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Abstract

Xenobiotic cannabinoid CB1/CB,-receptor agonists appear to possess broad-spectrum antiemetic
activity since they prevent vomiting produced by a variety of emetic stimuli including the
chemotherapeutic agent cisplatin, serotonin 5-HT3-receptor agonists, dopamine D,/D3-receptor
agonists and morphine, via the stimulation of CB1-receptors. The purpose of this study was to
evaluate whether structurally diverse cannabinoids [A%-THC, (delta -9- tetrahydrocannabinol); (A8-
THC, delta -8-etrahydrocannabinol); WIN55,212-2, (R (+)-[2,3-dihydro-5-methyl-3-
[(morpholinyl)), methyl] pyrolol [1, 2, 3 — de] — 1, 4 benzoxazinyl] — (1-naphthalenyl) methenone
mesylate); and CP55,940, ((-) - 3- [2-hydroxy-4- (1,1 - dimethylheptyl] - 4 — [3 — hydroxypropyl]
cyclohexan —1 - ol)), can prevent radiation-induced emesis. Exposure to total body radiation (0, 5,
7.5 and 10 Gy) caused robust emesis in the least shrew (Cryptotis parva) in a dose-dependent manner
(EDsgp=5.99 (5.77 — 6.23) Gy) and all animals vomited at the highest tested dose of radiation. In
addition, the radiation exposure reduced locomotor behaviors to a significant but mild degree in a
non-dose-dependent fashion up to one hour posttreatment. Radiation-induced emesis (10 Gy) was
blocked in a dose-dependent manner by the CB1/CB,— receptor agonists with the following
IDsgpotency order: CP55,940 (0.11 (0.09 - 0.12) mg/kg) > WINS5, 212,2 (3.65 (3.15 — 4.23) mg/
kg) = A8-THC (4.36 (3.05—-6.22) mg/kg) > A %-THC (6.76 (5.22 — 8.75) mg/kg). Although the greater
antiemetic potency and efficacy of A8-THC relative to its isomer A9-THC is unusual as the latter
cannabinoid possesses higher affinity and potency for cannabinoid receptors in functional assays,
the current data support the results of a clinical study in children suggestive of complete protection
from emesis by A8-THC. This effect has not been clinically observed for A%-THC in cancer patients
receiving chemo- or radiation-therapy.Cannabinoids prevented the induced emesis via the
stimulation of cannabinoid CB1- receptors because the CB1(SR141716A) — and not the
CB,(SR144528) —receptor antagonist reversed both the observed reduction in emesis frequency and
shrew emesis protection afforded by either A-THC or CP55,940 against radiation-induced emesis.
These findings further suggest that the least shrew can be utilized as a versatile and inexpensive small
animal model to rapidly screen the efficacy of investigational antiemetics for the prevention of
radiation-induced emesis.
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1. Introduction

Chemotherapy, radiotherapy and surgery are the main modalities of cancer treatment. In
contrast to chemotherapy, radiotherapy and surgery are generally for local treatment. Vomiting
and nausea are among the most distressing aspects of cancer treatment (Griffin et al., 1996;
Kayl and Meyers, 2006), which impair patients’ quality of life (Osoba et al., 1996). Numerous
published clinical trials as well as reviews have dealt with the problems, possible solutions and
mechanisms by which highly emetogenic chemotherapeutics such as cisplatin induce nausea
and vomiting (e.g. Hesketh et al., 2003; Veyratt-Follet et al., 1997). Although not all patients
tend to vomit following radiotherapy, a significant proportion do experience emesis following
total body or upper abdominal irradiation (Maranzano, 2001). Effective control of radiation-
induced emesis is important since emesis persisting throughout radiotherapy can cause
dehydration, electrolyte imbalance and malnutrition (Jereczek-Fossa et al., 2001).

