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ABSTRACT

Ajulemic acid (CT-3, IP-751, 1',1'-dimethylheptyl-D8-tet-

rahydrocannabinol-11-oic acid) (AJA) has a cannabinoid-

derived structure; however, there is no evidence that it pro-

duces psychotropic actions when given at therapeutic

doses. In a variety of animal assays, AJA shows efficacy in

models for pain and inflammation. Furthermore, in the rat

adjuvant arthritis model, it displayed a remarkable action

in preventing the destruction of inflamed joints. A phase-2

human trial with chronic, neuropathic pain patients sug-

gested that AJA could become a useful drug for treating

this condition. Its low toxicity, particularly its lack of

ulcerogenicity, further suggests that it will have a highly

favorable therapeutic index and may replace some of the

current anti-inflammatory/analgesic medications. Studies

to date indicate a unique mechanism of action for AJA that

may explain its lack of adverse side effects.

KEYWORDS: ajulemic acid, analgesia, anti-inflammatory,
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BACKGROUND

A long-standing goal both in university and industrial labo-

ratories has been to design a cannabinoid-derived drug that

would show analgesic efficacy and have a low potential for

abuse. The efforts were rationalized in large measure by

the long history of the use of Cannabis preparations for the

treatment of pain, inflammation, and a host of other medi-

cal needs. Literally hundreds of compounds have been syn-

thesized and tested; however, few have reached the stage

of human testing, and only one, nabilone, is currently used

albeit in limited applications. Tetrahydrocannabinol

(THC), the principal psychoactive component of Cannabis,

is available as an oral medication (Marinol) for use as an

anti-emetic and as an appetite stimulant for AIDS patients.

However, its potential for abuse has discouraged its accept-

ance and use by physicians for a wider range of therapeutic

applications. GW Pharmaceuticals has announced that

mixtures of THC and cannabidiol (CBD) are currently

awaiting approval in the United Kingdom and Canada for

use in relieving pain and spasticity in patients with multi-

ple sclerosis.

Ajulemic acid (AJA), which has a cannabinoid-derived

structure (Figure 1), is being developed to achieve the goal

of providing a synthetic Cannabis-derived drug that will

have a low potential for abuse.1-4 The rationale used in

designing the structure of AJA was based on several reports

in the scientific literature relating to the metabolic transfor-

mations of THC.5-9 As early as 1972, it was reported that a

major route of metabolism for THC involves its stepwise

oxidation to a series of carboxylic acid derivatives.7 Unlike

THC, the acids showed little activity in several studies of

psychotropic responses in both animal models and in

humans.10 Thus, it was concluded that the acid metabolites

are ‘‘inactive,’’ and further studies of their potential phar-

macological properties were not initiated.

This perception has changed following a series of reports

showing that the acids do possess biological actions and that

these could be exploited for therapeutic applications.5,11-14

An advantage of cannabinoids as a class of drugs is their rel-

ative safety, especially when compared with analgesics such

as the opiates and other narcotics. A downside of the acid

metabolites is their low potency in the animal models; how-

ever, this deficiency has been successfully resolved with the

discovery of AJA.15 The recent completion of 2 studies in

humans confirmed AJA�s low abuse potential over the

expected range of therapeutic doses.16

MANUFACTURING

Stereospecific syntheses of THC and its analogs follow a

general scheme, and this has been applied to the production

of AJA (Scheme 1). In this procedure an alkylated resorci-

nol is condensed with an appropriate, chirally pure, terpene

such as (1)-p-mentha-2,8-diene-1-ol (2), cis-chrysanthenol

(5), cis-verbinol (6), or (1)-trans-2-carene oxide (7). The

substituted resorcinol portion of the molecule is made by

the reaction of 1,6-dimethoxyphenol with 1,1-dimethylhep-

tanol in the presence of methane sulfonic acid. The product
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is then esterified with diethyl phosphite and triethylamine

with cooling to yield the diethyl phosphate derivative.

Reduction with lithium in liquid ammonia produces 1-

(1',1'-dimethylheptyl) 3,5-dimethoxybenzene (1) that is

used in the next step. This involves a condensation of the

p-mentha-2,8-diene-1-ol (2) shown in Scheme 1 with dime-

thylheptyl resorcinol (1) catalyzed by p-toluenesulfonic

acid to give the dimethylheptyl analog of D8
— THC.

