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Original Paper

Acute restraint stress enhances hippocampal
endocannabinoid function via glucocorticoid
receptor activation

Meina Wang1, Matthew N Hill2, Longhua Zhang1, Boris B Gorzalka2,
Cecilia J Hillard3* and Bradley E Alger1*

Abstract
Exposure to behavioural stress normally triggers a complex, multilevel response of the hypothalamic–pituitary–adrenal (HPA) axis that helps maintain

homeostatic balance. Although the endocannabinoid (eCB) system (ECS) is sensitive to chronic stress, few studies have directly addressed its response

to acute stress. Here we show that acute restraint stress enhances eCB-dependent modulation of GABA release measured by whole-cell voltage clamp of

inhibitory postsynaptic currents (IPSCs) in rat hippocampal CA1 pyramidal cells in vitro. Both Ca2þ-dependent, eCB-mediated depolarization-induced

suppression of inhibition (DSI), and muscarinic cholinergic receptor (mAChR)-mediated eCB mobilization are enhanced following acute stress expo-

sure. DSI enhancement is dependent on the activation of glucocorticoid receptors (GRs) and is mimicked by both in vivo and in vitro corticosterone

treatment. This effect does not appear to involve cyclooxygenase-2 (COX-2), an enzyme that can degrade eCBs; however, treatment of hippocampal

slices with the L-type calcium (Ca2þ) channel inhibitor, nifedipine, reverses while an agonist of these channels mimics the effect of in vivo stress.

Finally, we find that acute stress produces a delayed (by 30 min) increase in the hippocampal content of 2-arachidonoylglycerol, the eCB responsible

for DSI. These results support the hypothesis that the ECS is a biochemical effector of glucocorticoids in the brain, linking stress with changes in

synaptic strength.

Keywords
2-arachidonoylglycerol, COX-2, DSI, GABA inhibition, IPSC, muscarinic receptor

Introduction

Stress activates the hypothalamic–pituitary–adrenal (HPA)
axis and induces the release of glucocorticoid hormones that
exert widespread effects on the brain and periphery (McEwen,

2008). Appropriate regulation of the HPA axis is critical for
health and survival, and several limbic brain structures,
including the hippocampus, are involved in the integration
of HPA hormonal responses (Herman et al., 2005).The hip-

pocampus has an abundance of glucocorticoid receptors
(GRs) and is exquisitely sensitive to glucocorticoids (De
Kloet et al., 1998). Exposure to stress reduces the expression

of long-term potentiation and concurrently enhances the
expression of long-term depression (LTD), which are neural
correlates of mnemonic processes (Kim et al., 1996; Chaouloff

et al., 2007; Wong et al., 2007). Stress and glucocorticoids
probably modulate synaptic plasticity in the hippocampus
via changes in postsynaptic ionotropic glutamate receptor
trafficking (Kim et al., 1996; Wong et al., 2007; Groc et al.,

2008), although changes in presynaptic transmitter release
also occur (Karst et al., 2005).

Stress and glucocorticoids could also modulate plasticity

within the hippocampus by recruiting the endocannabinoid
system (ECS). In the central nervous system (CNS), the
ECS comprises the eCB receptor (CB1R), the endocannabi-

noids (eCBs) N-arachidonylethanolamine (anandamide,

AEA) and 2-arachidonoylglycerol (2-AG), and enzymes that
synthesize, transport and hydrolyze the eCBs. Activation of

CB1Rs on presynaptic terminals by 2-AG can modulate syn-
aptic transmission by regulating both GABA and glutamate
release (Kano et al., 2009). Stimulation of 2-AG synthesis by

increased diacylglycerol lipase alpha (DGLa) activity (Gao
et al., 2010; Tanimura et al., 2010) follows postsynaptic depo-
larization and/or metabotropic receptor activation.

Stress and/or glucocorticoids increase eCB mobilization,

and support for the hypothesis that the ECS is an important
effector of glucocorticoid receptor (GR) activation in the
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brain is accumulating (Hill and McEwen, 2010). Exposure to
footshock increases both 2-AG and AEA levels in the peria-
queductal gray (Hohmann et al., 2005) and bath application

of glucocorticoids increases eCB production and CB1R-
mediated inhibition of glutamate release in hypothalamic
slices (Di et al., 2003, 2005). The rapid behavioural effects
of glucocorticoids and/or stress on sexual behaviour and emo-

tional memory depend on CB1R activation (Coddington
et al., 2007; Campolongo et al., 2009). Taken together,
these studies suggest that glucocorticoids can affect behaviour

via the ECS in limbic brain regions. Our hypothesis is that the
ECS is a general effector of GR actions on signalling in the
CNS. We tested this hypothesis in the hippocampus, a brain

region with a high density of CB1R and well-characterized
eCB regulation of GABAergic signalling. We used the Ca2þ-
dependent, eCB-mediated suppression of inhibition called

depolarization-induced suppression of inhibition (DSI)
(Ohno-Shosaku et al., 2001; Wilson et al., 2001) as an assay
of ECS function. We find that exposure of rats to a single
episode of restraint causes GR-dependent potentiation of the

ECS in CA1 pyramidal cells, and increases hippocampal
tissue content of 2-AG. The effect of stress on DSI was
blocked by an L-type Ca2þ channel inhibitor, and mimicked

by an L-channel agonist, suggesting that glucocorticoids
enhance Ca2þ-dependent 2-AG mobilization.

Methods

Subjects

All animal handling procedures were approved by the
University of Maryland School of Medicine IACUC (specific
approval for behavioural and brain slice studies; approval

#0609001), and by the Animal Care Committee of the
University of British Columbia (specific approval for beha-
vioural and eCB measurement studies; approval # A09-0220).

Male Sprague Dawley rats were housed in groups of three.
Rats were 5–6 weeks old (Charles River Lab., Wilmington,
Massachusetts, USA) in the electrophysiological studies and

9–10 weeks old in the biochemical studies (Charles River,
Montreal, Canada). Animal rooms were maintained at 218C
on a reversed 12 h light/dark cycle. All rats were given ad
libitum access to food and water. Subjects were randomly

assigned to either control or acute stress groups. Acute
restraint stress was induced by putting the rat into a
Plexiglas cylindrical restrainer (Kent Scientific Corp.,

Torrington, Connecticut, USA) for 30min.

Drugs

o-Agatoxin was purchased from Ascent Scientific Ltd
(Bristol, UK). All other drugs were purchased from Sigma-
Aldrich (St. Louis, Missouri, USA) or Tocris (Ellisville,

Missouri, USA). Drugs used for bath application or pretreat-
ment were first dissolved in DMSO (LY 341495, LY 225910,
corticosterone); ethanol (nifedipine, FPL 64176, SR

141716A); or water (atropine, meloxicam, carbachol), then
added to the bathing saline at the desired final concentrations
(the ratios of final concentration to stock concentration were

from 1:1000 to 1:10,000). In the electrophysiology studies,

RU 38486 in pure DMSO (20mg/mL) was injected subcuta-
neously 30min before acute stress (Stress þ RU) or 90min
before control slice preparation (Con þ RU) at a dose of

20mg/kg. In the biochemical studies, RU 38486 (20mg/kg)
was injected subcutaneously in 1:1 saline and propylene glycol
vehicle. In some studies, corticosterone (CORT; 10mg/kg)
was dissolved in 1:1 saline and propylene glycol and was

injected subcutaneously 1 h before decapitation. DMSO and
1:1 saline and propylene glycol were injected subcutaneously
into naı̈ve animals 90min and 1 h before decapitation, respec-

tively, to serve as vehicle control to each group. In all cases
the injection volume was 1mL/kg.

