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Current evidence indicates that cannabinoids are antinociceptive and this effect is in part mediated by spinal
mechanisms. Anatomical studies have localized cannabinoid CB; receptors to pre- and postsynaptic sites
within the spinal cord. However, behavioural tests have not clearly indicated the relative importance of each
of these sites. In this study, the tail flick test was used as a model of acute pain in the rat to determine the site
of action of WIN 55,212-2 ((R)-(+)-[2,3-dihydro-5-methyl-3[(4-morpholinyl)methyl]pyrolo[1,2,3-de]-1,4-
benzoxazinyl]-(1-naphthalenyl)methanone mesylate), a synthetic cannabinoid receptor agonist. WIN 55,212-

Ié?r’ﬁ:t:(ijrsl;aid 2 (3 mg/kg, i.p.) increased the latency of tail withdrawal from a noxious radiant heat source, indicating it is
WIN 55,212-2 antinociceptive in this model. Using the same paradigm, WIN 55,212-2 was then tested against the
Nociception synaptically-induced nociceptive hypersensitivity in response to noxious thermal stimulation of the tail (hot
Analgesic water tail immersion). WIN 55,212-2 blocked this hypersensitivity, confirming a spinal site of action of the
Tail flick test cannabinoid receptor agonist. Further, WIN 55,212-2 blocked the nociceptive hypersensitivity induced by
(Slri):t];l cord intrathecal administration of substance P. As substance P acts on postsynaptic tachykinin NK1 receptors in

the dorsal horn of the spinal cord, the data are interpreted to suggest that WIN 55,212-2 expressed its anti-
hypersensitivity effects at least partially via a postsynaptic site of action; the data do not rule out a
presynaptic site of action. This study suggests that cannabinoids may induce analgesia via a postsynaptic site
of action in the spinal cord, as well as the possibility that they may interact with substance P signaling.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction Several studies have demonstrated the antinociceptive properties

of cannabinoid receptor agonists in acute animal models of pain.

Though cannabinoids have been used therapeutically for thou-
sands of years, it was not until relatively recently that rigorous and
systematic studies started to elucidate their mechanisms of action.
The principle psychoactive constituent of marijuana was discovered to
be delta-9-tetrahydrocannabinol (A°-THC) in the 1960s (Gaoni and
Mechoulam, 1964), and early studies using animal models established
its antinociceptive properties (Buxbaum, 1972; Sofia et al., 1975;
Martin, 1985). To date, two receptor subtypes have been cloned: the
cannabinoid CB; receptor (Matsuda et al., 1990), found mainly on
neuronal cells, and the cannabinoid CB, receptor (Munro et al., 1993),
localized predominantly outside of the nervous system. Subsequently,
endogenous cannabinoid ligands, namely anandamide, palmitoy-
lethanolamide and 2-arachidonoyl glycerol, were identified (Devane
et al., 1992; Mechoulam et al., 1995; Sugiura et al., 1995).
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Administration of cannabinoid receptor agonists increases tail flick
and hot plate latencies (Yaksh, 1981; Martin, 1985; Smith et al., 1994;
Stein et al.,, 1996) and the antinociceptive effects are reversible with
the cannabinoid CB; receptor antagonist SR141716A (Welch et al.,
1998). Evidence indicates that spinal mechanisms are an important
component of cannabinoid-induced analgesia. Intrathecal adminis-
tration of A°-THC produces antinociception in the tail flick test in
spinally transected animals (Smith and Martin, 1992). Intrathecal
injection of a synthetic, non-selective, cannabinoid receptor agonist,
WIN 55,212-2, produces a dose-dependent antinociceptive effect in
the tail flick test (Dogrul et al, 2003), and decreases heat and
mechanical hyperalgesia due to intraplantar capsaicin injection
(Johanek et al.,, 2001). This latter effect is blocked by pretreatment
with intrathecal SR171416A (Johanek et al., 2001). An immunocyto-
chemical study showed that noxious stimulus-evoked c-fos expression
in the spinal cord is attenuated by treatment with WIN 55,212-2 (Tsou
et al.,, 1996). Electrophysiological studies have shown that the activity
of spinal wide dynamic range neurons evoked by noxious heat
stimulation of the receptive fields is suppressed by WIN 55,212-2
(Hohmann et al,, 1998, 1999b), and that this effect is blocked by
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pretreatment with SR171416A (Hohmann et al., 1999b). Further, WIN
55,212-2 suppressed the wind-up of spinal wide dynamic range and
nociceptive specific neurons induced by repetitive noxious electrical
stimulation of the receptive fields (Strangman and Walker, 1999).