Relatively few randomized clinical trials have evaluated the efficacy of various antiemetic
drugs preventing radiation-induced emesis (Maranzano, 2001; Feyer et al., 2005; Scarantino
et al., 1994). Dopamine D,-receptor antagonists are effective in only about 50% of patients,
whereas serotonin 5HT3-receptor antagonists, either alone or in combination with a
glucocorticoid such as dexamethasone, appear to be more, but not completely, effective
antiemetics against highly emetogenic regimens such as total body irradiation. A small number
of available clinical studies also suggest that cannabinoids (e.g. delta-9-tetrahydrocannabinol,
nabilone or levonantradol) can be useful for the prevention of radiation-induced emesis
(Ungerleider et al., 1982; Priestman et al., 1987, Lucraft and Palmer, 1982). The D,- and 5-
HT3- receptor antagonists’ antiemetic efficacy have been suggested to be dependent upon
selective blockade of corresponding specific dopaminergic- and serotonergic-receptor
subtypes (Maranzano et al., 2005). However, the receptor mechanism by which cannabinoid
agonists prevent radiation-induced emesis remains unknown. Four chemically diverse groups
of cannabinoid receptor agonists exist (Pertwee, 1999). Delta-9-tetrahydrocannabinol (A%-
THC) and its isomer A8- THC are members of the “classical cannabinoids”, whereas CP55,940
([1a, 2B-(R)- 5a] — (-)-5-(1,1-dimethyl)-2-[5-hydroxy-2 (3-hydroxypropyl) cyclohexyl-
phenol]) represents the nonclassical cannabinoid group. The aminoalkylindole cannabinoids
consist of the pravadoline derivatives such as WIN55,212-2 [R (+) -[2,3-dihydro-5-methyl-3-
[(morpholinyl)methyl] pyrolol [1, 2, 3 - de]-1, 4-benzoxazinyl] — (1-naphthalenyl) methanone
mesylate].The fourth group are endocannabinoids and these constitute arachidonic acid
derivatives such as anandamide and 2-arachidonoylglycerol. Exogenous cannabinoids (plant
derived and synthetic) and endocannabinoids produce their effects mainly via the stimulation
of at least two cannabinoid receptors called CBjand CB,(Onaivi et al., 2006) The cannabinoid
CBgreceptor is preferentially located in the brain, spinal cord and peripheral neurons, whereas
the cannabinoid CByreceptor is mainly found on peripheral tissues. The clinical potential of
antiemetic cannabinoids predates basic animal investigations (Darmani, 2002a). Recent animal
studies have shown that cannabinoid CB1- and CB5- receptor agonists of diverse structure and
activity prevent chemotherapy-induced emesis via the activation of cannabinoid CBqreceptors
(Darmani, 2001a;2001b; Darmani et al., 2003; Van Sickle et al., 2001; 2005; Kwiatkowska et
al, 2004). Indeed, the cannabinoid CB1- receptor is present in several emetic nuclei in the
brainstem (Darmani et al., 2003; Van Sickle et al., 2003). A more recent study also indicates
expression of CByreceptor messenger RNA and its protein in such nuclei and suggests a
possible modulatory role for CByreceptors in emesis (Van Sickle et al.,2005).

Eur J Pharmacol. Author manuscript; available in PMC 2007 August 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Darmani et al.

Page 3

Preliminary studies indicated that exposure to radiation induces emesis in the least shrew
(Cryptotis parva). This animal model has been extensively used in our laboratory for the
characterization of emetic circuits (reviews: Darmani, 2002a and 2006). The purpose of this
investigation was to evaluate: 1) whether radiation-induced emesis is dose-related in the least
shrew, 2) the antiemetic structure activity-relationship among the cited diverse cannabinoid
CB1/CByreceptor agonists against radiation-induced emesis, 3) whether the antiemetic activity
of cannabinoids against radiation-induced emesis is a CB1- or CB- receptor-mediated event,
4) if radiation-exposure can alter motor behaviors in the least shrew since such treatment causes
lethargy in patients (Jones et al., 2005) and can reduce locomotion in rodents (Van der Meeren
and Lebaron-Jacobs, 2001) and nonrodent emetic species (King and Landauer, 1990).

2. Materials and methods

2.1. Animals and drugs

Shrews (C. parva) were used as test animals and were bred and maintained in our animal
facilities. Both male and female shrews (4-5g, 45-60 days old) were used only once in the
current study. The feeding and maintenance of shrews are fully described elsewhere (Darmani,
1998; Darmani et al., 1999). Delta-9-tetrahydrocannabinol (A° THC), its isomer A8THC, and
WIN55,212-2 [R (+) - [2, 3 - dihydro -5-methyl - 3 - [maorpholinyl) methyl] pyrolol [1, 2, 3 -
de] - 1, 4 -benzoxazinyl] - (1 - naphthalenyl) methanone mesylate] were obtained from Sigma/
RBI (St. Louis, MO). SR141716A [N-piperidino-5-(4-chlorophenyl) -1-(2, 4 -di-chlorophenyl)
— 4-methylpyrazole-3-carboxamide], and SR144528 [N-(1S)-endo-1, 3, 3-trimethylbicyclo
[2.2.1] heptan-2-yl] 5-(4-chloro-3-methylphenyl) -1- (4-methylbenzyl)-1-pyrazole-3-
carboxamide], were generously donated by Sanofi Recherché (Montpellier, France). CP55,940
[(4) - 3-[2-hydroxy -4 - (1, 1 — dimethylheptyl] -4 - [3-hydroxypropyl] cyclohexan -1-ol] was
obtained from Pfizer, Inc. (Groton, CT). Cannabinoid agonists and antagonists were initially
dissolved to twice the stated concentrations in a 1:1:18 solution of ethanol: emulphor: 0.9%
saline. The drug concentrations were then diluted by the addition of an equal volume of saline.
All drugs were administered at a volume of 0.1 ml/10g of body weight. All animals received
care according to the Guide for the Care and Use of Laboratory Animals, DHSS Publication,
revised, 1985.

