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Abstract

Anticipatory nausea (AN) is a conditioned nausea reaction experienced by chemotherapy patients
upon returning to the clinic. Currently, there are no specific treatments for this phenomenon, with
the classic anti-emetic treatments (e.g., ondansetron) providing no relief. The rat model of AN,
contextually elicited conditioned gaping reactions in rats, provides a tool for assessing potential
treatments for this difficult to treat disorder. Systemically administered drugs which elevate the
endocannabinoids, anandamide (AEA) and 2-arachodonyl glycerol (2-AG), by interfering with
their respective degrading enzymes, fatty acid amide hydrolase (FAAH) and monoacy! glycerol
lipase (MAGL) interfere with AN in the rat model. We have shown that MAGL inhibition within
the visceral insular cortex (VIC) interferes with acute nausea in the gaping model (Sticht et al,
2015b). Here we report that bilateral infusion of the MAGL inhibitor, MIN110 (but neither the
FAAH inhibitor, PF3845, nor ondansetron) into the VIC suppressed contextually — elicited
conditioned gaping and this effect was reversed by co-administration of the CB; antagonist,
AM251. These findings suggest that 2-AG within the VIC plays a critical role in the regulation of
both acute nausea and AN. As there are currently no specific therapeutics for chemotherapy
patients that develop anticipatory nausea, MAGL inhibition by MIJN110 may be a candidate
treatment.
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Introduction

Approximately 25%-50% of cancer patients receiving highly emetic chemotherapy
treatment develop anticipatory nausea (AN) as a result of the association between the
contextual cues of the chemotherapy clinic with the subsequent nausea experienced by their
treatment (Akechi et al., 2010; Bovberg et al., 1992; Hickok, Roscoe & Morrow, 2001;
Nesse et al., 1980; Tyc, Mulhern & Bieberich, 1997; Watson McCarron & Law, 1992;
Zachariaie et al., 2007). The risk of developing AN increases with the number of
chemotherapy cycles during which nausea is not properly managed (Aapro, Molassiotis &
Oliver 2005; Hickok et al., 2003; Janelsins et al., 2013; Morrow et al., 1998; Roscoe et al.,
2011). Once AN develops it is not well controlled by currently available antiemetics used to
treat acute nausea such as the classic 5-HT3 receptor antagonist, ondansetron (OND; Aapro
et al., 2005; Foubert & Vaessen, 2005; Morrow et al., 1998), and is currently treated with
non-specific anti-anxiety drugs (benzodiazepines, such as lorazepam), which have sedating
side effects (Malik et al., 1995; Razavi et al., 1993). Since AN is not well managed in the
clinic there is a need for more selective and effective treatments for this distressing side
effect of chemotherapy treatment in cancer patients. The development of new treatments,
however, requires preclinical evaluation in animal models. Such an animal model has been
recently reported, contextually elicited conditioned gaping in rats (Limebeer et al., 2006;
Limebeer et al., 2008; Rock et al., 2008).

Although rats do not vomit when injected with a toxin, they display a distinctive conditioned
gaping reaction with re-exposed to a toxin-induced flavor cue (Grill & Norgren, 1978) or
contextual cue (Limebeer et al., 2008). Only emetic treatments produce conditioned gaping
in rats and anti-emetic treatments suppress these conditioned gaping reactions (see Parker
2014). Interestingly, once contextually elicited conditioned gaping reactions are established,
they cannot be attenuated by the classical anti-emetic treatment, OND, as is also evident in
human chemotherapy patients expressing AN elicited by the treatment paired context
(Limebeer et al 2006; Rock et al., 2014). On the other hand, cannabinoid treatments are
effective in suppressing the expression of contextually-elicited conditioned gaping in rats
(see Rock et al., 2014 for review). As well, evidence indicates that systemic elevation of
endogenous cannabinoids anandamide (AEA) and 2-arachidonyl glycerol (2-AG) by
suppression of their selective degrading enzymes fatty acid amide hydrolase (FAAH;
Cravatt et al., 1996) and monoacylglycerol lipase (MAGL; Dinh, et al 2002) respectively,
attenuates the expression of contextually elicited conditioned gaping in rats (Rock et al.,
2008; Parker et al 2015).