Anatomical studies have localized neuronal cannabinoid CB;
receptors to both pre- and postsynaptic sites in the dorsal horn of
the spinal cord. Cannabinoid CB; receptors have been observed in
dorsal root ganglion cells (Hohmann et al., 1999a; Safiudo-Pefia et al.,
1999; Salio et al., 2002) and cannabinoid CB; receptor mRNA has been
observed in medium and large-sized dorsal root ganglion cells using
double-label in situ hybridization (Hohmann and Herkenham, 1999).

It has also been suggested that cannabinoid CB; receptors are
present on spinal neurons. Cannabinoid CB; receptor immunoreactiv-
ity was localized to the superficial layers of the dorsal horn (lamina I
and outer lamina II), and electron microscopy showed cannabinoid
CB; receptors exclusively on postsynaptic sites (Salio et al., 2002).
Cannabinoid CB; receptor immunoreactivity was colocalized with
spinal markers of interneurons (Farquhar-Smith et al., 2000; Salio et
al.,, 2002), and dorsal rhizotomy led to only minimal changes in
cannabinoid CB; receptor immunoreactivity in the spinal cord dorsal
horn (Farquhar-Smith et al., 2000). Rats given neonatal capsaicin to
destroy ummyelinated nociceptive primary afferents showed moder-
ately decreased cannabinoid CB; receptor radioligand binding in the
spinal cord, suggesting that a large proportion of cannabinoid CB,
receptors in the superficial dorsal horn may be located on cells other
than unmyelinated primary afferents (Hohmann and Herkenham,
1998). Taken together, these data support a postsynaptic site of
cannabinoid CB; receptors.

Functional studies have also addressed the issue of the synaptic site
of action of cannabinoid receptor agonists, and it is generally accepted
that they cause presynaptic depression (reviewed in Lovinger, 2008).
Using intracellular recordings in substantia gelatinosa neurons, Morisset
and Urban (2001) showed that both anandamide and WIN 55,212-2
decreased the frequency, but not the amplitude, of glutamatergic, dorsal
root-evoked, miniature excitatory postsynaptic currents (mEPSCs). The
cannabinoid receptor agonist HU210 inhibited a capsaicin-evoked
calcium increase in rat dorsal root ganglion neurons, and this effect
was reversed by the cannabinoid CB; receptor antagonist SR171416A
(Millns et al., 2001). Anandamide administration inhibited capsaicin-
induced release of immunoreactive calcitonin gene-related peptide
(CGRP) in the spinal cord from primary afferent neurons in an
SR171416A-reversible manner (Richardson et al, 1998). SR171416A
increased capsaicin-evoked substance P release in the mouse spinal cord
(Lever and Malcangio, 2002). These studies suggest that presynaptic
inhibition of neurotransmitter release in the spinal cord may be a major
mechanism of cannabinoid-induced antinociception.

The purpose of the present study was to examine the site of action of
the cannabinoid receptor agonist WIN 55,212-2 in two experimental
paradigms in the rat. In the first paradigm, WIN 55,212-2 was tested
against presumed substance P-induced nociceptive hypersensitivity
through sustained noxious stimulation of the tip of the tail by immersion
in 50 °C water for 90 s.