Following conversion of the cannabinoid to the acetate (3),

the allylic methyl group is oxidized to an aldehyde using

selenium dioxide. Further oxidation to a carboxylic acid is

accomplished by the use of sodium chlorite. Finally, free

AJA (4) is obtained by saponification of the acetyl group

with sodium carbonate in aqueous methanol.

PRECLINICAL STUDIES

Significant progress in defining a mechanism of action for

AJA has been made. On the one hand, modest binding to

the known cannabinoid receptors, CB1 and CB2 has been

reported,17,18 and effects by receptor specific antagonists as

well as stereospecificity has been observed15,19 suggesting

a possible role for these receptors in the actions of AJA. On

the other hand, the fact that AJA does not produce psycho-

activity,16 a process that is believed to require the activation

of CB1, appears to be a contradiction. A possible explana-

tion is that AJA, in addition to activating the receptor,

selectively antagonizes a downstream event that is required

for psychotropic activity but is not needed for anti-inflam-

matory actions. In general, the lack of data on the molecu-

lar events leading to cannabinoid-induced psychoactivity

makes questionable any speculations on this subject.

Data have been obtained on several biochemical effects of

AJA that may have relevance for its anti-inflammatory
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Figure 1. Structure and physical properties. Ajulemic acid,

C25H36O4, is a white crystalline solid (molecular weight 400.55,

melting point 96�C to 99�C) that is soluble in most organic

solvents except hexane and is soluble in aqueous buffers above

pH 8. It is also known as IP-751, CT-3, and 1', 1'-dimethylhep-

tyl-D8-tetrahydrocannabinol-11-oic acid.
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actions. Cannabinoid receptor binding in intact cell models

causes the release of free arachidonic acid suggesting the

activation of one or more phospholipases.20 Recent find-

ings show that AJA can likewise stimulate the release of

arachidonic acid in human fibroblast-like synovial (FLS)

cells.21 The available data suggest complex effects by AJA

on COX-2 activity,22 and the expression levels of COX-2

mRNA.21 All of these effects seem to depend very much

on the model studied and the conditions of the experiment.

AJA also inhibits 5-lipoxygenase (D. Morgan, unpublished

data, February 22, 1993) but not COX-122 in agreement

with its lack of ulcerogenicity23 and its inability to prevent

platelet aggregation.24 Effects on specific cytokine levels

and on the activation of nuclear factor-kB (NF-kB) have

also been observed,25 and it was reported that AJA binds

directly and specifically to peroxisome proliferator-acti-

vated receptor-g (PPAR-g),26 a pharmacologically impor-

tant member of the nuclear receptor super family. Func-

tional assays indicated that AJA initiates the transcriptional

activity of both human and mouse PPAR-g at pharmaco-

logical concentrations. Activation of PPAR-g by AJA

requires the AF-2 helix of the receptor, suggesting that

AJA activates PPAR-g through its ligand-dependent AF-2

region. Consistent with this, AJA binding enables PPAR-g

to recruit nuclear receptor coactivators. It was also found

that AJA inhibits interleukin-8 promoter activity in a

PPAR-g-dependent manner, suggesting a link between the

anti-inflammatory action of AJA and the activation of

PPAR-g. Finally, it was found that AJA treatment induces

differentiation of 3T3 L1 fibroblasts into adipocytes, a

process that is known to be mediated by PPAR-g.

Together, these data indicate that PPAR-g is a molecular

target for AJA under certain conditions, thus providing a

possible mechanism for the anti-inflammatory activity of

AJA, and perhaps other cannabinoid acids as well. These

studies also suggest several possible additional therapeutic

actions for AJA through the activation of PPAR-g in multi-

ple signaling pathways (eg, lipid metabolism, glucose

homeostasis, cell differentiation).

AJA has been studied in a variety of preclinical in vivo

models for anti-inflammatory activity, where it shows

higher potencies than other cannabinoids.13,19 As an exam-

ple, orally administered AJA reduced the induction of paw

edema in mice injected with arachidonic acid with an ED-

50 of 0.02 mg/kg. A similar effect was seen when edema

was induced by orally administered platelet-activating fac-

tor, where an ED-50 of 0.05 mg/kg was found.13 A some-

what lower potency was seen with carrageenan-induced

edema, where AJA inhibited the response at a higher dose

showing an ED-50 of 2.2 mg/kg IV (Roche Center for Bio-

logical Research, Palo Alto, CA, unpublished data, June

16, 1997). In a different model, the migration of leukocytes

into a subcutaneous air pouch following injection of tumor

necrosis factor-a(TNFa) and interleukin-1b(IL1b) was

markedly reduced at doses of 0.1 and 0.2 mg/kg.22 AJA, at

a dose of 0.2 mg/kg administered orally, reduced the

effects of inflammation in an adjuvant-induced arthritis

model in rats.22 A dramatic effect was seen when histologi-

cal examination of randomly selected specimens from

this study was done, revealing a remarkable joint sparing

effect in the AJA-treated animals when compared with

vehicle/adjuvant treated controls (20% vs 80% ankylosis)

(Figure 2).