Hippocampal slice preparation

Rats were killed by decapitation after heavy sedation with

isoflurane. Hippocampal slices were prepared from the
stressed groups either immediately (�5min, Stress-immed)
or 30min after removal of the animal from the restrainer
(Stress-30min). Hippocampal slices were prepared between

09:00 and 11:00, which is during the active (dark) phase.
Hippocampi were isolated and sectioned into 400-mm-thick
slices in ice-cold saline using a Leica VT 1200S Vibratome

(Leica Microsystems Inc., Bannockburn, Illinois, USA). The
slices were maintained at room temperature for over 1 h in an
interface holding chamber in a humidified atmosphere satu-

rated with 95% O2/5% CO2. The recording chamber (Warner
Instr., Hamden, Connecticut, USA) warmed the submerged
slices, and experiments were performed at 30 6 18C.

Electrophysiology

Whole-cell voltage-clamp recordings of CA1 pyramidal cells

were made using the ‘blind’ patch method. Electrode resis-
tances in the bath were 3–5MO. During experiments, series
resistance was checked by -2mV hyperpolarizing voltage

steps, and if it exceeded 35MO, increased by> 15%, or if
current baselines were unstable, data were discarded. Cell
membrane potentials were held at -70mV. IPSCs were elicited

by 100ms extracellular stimuli (eIPSCs) delivered with concen-
tric bipolar stimulating electrodes (David Kopf Instruments,
Tujunga, California, USA) placed in the stratum (s.) radiatum
between CA3 and CA1, 0.5–1mm away from the recording

site. The eIPSCs were evoked at 4-s intervals. Data were col-
lected using an Axopatch 1C amplifier (Molecular Devices,
Sunnyvale, California, USA), filtered at 2 kHz, and digitized

at 5 kHz using a Digidata 1200 and pClamp 8 software.
Representative continuous traces were collected on a
WINDAQ Data Q DI-710 (DATAQ Instr., Inc., Akron,

Ohio, USA) and are used for illustrative purposes only.
The extracellular recording solution contained in mM: 120

NaCl, 3 KCl, 2.5 CaCl2, 2 MgSO4, 1 NaH2PO4, 25 NaHCO3

and 20 glucose, and was bubbled with 95% O2, 5% CO2 (pH

7.4) at 308C. The solution flowed continuously through the
recording chamber at a rate of ;0.6mL/min. Ionotropic glu-
tamate responses were blocked with 20mM AP-5 plus 10mM

NBQX. All slices were pretreated with 300 nM agatoxin for-
˜ 30min (usually ˜ 1 h) before being transferred to the
recording chamber. o-Agatoxin IVA (agatoxin) is irreversible

within the timeframe of our experiments (Wheeler et al.,
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1994), hence P/Q channels remained inhibited despite the
absence of agatoxin in the perfusion solution. Whole-cell pip-
ettes contained (in mM) 90 CsCH3SO3, 50 CsCl, 10 HEPES,

0.2 BAPTA, 0.3 Tris-GTP, 2 Mg-ATP, 1 MgCl2 and 5 QX-
314 (pH 7.25). Cells were voltage-clamped at -70mV and
eCB-dependent eIPSC suppression (DSI) was induced by
0.5-, 1-, 2-, or 3-s voltage steps to 0mV.

Data analysis

Both the magnitude and duration of DSI were analyzed. The
DSI magnitude was determined by the reduction from the
mean amplitude of five successive eIPSCs evoked just before

the depolarizing pulse was given to the pyramidal cell (base-
line), compared to the mean amplitude of four successive
eIPSCs taken just after the pulse (DSI period). The reduction

ratio of these values (1-DSI period/baseline) was multiplied
by 100%. A DSI value of 0% means that the eIPSC was not
reduced by depolarization and a value of 100% means it was
abolished. Whenever possible, three DSI trials were averaged

to obtain mean DSI in a given condition, but at least two
trials were used in every case. In some experiments
(Figures 1A1 and C, Figure 3 and Supplemental Figure 1),

the mean magnitude of DSI induced by a 2-s step in the con-
trol group (either naı̈ve, vehicle-treated or tested prior to drug
application) was normalized to 100% and all other values

were expressed relative to this value. The decay time constant
(td) of DSI, which was obtained from single exponential fits
of the envelope of the peak amplitudes of the eIPSCs during
recovery from DSI, was used to calculate DSI duration.

Changes of DSI magnitude were also assessed in some exper-
iments by approximating the integrals of the area under the
envelope of the eIPSC amplitudes from the point of maximal

IPSC suppression throughout recovery of DSI to baseline.
These DSI integrals were obtained by subtracting the ampli-
tude of the normalized eIPSC from the baseline at each time

point and multiplying this value by interstimulus interval, i.e.
(100-normalized eIPSC%)*4 (example shown in Figure 2C).
The mean of the last five eIPSCs of each DSI trial was taken

as baseline, and all the recovery responses in this trial were
normalized (3 100%) to this mean.

Hippocampal lipid extraction and eCB analysis

All rats for this study were injected subcutaneously with RU
38486 (20mg/kg) or an equivalent amount of propylene

glycol/saline vehicle; those rats subjected to restraint stress
were placed into restrainers 30min after injection. Three
groups of animals were compared: non-stressed (returned to

home cage after injection and killed 60min later); killed
immediately following 30min restraint stress (Stress-
immed); and killed 30min following the cessation of restraint
stress (Stress-30min). For all groups, brains were removed

following rapid decapitation and the hippocampus was rap-
idly dissected free, frozen in dry ice within 5min of decapita-
tion, and stored at -80 8C until analysis. The hippocampus

was subjected to a lipid extraction process described previ-
ously (Hill et al., 2009). Samples were weighed and placed
into borosilicate glass culture tubes containing 2mL of ace-

tonitrile with 84 pmol of [2H8]AEA and 186 pmol of

[2H8]2-AG. Tissue was homogenized with a glass rod and
sonicated for 30min. Samples were incubated overnight at -
208C to precipitate proteins, then centrifuged at 1,5003 g to

remove particulates. The supernatants were removed to a new
glass tube and evaporated to dryness under N2 gas. The sam-
ples were re-suspended in 300mL of methanol to recapture
any lipids adhering to the glass tube and dried again under N2

gas. Dried extracts were suspended in 20mL of methanol and
stored at –808C until analysis. The contents of the two pri-
mary eCBs, AEA and 2-AG, were determined using isotope-

dilution, liquid chromatography–mass spectrometry (Patel
et al., 2005).

Statistical analyses

Data analyses were done using Clampfit 8 (Axon Instruments)

or Prism (GraphPad) and graphs were drawn in SigmaPlot 8.0
or in Prism. Two-way analyses of variance (ANOVA, per-
formed by SigmaStat 3.0 or Prism) were used to compare
groups when stimulation duration and in vivo or in vitro treat-

ment are the main effects; when in vitro treatments were com-
pared in groups treated differently in vivo; and eCB content in
the hippocampus. Bonferroni’s corrected t tests were used to

compare groups if significant main effects or interactions were
identified by the ANOVA. When only a single stimulation
condition was used, one-way ANOVA was used for group

comparisons of physiological data followed by Student–
Newman–Keuls tests for multiple comparisons. Paired
t tests were used for single comparisons within groups, and
unpaired t tests were used for comparisons between two

groups under the same conditions. The significance level for
all tests was p< 0.05 (*), except for the K-S test, for which
p� 0.01. Group means 6 SEMs are shown in all graphs.