In the second paradigm, WIN 55,212-2 was tested against substance
P-induced nociceptive hypersensitivity, where substance P was admi-
nistered by intrathecal injection and resulted in the typical transient
decrease in reaction time in the tail flick test. A block of the effect of tail
immersion but not of the intrathecal substance P-induced hypersensi-
tivity would suggest a presynaptic site of action. A block by WIN 55,212-
2 in both paradigms would suggest a postsynaptic site of action.

2. Material and methods
2.1. Animals

Male Sprague-Dawley rats weighing 300-350 g (Charles River, QC,
Canada) were housed in pairs and maintained on a 12-hour light cycle,

with food and water available ad libitum. All procedures complied
with the “Guidelines for the Care and Use of Experimental Animals,”
Volumes I and II, of the Canadian Council on Animal Care. All
procedures were approved by the McGill University Animal Care
Committee.

2.2. Drugs

The non-selective cannabinoid receptor agonist WIN 55,212-2 ((R)-
(+)-[2,3-dihydro-5-methyl-3[(4-morpholinyl)methyl]pyrolo[1,2,3-
de]-1,4-benzoxazinyl]-(1-naphthalenyl)methanone mesylate; Sigma
Chemical Co., St. Louis, MO, USA) was dissolved in 50% dimethyl
sulfoxide (DMSO; Sigma Chemical Co.) and 50% physiological saline,
and administered intraperitoneally (i.p.) at 3 mg/kg, as 0.1 ml/100 g
body weight. For intrathecal injection, 20 pg of WIN 55,212-2 were
given in 20 pl of vehicle (50% DMSO). Substance P (Peninsula
Laboratories, Inc., San Carlos, CA, USA) was given as 6.5 nmol and
delivered intrathecally. Substance P was dissolved in artificial
cerebrospinal fluid (aCSF), an aqueous solution made up of
128.6 mM NaCl, 2.6 mM KCI, 1.0 mM MgCl, and 1.4 mM CaCl, and
phosphate buffered to pH 7.33.

2.3. Surgical preparation (intrathecal catheters)

For administration of substance P and WIN 55,212-2 onto the
spinal cord, each rat was implanted with an indwelling intrathecal
catheter (Intramedic PE-10, Clay Adams, Division of Becton Dickinson,
Parsippany, NJ, USA). Rats were anaesthetized with a combination of
ketamine (70 mg/kg) and xylazine (7 mg/kg), i.p., and a catheter was
inserted through an incision in the dura at the atlanto-occipital
junction. The catheter was implanted such that the inner tip lay at the
lower lumbar vertebral level. The external end of the catheter was
fixed to the skull with dental cement to a screw embedded in the skull.
The recovery period was one week and only animals without any
neurological deficit were used. The viability of the catheter was tested
the day before experimentation by injecting 20 pl of lidocaine; only
animals exhibiting reversible sensory and motor blockade were used.

2.4. Tail flick test

The procedures followed are based on those described by Yashpal
et al. (1993). Rats were lightly restrained while light from a projector
bulb was focused on the tail, 5 cm from the distal end, on an area that
was blackened to facilitate the absorption of light. Latency of tail
withdrawal was measured by a timer set to stop when the tail moves
and exposes a photodetector to the light beam. Reaction time was
measured to 0.01 s. The intensity of the bulb and sensitivity of the
detector were set so that a baseline reaction time of 10-12 s was
achieved. Experimentation proceeded when three successive readings
with a standard deviation of less than 10% of the mean were obtained.
The average of the first three readings was taken as baseline, and all
subsequent readings were expressed as a percentage of this baseline.
Readings were taken every 3 min for all experiments.

After baseline measures were taken, the cannabinoid receptor
agonist vehicle (50% DMSO in saline) was given i.p. such that the
injection ended 2 min before the next reading, and seven additional
readings were taken. The cannabinoid receptor agonist WIN 55,212-2
(3 mg/kg, i.p.) was then injected 2 min prior to the next reading, and
12 more readings were taken.