Figure 2. AJA prevents bone damage in the rat adjuvant arthritis

model. Histopathalogic findings: hind paw tibiotarsal joints at

site of attachment to the anterior aspect of the tibia (hematoxylin

and eosin stained, original magnification 3 40); (A) Normal rat

joint (no Freund�s complete adjuvant [FCA]); (B) Joint from

vehicle/FCA-treated rat on day 35. Synovitis with pannus

formation is seen—exostosis seen at joint margin; (C) Joint from

AJA/FCA-treated rat on day 35. Neither active pannus nor

cartilage or bone damage is seen; Rx: AJA in safflower oil

(0.1 mg/kg/day) given by mouth 3 times weekly. Adapted from

Stebulis et al.21
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IL1b and TNFa are mediators of inflammation and joint

tissue injury in patients with rheumatoid arthritis (RA).

This prompted Zurier et al27 to study human monocyte

IL1b and TNFa responses after the addition of AJA to

cells in vitro. Peripheral blood monocytes (PBM) and

synovial fluid monocytes (SFM) were isolated from

healthy subjects and patients with inflammatory arthritis,

respectively, treated with AJA (0-30 mM) in vitro, and then

stimulated with lipopolysaccharide. Cells were harvested

for mRNA, and supernatants were collected for cytokine

assay. Addition of AJA to PBM and SFM in vitro reduced

both steady-state levels of IL1b mRNA and secretion of

IL1b in a concentration-dependent manner. AJA did not

influence TNFa gene expression in or secretion from

PBM. Reduction of IL1b by AJA would contribute to the

explanation of the joint sparing effects of AJA in the ani-

mal model of arthritis.22

Activation of T cells in the synovium can result in joint tis-

sue injury in patients with RA. Bidinger et al25 investigated

the possibility that AJA would suppress human T-cell

growth in vitro. T cells were isolated from peripheral blood

of healthy volunteers and stimulated to proliferate with

monoclonal antibodies to CD3 and CD4. They observed

that T-cell proliferation was suppressed by AJA in a dose-

dependent manner. Decreases in cell numbers also

occurred following the addition of AJA to unstimulated

cells. The involvement of apoptosis was detected by DNA

fragmentation, caspase-3 activity, and microscopy, and

AJA induced apoptosis of T cells in a dose- and time-

dependent manner.25 Apoptosis preceded loss of cell via-

bility as measured by trypan blue dye exclusion, confirm-

ing that cell loss was due to programmed cell death

rather than necrosis. T cells in the synovium of RA patients

are resistant to apoptosis, further suggesting that a drug

such as AJA may be a useful therapeutic agent for patients

with RA.

The analgesic properties of AJA have been reported in a

variety of animal models by several laboratories. Burstein

et al15,24 observed an antinociceptive action for AJA in the

mouse hot plate assay at 55�C. Dajani et al23 confirmed

this finding and, under their conditions, reported an ED-50

of 6.7 mg/kg intragastrically that was equipotent to that

observed with morphine. They also found a somewhat lon-

ger duration of activity for AJA when compared with mor-

phine. In addition, they reported data using the tail clip

assay in which an ED-50 of 4.4 mg/kg was determined.

Using the paraphenylquinone (PPQ) writhing assay,

Burstein et al24 found activity for AJA with an ED-50 of

1.24 mg/kg. They also reported inhibition in both the first

and second phases of the mouse formalin test, indicating

both centrally and peripherally mediated analgesia for AJA.

Walker et al28 reported that allodynia induced by paw

injection of platelet activating factor (PAF) in rats was

completely reversed following the administration of 5 mg/kg

of AJA. Higher doses resulted in analgesia as measured by

increased tolerance to mechanical pressure. No effect on

motor function (rotarod assay) was seen under the condi-

tions of the assay. Analgesia was observed in a similar

model following paw injection of either carrageenan or

complete Freund�s adjuvant (Atlantic Pharmaceuticals,

New York, NY, unpublished data, July 15, 1998).