2.2. Radiation exposure

On the test day, the shrews were transported from the animal quarters of the Kirksville College
of Osteopathic Medicine (Kirksville, MO) to the George Rea Cancer Treatment center in large
covered cages to minimize exposure to the outside environment. Animal transportation took
less than 2 min since the cited buildings are less than 100 meters apart. The shrews were allowed
to acclimate to the test environment by placing two animals per cage (20 x 18 x 21 cm clean
clear plastic cages) for one hour prior to radiation exposure. Thirty min prior to radiation
treatment each pair of shrews were offered 4 meal worms (Tenebrio sp.). A shrew holder was
constructed from a slab of plastic containing two parallel rectangular grooves (each 3 x 1 x 1
cm) in the middle of the plain of the slab (Fig.1). The two shrews were individually placed into
the two grooves and with a coverslip plastic slab the shrews were kept in place. Once placed
in the plastic slab, the shrews were unable to move or rotate. The construction of the entire
holder was such that the distance between the dorsal plain of the shrews and the upper surface
of the slab was equal to the distance between the lower surface of the slab and the ventral plain
of the animals. To allow the shrews to breathe and to reduce buildup of heat during the radiation
procedure each groove had three small holes along its length and one hole along its width (Fig.
1).

At the designated time the plastic shrew holder containing two shrews was placed under the
exposure field of a Varian Clinac 600 C/D linear accelerator. The shrew holder was situated
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in a source-to-skin distance of 100 cm with an exposure field set to 40 x 40 cm. The shrews
were exposed to doses of 0, 5, 7.5 and 10 Gy (Gray). To minimize any differences due to shrew
orientation in the holder, half of the radiation exposure was initially given, and immediately
the shrew holder was then inverted, and the remaining dose was delivered. The exposure
procedure took approximately 3 min. The control animals were placed in the shrew holder and
underwent identical events except they did not receive radiation.

2.3. Emesis studies

The present protocols were based upon our preliminary studies as well as published findings
in the least shrew (Darmani, 2001b; Darmani et al., 2003). Our preliminary 90 min observation
studies had shown that all bouts of vomiting occurred within 30 min of exposure to the cited
doses of radiation. Thus, to evaluate whether radiation exposure can induce emesis, different
groups of shrews were given varying doses of radiation (0, 5, 7.5 and 10 Gy, n = 6 shrews per
group). Immediately following radiation, each shrew was placed in the observation cage and
the frequency of vomiting (oral ejections of food or liquid; mean + S.E.M.) was recorded for
each individual shrew by a trained observer for the next 30 min. These data showed that 10 Gy
radiation produces a maximal and robust frequency of emesis in all exposed shrews. This dose
of radiation was chosen for subsequent drug interaction studies to determine the antiemetic
potential of the selective cannabinoid CB1/CB,-receptor agonists (A% -THC, A8 -
THC,WIN55,212-2 and CP55,940).

Based upon our existing extensive data against a wide variety of emetic stimuli, 4-5 different
doses of each cannabinoid CB1/CB> receptor agonists were employed for radiation-induced
emesis inhibition studies. Thus, at 0 time shrews were allowed to acclimate to the test
environment for 30 min and were given 4 meal worms. At 30 min different doses of either
A®—THC[(0, 1, 5, 10 or 20 mg/kg, i.p., n = 8-12 shrews per group); A8 -THC(0,1,2.5, 5 or 10
mg/Kkg, i.p., n = 8 shrews per group]; WIN55,212-2 (0, 1, 2.5, 5 or 10 mg/kg, i.p., n =12 shrews
per group) or CP55,940 (0, 0.025, 0.01 and 0.3 mg/kg, i.p., n = 12 shrews per group); were
administered to different groups of shrews. At 60 min each shrew was exposed to 10 Gy
radiation and emesis was recorded for 30 min immediately following the radiation exposure.