2.5. Tail immersion test

A light anaesthesia was induced by a solution consisting of sodium
pentobarbital (20 mg/kg) and chloral hydrate (120 mg/kg) prepared
on the day of use, and injected i.p. The level of anaesthesia allowed for
stable reaction times, while preventing any signs of discomfort during
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the course of the experiment. Noxious thermal stimulation was
attained by immersing the tip of the tail in hot water.

After three consistent baseline readings were taken, the distal 4 cm
of the tail were immersed in 50 °C water for 90 s. The immersion was
timed to end 30 s before the next reading. Three subsequent readings
were taken. WIN 55,212-2 (3 mg/kg, i.p.) or vehicle (50% DMSO, i.p.)
was then given, and the injection ended 2 min before the next reading.
Three further readings were taken, and the tail was immersed a
second time, as described above. Five more readings were taken, the
tail was immersed a third time, and a final five readings were taken.
Upon completion of the tests, the rats were sacrificed.

2.6. Administration of substance P intrathecally

Substance P was given via injection into a surgically implanted
intrathecal catheter (Section 2.3). An intrathecal injection of 6.5 nmol
substance P in 10 pl of aCSF was made. This was immediately followed
by an injection of 10 pl of aCSF to flush the catheter. The injections
were timed to end 1 min prior to taking the next tail flick reading.

After three baseline readings, substance P was given (as described
above), and three more readings were taken. WIN 55,212-2, or its
vehicle, was given either by i.p. injection (3 mg/kg in 50% DMSO), or by
intrathecal injection (20 pg in 20 pl of 50% DMSO, followed by 15 ul
aCSF). Three more readings were taken, substance P was given a
second time, and 5 final readings were taken.

2.7. Statistics

The data were analyzed by one-way (Fig. 1) or two-way (Figs. 2
and 3) analysis of variance (ANOVA) followed by Tukey's test for post
hoc pairwise comparisons.
3. Results

3.1. Effects of WIN 55,212-2 on the tail flick test

In rats initially given vehicle (50% DMSO), the reaction time of tail
withdrawal from the noxious radiant heat stimulus remained at
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Fig. 1. Effect of administration of vehicle (50% DMSO) and WIN 55,212-2 (3 mg/kg; n=4),
on the latency of tail withdrawal from a noxious radiant heat stimulus to the rat tail,
5 cm from the distal end. Arrows indicate time of vehicle/drug administration. Data are
expressed as percentages of baseline value and shown as the means +standard error of
the mean (SEM). * P<0.01 compared to baseline value.
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Fig. 2. Effect of immersion of the tip of the tail in 50 °C water on tail withdrawal latency
from a noxious radiant heat stimulus in rats treated with WIN 55,212-2 (3 mg/kg; n=4;
filled circles) or vehicle (50% DMSO; n=6; open circles), administered 7.5 min after the
first tail immersion. Data are expressed as percentages of baseline value and shown as
the means+SEM. * P<0.01 compared to control group; + P<0.05 compared to baseline
value.

baseline level following the injection (Fig. 1). However, immediately
after injection of WIN 55,212-2 (i.p.), the latency of the tail withdrawal
increased to approximately 140% (P<0.01; n=4) of baseline value, and
remained significantly elevated for at least 15 min (Fig. 1). Thus,
administration of WIN 55,212-2, increased tail withdrawal thresholds
for approximately 15 min with the present dose.

3.2. Effects of WIN 55,212-2 on the tail immersion test

Fig. 2 shows the effect of WIN 55,212-2 (n=4) or vehicle (n=6) on
the facilitation of the tail withdrawal reflex induced by hot water tail
immersion. After the first tail immersion and prior to any injection,
the latency of tail withdrawal decreased to approximately 60%
(P<0.05) of baseline in both groups. This response is similar to that
reported earlier, which is blocked by a tachykinin NK1 receptor
antagonist (Yashpal et al,, 1993). Administration of WIN 55,212-2
significantly increased tail withdrawal latency to over 140% (P<0.01)
of baseline, while vehicle administration had no effect on reaction
times (Fig. 2).