In a seemingly different model, Recht et al19 demon-

strated that AJA is highly effective in inhibiting the pro-

liferation of several types of cancer cells. The effect on

normal cells was lower and, in all cases, cell growth

resumed upon withdrawal of the AJA. The involvement

PPAR-g was suggested by changes in lipid metabolism

and prostaglandin synthesis that occurred concurrently;

however, there is no direct evidence for this mechanism.

In the same study, a modest but significant in vivo anti-

tumor effect was seen in a subcutaneous mouse model at

a dose of 0.2 mg/kg administered orally 3 times weekly.

Cancer and inflammation are sometimes considered to be

analogous processes, suggesting that AJA may act by

similar mechanisms in reducing the course of these 2

conditions.

SIDE EFFECTS

The use of many of the traditional anti-inflammatory

agents such as aspirin and ibuprofen is limited by the for-

mation of gastrointestinal ulcers attributed to their inhibi-

tion of COX-1 activity, which is required for gastric

mucosal protection. For this reason, AJA was carefully

examined23 to detect any possible occurrence of ulceroge-

nicity. When given acutely to rats in doses up to 1000 mg/kg,

no evidence for ulcer formation was seen. Chronic ig

administration of up to 30 mg/kg likewise resulted in no

ulcer formation, whereas the indomethacin control rats

showed extensive formation of ulcers. This finding may be

due to AJA�s lack of inhibition of COX-1 as evidenced by

its weak effect on human platelet aggregation.24

AJA�s relationship to THC and its potent analgesic prop-

erties prompted a study for possible induction of opiate-

like physical dependence in a 14-day rat study. None of

the typical opiate withdrawal effects such as writhing,

diarrhea, and wet dog shakes were observed (Atlantic,

unpublished data, July 15, 1998), indicating that AJA has

a low dependence liability. There were no effects on

renal, cardiovascular, or gastrointestinal function and no

signs of respiratory depression. Lethal doses were esti-

mated following single doses in mice (600 mg/kg) and in

rats (400 mg/kg). AJA was well tolerated in a 14-day

study at doses up to 50 mg/kg. Three different standard

tests for mutagenic potential gave negative findings, indi-

cating a lack of carcinogenicity.
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CLINICAL TRIALS

A phase 1, single-center, double-blind, randomized, pla-

cebo-controlled study of AJA was completed five years

ago (Atlantic, unpublished data, May 8, 2000). The pur-

pose of the study was to determine the safety, tolerability,

and pharmacokinetics of a single oral dose of AJA in

healthy adult male volunteers. A total of 32 subjects were

given doses ranging from 0 to 10 mg and monitored for

24 hours following treatment. Pharmacokinetic measure-

ments using mass spectrometry revealed that AJA is rap-

idly absorbed following oral administration and is elimi-

nated with a terminal half-life of approximately 3 hours.

The area under the curve (AUC) and Cmax values showed a

linear relationship when compared over the dose range of

1 to 10 mg/subject. Data from clinical laboratory tests, car-

diovascular measurements, and tests for psychoactivity

were also obtained. The latter consisted of a 12-item, yes/

no questionnaire developed by the Addition Research Cen-

ter at the National Institute on Drug Abuse, which is com-

monly referred to as the Addiction Research Center Inven-

tory-Marijuana (ARCI-M) scale. It is designed to detect

the full range of subjective responses experienced by mari-

juana users and has been validated by subjects following

marijuana smoking. The subjects in the AJA study were

told that they would receive a synthetic derivative of THC.