To demonstrate whether the antiemetic effects of cannabinoids is a cannabinoid CB;receptor
—mediated event, nonemetic subcutaneous (s.c.) doses of either the cannabinoid CB1-receptor
antagonist SR141716A (0, 1, 5 and 10 mg/kg, n = 8-10 shrews per group) or the cannabinoid
CB,-receptor antagonist SR144528 (0 and 10 mg/kg, n = 8 per dose), were used to attempt to
reverse the antiemetic activity of two (A® -THC and CP55,940) of the cited cannabinoid CB/
CB,, receptor agonists against radiation-induced emesis. For this experiment, a fully effective
antiemetic dose of either A% -THC (20 mg/kg. i.p.) or CP55,940 (0.3 mg/kg, i.p.) was chosen.
Thus, at 0 time, different groups of shrews were injected either with vehicle, or the cited doses
of SR141716A or SR144528, and were then offered four mealworms. Thirty min later, the
corresponding treated shrews received either A%- THC or CP55,940. At 60 min shrews were
exposed to 10 Gy radiation and the emesis frequency was recorded for the next thirty min as
described earlier.

Since large doses of SR141716A (>10 mg/kg, i.p. or > 40 mg/kg, s.c.) by itself produce emesis
in the least shrew (Darmani, 2001c), the additive or synergistic emetic actions of various doses
of SR141716A (0, 1, 5 and 10 mg/kg, s.c., n = 8 shrews per group) were investigated with a
single dose of radiation exposure (10 Gy). SR141716A was administered 60 min prior to
radiation and the frequency of emesis was recorded for 30 min post-radiation exposure as
described earlier.
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2.4. Locomotor studies

Shrews were exposed to 0, 5, 7.5 and 10 Gy (n = 8 per group) radiation as described earlier.
Following treatment, shrews were transported back from the George Rea Cancer Treatment
Center to the behavioral lab in less than 3 min in covered cages. At 5 min each shrew was
individually placed in an observation cage (28 x 28 x 14 cm.) and locomotor parameters were
recorded for the next 10 min by a computerized video tracking, motion analysis and behavior
recognition system [EthoVision (version 2.0) Noldus Information Technology, Costerweg,
Netherlands]. The parameters of EthoVision were set to record the following locomotor
activities: 1) spontaneous locomotor activity in terms of the total distance moved in meters,
and 2) the rearing frequency [a rearing event is recorded as a 20% decrease in surface area
when shrews stand upright as seen by the overhead video camera (Darmani, 2001b)]. Since
the 10 Gy dose reduced both motor parameters, the prolonged effects of this radiation dose (0
and 10 Gy, n= 8 per group) were also investigated for 10 min intervals at 50 and 110 min post-
radiation exposure in different groups of shrews.

2.5. Statistical analysis

The data on the frequency of emesis were analyzed by the Kruskal-Wallis (KW) nonparametric
one-way analysis of variance and post hoc analysis by Dunn’s multiple comparisons test. A P
value of <0.05 was necessary to attain statistical significance. The incidence of emesis (humber
of shrews vomiting) was analyzed by the y2 exact test to determine whether there were
differences between groups. When appropriate, pairwise comparisons between vehicle treated-
controls and drug treated groups were made by the Fisher’s exact test. For some emesis data,
the two-tailed Mann-Whitney test was used. The EDsgq (the radiation dose that induced emesis
in 50% of shrews) and ID sg values (the inhibitory dose that prevented emesis in 50% of
shrews) were calculated by the use of a computerized program (Prism, San Diego, CA) via
linear regression using sigmoidal dose-response with variable slope and constraints
respectively set at: 1) 0 for 0 Gy and 100% for 10 Gy for radiation dose-response studies, and
2) 0 for bottom (Omg/kg) and 100% for top dose utilized for vomit inhibition studies. Depending
on the analyses a one-way or two-way analysis of variance (ANOVA) followed by either
Dunnett’s or Bonferroni’s multiple comparison tests were used to analyze the locomotor
activity data.

3. Results

3.1. Emesis Studies

Total body radiation exposure (0, 5, 7.5 and 10 Gy) caused dose-dependent increases in the
frequency of vomiting (KW 3, 28 = 15.23, P < 0.02). Dunn’s multiple comparisons posthoc
test showed that relative to the sham-exposed control group, a significant increase (P < 0.01)
in the mean (= SEM) emesis frequency occurred at the 10 Gy dose (Fig. 2A). The y2exact test
showed that the percentage of shrews vomiting in response to radiation also increased in a
dose-dependent fashion with an EDgq0f 5.99 (5.77 — 6.23, and R2 = 1) Gy (2 3, 28 = 13.3, P
<0.003) (Fig. 2B). Fisher’s exact posthoc test showed that the 5 (P < 0.03) and the 10 Gy doses
(P < caused significant potentiations in the number of shrews vomiting. The 10 Gy dose was
chosen for vomit induction in subsequent drug interaction studies since it caused emesis in all
tested animals in the initial dose-response studies. However, in subsequent drug-interaction
studies, 93 -100% of vehicle-pretreated shrews vomited in response to 10 Gy radiation.