Recent evidence implicates the visceral insular cortex (VIC) as the site responsible for the
generation of acute nausea-induced conditioned gaping in rats (Kiefer & Orr, 1992; Tuerke
et al., 2012; Limebeer et al., 2010; Sticht et al., 2015a; Sticht et al., 2015b). Sticht et al
(2015a) demonstrated that exogenous administration of 2-AG, but not AEA, into the VIC
suppressed acute nausea produced by LiCl, thereby preventing the establishment of LiCl-
induced conditioned gaping. Furthermore, intra-VIC infusion of the MAGL inhibitor
MJN110, but not the FAAH inhibitors URB597 or PF3845, suppressed LiCl-induced acute
nausea by selective elevation of 2-AG in this region (Sticht et al, 2015b). Although evidence
clearly implicates the VIC in the generation of acute nausea, its role in AN remains to be
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elucidated. Here we evaluate the potential of bilateral intra-VIC infusions of the MAGL
inhibitor, MIJN110, and FAAH inhibitor, PF3845, and OND to interfere with the expression
of LiCl-induced contextually elicited conditioned gaping in rats during a test for AN. Given
that attenuation of acute nausea by manipulations of endocannabinoids in the VIC is
mediated by 2-AG, not AEA (Sticht et al, 2015a; Sticht et al, 2015b), we predicted that
intra-VIC administration of MJN110, but not PF3845 would also interfere with the
expression of AN. As well, given that systemic administration of OND is ineffective as a
treatment of AN in the rodent model and in humans, we predicted that OND treatment to
this region would not interfere with AN, even though it effectively interferes with acute
nausea when delivered to this region (Tuerke et al, 2012).

A total of 48 nédive male Sprague-Dawley rats, obtained from Charles River Laboratories (St
Constant, Quebec), were used for assessment of AN, The number reflects only those rats
with correctly placed cannaule. They were individually housed in shoebox cages in a colony
room kept at an ambient temperature of 21°C with a 12/12 hour light-dark schedule (lights
off at 7 am), and maintained on food (Highland Rat Chow[8640]) and water ad-libitum.
Their body weights ranged from 300 to 440 g on the day of testing for AN. Animal
procedures complied with the Canadian Council on Animal Care guidelines and the
protocols were approved by the Institutional Animal Care Committee at University of
Guelph.

Lithium Chloride (Sigma Aldrich, Canada) was prepared in a 0.15 M solution with sterile
water and was administered at a volume of 20 ml kg~1 (127.2 mg kg1 dose)
intraperitoneally (ip). OND (Sigma Aldrich, Canada) was prepared at a concentration of 1
mg mi~1 in saline. The drugs MIN110 and PF3845 (generously donated by BF Cravatt),
AM251 (generously donated by A Makriyiannis) were prepared in a 1:9 solution of Tween
80: physiological saline at concentrations of 2 and 4 mg mI~1 (MJN110), PF 1 and 2 mg
ml~1 (AM251), 1 mg mI~1 (OND). The drugs were first dissolved in ethanol (and sonicated
if necessary) then Tween 80 was added to the solution and the ethanol was evaporated off
with a nitrogen stream after which the saline was added. The final VEH consisted of 1:9
Tween:saline. At test, all drugs were microinfused bilaterally to the VIC at a rate of 0.5 ul/
min. The VEH (1 ul), MJN (2 ug; Sticht, et al., 2015b), PF (2 ug; Sticht et al., 2015b) and
OND (1 ug; Tuerke et al. 2012) groups were microinfused for two minutes and the injector
was left in place for one minute following the infusion.. The MJN was microinfused 60 min
and the OND was microinfused 30 min before the rat was put in the conditioning chamber
for assessing AN. The VEH-AM251 (1 ug/.5 pul; Limbeer et al, 2012) and MJN (2 pg/.5ul)-
AM251 (1 pg/.5ul) groups were microinfused one minute for each drug (VEH-MJN 60 min
and the AM251 15 minutes before being placed in the conditioning chamber). Following the
microinfusion the injector was left in place for one minute before returning the obdurator.
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All rats were surgically implanted with bi-lateral guide cannulas directed to the VIC as
described in detail in Limebeer et al. (2012). Briefly, once animals were prepared for
surgery and fully anesthetized (using isoflurane) they were placed in a stereotaxic frame and
stainless steel guide cannulas (6 mm below pedestal; Plastics One, Roanoke, Virginia)
placed at a 10° divergent angle were lowered using coordinates relative to Bregma: AP -0.5
mm; ML + 5.0 mm; DV - 4.5 mm from the skull surface. Once the guide cannulas were set
in place using dental cement adhered to six screws placed in the skull and an obdurator was
put into the cannulas. The rats were then removed from the frame and returned to the colony
room when they were fully ambulatory. They were monitored daily and allowed to recover
for five days before the experimental procedures began.