Results

Acute stress prolongs DSI in hippocampal CA1

pyramidal cells

There are two sources of perisomatic GABAA-mediated
eIPSCs in hippocampal CA1 pyramidal cells, the cholecysto-
kinin-containing (CCK) and parvalbumin-containing (PV)
interneurons (Somogyi and Klausberger, 2005; Freund and

Katona, 2007). Of the two, CB1Rs are only on the CCK
cells (Freund et al., 2003), which release GABA via Ca2þ

influx through N-type (o- conotoxin GVIA-sensitive) vol-

tage-gated Ca2þ channels (VGCCs). The PV cells release
GABA via P/Q-type (agatoxin-sensitive) VGCCs. To isolate
the eCB-sensitive eIPSCs from the insensitive ones, agatoxin

pretreatment was used to prevent occurrence of eIPSCs from
PV cells (see Methods), and whole-cell recordings were made
in acute hippocampal slices.

Depolarizing voltage-clamp command pulses delivered to

pyramidal cells generate the Ca2þ-dependent suppression of
inhibition called DSI (see Alger, 2002, for a review), which is
mediated by eCB release (Kano et al., 2009). The magnitude

of DSI is dependent on the depolarization duration (Lenz
et al., 1998). We used four durations (0.5 s, 1 s, 2 s, 3 s) to
vary DSI magnitude and obtain a sensitive assay of eCB func-

tion (Figure 1A1). Recordings were made in slices from

58 Journal of Psychopharmacology 26(1)
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Figure 1. Acute stress enhances hippocampal DSI. (A1) The magnitudes of depolarization-induced suppression of inhibition (DSI) induced by 2-s and

3-s DSI steps were enhanced over control levels (Con) by acute stress, if slices were prepared 30 min after the animal’s removal from the restrainer

(Stress-30 min), but not if they were prepared immediately after removal (Stress-immed, n ¼ 11 cells) *p< 0.05, Stress-30 min (n ¼ 32 cells) vs Con

(n¼33 cells). (Cells from acutely stressed animals studied 30 min after exposure to restraint are referred to as ‘stressed’ cells.) Insert shows that the DSI

in Stress-30 min group was blocked by the cannabinoid receptor (CB1R) antagonist, SR 141716A (’SR’) (**p< 0.01, BL vs SR, n ¼ four cells). (A2 and

A3) Representative whole-cell voltage clamp of DSI trials measured from a control and a stressed cell. Each downward deflection represents an evoked

inhibitory postsynaptic current (eIPSC), which is compressed at this slow time scale. At the points indicated by the black triangles, a single voltage

step from the holding potential of -70 mV to 0 mV was given for the indicated duration. DSI is the period after the voltage step where the eIPSCs are

reduced and then gradually recover to their baseline amplitudes prior to the voltage step. Cal. bar: 20 s, 200 pA. (B1) Time course of mean DSI induced

by a 2-s DSI step from control (Con, n ¼ 32) and stressed (Stress, n ¼ 33) cells; the voltage step ended at time 0. Inner traces were taken before (solid

line, average of five consecutive eIPSCs just before depolarization) and after (dotted line, average of four consecutive eIPSCs just after depolarization)

2-s DSI step, control and stressed cells respectively. Cal. bar: 50 ms, 200 pA. Both datasets were fit with single exponential functions, solid black or

dashed red lines, which were used to determine the time constants of decay, td, of DSI for the groups. (B2) Frequency distribution of td following 2-s

DSI steps, determined from individual control and stressed cells. Inner histogram shows the group data for td. Each circle represents one cell.
**p< 0.01, Stress vs Con. (C) The magnitude of DSI recovers to control level 23 h after acute stress. A group of animals was untreated (Con, n ¼ 17) and

DSI was measured from slices as usual (2-s step). Another group was subjected to the usual acute stress protocol and then returned to their home cages

for 23 h before slices were made (n ¼ 20). There were no differences in the DSI measured from the two groups.
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control (Con, n¼ 32 cells from 27 rats) and two groups of
stressed animals: one in which the slices were harvested within
5min after the end of the stress period (Stress-immed, n¼ 11

cells from five rats) and a second in which the slices were

harvested 30min after the end of the stress period (Stress-
30min, n¼ 33 cells from 21 rats). Two-way ANOVA of
these results indicates a significant effect of in vivo treatment

on the magnitude of DSI (F2,218¼ 10; p¼ 0.0001) and a
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Figure 2. Acute stress increases carbachol-induced enhancement of depolarization-induced suppression of inhibition (DSI). (A1) Time course of mean

DSI, 0.5-s step, from control (Con, n ¼ six) and stressed cells (Stress, n ¼ six) before (open symbols) and after (filled symbols) 0.5 mM carbachol (CCh)

application. (A2 and A3) Representative traces from a control and a stressed cell respectively. Cal. bar 20 s, 200 pA. (B) Group data, DSI decay time

constant td from control (open bars) and stressed cells (striped bars) before (baseline, BL) and after CCh application (CCh). Each circle represents one

cell. (C) Illustration of the estimated DSI integral, 0.5-s DSI step, obtained with data from the stressed cell shown in A3 after CCh application. The dark

bars represent the integral of the area below 100%. (D) The difference of the DSI integral (D DSI integral) after CCh application between control and

stressed cells. Each circle represents one cell. **p< 0.01 Stress vs Con.
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significant interaction between in vivo treatment and duration
of depolarization (F6,218¼ 2.4; p¼ 0.02). Post hoc tests
revealed significant differences between the control and

Stress-30min groups at depolarization durations of 2 and
3 s (Figure 1A1). However, there were no significant differ-
ences in DSI magnitude in slices from control and Stress-
immed groups at any depolarization duration. Thus, DSI

enhancement was observed only when the slices were pre-
pared 30min after the end of the restraint period, and not
when they were prepared immediately. DSI observed in the

Stress-30min group was dependent on CB1R activation, as it
was abolished by bath application of the CB1R antagonist,
SR141716 (SR; 10mM; Figure 1A1 inset, n¼ 4 cells; 3-s depo-

larizing step in Stress-30min group: DSI was 60.96 2.8%
before and 7.86 4.8% in the presence of SR, p< 0.001,
paired t test). Figures 1A2 and 1A3 illustrate representative

traces obtained with different DSI steps from a control cell
and from a Stress-30min cell respectively. We used the Stress-
30min protocol (‘stressed’ rats) to test the effect of stress in all
subsequent experiments.

Stress exposure also altered DSI duration. Figure 1B1
shows the eIPSC recovery following a 2-s DSI step in slices
from non-stressed and stressed groups. The time constants of

decay (td) of the single exponential fits to the eIPSC recovery
from peak DSI back to baseline were calculated and com-
pared. The cumulative frequency distributions of td showed

a significant rightward shift to more prolonged DSI values in
the stressed group (Figure 1B2, K-S test, p< 0.01) and the
mean td of DSI increased from 11.36 0.6 s (Con, n¼ 32)
to 15.66 0.9 s (Stress, n¼ 33) (p< 0.001, t test, Figure 1B2

inset).
We examined the duration of DSI enhancement by a single

episode of acute stress. After the termination of restraint

stress, rats were put back to their home cages and the slices
were prepared 23 h later. Cells from a new group of
unstressed rats served as controls and DSI was measured at

depolarization durations of 0.5, 1, 2 and 3 s (Figure 1C; 23 h
after stress, n¼ 20 cells from six rats and Con, n¼ 17 cells
from five rats). Two-way ANOVA of these data demon-

strated that in vivo treatment did not significantly affect
DSI duration (F1,140¼ 0.24; p¼ 0.63); thus DSI in the 23-h
delay group was indistinguishable from DSI in never-stressed,
control animals.