Intraperitoneally administered A ~THC (0, 1, 5, 10 and 20 mg/kg) attenuated the mean vomit
frequency [1.7 (P > 0.05), 74.1 (P > 0.05), 74.1 (P > 0.05) and 92.1% (P < 0.01), respectively]
caused by radiation in a dose-dependent manner (KW 4, 39 = 19.85, P < 0.0005) (Fig. 3A).

A9 —THC also protected shrews from emesis [4.6 (P > 0.05), 59.1 (P< 0.018), 31.8 (P> 0.05)
and 86.4% (P < 0.03), respectively] with an ID 5 of 6.76 (5.22 — 8.75, and R2 = 0.8) mg/kg
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(x2 4,39 = 16.94, P < 0.001 ) (Fig. 3B). The isomer of A% -THC, A8 -THC (0, 2.5, 5 and 10
mg/kg),appeared to be relatively more effective in reducing the mean emesis frequency since
it completely and dose-dependently blocked vomiting (KW 3, 28 = 16.3, P < 0.001) (Fig. 4A)
and a significant effect was seen at its 10 mg/kg dose (P < 0.01). Moreover, A8 —THC dose-
dependently protected shrews from vomiting at the 5 (50%, P< 0.04) and 10 mg/kg doses
(100%, P < 0.0001) with an ID 5q of 4.36 (3.05 — 6.22, and R2 = 0.8) mg/kg (23, 28 = P <
0.00005)(Fig.4B). The pravadoline analog of A°~THC, WINS55, 212-2 (0, 1, 2.5, 5 and 10 mg/
kg), also relatively potently and significantly attenuated the frequency of induced-vomiting at
the 5 (91.4, P < 0.01) and 10 mg/kg (93.2%, P < 0.01) doses (KW 4, 55 = 28.43, P < 0.0001)
(Fig. 5A). Moreover, significant reductions in the number of shrews vomiting (63.7, P< 0.005
and 81.4%, P < 0.0003) occurred at its 5 and 10 mg/kg doses with an IDggof 3.65 (3.15 — 4.23,
and R? = 0.9) mg/kg (2 4, 55 = 22.6 P < 0.00007) (Fig. 5B). The nonclassical cannabinoid,
CP55,940 (0, 0.025, 0.1 and 0.3 mg/kg), potently reduced the frequency of induced emesis in
a dose-dependent fashion (KW 3, 44 = 15.91, P < 0.0012) and a significant reduction was
observed at its 0.3 mg/kg dose (96.4%, P <0.01) (Fig. 6A). Likewise, it significantly protected
shrews from vomiting at 0.3 mg/kg dose (81.5%, P < 0.01) with an IDsqof 0.11 (0.09 — 0.12,
and R? = 0.8) mg/kg (2 3, 44 = 15.6 P < 0.001) (Fig. 6B).

To demonstrate whether the antiemetic effect of the discussed cannabinoids is mediated via
the cannabinoid CB1, or CByor both receptors, reversal of the antiemetic capacity of an
effective dose of two of the cannabinoid agonists (A? ~THC, 20 mg/kg i.p. or CP55,940, 0.3
mg/kg i.p.) against radiation-induced emesis was investigated by various doses of the
cannabinoid CB1-receptor antagonist, SR141716A (0, 1, 5 and 10 mg/kg , s.c.), or the
cannabinoid CB,- receptor antagonist SR144528 (0, 10 mg/kg, S.C). SR141716A pretreatment
reversed in a dose-dependent manner, both the observed reductions in emesis frequency [(KW
3,30 = 14.2, P < 0.003, Fig. 7B) and (KW 3, 30 = 14.1, P < 0.01, Fig. 7A ] and shrew emesis
protection [(x23, 30 = 12.1, P < 0.006) and (32 3, 30 = 11.8, P < 0.007) (Fig. 7B)] afforded
respectively by A2 —THC and CP55, 940. In all cases significant reversals (P < 0.03) were seen
at the 10 or 5 mg/kg doses of SR141716A. On the other hand, the 10 mg/kg dose of the
cannabinoid CB , receptor antagonist, SR144528, failed to induce a significant reversal in
any of the antiemetic effects of either A% ~THC or CP55,940 (data not shown).

As discussed earlier, since intraperitoneal (> 10 mg/kg) and subcutaneous (> 40 mg/kg)
administration of large doses of SR1141716A by itself causes emesis (Darmani, 2001c), the
possible additive or synergistic emetic actions of SR141716A (0,1, 5 and 10 mg/kg) were
investigated with a single dose of radiation (10 Gy) exposure. None of the tested doses had a
significant effect either on the frequency or number of animals vomiting in response to the 10
Gy radiation (Fig. 8A, B).