Guide cannula placements were verified by histological evaluation of tissue. Rats were
deeply anaesthetized using Sodium Pentobarbitol (Intervet Canada Corp, Kirkland, QC,
Canada) and were then transcardially perfused using PBS (0.1 M) and 4% formalin. The
brains were removed and placed on a shaker overnight at room temperature in a 20%
Sucrose/Formalin solution. The relevant brain regions were then sectioned (50 um sections)
using a Leica 1930 cryostat (Leica Microsystems, Concord, ON, Canada). Twenty four hr
later the sections were thionin stained, coverslipped and afterwards placements were
evaluated using a MZ6 Leica Stereomicroscope, Leica DFC420 Digital Camera and Leica
Application Suite software (Leica Microsystems, Concord, ON, Canada). Any rats with
improper placements (n=15) were removed from statistical analysis. Group N’s reported
represent rats with proper placements. Figure 1 presents a schematic representation of the
microinfusion cannula tip placements in the VIC for rats with correct placements. All
cannaula tips were located between 0.00 and —1.32 mm posterior to bregma according to
Paxinos and Watson (2007).

The conditioning chamber used to assess AN was constructed of black Plexiglas sides (22.5
x 26 x 20 cm) with an opaque lid.. The testing room was dark with two 40-Watt lights on
either side of the conditioning chamber. The chamber was placed on a table with a clear
Plexiglas top. A mirror was located beneath the chamber at a 45° angle which facilitated
viewing of the ventral surface of the rat. A Sony videocamera (Handycam, Henry’s Camera,
Waterloo, ON, Canada) was used to videotape the rats from the mirror beneath the chamber.
The videotapes were later scored using “The Observer” Event recording software (Noldus,
Inc, Netherlands).

The activity chamber was constructed of white Plexiglas with the dimensions of 60 cm x 25
cm x 25 cm., located in a different room than the conditioning chamber for assessing AN
and was illuminated with a red-light. A video camera mounted on an extension pole
captured the activity of the rat and was sent to a computer for analysis of distance (cm)
traveled using the Ethovision software program (Noldus, Inc, NL).
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Behavioral Procedures

Effect of intra-VIC MAGL inhibition, FAAH inhibition and 5-HT3 antagonism on
AN—The rats received four conditioning trials, during which the conditioning chamber was
paired with LiCl (127 mg kg™1). On each conditioning trial, each rat was injected with LiCl
and immediately placed in the conditioning chamber for a 30-min period. This procedure
occurred on a total of four conditioning trials, with 48 hr between each trial.