Acute stress increases mAChR-amplification of DSI

Although DSI itself is a purely Ca2þ-dependent form of eCB
mobilization, it can be amplified by activating muscarinic
cholinergic receptors (mAChR) with the cholinergic agonist,

carbachol (CCh) (Kim et al., 2002; Ohno-Shosaku et al.,
2003). To determine if the synergistic effect of Ca2þ and
mAChR activation on eCB mobilization was also enhanced
by stress, we used a 0.5-s depolarization together with CCh

application (0.5mM, 4min), a protocol that markedly
enhances and prolongs DSI (Kim et al., 2002). Brief depolar-
ization steps were used in these experiments to maximize the

opportunity to observe an increase in DSI, and to preclude
the possibility of missing an enhancement because of a ceiling
effect, which could occur if maximal DSI was induced with

longer depolarizing steps. The td of DSI in slices from control

(n¼ six cells from five rats) and stressed (n¼ six cells from six
rats) rats was determined before (BL) and after (CCh) the
application of CCh in vitro (Figures 2A1 and 2B; representa-

tive traces in Figures 2A2 and 2A3). Two-way ANOVA of the
td values demonstrated significant effects of both CCh appli-
cation (F1,20¼ 69, p< 0.0001) and stress exposure (F1,20¼ 6.3,
p< 0.05) and a nearly significant interaction (F1,20¼ 4.1,

p¼ 0.056). Thus, CCh significantly prolonged DSI in cells
from both control and stressed rats, and tended to have a
greater effect on DSI td in the slices from stressed rats. To

determine if the CCh effect was indeed greater in stressed
animals, we also tested the DSI integral, which encompasses
changes in both peak amplitude and duration of DSI (see

Methods). Figure 2C shows how the integral is defined
using the cell illustrated in Figure 2A3 after the addition of
CCh. The CCh-induced increase in the DSI integral (D DSI

integral) was significantly larger in stressed cells than in con-
trol cells (Figure 2D, p< 0.004 using t test). Hence, in addi-
tion to enhancing ECS actions per se, stress also increases the
coupling between mAChRs and the ECS.

The glucocorticoid receptor mediates the prolongation

of DSI by stress

Many effects of stress in the CNS occur because the increase

in circulating corticosteroid (CORT) concentrations is
enough to fully activate CNS GRs (Chrousos and Kino,
2007; McEwen, 2008). We tested three predictions of the
hypothesis that activation of GR by CORT is responsible

for the restraint stress-induced increase in eCB signalling.
The first prediction was that inhibition of GRs in vivo
would prevent the enhancement of DSI by stress. To test

this, we pretreated control and stressed rats in vivo with
RU 38486 (20mg/kg), an antagonist of GR. An additional
non-stressed group was pretreated with DMSO, the vehicle

for RU 38486 in these studies. Vehicle treatment had no effect
on DSI responses in slices from non-stressed rats (control
data in Figure 1C were used for comparison; F1,80¼ 0.01,

p¼ 0.9). Two-way ANOVA revealed that there is no main
effect of in vivo treatment on DSI magnitude among the
three treatment groups (RU 38486 pretreated, non-stressed
(Con þ RU, n¼ six cells from five rats) and RU 38486 pre-

treated, stressed (Stress þ RU, n¼ 14 cells from 10 rats) and
non-stressed rats pretreated with DMSO (Con þ Vehicle,
n¼ five cells from three rats) (Figure 3A; F2,66¼ 0.35,

p¼ 0.71). All DSI values were normalized to the 2-s DSI
value of the Con þ Vehicle group. Thus, GR activation is
required for the effects of stress to increase hippocampal DSI.

The second prediction was that elevation of CORT in vivo
would enhance eCB responses in unstressed rats. To test this,
rats were injected subcutaneously with 10mg/kg CORT
(CORT s.c., n¼ nine cells from five rats) or propylene

glycol/saline vehicle (Vehicle s.c., n¼ 13 cells from five rats)
60min prior to the harvest of hippocampal slices and deter-
mination of DSI (Figure 3B). Injection of the propylene

glycol/saline vehicle did not significantly affect DSI compared
to non-injected controls (control data in Figure 1C were used
for comparison; F1,112¼ 1.5, p¼ 0.2). Two-way ANOVA

demonstrated a significant effect of CORT injection on DSI
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(F1,60¼ 5, p¼ 0.036). The effect of CORT was to increase
DSI, mimicking the effects of stress.

A third prediction of the hypothesis is that application of
CORT in vitro to hippocampal slices from naı̈ve rats will
enhance DSI. To test this prediction, slices from untreated

rats were exposed for 20min to CORT, which was then
washed out for at least 1 h before electrophysiological record-
ings were started (protocol modified from Verkuyl et al.,
2005). Two concentrations of CORT, 100 nM (n¼ eight

cells from five rats) and 1mM (n¼ nine cells from seven
rats) were compared to vehicle (n¼ 14 cells from 13 rats).
DSI was determined at four depolarization times (Figure

3C). Two-way ANOVA demonstrated that CORT treatment
has a significant effect on DSI (F2,81¼ 44, p¼ 0.02). Thus, in
addition to stress exposure and CORT injection, exposure of

hippocampal slices to CORT also enhanced DSI.
Acute stress enhances mGluR-dependent hippocampal

LTD via a GR-dependent mechanism (Chaouloff et al.,

2007), and other transmitter systems, including mGluRs, cho-
lecystokinin receptor (CCK2) and mAChRs can stimulate the
ECS (Kano et al., 2009). To determine if acute stress enhances
DSI directly by stimulating the ECS, or indirectly by stimu-

lating another neurotransmitter system, we used a cocktail of
antagonists. The cocktail included 100mM LY 341495 (broad
spectrum mGluR antagonist at this dose), 2mM LY 225910

(CCK2 receptor antagonist) and 2mM atropine (mAChR
antagonist). After collecting baseline DSI data, we applied
the cocktail for 15min and tested DSI again. DSI enhance-

ment was observed in slices from stressed animals in the pres-
ence of the cocktail (Supplemental Figure 1, n¼ eight cells
from seven rats, see legend for details).

COX-2 inhibition does not mediate the effects of stress

on DSI

In the hypothalamus, glucocorticoids can shift arachidonic
acid metabolism toward eCB synthesis by inhibiting cycloox-

ygenase-2 (COX-2) (Malcher-Lopes et al., 2008). Both 2-AG
and AEA are substrates for COX-2 (Yu et al., 1997; Kozak
et al., 2000), and inhibition of COX-2 enhances DSI in the

hippocampus (Kim and Alger, 2004; Hashimotodani et al.,
2007). These earlier findings suggest the hypothesis that
stress and CORT enhance DSI via inhibition of COX-2. If
this hypothesis is correct, then enhancement of DSI by a phar-

macological inhibitor of COX-2 will be occluded in slices from
stressed animals. To test this prediction, a selective COX-2
inhibitor, meloxicam (30mM), was bath-applied for 15–

20min prior to the induction of DSI. Meloxicam (Mel) pro-
longed DSI equally in hippocampal slices from both control
(Figure 4A, n¼ seven cells from seven rats) and stressed rats

(Figure 4B, n¼ eight cells from seven rats). The effects of
meloxicam on mean td in slices from control and stressed
rats were compared using two-way ANOVA (Figure 4C).
The effects of both stress exposure (F1,26¼ 12.4, p¼ 0.0016)

and in vitro treatment with meloxicam (F1,26¼ 27,
p< 0.0001) were highly significant; however, the interaction
was not (F1,26¼ 0.07, p¼ 0.8), indicating no difference in the

effect of meloxicam between slices from stressed and control
rats. Meloxicam also caused similar increases in the DSI inte-
grals above their baseline values in control (D DSI integral of

435.86 101.9 %�s) and stressed cells (D DSI integral of
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Figure 3. Glucocorticoid receptor (GR) activation mediates the

enhancement of depolarization-induced suppression of inhibition (DSI)

by restraint stress. (A) In vivo pretreatment with the GR antagonist RU

38486 (RU, 20 mg/kg), prior to exposure to restraint stress (Stress plus

RU, n ¼ 14) prevented the enhancement of DSI (Con plus RU, n ¼ nine

and Con plus Vehicle, n ¼ five). (B) Subcutaneous injection of cortico-

sterone (10 mg/kg CORT, s.c., n ¼ nine) or vehicle (n ¼ 13) 1 h before

slice preparation mimicked the stress effect on DSI magnitude. (C)

Comparison of the effects of in vitro incubation with CORT (100 nM and 1

mM, n ¼ eight and nine respectively), or vehicle (n ¼ 13) on the mag-

nitude of DSI. See text for statistical comparisons.
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423.36 118.9 %�s), p> 0.02, t test; Figure 4D). Taken
together, these data indicate that inhibition of COX-2 is not
the mechanism involved in the effects of stress to increase DSI.

