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SUMMARY. The use of °-THC hemisuccinate (HS) in a suppository
formulation is an attempt to develop a cannabinoid possessing possible
therapeutic effects with a minimal side effect profile. The purpose of this
study was to investigate the antinociceptive and reinforcing effects of
rectally administered °-THC-HS in rats. Tests were conducted in two
groups of animals: Complete Freund’s adjuvant-inflamed animals (CFA)
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and non-inflamed controls. A hotplate test was administered to index
hyperalgesia and possible analgesic effects of °-THC-HS on thermal
nociception. CFA animals demonstrated shorter latencies than non-in-
flamed animals. The highest dose of °-THC-HS produced longer hot-
plate latencies. Additionally, the reinforcing properties of °-THC-HS
were evaluated using the Conditioned Place Preference (CPP) paradigm.

9-THC-HS produced an increase in preference scores in non-inflamed
animals (positive reinforcement), but did not affect preference scores in
CFA animals. These data suggest that °-THC-HS has therapeutic po-
tential and is unlikely to possess an abuse liability when used in the con-
text of chronic pain. [Article copies available for a fee from The Haworth
Document Delivery Service: 1-800-342-9678. E-mail address: <getinfo@

haworthpressinc.com> Website: <http://www.HaworthPress.com> © 2001 by
The Haworth Press, Inc. All rights reserved.]
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INTRODUCTION

The role of cannabinoids (CB) in pain modulation is well documented
(Fuentes et al. 1999). Administration of anandamide, °-tetrahydrocanna-
binoid ( °-THC), and various selective CB receptor agonists, have shown
antinociceptive effects in a variety of acute (Buxbaum 1972; Welch and
Stevens 1992) and chronic (Sofia et al. 1973; Smith et al. 1998) models of
nociception (for review see Pertwee 2001). These antinociceptive effects are
mediated by CB1 receptors located at spinal (Yaksh 1981; Lichtman and Mar-
tin 1991; Welsh and Stevens 1992) and supraspinal sites (Lichtman and Martin
1991; Martin et al. 1993) as well as CB1 (Richardson et al. 1998) and CB2 re-
ceptors (Jagger et al. 1998) located in peripheral tissues (for review see
Pertwee 2001). Although numerous studies suggest otherwise (Onaivi et al.
1990; McGregor et al. 1996; Sanudo-Pena et al. 1997; Tzschentke 1998), sev-
eral experiments implicate cannabinoid systems in reward. For example,

9-THC is self administered in humans (Chait and Burke 1994) and squirrel
monkeys (Tanda et al. 2000), lowers intracranial self-stimulation thresholds in
rats (Gardner et al. 1988) and produces place preference in rats (Lepore et al.
1995). 2-THC has been shown to increase firing of dopamine neurons in the
nucleus accumbens (Gessa et al. 1998), as well as increase dopamine levels in
the shell of the nucleus accumbens (Tanda et al. 1997). Collectively, these
studies suggest that CB reinforcement is likely mediated through the same
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mesolimbic dopaminergic systems involved in opioid and psychostimulant re-
ward (Koob and Bloom 1988). While one literature clearly suggests CB recep-
tors present a viable target for analgesic drugs (for review see Pertwee 2001), a
second literature suggests these putative analgesic compounds are likely to
possess an abuse liability (Gessa et al. 1998).

Recent research indicates that the use of certain analgesics (e.g., mor-
phine) that possess several liabilities (tolerance, dependence, etc.) may not
be as controversial as previously suggested. Rats given repeated administra-
tion of morphine in the context of formalin-induced inflammatory nociception
displayed less tolerance to morphine (Vaccarino et al. 1993; Bardin et al.
2000) and less severe withdrawal symptoms in response to a naloxone chal-
lenge (Vaccarino and Couret 1993; Bardin et al. 2000). In addition, rats given
repeated administration of morphine in the context of chronic inflammatory
pain induced by complete Freund’s adjuvant (CFA) developed tolerance at
slower rates and showed lower incidences of naloxone precipitated with-
drawal symptoms (Lerida et al. 1987). Similar findings on tolerance and de-
pendence have been observed clinically with opioid therapies (for review see
Melzak 1991). Long-term use of codeine and oxycodone for chronic rheu-
matic conditions significantly reduced pain without requiring increased dos-
ing except in cases where a worsening of the painful condition existed
(Ytterberg et al. 1998). Collectively, these data suggest the liabilities of anal-
gesics may be greatly reduced when these compounds are used in the context
of pain management.