A second tail immersion during the increased reaction time did not
alter the values in the group treated with WIN 55,212-2. Values
remained significantly higher than baseline for at least 12 min after
the second tail immersion. After the third tail immersion, withdrawal
latency returned to baseline value. In the control group, the second tail
immersion caused a decrease in withdrawal latency (P<0.05), that
was similar in magnitude to the response to the first tail immersion.
After the third tail immersion, the control group showed another
significant decrease in withdrawal latency (P<0.05), which returned
towards baseline value after approximately 6 min. In summary,
administration of WIN 55,212-2 blocked the effect of noxious
stimulus-induced hypersensitivity due to tail immersion.

3.3. Effects of WIN 55,212-2 on substance P-induced hypersensitivity

The effect of WIN 55,212-2 on the decrease in reaction time in the
tail flick test induced by intrathecal administration of substance P is
shown in Fig. 3. In the series on intrathecal administration of WIN
55,212-2 (Fig. 3A), intrathecal substance P alone decreased tail flick
latency to approximately 40% (P<0.05) of baseline in both groups.
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Fig. 3. Effect of intrathecal administration of substance P (6.5 nmol) on the latency of tail
withdrawal from a noxious radiant heat stimulus in rats treated with: A, intrathecal WIN
55,212-2 (20 pg in 20 pl vehicle; n=3; filled circles) or vehicle (50% DMSO; 20 ul; n=5;
open circles); or B, intraperitoneal WIN 55,212-2 (3 mg/kg; n=>5; filled circles) or vehicle
(50% DMSO; n=5; open circles). Drugs were administered 8 min after the first injection
of substance P. Data are expressed as percentages of baseline value and shown as the
means+SEM. * P<0.01 compared to control group; + P<0.05 compared to baseline value.

Intrathecal administration of WIN 55,212-2 increased tail withdrawal
latency to over 140% (P<0.05; n=3) of baseline, which is significantly
higher than reaction time observed in vehicle-treated rats (P<0.01;
n=5). A second substance P injection, given during this effect of
WIN 55,212-2, decreased tail flick latency to baseline. However, in
vehicle-treated rats, the second injection of substance P caused tail
flick latency to decrease to approximately 60% (P<0.05) of baseline
value. The control group latency returned to baseline approximately
6 min after substance P injection.

Fig. 3B shows the effect of systemically administered WIN 55,212-2
to determine if it can inhibit the effect of intrathecal substance P

administration. In the series on systemic administration of WIN 55,212~
2, intrathecal substance P alone decreased tail flick latency to
approximately 40% (P<0.05) of baseline in both groups. Administration
of WIN 55,212-2 intraperitoneally increased tail withdrawal latency to
over 130% (P<0.05; n=>5) of baseline, which is significantly higher than
reaction time observed in vehicle-treated rats (P<0.01; n=5). A second
substance P injection decreased tail flick latency to approximately
baseline value in WIN 55,212-2-treated rats. However in vehicle-treated
rats, substance P caused tail flick latency to decrease to roughly 60%
(P<0.05) of baseline value, and the latency returned to baseline after
approximately 3 min. Therefore, substance P did not reduce latency of
tail withdrawal to below baseline value after administration of WIN
55,212-2 when given either intrathecally or intraperitoneally.

