitization to morphine. Eur J Neurosci 20
(7):1849-1857

Viveros MP, Marco EM, File SE (2005) Endocannabinoid system and
stress and anxiety responses. Pharmacol Biochem Behav 81:331—
342

Vlachou S, Nomikos GG, Panagis G (2003) WIN 55,212-2 decreases
the reinforcing actions of cocaine through CB; cannabinoid
receptor stimulation. Behav Brain Res 141:215-222

Vlachou S, Nomikos GG, Panagis G (2005) CB; cannabinoid receptor
agonists increase intracranial self-stimulation thresholds in the
rat. Psychopharmacology 179:498-508

Wallace MJ, Blair RE, Falenski KW, Martin BR, DeLorenzo RJ
(2003) The endogenous cannabinoid system regulates seizure
frequency and duration in a model of temporal lobe epilepsy.
J Pharmacol Exp Ther 307:129-137

Wiley JL, LaVecchia KL, Karp NE, Kulasegram S, Mahadevan A,
Razdan RK, Martin BR (2004) A comparison of the discrimina-
tive stimulus effects of delta(9)-tetrahydrocannabinol and O-—
1812, a potent and metabolically stable anandamide analog, in
rats. Exp Clin Psychopharmacol 12(3):173-179

Wilson RI, Nicoll RA (2001) Endogenous cannabinoids mediate
retrograde signalling at hippocampal synapses. Nature 410
(6828):588-592

Yamaguchi T, Hagiwara Y, Tanaka H, Sugiura T, Waku K,
Shoyama H, Watanaba S, Yamamoto T (2001) Endogenous
cannabinoid, 2-arachidonoylglycerol, attenuates naloxone-pre-
cipitated withdrawal signs in morphine-dependent mice. Brain
Res 909(1-2):121-126



	Effects of endocannabinoid neurotransmission modulators on brain stimulation reward
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Animals and surgery
	Apparatus and procedures for self-stimulation
	Drugs
	Experimental procedures
	Study 1
	Experiment 1: effects of systemically administered PMSF on brain stimulation reward
	Experiment 2: effects of SR141716A on PMSF-induced changes in brain stimulation reward

	Study 2
	Experiment 1: effects of systemically administered URB-597 on brain stimulation reward
	Experiment 2: effects of SR141716A on URB-597-induced changes in brain stimulation reward

	Study 3
	Experiment 1: effects of systemically administered OMDM-2 on brain stimulation reward
	Experiment 2: effects of SR141716A on OMDM-2-induced changes in brain stimulation reward

	Data analysis and statistics
	Histology

	Results
	Study 1
	Experiment 1: effects of systemically administered PMSF on brain stimulation reward
	Experiment 2: effects of SR141716A on PMSF-induced changes in brain stimulation reward

	Study 2
	Experiment 1: effects of systemically administered URB-597 on brain stimulation reward
	Experiment 2: reversal of the action of URB-597 by SR141716A

	Study 3
	Experiment 1: effects of systemically administered OMDM-2 on brain stimulation reward
	Experiment 2: reversal of the action of OMDM-2 by SR141716A


	Discussion


	url1
	Outline placeholder
	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