The medical use of cannabis for the treatment of chronic pain remains
highly controversial. However, this controversy may be obviated by the devel-
opment of the pro-drug 9-THC hemisuccinate ( °-THC-HS) and its formula-
tion as a suppository (Mattes et al. 1993). This formulation is but one solution
to the undesirable inhalation route of cannabis administration. Moreover, rec-
tal administration of 9-THC-HS has been shown to produce a pharma-
cokinetic profile that is highly desirable for putative therapeutic agents. First,
blood levels of °-THC and other CB metabolites do not show the rapid eleva-
tion typical of the inhalation route, which is commonly associated with eu-
phoric effects. Second, blood levels of these constituents remain relatively
stable for up to 6-8 hrs post administration (for review, see Walker et al. 1999).
These pharmacokinetic factors, along with the notion that context is important
in drug responses, suggest that °-THC-HS may not possess the reinforcing
properties when administered in the context of chronic pain. To explore this
possibility, the present study examined the antinociceptive as well as the re-
warding properties of °-THC-HS in the complete Freund’s adjuvant (CFA)
model of chronic inflammatory pain.
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METHOD
Place Preference Test

The conditioned place preference (CPP) paradigm (for review see Carr et
al. 1989) is a procedure that is commonly used to evaluate the reinforcing and
aversive properties of drugs (van der Kooy 1987). This paradigm is based on
traditional learning principles and involves the pairing of a drug state with en-
vironments having distinctive stimuli (i.e., place). Following several drug-
place pairings, an animal’s preference is ascertained by examining approach
responses to and maintenance of contact with the drug-paired environment.
The CPP paradigm has become a frequently used method in behavioral phar-
macology for examination of the positively reinforcing properties of abused
drugs.

Male Lewis strain rats (100-125 g; Harlan, Indianapolis, IN) were housed in
suspended steel cages (360 cm?), maintained under a 12 hour light/dark cycle
in a temperature controlled vivarium (22 1°C). Food and water were avail-
able ad lib. After a one-week acclimation period, animals received one week
of handling exposure to reduce experimenter-related stress. Research proto-
cols were approved by the Institutional Animal Care and Use Committee and
were conducted under the ethical guidelines of the International Association
for the Study of Pain (Zimmerman 1983).

The groups in this study formed a 2 X 3 factorial design that combined 2
levels of inflammation (CFA inflamed vs. non-inflamed) with 3 levels of drug
(0.0, 2.5, or 5.0 mg/kg °-THC-HS). Sample sizes were n = 7 per group. Per-
sistent unilateral inflammation was produced by injections of 0.1 ml of com-
plete Freund’s adjuvant (CFA: Sigma; St. Louis, MO) into the left hind paw
(Butler et al. 1992). This model of arthritis produces long-lasting inflamma-
tion leading to hyperalgesia and joint destruction and bony proliferation of the
metatarsal, tarsal, and ankle regions. Non-inflamed control rats did not receive
this explicit manipulation. CFA was administered several hours after acclima-
tion to the place preference apparatus.

9-THC-HS (5 mg/kg/ml) or vehicle (Wacbee W) was administered imme-
diately before the start of each conditioning trial (see below). Compounds
were melted (45°C) prior to rectal administration to obviate the possibility of
the animal evacuating a solid suppository. Pilot data examining plasma levels
at various time points of rectal administration of melted °-THC-HS show that
peak plasma 9-THC levels were detected at 15 min post administration (ap-
proximately 110 ng/ml). This was followed by a gradual decline in plasma
9-THC levels at 30 min (40 ng/ml); relatively stable °-THC levels were de-
tected from between 60-360 min post-administration (15-25 ng/ml).
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Six T-shaped place preference chambers were used in this study (see Sufka
and Roach 1996 for details). The place preference procedure involved three
phases consisting of one apparatus acclimation trial, eight drug/vehicle condi-
tioning trials, and six discrete choice trials. The acclimation trial allowed
animal access to the entire apparatus for a 15 min period one day before condi-
tioning trials. The eight conditioning trials (1 per day of 60 minutes) consisted
of counter-balanced, alternate-day pairings of drug (0.0, 2.5 and 5.0 mg/kg/ml)
with the white compartment and vehicle (0.0) with the black compartment for
a total of four pairings each. Drug preference was determined by the animal’s
choice behavior (i.e., first entry) to the drug-paired (white) vs. vehicle-paired
(black) compartment on six discrete preference trials conducted two per day
over a three day period and were conducted under drug-free states. From these
choice measures, a single preference score was derived using the following
formula: Preference Score = number of white compartment entries/6 (Sufka
1994).