3.2. Locomotor activity studies

One way analysis of variance (ANOVA) indicated that total body exposure to varying doses
of radiation (0, 5, 7.5 and 10 Gy) significantly attenuated the total distance moved (i.e.
spontaneous locomotion) by shrews in the 10 min observation period starting from 5 min post-
radiation exposure (F3, 28 = 4.2, P < 0.014). Dunnett’s multiple comparisons test showed that
significant reductions were observed from the lowest tested radiation dose (44 (P < 0.05), 48
(P < 0.05) and 39% (P < 0.05) respectively) (Fig. 9A). Likewise, the frequency of rearing
behavior was reduced by the radiation exposure (F3, 28 = 3.6, P < 0. 025). However, a
significant reduction (41%, P< 0.05) was only observed at the highest tested dose (Fig. 9B).

Since the 10 Gy dose significantly reduced both locomotor parameters, the prolonged effects
of this radiation dose and sham treatment were also investigated for 10 min intervals from the
50t and 110t min post-radiation exposure in different groups of shrews. Thus, two-way

analysis of variance for dose and time exhibited significant differences for dose (F1, 42 = 8.64,
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P < 0.005) but not time (Figs. 9C, D). Fisher’s multiple comparisons posthoc test showed that
relative to the corresponding sham-treated controls, the 10 Gy dose reduced the total distance
moved by shrews during the 5-15 min (39%, P < 0.05) and 50-60 min (42%, P < 0.05)
observation periods (Fig. 9C). However, a similar 2-way analysis of variance revealed no
significant effect on the frequency of rearings exhibited by shrews following the radiation
treatment (Fig. 9D).

4. Discussion

The present study introduces the least shrew as a new animal model of vomiting for radiation
-induced emesis. To our knowledge this is the first report to investigate the antiemetic potential
of cannabinoids against radiation-induced emesis in an animal model of vomiting. The least
shrew appears to be a unique vomit model because: 1) this species produces emesis rapidly in
a dose-and time-dependent manner (ED5p=5.99 (5.77 - 6.23) Gy) with a mean latency to first
vomit between 28-12 min by the corresponding 5 and 10 Gy radiation doses. At the 10 Gy
radiation dose all episodes of emesis occurred within 20 min of radiation exposure, 2) emesis
occurs consistently with a maximal dose of 10 Gy from 93 — 100% of tested animals, and 3)
due to its’ small size, relatively lower amounts of antiemetic test drugs are required and less
effort is needed for cleaning the experimental apparatus since the amount of voided ingested
food is very small. A decrease in the emetic efficacy of the 10 Gy radiation dose seem to occur
in cannabinoid inhibition experiments since the mean vomit frequency was lower and not all
shrews vomited in response to the radiation exposure. This is probably due to the amount of
food present in the shrew stomach since in the original radiation dose-response experiments
shrews were fed 30 min prior to radiation, whilst in the cannabinoid inhibition protocol animals
received food 60 min prior to the 10 Gy exposure. Indeed, shrews have a high metabolic rate
(Churchfield, 1990) and thus it is possible to assume that their gastric emptying rate would be
rapid.

The ferret appears to be the most sensitive species to total body radiation since this species
vomits with an EDgqof 77 cGy and 100% incidence of emesis occurs at 201 cGy (King,
1988, 1990). However, ferrets tend to vomit for longer than 90 min post-radiation exposure.
Dogs seem to be the next sensitive species while felines appear to be the least sensitive animals
to vomit in response to radiation exposure (King, 1990). Humans, primates and least shrews
react with similar sensitivity to acute radiation exposure and their emetic response lie between
those of dogs and cats (King, 1990, present study). Although it cannot be equivocally stated
that one species is more appropriate than another species as a model of emesis when studying
a particular agent (King, 1990), the advantages of the least shrew in terms of the cost of
examining the antiemetic potential of test drugs is self explanatory.