The data from all dose levels showed that AJA is safe and

well tolerated. The scores obtained with ARCI-M scale

showed no significant differences between placebo and

AJA-treated volunteers. This finding is in agreement with

the reported preclinical studies in rodents5,15 and supports

the conclusion that AJA does not produce a marijuana-like

‘‘high’’ at doses within the expected therapeutic range. This

conclusion has recently been contested29; however, the

basis for the assertion resides in one single-dose experi-

ment in the mouse done at a level many-fold higher than

the therapeutic dose. Burstein and Zurier have published a

detailed reply to this claim pointing out the weaknesses of

the arguments.30

The findings from a phase-2 trial to determine the efficacy

of AJA for the treatment of chronic, intractable, neuro-

pathic pain have been reported by Karst et al.16 In a

randomized, placebo-controlled, double-blind crossover

trial, 21 patients (8 women and 13 men) with a mean age

of 51 years who had a clinical presentation and examina-

tion consistent with chronic neuropathic pain with hyperal-

gesia (n 5 21) and allodynia (n 5 7) were recruited. The

subjects were randomized into 2 7-day treatment groups in

a crossover design. Two daily doses of AJA (4 10-mg cap-

sules per day) or identical placebo capsules were given

during the first 4 days, and 8 capsules per day were given

in 2 daily doses in the following 3 days. After a washout

and baseline period of 1 week each, patients crossed over

to the second 7-day treatment period. The visual analog

scale (VAS) and verbal rating scale scores for pain were

used to determine the effect of AJA. The Trail-Making

Test and the ARCI-M scale were used to detect possible

cannabimimetic activity. The mean differences over time

for the verbal analogic score (VAS) values in the AJA-pla-

cebo sequence measured 3 hours after intake of AJA dif-

fered significantly in favor of analgesia from those in the

placebo-AJA sequence. Eight hours after intake of the drug,

the pain scale differences between groups were less marked.

There were no significant differences with respect to vital

signs, blood tests, electrocardiogram, Trail-Making Test,

and ARCI-M scale. In this preliminary study, AJA was

effective in reducing chronic neuropathic pain compared

with placebo, and no major adverse effects were observed.

In summary, the studies done with AJA demonstrate that

naturally occurring cannabinoids can provide useful tem-

plate molecules for the synthesis of analogs with potential

anti-inflammatory activity. These could be expected to

show a high therapeutic index since cannabinoids generally

have minimal toxicity. It is also tempting to speculate that

stable analogs of the endogenous cannabinoids such as

anandamide may be discovered and will also exhibit high

therapeutic indices.

ACKNOWLEDGMENTS

This publication was made possible by grants DA12178

and DA13691 from National Institute on Drug Abuse,

National Institutes of Health, Bethesda, MD. Its contents

are solely the responsibility of the author and do not neces-

sarily represent the official views of the National Institute

on Drug Abuse.

REFERENCES

1. Burstein S. Therapeutic Potential of Ajulemic Acid (CT-3). In:

Grontenhermen F, Russo E, eds. Cannabis and Cannabinoids.

Binghamton, NY: Haworth Press Inc; 2002;381-388.

2. Burstein SH. Ajulemic acid (CT3): a potent analog of the acid

metabolites of THC. Curr Pharm Des. 2000;6:1339-1345.

3. Burstein SH. The cannabinoid acids: nonpsychoactive derivatives

with therapeutic potential. Pharmacol Ther. 1999;82:87-96.

4. Burstein SH, Karst M, Schneider U, Zurier RB. Ajulemic acid: a

novel cannabinoid produces analgesia without a ‘‘high.’’ Life Sci.

2004;75:1513-1522.

5. Burstein S, Hunter SA, Latham V, Renzulli L. A major metabolite of

delta 1-tetrahydrocannabinol reduces its cataleptic effect in mice.

Experientia. 1987;43:402-403.

6. Burstein S, Shoupe TS. Metabolic pathways for the transformation of

delta 1-tetrahydrocannabinol in mouse hepatic microsomes. Drug

Metab Dispos. 1981;9:94-96.

7. Burstein S, Rosenfeld J, Wittstruck T. Isolation and characterization

of two major urinary metabolites of 1-tetrahydrocannabinol. Science.

1972;176:422-423.

The AAPS Journal 2005; 7 (1) Article 15 (http://www.aapsj.org).

E147



8. Burstein SH, Kupfer D. Hydroxylation of trans-1-tetrahydro-

cannabinol by a hepatic microsomal monooxygenase. Chem Biol

Interact. 1971;3:316.

9. Burstein SH, Menezes F, Williamson E, Mechoulam R. Metabolism

of delta 1(6)-tetrahydro-cannabinol, an active marihuana constituent.

Nature. 1970;225:87-88.

10. Perez-Reyes M. Pharmacodynamics of certain drugs of abuse. In:

Barnett G, Chang CN, eds. Pharmacokinetics and Pharmacodynamics

of Psychoactive Drugs. Foster City, CA: Biomedical Publishers;

1985;287-310.

11. Burstein S, Hunter SA, Latham V, Renzulli L. Prostaglandins and

cannabis-XVI. Antagonism of delta 1-tetrahydrocannabinol action by its

metabolites. Biochem Pharmacol. 1986;35:2553-2558.

12. Burstein SH, Hull K, Hunter SA, Latham V. Cannabinoids and

pain responses: a possible role for prostaglandins. FASEB J.

1988;2:3022-3026.