Hotplate Test

Tests of thermal nociception were conducted on the fourth day of drug
exposure (Day 7 or 8 of conditioning trials). Rats were removed from the con-
ditioning apparatus and placed on a hotplate apparatus with a surface tempera-
ture maintained at 50°C. Latency to lick a hind-paw served as the dependent
measure. Animals that failed to exhibit a lick response in 30 seconds were re-
moved from the hotplate and assigned a latency score of 30 seconds. Animals
were euthanized at the conclusion of the experiment.

RESULTS

9-THC-HS effects on thermal nociception are summarized in Figure 1.

Adjuvant-inflamed rats exhibited shorter response latencies than non-in-
flamed rats under the drug vehicle condition (i.e., hyperalgesia). In general,
9-THC-HS increased latency scores for both groups compared to respective
controls. A 2-way ANOVA revealed a significant main effect of inflammation
F(1,36) =31.44, p = 0.0001 and a significant drug effect F(2,36) = 3.980, p =
0.03. The inflammation X drug interaction term was not significant. Post hoc
comparisons using Fisher’s PLSD detected significantly shorter latency scores
for CFA-inflamed animals compared to non-inflamed animals under vehicle
condition (p < 0.05) (hyperalgesia). Further analyses revealed a significant in-
crease in latency scores for the 5.0 mg/kg non-inflamed group compared to
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FIGURE 1. Mean hotplate latency ( SEM) as a function of °-THC-HS dose for
CFA-inflamed and non-inflamed animals.
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HOTPLATE DATA

Inflamed  Non-Inflamed

Mean Mean
0.0 mg/kg 12.90 20.49
2.5 mg/kg 14.71 23.74
5.0 mg/kg 17.32 26.77

SE SE

0.0 mg/kg 2.11 2.27
2.5 mg/kg 1.59 1.78
5.0 mg/kg 1.80 1.75

non-inflamed controls (p <0.05). Although there was a trend in CFA-inflamed
latency scores, no significant differences were observed. No further analyses
were conducted on these data.
9-THC-HS effects on preference scores for CFA-inflamed and non-in-
flamed animals are summarized in Figure 2.
Both groups showed a black compartment bias under the no drug condition.
In general, °-THC-HS produced a dose dependent increase in preference
scores in non-inflamed animals. However, this pattern was not seen in CFA-
inflamed animals. Consistent with these observations, a 2-way ANOVA re-
vealed a significant main effect for inflammation, F(1,36)=7.353,p=0.01, no
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FIGURE 2. Mean preference scores ( SEM) as a function of °9-THC-HS dose
for CFA-inflamed and non-inflamed animals.
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Inflamed  Non-Inflamed
Mean Mean
0.0 mg/kg 0.29 0.21
2.5 mg/kg 0.31 0.50
5.0 mg/kg 0.17 0.62
SE SE
0.0 mg/kg 0.08 0.08
2.5 mg/kg 0.07 0.12
5.0 mg/kg 0.07 0.09

main effect for drug, and a significant inflammation X drug interaction, F(2,36) =
4.634, p <0.02. Post hoc comparisons using Fisher’s PLSD established no sig-
nificant difference in baseline preference scores, indicating that the bias was
present regardless of inflammation condition. Further post hoc analyses re-
vealed a significant increase in preference scores for non-inflamed animals at
the 2.5 and 5.0 mg/kg doses compared to vehicle controls (p <0.05), indicative
of cannabinoid positive reinforcement in these animals. However, for ad-
juvant-inflamed groups, preference scores were unaffected by 9-THC-HS,
suggesting that 9-THC-HS lacks positively reinforcing properties in the con-
text of persistent inflammatory pain.
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DISCUSSION

While CB receptors present a viable target for pain management, the thera-
peutic use of cannabinoids remains controversial. However, an emerging liter-
ature suggests that analgesic drug liabilities can be diminished when these
compounds are utilized in the context of pain management. These observa-
tions, along with the highly desirable pharmacokinetic profile of the supposi-
tory formulation of °-THC-HS, suggest that certain cannabinoids may provide
for pain relief in some settings with little addictive liabilities. The purpose of
the present research was to examine the putative antinociceptive and reinforc-
ing properties of -THC-HS in the rat adjuvant arthritis model of chronic in-
flammatory pain.