Ca2þ influx through L-type VGCCs is required for the

stress-induced increase in DSI

CORT increases the amplitude of whole-cell VGCCs in

hippocampal CA1 pyramidal cells (Kerr et al., 1992;

Joels et al., 2003). Acute stress and glucocorticoid treat-
ment increase Ca2þ influx through L-type Ca2þ channels
(L-channels) (Chameau et al., 2007). Although the induction

of DSI is mainly dependent on N-channel current, L-channel
current can also contribute under certain circumstances
(Pitler and Alger, 1992; Lenz et al., 1998; Ohno-Shosaku

et al., 2007). To test the possibility that L-channels are
involved in the effect of stress on DSI, we bath applied the
L-channel blocker, nifedipine (Nif, 10mM). Nifedipine did

not significantly affect the duration of DSI induced by a 2-s
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depolarization in hippocampal slices from untreated rats
(Figure 5A, n¼ six cells from six rats), whereas it significantly
decreased DSI duration in hippocampal slices from rats

exposed to stress (Figure 5B, n¼ nine cells from nine rats).
Percent DSI was compared in slices from control and stressed
rats before and after the addition of nifedipine (Figure 5C).

Two-way ANOVA demonstrated that in vitro nifedipine
treatment produced a significant effect on DSI (F1,13¼ 11,
p¼ 0.006), whereas stress did not have a significant main

effect (F1,13¼ 3.4, p¼ 0.09). There was a significant

interaction between stress and in vitro treatment (F1,13¼ 14,
p¼ 0.002). Comparisons using Bonferroni’s post hoc tests
indicated that nifedipine decreased DSI in cells from stressed

rats (p< 0.001), but not in cells from unstressed rats.
Nifedipine also affected the prolongation of DSI td (Figure
5D) Two-way ANOVA demonstrated that neither stress

(F1,13¼ 4.49, p¼ 0.054) nor nifedipine treatment
(F1,13¼ 1.29, p¼ 0.277) had significant main effects on td.
However, there was a significant interaction (F1,13¼ 5.25,

p¼ 0.039) and Bonferroni’s post hoc tests indicated that
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Figure 5. L-channel Ca2þ current mediates the stress effect on depolarization-induced suppression of inhibition (DSI). (A and B) Bath-application of
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nifedipine significantly (p< 0.05) decreased td in cells from

stressed rats, but not in control cells. Finally, as a direct
test of the hypothesis that an increase in L-channel activity
can enhance DSI, we bath-applied FPL 64176 (5mM or

10mM; n¼ eight cells from eight rats), an agonist of L-chan-
nels, or its vehicle (n¼ six cells from three rats), to control
slices and used a 1-s DSI step to avoid the possibility that a

ceiling effect might occur with longer step durations. FPL

64176 increased both DSI magnitude (from 33.26 4.3% to

486 4.2%, p< 0.001, paired t test,) and duration (from
8.66 1.1% to 11.16 1.1%, p< 0.02, paired t test) (examples
and grouped data shown in Figures 6A and B; statistical tests

done on data in Figures 6C and D), whereas treatment of the
slices with vehicle had no effect. Taken together, these results
support the hypothesis that stress enhances hippocampal DSI

by recruiting Ca2þ influx through L-type Ca2þ channels.
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Acute stress increases the 2-AG content of the

hippocampus

In the studies described thus far, we have used DSI as a bio-
assay of the effects of stress on the ECS. If acute restraint
potentiates activation of the ECS, a possible mechanism

would be stress-induced increases in synaptic 2-AG. To test
this prediction, we measured eCBs in bulk tissue contents
within the hippocampus following stress exposure. There

was a significant interaction between stress exposure and
RU 38486 treatment (F2,36¼ 5.44; p< 0.01), with post hoc
analysis revealing that, compared to control, rats exposed

to 30min of restraint stress exhibited a significant increase
in hippocampal 2-AG content (p< 0.001; Stress-immed vs
Con, Figure 7A) and the 2-AG content was still increased

30min after stress (p< 0.05, Stress-30min vs Con). The
effect of stress on 2-AG content was prevented by in vivo
RU 38486 pretreatment (Figure 7A). Interestingly, there
was also a significant interaction between stress and RU

38486 treatment with respect to tissue levels of the other
major eCB AEA (F2,36¼ 4.23, p< 0.05), such that in the
Stress-immed group, stress exposure significantly reduced hip-

pocampal AEA compared to control (p< 0.01, Figure 7B).
AEA content recovered to control concentrations within
30min after stress exposure (p> 0.05, Stress-30min vs Con,

Figure 7B). The reduction of AEA was also reversed by RU
38486 pretreatment (Figure 7B), suggesting a role of GR acti-
vation in this change as well. These data suggest the hypoth-
esis that GR activation during stress results in increased 2-AG

content and a concomitant facilitation of DSI in the
hippocampus.

Discussion

We find that acute exposure to restraint stress enhances eCB-

mediated signalling in the hippocampus of male rats. It is
unknown whether this effect occurs in female rats. The mag-
nitude and duration of Ca2þ-dependent eCB mobilization

(DSI) and its enhancement by mAChR activation are
increased in hippocampal slices. Focusing on DSI, we found
that the effect of stress took time to develop, not being evident
until 30min after the restraint period ended. DSI enhance-

ment was blocked by the GR antagonist, RU 38486, and
mimicked by in vivo or in vitro CORT treatment. The effects
of stress on ECS in the hippocampus are likely to be mediated

by increases in circulating CORT as they were blocked by a
GR antagonist and mimicked by CORT administration both
in vivo and in vitro. The cellular mechanism altered by stress

has not been fully determined, but [Ca2þ]i is critical for both
DSI and mAChR enhancement of DSI (Kano et al., 2009),
and, using pharmacological tools, we found that L-type Ca2þ

channels may be the proximate downstream effectors of stress

on the ECS. These results are consistent with the report of
Chameau et al. (2007) that stress rapidly upregulates L-chan-
nels. Restraint stress also increased the 2-AG content in the

hippocampus, as expected if DSI is mediated by 2-AG (Gao
et al., 2010; Tanimura et al., 2010).

Several factors could contribute to the stress- and CORT-

induced changes in DSI, including the amount of eCB

available (owing to changes in synthesis, release, uptake or
degradation) or the sensitivity or number of CB1R. Changes

in CB1Rs occur after chronic unpredictable stress (Hill et al.,
2005, 2008b; Reich et al., 2009) or prolonged glucocorticoid
treatment (Hill et al., 2008a). In striatum, the sensitivity of

GABA synapses to eCB is impaired following one social
defeat stress exposure and is abolished by exposures over 3
or 7 days (Rossi et al., 2008). However, CORT administration

for shorter periods (i.e. 1 day) does not affect CB1R agonist
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Figure 7. Acute stress enhances the content of 2-arachidonoylglycerol

(2-AG) via glucocorticoid receptor (GR) activation. (A) Acute stress

enhanced the content of 2-AG in hippocampus, and this was prevented by

in vivo RU 38486 pretreatment. Stress increased 2-AG content over basal

levels (n ¼ seven) both in the Stress-immed (**p <0.01, n ¼ six) and

Stress-30 min (#p< 0.05, n ¼ eight) conditions. 2-AG content was

greater in the Stress-immed than the Stress-30 min group (&p< 0.05).