13. Burstein SH, Audette CA, Doyle SA, Hull K, Hunter SA, Latham V.

Antagonism to the actions of platelet activating factor by a non-

psychoactive cannabinoid. J Pharmacol Exp Ther. 1989;251:531-535.

14. Doyle SA, Burstein SH, Dewey WL, Welch SP. Further studies on

the antinociceptive effects of delta 6-THC-7-oic acid. Agents Actions.

1990;31:157-163.

15. Burstein SH, Audette CA, Breuer A, et al. Synthetic

nonpsychotropic cannabinoids with potent antiinflammatory, analgesic,

and leukocyte antiadhesion activities. J Med Chem. 1992;35:

3135-3141.

16. Karst M, Salim K, Burstein S, Conrad I, Hoy L, Schneider U.

Analgesic effect of the synthetic cannabinoid CT-3 on chronic

neuropathic pain: a randomized controlled trial. JAMA. 2003;290:

1757-1762.

17. Rhee MH, Vogel Z, Barg J, et al. Cannabinol derivatives: binding to

cannabinoid receptors and inhibition of adenylylcyclase. J Med Chem.

1997;40:3228-3233.

18. Compton DR, Rice KC, De Costa BR, et al. Cannabinoid structure-

activity relationships: correlation of receptor binding and in vivo

activities. J Pharmacol Exp Ther. 1993;265:218-226.

19. Recht LD, Salmonsen R, Rosetti R, et al. Antitumor effects of

ajulemic acid (CT3), a synthetic non-psychoactive cannabinoid.

Biochem Pharmacol. 2001;62:755-763.

20. Hunter SA, Burstein SH. Receptor mediation in cannabinoid

stimulated arachidonic acid mobilization and anandamide synthesis.

Life Sci. 1997;60:1563-1573.

21. Stebulis JA, Burstein SH, Torres R, et al. Ajulemic Acid, an

antiinflammatory nonpsychoactive cannabinoid acid, modulates

activation of human synovial cells. Paper presented at: 2004

Symposium on the Cannabinoids. June 20, 2004; Paestum, Italy.

22. Zurier RB, Rossetti RG, Lane JH, Goldberg JM, Hunter SA,

Burstein SH. Dimethylheptyl-THC-11-oic acid: a nonpsychoactive

antiinflammatory agent with a cannabinoid template structure. Arthritis

Rheum. 1998;41:163-170.

23. Dajani EZ, Larsen KR, Taylor J, et al. 1',1'-Dimethylheptyl-delta-8-

tetrahydrocannabinol-11-oic acid: a novel, orally effective cannabinoid

with analgesic and anti-inflammatory properties. J Pharmacol Exp

Ther. 1999;291:31-38.

24. Burstein SH, Friderichs E, Kogel B, Schneider J, Selve N. Analgesic

effects of 1',1' dimethylheptyl-delta8-THC-11-oic acid (CT3) in mice.

Life Sci. 1998;63:161-168.

25. Bidinger B, Torres R, Rossetti RG, et al. Ajulemic acid, a

nonpsychoactive cannabinoid acid, induces apoptosis in human T

lymphocytes. Clin Immunol. 2003;108:95-102.

26. Liu J, Li H, Burstein SH, Zurier RB, Chen JD. Activation and

binding of peroxisome proliferator-activated receptor gamma by

synthetic cannabinoid ajulemic acid. Mol Pharmacol.

2003;63:983-992.

27. Zurier RB, Rossetti RG, Burstein SH, Bidinger B. Suppression of

human monocyte interleukin-1beta production by ajulemic acid, a

nonpsychoactive cannabinoid. Biochem Pharmacol. 2003;65:649-655.

28. Walker JM, Owen K, Petros P, Huang SM. Antiallodynic and

analgesic actions of ajulemic acid reversed by a cannabinoid antagonist.

Paper presented at: Society of Neuroscientists; November 9, 2000;

New Orleans, LA.

29. Sumariwalla PF, Gallily R, Tchilibon S, Fride E, Mechoulam R,

Feldmann M. A novel synthetic, nonpsychoactive cannabinoid acid

(HU-320) with antiinflammatory properties in murine collagen-induced

arthritis. Arthritis Rheum. 2004;50:985-998.

30. Burstein SH, Zurier RB. Pain reduction and lack of psychotropic

effects with ajulemic acid: comment on the article by Sumariwalla et al.

Arthritis Rheum. 2004;50:4078-4080.

The AAPS Journal 2005; 7 (1) Article 15 (http://www.aapsj.org).

E148