In the present study, adjuvant arthritic animals displayed shorter response
latencies to a noxious thermal stimulus than non-inflamed controls. This
hyperalgesic effect is consistent with reports of long lasting changes in noci-
ceptive responses associated with CFA-induced arthritis (Lewis et al. 1985;
Butler et al. 1992). While rectal administration of °-THC-HS tended to pro-
duce a dose-dependent increase in response latencies in both inflamed and
non-inflamed groups, this antinociceptive effect was significant in only the
non-inflamed animals. These findings are consistent with reports of canna-
binoid modulation of thermal nociception in acute models (Buxbaum 1972;
Yaksh 1981; Welch and Stevens 1992), but inconsistent with reports of
cannabinoid modulation of hyperalgesia in chronic inflammatory models (So-
fia et al. 1973; Smith et al. 1998). However, recent research suggests that
cannabinoid agonists may be more effective in preventing the development of
hyperalgesia than attenuating it (Li et al. 1999a). It is also possible that higher
doses of 9-THC-HS are required to modulate the thermal hyperalgesia in this
CFA model of chronic inflammation. Finally, subsequent power analyses as-
suming a large effect size indicated that a significant analgesic effect would
have been detected at the 5.0 mg dose in inflamed animals with the addition of
as few as 7 animals per cell.

In the conditioned place preference test, both non-inflamed and CFA-in-
flamed animals that received vehicle in both conditioning compartments dis-
played a black compartment preference (i.e., preference scores under 0.5).
This is not an unexpected finding and it is the principle reason for pairing all
drug conditioning trials with the white compartment (i.e., condition against a
black compartment preference). These baseline preference scores in vehi-
cle-treated animals did not differ significantly between inflammation groups.

In non-inflamed animals, rectal administration of °-THC-HS produced a
significant dose-dependent increase in place preference scores, a pattern of ef-
fects indicative of reward (for reviews see van der Kooy, 1987; Carr et al.
1989). These findings add to a literature that is considered equivocal at best on
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the reinforcing properties of cannabinoids (see Tzschentke 1998 for review).
For example, Mallet and Beninger (1998) report that in Wistar rats ananda-
mide failed to produce place preference while °-THC produced place aver-
sion. Place aversion has also been reported in Lister hooded rats using either
CB receptor agonists or  *-THC (Cheer et al. 2000). In contrast, cannabinoids
produce place preference (when using a similar procedure and comparable
doses) in Long Evans rats (Lepore et al. 1995), are self-administered in squir-
rel monkeys (Tanda et al. 2000) and produce lower thresholds for intracranial
self stimulation in Lewis strain rats (Gardner et al. 1988). While the use of var-
ious animal models and paradigms may contribute to such equivocal findings,
a growing literature suggests that strain differences in drug sensitivity may be
an equally important methodological consideration (for review see Mogil
1999). Lepore et al. (1996) report that in an intracranial self stimulation para-
digm, Lewis rats, which we used in the present study, are much more respon-
sive to the rewarding properties of 9-THC compared to Fischer 344 and
Sprague-Dawley rats.
In contrast to non-inflamed groups, CFA-inflamed animals given rectal
9-THC-HS did not show significant changes in their place preference scores,
a finding that suggests an absence of drug reward in these groups. This finding
is somewhat surprising in light of studies that demonstrate analgesic drugs
produce place preference though their negative reinforcing properties (i.e.,
pain reduction) in models of chronic pain (Sufka 1994; Sufka and Roach
1996). However, one requirement for an analgesic drug to possess negative re-
inforcing properties is that it be sufficiently potent in reducing inflammatory
nociception. While rectal administration of °-THC-HS significantly affected
thermal nociception in non-inflamed animals, it was only modestly analgesic
in attenuating thermal hyperalgesia in the CFA model of chronic inflammation
and, therefore may not possess the necessary negatively reinforcing properties
to support place preference. Given that -THC-HS does not possess the same
reinforcing properties in inflamed groups as it does in non-inflamed controls,
we suggest that context can be an important determinant in drug responses.
To our knowledge, this is the first study assessing both the analgesic and re-
inforcing properties of cannabinoids in the context of chronic pain. While the
finding that animals in persistent pain show less analgesia and reward have
been interpreted by some to suggest accelerated tolerance (Gutstein et al.
1995; Li et al. 1999b), this interpretation is unlikely. Animals in the present
study received low doses of ?-THC-HS and on alternate day exposures, a pro-
cedure highly unlikely to produce tolerance. A more likely explanation is that
the context in which drugs are employed is an important determinant in drug
effects. Bardin et al. (2000, p. 61) have suggested, “that theories of (opiate) tol-
erance, withdrawal, and reward should incorporate the effects of pain.” For ex-
ample, opioid agonists given repeatedly in the context of persistent or chronic
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pain show reduced tolerance, physical dependence and withdrawal while
maintaining analgesic efficacy (Lerida et al. 1987; Vaccarino and Couret
1993; Vaccarino et al. 1993). The results of the present study are consistent
with these findings and extend the importance of context to include canna-
binoid systems and reward behaviors. Further studies evaluating therapeutic
compounds should consider the context as an important determinant in drug
response.
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