4. Discussion

In the tail flick test as a model of acute pain in the rat, it was shown
that WIN 55,212-2 increased tail flick withdrawal latency transiently
for approximately 15 min, compared to baseline. The antinociceptive
effect of WIN 55,212-2 was similar to that of other cannabinoid
receptor agonists reported previously in the tail flick test (Yaksh, 1981;
Lichtman and Martin, 1997; Welch et al., 1998). Neuronal cannabinoid
CB; receptors in the spinal cord are thought to be involved in
mediating the antinociceptive effects of cannabinoids (Smith and
Martin, 1992), and they have been localized to both pre- and
postsynaptic sites in the spinal dorsal horn (Hohmann et al., 1999a;
Salio et al.,, 2002). Therefore, subsequent tail flick experiments tested
the effect of WIN 55,212-2 against hypersensitivity caused by either
noxious thermal stimulation of the tail, or intrathecal administration
of substance P. The tail immersion paradigm has previously been
shown to be a model of nociception-induced hypersensitivity,
presumably via endogenous release of substance P in the spinal
cord, as it causes a facilitation of the tail flick reflex which can be
blocked by a tachykinin NK1 receptor antagonist (Yashpal et al., 1993).
Therefore, WIN 55,212-2 was tested for its possible anti-hyperalgesic
effects in this paradigm.

The initial decrease in tail withdrawal latency after tail immersion
was similar to that reported previously (Yashpal et al., 1993). In the
present study, administration of WIN 55,212-2 blocked the response
to the second immersion of the tail. When tested later than the 15 min
duration of the cannabinoid effect identified, the third tail immersion
caused a decrease in the tail flick latency. Therefore, the return to
baseline is interpreted as being due to the termination of the
antinociceptive action of WIN 55,212-2.

Though this test shows that WIN 55,212-2 blocked the response to
tail immersion, presumably due to endogenously released substance P
in the spinal cord, it does not indicate whether this was due to the
block of the release of substance P, or the inhibition of its postsynaptic
action. Thus, to determine if the block occurred pre- or postsynapti-
cally, WIN 55,212-2 was tested on the response to exogenously
administered substance P, which acts on postsynaptic tachykinin NK1
receptors. Intrathecal administration of substance P has been shown
to facilitate the spinal tail flick reflex and is used as a model of
hypersensitivity in the rat (Yashpal et al, 1993). We tested WIN
55,212-2 in this paradigm as well. WIN 55,212-2 given intrathecally
increased the tail withdrawal latency, and subsequent administration
of substance P did not produce the hypersensitivity seen prior to WIN
55,212-2 administration. As WIN 55,212-2 blocked the effect of
exogenous substance P, this suggests a postsynaptic site of action.

A subsequent experiment was done to determine the effects of
intraperitoneal administration of WIN 55,212-2 on the nociceptive
hypersensitivity induced by intrathecal administration of substance P.
Although substance P elicited the typical hypersensitivity when given
prior to WIN 55,212-2, when it was given within the 15 min period of
action of the cannabinoid receptor agonist, substance P administration
simply reduced the duration of its analgesic effect. These data suggest
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that WIN 55,212-2 crosses the blood brain barrier to act on the spinal
cord.

Although anatomical and physiological studies have localized
cannabinoid CB; receptors to pre- and postsynaptic sites within the
spinal dorsal horn, physiological studies that specifically address the
localization of these receptors are lacking. Using the tail flick test of
acute nociception in these various interactions, this study provides
evidence that postsynaptic sites are involved in the antinociception
caused by the cannabinoid receptor agonist WIN 55,212-2. The data do
not provide any evidence for or against an action of WIN 55,212-2 on
presynaptic cannabinoid CB, receptors at the spinal level. Further, this
study shows that a cannabinoid receptor agonist interfered with the
action of substance P. This may have important implications,
especially in light of the finding of Richardson et al. (1998) that
cannabinoids are more effective in a hyperalgesic state, which is
known to involve substance P. This may be of significance when
targeting cannabinoid receptors to potentiate their effects. As several
pain conditions remain inadequately treated, these studies emphasize
the need for continued investigation into cannabinoids as a strategy
for pain management.
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