The AN test trial occurred 72 hr after the final conditioning trial. The groups were
administered a bilateral microinfusion into the VIC of VEH (n=12) MJN110 (n=10),
PF3845 (n=12) or OND (n=9) prior to placement in the conditioning chamber. Groups
MJN110 and PF3845 received the microinfusion 60 min prior to the AN test to ensure
sufficient elevation of 2-AG and AEA respectively (Niphakis et al., 2013; Ahn et al., 2009)
whereas group VEH and OND were infused 30 min (Tuerke et al., 2012) prior to placement
in the chamber.

Immediately following the 5 min AN test trial rats were removed from the chamber and
taken to a separate room where their locomotor activity was recorded for 15 min. When the
activity test was completed rats were returned to their home cages and the colony room.

The videos from the AN test trial were scored for the response of gaping (retraction of the
corners of the mouth with the lower incisors exposed) by an observer blind to the
experimental conditions.

Role of CB; in reversing suppressive effect of MAGL inhibition on AN—Since
only intra-VIC administration of MJN110 suppressed AN, the potential of the CB;
antagonist/inverse agonist, AM251, to reverse this effect was evaluated and compared with
the VEH and MJN alone group. The groups included: VEH (n=12), MJN 110 (n=10), VEH-
AM251 (n=8), MIN-AM251 (n=9). Following the 4 conditioning trials, on the AN test trial,
rats were bilaterally microinfused with VEH (1 ul) or MIN110 (2ug) into the VIC 1 hr prior
to the AN test (flow rate of 0.5 ul/min for two min leaving the injector in for 1 min post
infusion) and rats in group VEH-AM251 or MIN110 — AM251 were also infused bilaterally
with 1 pg AM251 45 min later (flow rate of 0.5 ul/min for 0.5 min leaving the injector in
place for 1 min post infusion).

Statistical Analyses

Results

Conditioned gaping reactions for the AN test and distance travelled for the activity test were
analyzed using a one-way ANOVA. Post-hoc pairwise comparisons were examined with
Fisher’s LSD test. Statistical significance was defined as p<0.05.

Effect of intra-VIC MAGL inhibition, FAAH inhibition and 5-HT3 antagonism on AN

Group MJN110, but neither PF3845 nor OND groups, displayed suppressed contextually
elicited conditioned gaping reactions during the test for AN. The upper section of Figure 2
presents the mean (xsem) number of gapes displayed by the various pretreatment groups. A
single factor ANOVA of gaping reactions revealed a significant effect of pretreatment
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condition, F (3, 39) = 4.8; p = 0.006. Subsequent Fisher LSD post-hoc comparison tests
revealed that only Group MJN110 differed significantly from Group VEH (p’s < 0.01);
neither Group PF3845 nor Group OND differed significantly from Group VEH. The lower
section of Figure 2 presents the mean (xsem) distance (cm) travelled during the 15 min
locomotor test that immediately followed the AN test. As is apparent, the single factor
ANOVA was not statistically significant; none of the VIC pretreatments modified general
activity level.

Experiment 2: Role of CB1 receptor in suppression of AN by intra-VIC MIN110

Intra-VIC administration of AM251 reversed the suppression of contextually elicited
conditioned gaping produced by the MAGL inhibitor, MIN110, as seen in the upper section
of Figure 3. A single factor ANOVA of gaping reactions revealed a significant effect of
pretreatment condition, F (3, 35) = 5.5; p = 0.003. Subsequent LSD pairwise comparisons
revealed that Group MJN110 displayed fewer gapes than did group MIJN110-AM251 (p <
0.01). The reversal was complete because group MIN110-AM251 did not differ from Group
VEH or Group VEH-AM251. The lower section of Figure 3 presents the mean (xsem)
distance (cm) travelled during the 15 min locomotor test that immediately followed the AN
test. There were no significant differences in activity among the various pretreatment
conditions.