(B) Acute stress transiently decreased the content of anandamide (AEA),

which was prevented by in vivo RU 38486 pretreatment. AEA in the

Stress-immed group differed from basal AEA content (**p< 0.01), and the

Stress-30 min group differed from the Stress-immed group given in vivo

vehicle treatment (##p< 0.01), but not if RU 38486 had been given.
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binding parameters in the hippocampus, suggesting that
longer lasting increases of CORT are required for the regula-
tion of CB1R expression. Indeed, upregulation of CB1R

cannot fully explain our results, as increased CB1R expres-
sion would have affected all eCB-mediated responses, yet sig-
nificant DSI enhancement was not seen with all DSI-inducing
voltage steps. An effect of stress on CB1R signalling down-

stream from the receptor is not ruled out by our results.
An alternative explanation is that stress and CORT

enhance DSI by increasing eCB mobilization. Hippocampal

2-AG content is significantly increased following stress, which
is consistent with an increase in 2-AG mobilization, and with
earlier reports that footshock and glucocorticoid application

stimulate eCB biosynthesis (both AEA and 2-AG) in the peri-
aqueductal gray matter and hypothalamus respectively (Di
et al., 2003; Hohmann et al., 2005; Malcher-Lopes et al.,

2006). The acute effect of stress on tissue 2-AG could be
brain region-specific, as a single exposure to restraint increases
2-AG content in the medial prefrontal cortex in a temporal
and GR-dependent fashion (Hill et al., 2011) that is similar to

what we find in hippocampus, but does not increase 2-AG
content in the amygdala (Hill et al., 2009). Injection of
20mg/kg CORT in rats does not significantly affect hippocam-

pal 2-AG tissue contents measured 24 h later (Hill et al.,
2008a), and our data obtained now show that the effect of
stress on DSI does not persist for 23 h either. However, the

relationship of bulk measurements of 2-AG to cellular 2-AG
mediated signalling processes is not clear. Recent studies with
mutant mice lacking functional DGLa (Gao et al., 2010;
Tanimura et al., 2010) reveal that a significant fraction of

total 2-AG measured in different brain areas is independent
of DGLa, and, in fact, much of the DGLa-dependent 2-AG
could be unrelated to rapid physiological signalling (Gao

et al., 2010). Thus, measured increases in the tissue content
of 2-AG may not be directly related to the 2-AG that is avail-
able for signalling through CB1Rs. These considerations

could account in part for the disparity between the bulk
increase in 2-AG that is present immediately after cessation
of the restraint stress period (Figure 7), and the physiologically

measured increase in DSI, which is not detectable until 30min
later (Figure 1A1). The proposed existence of multiple func-
tionally distinct ‘pools’ of 2-AG or DGLa creates further com-
plexity in relating bulk measurements of 2-AG with specific

CB1R-mediated phenomena (Edwards et al., 2006; Zhang
et al., 2011; Alger and Kim, 2011). Finally, stress could inter-
act with the ECS via more than one mechanism.

Stress-enhanced DSI was not affected by inhibiting recep-
tors, such as mGluRs, mAChRs and CCK2Rs, that are
affected by stress (Beck et al., 1996; Venero and Borrell,

1999) and that also mediate eCB generation in the hippocam-
pus, suggesting that these receptors are not part of the under-
lying mechanism. COX-2 hydrolyzes 2-AG in hippocampus,
and COX-2 inhibition prolongs DSI (Kim and Alger, 2004;

Hashimotodani et al., 2007). In the hypothalamus, glucocor-
ticoids may shift arachidonic acid metabolism toward eCB
synthesis via COX-2 inhibition (Malcher-Lopes et al., 2008).

However, we found that a COX-2 inhibitor prolonged DSI
equally in stressed and control slices, arguing against an
involvement of COX-2 in stress-enhanced eCB function. We

noted that even whenDSI itself was not enhanced by stress (i.e.

when the DSI step was only 0.5 or 1.0 s), the ability of CCh to
enhance DSI was amplified. This could represent a non-linear
interaction between the Ca2þ- and GPCR-pathways, an addi-

tional action of stress on the GPCR pathway, or an increase
Ca2þ-sensitivity of the eCB mobilization mechanisms.

Corticosterone, which is released in high concentrations
after stress, can easily pass the blood–brain barrier and

bind to intracellular receptors in the brain (De Kloet et al.,
2005). Activation of the relatively low-affinity GRs will be
initiated, as the higher affinity mineralocorticoid receptors

will already be substantially occupied by normally circulating
corticosteroid levels. The activation of GRs increases the
amplitude of L-currents in the hippocampal CA1 region

(Chameau et al., 2007). L-channels exist on CA1 pyramidal
cells in high densities (Westenbroek et al., 1990) and contrib-
ute significantly to the total somatic Ca2þ current measured in

these cells. Although the principal carriers of Ca2þ current for
hippocampal eCB mobilization are N-channels, L-channel
influx can contribute to DSI (Pitler and Alger, 1992; Lenz
et al., 1998; Ohno-Shosaku et al., 2007). Our results can

best be explained by a glucocorticoid-mediated increase in
L-channel Ca2þ influx into the pyramidal cells, and conse-
quent increase in eCB mobilization.

Di et al. (2003) were the first to report that GR activation
affects eCB synaptic signalling. They found that bath-applica-
tion of CORT resulted in rapid suppression of glutamate release

from terminals innervating parvocellular secretory neurons of
the paraventricular nucleus in the hypothalamus. The effect of
CORT required CB1R engagement, leading the authors to
hypothesize that CORT recruited the ECS to produce synaptic

plasticity at this synapse. These investigators showed further
that the effect of CORT was consistent with a non-genomic
mechanism such that it was membrane-delineated and required

G protein activation (Di et al., 2003). Although the ECS is also
involved in the effects that we observe, several differences
between our findings and those of the Tasker group suggest

that the cellular mechanisms involved are likely to be different
in the two systems. First, the effect of stress on DSI in the hip-
pocampus is not seen immediately after stress offset, when cir-

culating CORT concentrations are at a peak (Diorio et al.,
1993) but is seen 30min later. In the hypothalamus, CORT
had an immediate effect on glutamate release. Second, the
effect of stress in the hippocampus requires L-type Ca2þ chan-

nels; the increase in Ca2þ currents mediated by glucocorticoids
is a genomic effect that depends on protein synthesis (Karst
et al., 1994). Thus, the mechanism in the hippocampus may

involve genomic GR signalling, as opposed to the non-genomic
mechanism of the hypothalamus.

Our biochemical data are consistent with other evidence

that 2-AG, and not AEA, is the eCB for DSI in the hippocam-
pus (Kim and Alger, 2004; Hashimotodani et al., 2008; Gao
et al., 2010; Tanimura et al., 2010). In fact, we also observed a
significant, although transient, decrease in AEA content

caused by stress. This is consistent with previous reports of
stress-induced reduction in AEA in other brain regions
(Patel et al., 2005; Rademacher et al., 2008; Hill et al., 2009).

Although the linkage is unclear, recent studies show significant
reductions in AEA in DGL knock-out mice (Gao et al., 2010;
Tanimura et al., 2010). Our data show an inverse, rather than a

direct, relationship between AEA and 2-AG, nevertheless, it
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may be interesting that the AEA and 2-AG systems seem to be
altered by common forms of behavioural experience.