The attained results in the least shrew confirm the discussed clinical antiemetic potential (see
introduction) of structurally diverse cannabinoid CB1/CB, receptor agonists. However, A%—
THC appears to be 3.3 times less effective against radiation-induced emesis (EDsp= 5.99 mg/
kg) than against cisplatin (20 mg/kg, i.p.) — induced vomiting (EDsp= 1.8 mg/kg; Darmani,
2001a). Likewise, WIN55,212-2 is relatively less effective (5 times, Darmani, 2001b). Indeed,
in both cases, the cited cannabinoids significantly and more effectively reduced cisplatin-
induced emesis at lower doses. However, the cannabinoid antiemetic 1Dggpotency order
(CP55,940 > WIN55,212-2 > A% ~-THC) against radiation-induced emesis is identical to that
found for cisplatin in the least shrew (Darmani et al., 2003). One possible explanation for the
discussed potency differences could be that cisplatin’s toxic effects develop relatively slowly
via its metabolites (Daley-Yates and McBrien, 1984), while radiation’s toxic effects develop
more rapidly. However, it is important to note that the 20 mg/kg dose of cisplatin is very toxic
and within a week of exposure to such high doses most tested animals die across species (Sam
et al., 2003; Preziosi et al., 1992, Costall et al., 1987), while all radiation-exposed shrews
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survived the 10 Gy radiation for many months. The more potent antiemetic efficacy of
AB-THC (IDsp= (4.36 (3.05 — 6.22) mg/kg) relative to A% — THC against radiation-induced
emesis is surprising since this cannabinoid has lower affinity for CB1/CB, receptors (Govaerts
et al., 2004) as well as being less potent in suppression of motor behaviors (Darmani et al.,
2001d) and in the induction of both psychoactivity in humans and tetrad of behaviors in rodents
(Razdan, 1986). Albeit, a clinical study has shown that A8 — THC completely prevents
chemotherapy-induced emesis in children (Abrahamov et al., 1995), where no such complete
blockade of emesis at nonpsychoactive doses has been reported for A% — THC in children or
adult cancer patients treated with chemotherapeutics (see introduction).

It is well established that the discussed cannabinoids prevent emesis via the stimulation of
cannabinoid CByreceptors when vomiting is induced by diverse emetic stimuli such as cisplatin
(e.g. Darmani, 2001a,b; Darmani et al., 2003; Van Sickle et al., 2003; Kwiatkowska et al.,
2004), morphine-6-glucuronide (Van Sickle et al., 2001), direct and indirect serotonin 5-
HT3receptor agonists (Darmani and Johnson, 2004), dopaminergic Do/Dsreceptor agonists
(Darmani and Crim, 2005; London et al., 1979), arachidonic acid and its precursor 2-
arachidonoylglycerol (Darmani, 2002b). Indeed, in the latter studies, a cannabinoid CB1- and
not a CB»- receptor antagonist, reversed the antiemetic efficacy of an effective dose of the
tested cannabinoids in a dose-dependent fashion. In the current investigation, an effective
antiemetic dose of two of the discussed cannabinoids (A% - THC, 20 mg/kg and CP55,940, 0.3
mg/kg) were chosen for cannabinoid CB1 (SR141716A)- and CB»(SR144528)- receptor
antagonist reversal study. SR141716A, but not SR144528, reversed the antiemetic efficacy of
both A% — THC and CP55,940. Thus, these findings suggest an important role for the
cannabinoid CB 1 receptor in radiation-induced emesis. Although a modulatory role for the
cannabinoid CB , receptor has been suggested against morphine-6-glucuronide — induced
emesis (Van Sickle et al., 2005), cannabinoid CBjreceptor agonists such as AM1241 and
JWH133 had no antiemetic activity in the latter study. Moreover, as discussed earlier, various
cannabinoid CB, receptor antagonists are reported to be ineffective in reversing the antiemetic
efficacy of different cannabinoid CB1/CBjreceptor agonists against diverse emetic stimuli.
Thus, if the cannabinoid CBjreceptor has any antiemetic role in acute vomiting its antiemetic
effect must be minor.

Radiotherapy in cancer patients causes fatigue and lethargy that is typically observed as part
of the prodromal response to radiation (Jones et al., 2005). Likewise, radiation exposure
suppresses locomotor behaviors in different animal species (Van der Meeren and Lebaron-
Jacobs, 2001; King and Landauer, 1990). In the current study radiation exposure reduced both
spontaneous locomotor activity and the frequency of rearing in the least shrew. However, the
former motor parameter was not only significantly more sensitive to suppression at the lower
doses of radiation but also the suppressive effects persisted up to one hour post-radiation,
whereas the rearing behavior was only significantly reduced by the 10 Gy dose during the
initial 5— 10 min observation period. Furthermore, these motor suppressive effects were neither
dose-dependent nor complete which seem to agree with clinical findings that some but not all
patients suffer from severe lethargy that would interfere with daily work (Jones et al., 2005).

In summary, this study introduces the least shrew as a new animal model of radiation-induced
emesis. Although radiation exposure significantly suppresses locomotor behaviors to a mild
degree in a nondose-dependent manner, it concomittently does promote emesis in a dose-
dependent fashion. The attained data suggest that structurally-diverse cannabinoid CB4/
CBoreceptor agonists possess broad-spectrum antiemetic activity, and as with other emetic
stimuli,they seem to prevent radiation-induced vomiting via the stimulation of cannabinoid
CBqreceptor.
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Fig. 1.