Discussion

Intra-VIC administration of the MAGL inhibitor, MIN110, interfered with the expression of
contextually-elicited conditioned gaping reactions in a test of AN in rats. Neither the FAAH
inhibitor, PF 3845, nor the 5-HT3 antagonist, OND, interfered with AN when bilaterally
delivered to the VIC. Since MAGL inhibition selectively elevates 2-AG, but not AEA, these
results suggest that elevation of 2-AG within the VIC regulates AN as we have previously
reported it regulates acute nausea (Sticht et al., 2015a; Sticht et al, 2015b). Indeed, we have
shown that either systemically administered MJN110 (20 mg/kg, ip) or intra-VIC
administered MIN110 (2 pg/ul) selectively elevated 2-AG within the VIC. On the other
hand, consistent with our report, neither systemic nor intra-VIC administered PF3845 (at the
same dose as used here) elevated AEA in the VIC but both did elevate other fatty acids (N-
oleoylethanolamide [OEA] and N-palymitolylethanolamide [PEA]) in this region indicating
that this dose did suppress FAAH, but anandamide was not available in the VIC (Sticht et al,
2015b). As well, systemically administered LiCl also selectively elevated 2-AG, but not
AEA, within the VIC when assessed 20 min following LiCl administration. Finally, LiCl
produced c-fos activation in the VIC, an effect that was suppressed by systemic pretreatment
with MIN110 (20 mg/kg, ip). The current findings suggest that 2-AG release in the VIC is
critical for the regulation of not only acute nausea, but also anticipatory nausea.

The failure of OND within the VIC to modulate AN is consistent with the systemic effect of
OND on contextually elicited conditioned gaping in rats (Limebeer & Parker, 2006; Rock et
al., 2014) and on anticipatory nausea in human patients (eg. Morrow et al., 1998). However,
this finding contrasts with the effect of systemic (Limebeer et al., 2000) or intra-VIC
(Tuerke et al., 2012) administration of OND on acute nausea. These results suggest that the

Behav Neurosci. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Limebeer et al. Page 7

role of 5-HT3 in the generation of acute and anticipatory nausea differs in both rats and
humans.

Finally, FAAH inhibition by systemic administration of URB597 has previously been
reported to suppress contextually-elicited conditioned gaping in rats (Rock et al., 2008).
However, here we report that intra VIC administration of the more selective FAAH
inhibitor, PF3845 (Ahn et al., 2009), was without effect on AN. We have recently reported
that systemic PF 3845 and URB597 are equally effective in suppressing contextually-
elicited conditioned gaping and both effects are reversed by CB; antagonism (Rock et al.,
2015). Therefore, these effects are presumably mediated by the action of AEA either
peripherally or at some other region than the VVIC. Future research will be aimed at
determining the site of action of AEA in attenuating AN. We are currently investigating the
potential of the ventral pallidum in this role, given its role in the generation of disgust
(Calder et al, 2007) and aversive responding in rats (Smith and Berridge, 2007).
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Figure 1.
A schematic representation of the microinfusion cannula tip placements in the VIC for all

rats. All cannula tips were located between 0.00 and —1.32mm posterior to bregma. From
The Rat Brain in Stereotaxic Coordinates (6! ed.), Figures 33 — 44 inclusive by G. Paxinos
and C. Watson, 2007, New York, NY: Academic Press. Copyright 2007 by Elsevier
Academic Press. Adapted with permission.
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Figure 2.

a) Mean (+sem) number of gapes following intra-VIC administration of VEH (n=12),
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MJIN110 (2ug/ul; n=10), PF3845 (2 pg/pl; n=12) or OND (1pg/ul; n=9) during a 5-min test
of contextually-elicited conditioned gaping (AN test) in rats. **=p < 0.01 different than all
other groups. b) Mean distance (cm) traveled during a 15-min test of activity immediately

following the AN test.
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Figure 3.
a) Mean number of gapes during a 5-min test of contextually-elicited conditioned gaping

(AN Test) following intra-VIC administration of VEH (n=12), MIN110(2ug/ul; n=10),
VEH-AM251 (1pg/.5 pl; n=8) or MIN110-AM251 (2ug/.5ul-1pg/.5ul; n=9). b) Mean
distance (cm) travelled during a 15-min test of activity immediately following the AN test
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