As increases in eCB actions decrease GABA release, the

present data may help account for previous reports of reduc-
tions in GABA levels within the hippocampus following acute
stress exposure (Harvey et al., 2004; Briones-Aranda et al.,
2005). Patel et al. (2009) recently reported that, in the amyg-

dala, repeated restraint episodes are required to amplify DSI
and increase 2-AG tissue content, hence the hippocampus
may be more sensitive in this regard. Stress-induced mobili-

zation of 2-AG could be a general mediator of stress-induced
modulation of synaptic transmitter release, and it will be
interesting to learn if the ECS is affected by acute restraint

stress in other areas.
In conclusion, we show that hippocampal ECS is potentiated

by acute stress andGR activation. These findings are consonant

with recent behavioural findings that acute stress and/or gluco-
corticoids modify emotional and motivated behaviours via
increased eCB signalling (Coddington et al., 2007;
Campolongo et al., 2009). In contrast, prolonged exposure to

stress and/or glucocorticoids decreases CB1R expression and
eCB levels (Hill et al., 2005, 2008a, 2008b; Reich et al., 2009),
suggesting that the relationship between stress and the ECS is

biphasic. This is reminiscent of other responses to stress that
also exhibit a biphasic response, such as immune functioning,
which is facilitated by acute stress, but which is subject to immu-

nosuppression under chronic stress conditions (Dhabhar, 2003).
This shift may reflect the burden of ‘allostatic load’; the loss of
ECS function during chronic stress could contribute to allo-
static load and to the development of disease states (McEwen,

2004). Stress-induced mobilization of eCB signalling could rep-
resent an adaptive response to acute stress, which would help
maintain emotional and behavioural flexibility in the face of

aversive stimuli, while the loss of eCB signalling following
chronic stress could contribute to the development of stress-
related psychiatric disorders, such as depression and anxiety

disorders (Gorzalka et al., 2008; Lutz, 2009).
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Chaouloff F, Hémar A and Manzoni O (2007) Acute stress facilitates

hippocampal CA1 metabotropic glutamate receptor-dependent

long-term depression. J Neurosci 27: 7130–7135.

Chrousos GP and Kino T (2007) Glucocorticoid action networks

and complex psychiatric and/or somatic disorders. Stress 10:

213–219.

Coddington E, Lewis C, Rose JD and Moore FL (2007) ECBs medi-

ate the effects of acute stress and corticosterone on sex behavior.

Endocrinology 148: 493–500.

De Kloet ER, Joels M and Holsboer F (2005) Stress and the brain:

from adaptation to disease. Nat Rev Neurosci 6: 463–475.

De Kloet ER, Vreugdenhil E, Oitzl MS and Joels M (1998) Brain

corticosteroid receptor balance in health and disease. Endocr Rev

19: 269–301.

Dhabhar FS (2003) Stress, leukocyte trafficking, and the

augmentation of skin immune function. Ann NY Acad Sci 992:

205–217.

Di S, Malcher-Lopes R, Marcheselli VL, Bazan NG and Tasker JG

(2005) Rapid glucocorticoid-mediated eCB release and oppos-

ing regulation of glutamate and gamma-aminobutyric acid

inputs to hypothalamic magnocellular neurons. Endocrinol 146:

4292–4301.

Di S, Malcher-Lopes R, Halmos KC and Tasker JG (2003)

Nongenomic glucocorticoid inhibition via eCB release in the

hypothalamus: a fast feedback mechanism. J Neurosci 23:

4850–4857.

Diorio D, Viau V and Meaney MJ (1993) The role of the medial

prefrontal cortex (cingulate gyrus) in the regulation of hypotha-

lamic-pituitary-adrenal responses to stress. J Neurosci 13:

3839–3847.

Edwards DA, Kim J and Alger BE (2006) Multiple mechanisms of

endocannabinoid response initiation in hippocampus. J

Neurophysiol 95: 67–75.

Freund TF and Katona I (2007) Perisomatic inhibition. Neuron 56:

33–42.

Freund TF, Katona I and Piomelli D (2003) Role of endoge-

nous cannabinoids in synaptic signaling. Physiol Rev 83:

1017–1066.

Gao Y, Vasilyev DV, Goncalves MB, Howell FV, Hobbs C,

Reisenberg M, et al. (2010) Loss of retrograde eCB signaling

and reduced adult neurogenesis in diacylglycerol lipase knock-

out mice. J Neurosci 30: 2017–2024.

Gorzalka BB, Hill MN and Hillard CJ (2008) Regulation of eCB

signaling by stress: implications for stress-related affective disor-

ders. Neurosci Biobehav Rev 32: 1152–1160.

Groc L, Choquet D and Chaouloff F (2008) The stress hormone

corticosterone conditions AMPAR surface trafficking and synap-

tic potentiation. Nature Neurosci 11: 868–870.

Hashimotodani Y, Ohno-Shosaku T and Kano M (2007) Presynaptic

monoacylglycerol lipase activity determines basal eCB tone and

terminates retrograde eCB signaling in the hippocampus. J

Neurosci 27: 1211–1219.

Hashimotodani Y, Ohno-Shosaku T, Maejima T, Fukami K and

Kano M (2008) Pharmacological evidence for the involvement

68 Journal of Psychopharmacology 26(1)

 by guest on January 19, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/
http://jop.sagepub.com/


of diacylglycerol lipase in depolarization-induced endocannabi-

noid release. Neuropharmacology 54: 58–67.

Harvey BH, Oosthuizen F, Brand L, Wegener G and Stein DJ (2004)

Stress-restress evokes sustained iNOS activity and altered GABA

levels and NMDA receptors in rat hippocampus.

Psychopharmacology (Berl) 175: 494–502.

Herman JP, Ostrander MM, Mueller NK and Figueiredo H (2005)

Limbic system mechanisms of stress regulation: hypothalamo-

pituitary-adrenocortical axis. Prog Neuropsychopharmacol Biol

Psych 29: 1201–1213.

Hill MN, McLaughlin RJ, Morrish AC, Viau V, Floresco SB, Hillard

CJ, et al. (2009) Suppression of amygdalar eCB signaling by stress

contributes to activation of the hypothalamic-pituitary-adrenal

axis. Neuropsychopharmacology 34: 2733–2745.

Hill, MN, McLaughlin, RJ, Pan, B, Fitzgerald, MF, Roberts, CJ, Lee,

TT, et al. (2011). Recruitment of prefrontal cortical endocannabi-

noid signaling by glucocorticoids contributes to termination of the

stress response. Journal of Neuroscience 31: 10506–10515.

Hill, MN and McEwen, BS (2010). Involvement of the endocannabi-

noid system in the neurobehavioral effects of stress and glucocor-

ticoids. Progress in Neuropsychopharmacology and Biological

Psychiatry 34 (5), 791–797.

Hill MN, Carrier EJ, Ho WS, Shi L, Patel S, Gorzalka BB and

Hillard CJ (2008a) Prolonged glucocorticoid treatment decreases

cannabinoid CB1 receptor density in the hippocampus.

Hippocampus 18: 221–226.

Hill MN, Carrier EJ, McLaughlin RJ, Morrish AC, Meier SE,

Hillard CJ, et al. (2008b) Regional alterations in the eCB

system in an animal model of depression: effects of concurrent

antidepressant treatment. J Neurochem 106: 2322–2336.

Hill MN, Patel S, Carrier EJ, Rademacher DJ, Ormerod BK, Hillard

CJ and Gorzalka BB (2005) Downregulation of eCB signaling in

the hippocampus following chronic unpredictable stress.

Neuropsychopharmacology 30: 508–515.

Hohmann AG, Suplita RL, Bolton NM, Neely MH, Fegley D,

Mangieri R, et al. (2005) An eCB mechanism for stress-induced

analgesia. Nature 435: 1108–1112.

Joels M, Velzing E, Nair S, Verkuyl JM and Karst H (2003) Acute

stress increases calcium current amplitude in rat hippocampus:

temporal changes in physiology and gene expression. Eur J

Neurosci 18: 1315–1324.