This figure shows the top (upper photograph) and the side (bottom photograph) views of the
plastic shrew holder. The top view shows two parallel rectangular bed grooves (each 3x1x1
cm) in the middle of the plain of the plastic slab. Each shrew bed has 3 small holes drilled along
its length and one hole along its width. The side view shows locations of drilled holes and
coverslip as well as the position of bed groves relative to its upper and lower surfaces.
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Fig. 2.

This figure represents the emetic dose-response effects of total body radiation during the 30
min post exposure observation period in the least shrew. Graph A depicts enhancements in the
frequency of emesis (mean + S.E.M.) whereas graph B shows percentage of shrews
vomiting. "Significantly different from sham-treated control at P < 0.05.
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Fig. 3.

The antiemetic effects of A% — THC against radiation-induced emesis in the least shrew.
Different groups of shrews received i.p. either vehicle (0 mg/kg) or the cited doses of A9 —
THC 30 min prior to a 10 Gy radiation exposure. Emetic parameters were recorded for 30 min
postradiation. Graph A depicts attenuation in the frequency (mean + S.E.M.) of emesis whereas
graph B shows reduction in the percentage of shrews vomiting. *Significantly different from

vehicle control at P < 0.05.
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The antiemetic effects of A8~ THC against radiation-induced emesis in the least shrew.
Different groups of shrews received i.p. either vehicle (0 mg/kg) or the cited doses of A8 —
THC 30 min prior to a 10 Gy radiation exposure. Emetic parameters were recorded for 30 min
postradiation. Graph A depicts attenuation in the frequency (mean + S.E.M.) of emesis whereas
graph B shows reduction in the percentage of shrews vomiting. *Significantly different from
vehicle control at P < 0.05.
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Fig. 5.

The antiemetic effects of WIN55,212-2 against radiation-induced emesis in the least shrew.
Different groups of shrews received i.p. either vehicle (0 mg/kg) or the cited doses of
WIN55,212-2 30 min prior to a 10 Gy radiation exposure. Emetic parameters were recorded
for 30 min postradiation. Graph A depicts attenuation in the frequency (mean + S.E.M.) of
emesis whereas graph B shows reduction in the percentage of shrews vomiting. *Significantly
different from vehicle control at P < 0.05.
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The antiemetic effects of CP55,940 against radiation-induced emesis in the least shrew.
Different groups of shrews received i.p. either vehicle (0 mg/kg) or the cited doses of CP55,940
30 min prior to a 10 Gy radiation exposure. Emetic parameters were recorded for 30 min
postradiation. Graph A depicts attenuation in the frequency (mean + S.E.M.) of emesis whereas
graph B shows reduction in the percentage of shrews vomiting. “Significantly different from
vehicle control at P < 0.05.
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The ability of the cannabinoid CB, receptor antagonist SR141716A (0, 1, 5 and 10 mg/kg, s.c.)
to reverse the antiemetic effects of a fully effective dose of either A% ~-THC (20 mg/kg, s.c.,
solid line) or CP55,940 (0.3 mg/kg, s.c., dashed line) to protect shrews from radiation (10 Gy)
- induced emesis. SR141716A reversed the induced reductions in emesis frequency (graph A)
and blocked the ability of both A2 ~THC and CP55,940 to protect shrews from vomiting caused
by radiation exposure (graph B). At 0 time, different groups of shrews received either vehicle
or the cited doses of SR141716A s.c. and at 30 min A? ~THC or CP55,940. At 60 min shrews
were exposed to 10 Gy radiation and emesis parameters were recorded for 30 min following
the radiation exposure. “Significantly different from corresponding control at P < 0.05.
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Fig. 8.

This figure indicates a lack of additive or synergistic emetic interactive effects of the
cannabinoid CByreceptor antagonist SR141716A with a 10 Gy dose of radiation. The cited
nonemetic s.c. doses of SR141716A were administered to different groups of shrews 60 min
prior to a 10 Gy dose of radiation. Emetic parameters were recorded (graphs A and B) for 30
min after the last injection.
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Fig. 9.

The inhibitory effects of the cited doses of total body radiation on both the spontaneous
locomotor activity (total distance moved, mean + S.E.M. in meters) and the frequency of rearing
behavior (mean + S.E.M.) in the least shrew. The motor behaviors were recorded for a 10 min
observation period between 5-15 min (graphs A and B) or at 10 min observation periods during
the 5-15, 50-60 and 110-120 min post-radiation exposure intervals (graphs C and D) on
different groups of shrews. The motor behaviors were recorded by a computerized video
tracking, motion analysis, and behavior recognition system (EthoVision). *Significantly
different from sham-treated control group at P < 0.05.
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