Kano M, Ohno-Shosaku T, Hashimotodani Y, Uchigashima M and

Watanabe M (2009) ECB-mediated control of synaptic transmis-

sion. Physiol Rev 89: 309–380.

Karst H, Berger S, Turiault M, Tronche F, Schutz G and Joels M

(2005) Mineralocorticoid receptors are indispensable for

nongenomic modulation of hippocampal glutamate transmis-

sion by corticosterone. Proc Natl Acad Sci U S A 102:

19204–19207.

Karst H, Wadman WJ and Joels M (1994) Corticosteroid receptor-

dependent modulation of calcium currents in rat hippocampal

CA1 neurons. Brain Res 649: 234–242.

Kerr DS, Campbell LW, Thibault O and Landfield PW (1992)

Hippocampal glucocorticoid receptor activation enhances vol-

tage-dependent Ca2þ conductances: relevance to brain aging.

Proc Natl Acad Sci U S A 89: 8527–8531.

Kim J and Alger BE (2004) Inhibition of cyclooxygenase-2 potenti-

ates retrograde eCB effects in hippocampus. Nat Neurosci 7:

697–698.

Kim J, Isokawa M, Ledent C and Alger BE (2002) Activation of

muscarinic acetylcholine receptors enhances the release of endog-

enous cannabinoids in the hippocampus. J Neurosci 22:

10182–10191.

Kim JJ, Foy MR and Thompson RF (1996) Behavioral stress modi-

fies hippocampal plasticity through N-methyl-D-aspartate recep-

tor activation. Proc Natl Acad Sci U S A 93: 4750–4753.

Kozak KR, Rowlinson SW and Marnett LJ (2000) Oxygenation of

the eCB, 2-arachidonylglycerol, to glyceryl prostaglandins by

cyclooxygenase-2. J Biol Chem 275: 33744–33749.

Lenz RA, Wagner JJ and Alger BE (1998) N- and L-type calcium

channel involvement in depolarization-induced suppression of inhi-

bition in rat hippocampal CA1 cells. J Physiol (Lond) 512: 61–73.

Lutz B (2009) ECB signals in the control of emotion. Curr Opin

Pharmacol 9: 46–52.

Malcher-Lopes R, Di S, Marcheselli VS, Weng FJ, Stuart CT, Bazan

NG and Tasker JG (2006) Opposing crosstalk between leptin and

glucocorticoids rapidly modulates synaptic excitation via eCB

release. J Neurosci 26: 6643–6650.

Malcher-Lopes R, Franco A and Tasker JG (2008) Glucocorticoids

shift arachidonic acid metabolism toward eCB synthesis: a non-

genomic anti-inflammatory switch. Eur J Pharmacol 583: 322–339.

McEwen BS (2008) Central effects of stress hormones in health and

disease: understanding the protective and damaging effects of

stress and stress mediators. Eur J Pharmacol 583: 174–185.

McEwen BS (2004) Protection and damage from acute and chronic

stress: allostasis and allostatic overload and relevance to the path-

ophysiology of psychiatric disorders. Ann NY Acad Sci 1032: 1–7.

Ohno-Shosaku T, Maejima T and Kano M (2001) Endogenous can-

nabinoids mediate retrograde signals from depolarized postsyn-

aptic neurons to presynaptic terminals. Neuron 29: 729–738.

Ohno-Shosaku T, Matsui M, Fukudome Y, Shosaku J, Tsubokawa

H, Taketo MM, et al. (2003) Postsynaptic M1 and M3 receptors

are responsible for the muscarinic enhancement of retrograde eCB

signalling in the hippocampus. Eur J Neurosci 18: 109–116.

Ohno-Shosaku T, Hashimotodani Y, Ano M, Takeda S, Tsubokawa

H and Kano M (2007) ECB signalling triggered by NMDA recep-

tor-mediated calcium entry into rat hippocampal neurons. J

Physiol (Lond) 584: 407–418.

Patel S, Kingsley PJ, Mackie K, Marnett LJ and Winder DG (2009)

Repeated homotypic stress elevates 2-arachidonoylglycerol

levels and enhances short-term eCB signaling at inhibitory synap-

ses in basolateral amygdala. Neuropsychopharmacology 34:

2699–2709.

Patel S, Roelke CT, Rademacher DJ and Hillard CJ (2005) Inhibition

of restraint stress-induced neural and behavioural activation by

endogenous cannabinoid signalling. Eur J Neurosci 21:

1057–1069.

Pitler TA and Alger BE (1992) Postsynaptic spike firing reduces syn-

aptic GABAA responses in hippocampal pyramidal cells. J

Neurosci 12: 4122–4132.

Rademacher DJ, Meier SE, Shi L, Ho WS, Jarrahian A and Hillard

CJ (2008) Effects of acute and repeated restraint stress on eCB

content in the amygdala, ventral striatum, and medial prefrontal

cortex in mice. Neuropharmacology 54: 108–116.

Reich CG, Taylor ME and McCarthy MM (2009) Differential effects

of chronic unpredictable stress on hippocampal CB1 receptors in

male and female rats. Behav Brain Res 203: 264–269.

Rossi S, De CV, Musella A, Kusayanagi H, Mataluni G, Bernardi G,

et al. (2008) Chronic psychoemotional stress impairs cannabinoid-

receptor-mediated control of GABA transmission in the striatum.

J Neurosci 28: 7284–7292.

Somogyi P and Klausberger T (2005) Defined types of cortical inter-

neurone structure space and spike timing in the hippocampus. J

Physiol (Lond) 562: 9–26.

Tanimura A, Yamazaki M, Hashimotodani Y, Uchigashima M,

Kawata S, Abe M, et al. (2010) The eCB 2-arachidonoylglycerol

produced by diacylglycerol lipase alpha mediates retrograde sup-

pression of synaptic transmission. Neuron 65: 320–327.

Venero C and Borrell J (1999) Rapid glucocorticoid effects on excit-

atory amino acid levels in the hippocampus: a microdialysis study

in freely moving rats. Eur J Neurosci 11: 2465–2473.

Wang et al. 69

 by guest on January 19, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/
http://jop.sagepub.com/


Verkuyl JM, Karst H and Joels M (2005) GABAergic transmission

in the rat paraventricular nucleus of the hypothalamus is

suppressed by corticosterone and stress. Eur J Neurosci 21:

113–121.

Westenbroek RE, Ahlijanian MK and Catterall WA (1990)

Clustering of L-type Ca2þ channels at the base of major dendrites

in hippocampal pyramidal neurons. Nature 347: 281–284.

Wheeler DB, Randall A and Tsien RW (1994) Roles of N-type and

Q-type Ca2þ channels in supporting hippocampal synaptic trans-

mission. Science 264: 107–111.

Wilson RI, Kunos G and Nicoll RA (2001) Presynaptic specificity of

eCB signaling in the hippocampus. Neuron 31: 453–462.

Wong TP, Howland JG, Robillard JM, Ge Y, Yu W and Titterness

AK (2007) Hippocampal long-term depression mediates acute

stress-induced spatial memory retrieval impairment. Proc Natl

Acad Sci U S A 104: 11471–11476.

Yu M, Ives D and Ramesha CS (1997) Synthesis of prostaglandin E2

ethanolamide from anandamide by cyclooxygenase-2. J Biol

Chem 272: 21181–21186.

Zhang L, Wang M, Bisogno T, Di Marzo V and Alger BE (2011)

Endocannabinoids generated by Ca2þ or by metabotropic gluta-

mate receptors appear to arise from different pools of diacylgly-

cerol lipase. PLoS ONE 6: e16305.

70 Journal of Psychopharmacology 26(1)

 by guest on January 19, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/
http://jop.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


