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ABSTRACT. The discovery of carboxylic acid metabolites of the cannabinoids (CBs) dates back more than
three decades. Their lack of psychotropic activity was noted early on, and this resulted in a total absence of
further research on their possible role in the actions of the CBs. More recent studies have revealed that the
acids possess both analgesic and anti-inflammatory properties and may contribute to the actions of the parent
drug. A synthetic analog showed similar actions at considerably lower doses. In this review, a brief survey of
the extensive literature on metabolism of D9-tetrahydrocannabinol to the acids is presented, while more
emphasis is given to the recent findings on the biological actions of this class of CBs. A possible mechanism
involving effects on eicosanoids for some of these actions is also suggested. Finally, an analogy with a
putative metabolite of anandamide, an endogenous CB, is discussed. pharmacol. ther. 82(1):87–96,
1999. © 1999 Elsevier Science Inc. All rights reserved.
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ABBREVIATIONS. CB, cannabinoid; COX, cyclooxygenase; DMH, dimethylheptyl; HPETE, hydroperoxyeicosatetraenoic acid; LOX, lipoxygenase; NSAID, nonsteroidal anti-inflammatory drug; PAF, platelet-activating factor; PG, prostaglandin; SB-1, arachidonyl glycyl amide; SB-2, arachidonyl g-aminobutyryl amide; SB-3,
p-arachidonylamido phenol; THC, tetrahydrocannabinol.

1. INTRODUCTION
The psychotropic principle of Cannabis is tetrahydrocannabinol (THC), a highly lipophilic molecule whose structure is shown in Fig. 1. The recent discovery of two G-protein-coupled transmembrane cannabinoid (CB) receptors,
CB1 and CB2, has generated a new wave of interest in this
class of drugs (Pertwee, 1997). Hope has been renewed that
the long-sought goal of separation of psychoactivity from
the medicinal properties of Cannabis can now be achieved
through rational drug design. While this approach has
merit and has already led to several interesting candidate
molecules, a second strategy has also resulted in some promising leads. This latter approach is based on the properties
of the acid metabolites of D9-THC, which show little or no
psychoactivity (Burstein et al., 1988; Watanabe et al., 1980;

Perez-Reyes, 1985) and do not bind to CB1 or CB2 (Rhee
et al., 1997).
2. METABOLITES OF
TETRAHYDROCANNABINOL
2.1. Pathways of Metabolism
D9-THC is rapidly metabolized in the body to a number of
oxygenated products (for reviews, see Agurell et al., 1986;
Burstein, 1985; Harvey and Paton, 1984); however, the
most important route in most species involves oxidation of
the allylic methyl group, and is outlined in Fig. 2 (Burstein
et al., 1972). Oxidation may occur elsewhere in the molecule, notably at various positions on the side chain, leading
to polyfunctional metabolites (Fig. 3). The first hint that
there were acid metabolites of D9-THC was reported by
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FIGURE 1. CB structures. See Fig.
3 for the numbering system. DMHTHC-11-oic acid is code named
CT3.

Agurell et al. (1970), who found an acidic fraction in the
urine of rabbits given radiolabeled D9-THC. Subsequent
studies by several groups demonstrated the importance of
this route of metabolism for D9-THC and the other major
CBs in Cannabis in most species, including humans (Wall
and Perez-Reyes, 1981; Widman et al., 1985). Due to the
prevalence and persistence of the acid metabolites in human tissues, these metabolites have become the basis for
most of the drug abuse screening methods for the detection
of Cannabis usage. Thus, habitual Cannabis users are chronically exposed to relatively high plasma levels (65–70 ng/
mL) of D9-THC-11-oic acid (Wall and Perez-Reyes, 1981).
These authors also reported that direct administration of
D9-THC-11-oic acid to human subjects produced no psychotropic responses and resulted in very little further metabolism of the acid other than the formation of glucuronide conjugates.
2.2. Biological Activities of the Metabolites
A remarkable change in the biological activities of THC
occurs during the course of its metabolism (Fig. 2). While
monohydroxy D9-THC and its aldehyde product (not
shown) have pharmacological profiles similar to D9-THC,
the terminal carboxy metabolite has no psychotropic effect
in humans (Perez-Reyes, 1985) and does not produce the
behavioral responses typical of D9-THC in laboratory animals (Burstein et al., 1988; Watanabe et al., 1980). In fact,
D8-THC-11-oic acid has been shown to attenuate the cataleptic effect of D9-THC in mice (Burstein et al., 1987) by
an undetermined mechanism.
Inhibition by D9-THC-11-oic acid of one of the in vitro
effects of D9-THC has also been reported some time ago
(Burstein et al., 1986a). It was shown that the acid was able
to reduce D9-THC-induced synthesis of immunoreactive
prostaglandin (PG)E1 in WI-38 human lung fibroblasts,
probably by inhibiting the action of cyclooxygenase (COX).
Inhibition of PG synthesis is a typical property of the non1This refers to material that binds to anti-PGE in a radioimmunoassay
procedure.

steroidal anti-inflammatory drugs (NSAIDs), and this observation (Burstein et al., 1986a) suggested that D9-THC11-oic acid may exhibit similar effects in experimental
models of pain and inflammation. This hypothesis was
tested in several such models, and it was observed that the
acid behaved as an NSAID in the mouse hot-plate test
(Burstein et al., 1988; Doyle et al., 1990), platelet-activating factor (PAF) and arachidonate-induced paw edema
tests (Burstein et al., 1989), the paraphenylquinone writhing assay (Doyle et al., 1990), and PAF-induced mortality
(Burstein et al., 1989). These findings raised the possibility
that the analgesic and anti-inflammatory properties of D9THC may be due, at least in part, to its acid metabolites.
Typical properties of NSAIDs apparently not shared by
D9-THC-11-oic acid are the so-called side effects; in particular, gastrointestinal and kidney toxicity. This statement is
based partly on experimental findings and partly on anecdotal information. An example of the former is seen in Table 1, which shows the results from an acute ulcerogenicity
test in rats (unpublished data). D8-THC-11-oic acid given
at twice the maximal effective dose for the analgesia/antiinflammatory assays produced zero lesions under conditions
in which aspirin and indomethacin, two common NSAIDs,
displayed significant toxicity. This finding is in agreement
with the fact that chronic users of Cannabis who are exposed to high blood levels of this D9-THC metabolite appear to be free from NSAID-type toxicity. The precise basis
for this difference is not well understood at this time; however, it may be partly due to a selective inhibition of COX-2
vs. COX-1 by D9-THC-11-oic acid similar to that shown by
the synthetic CB acid 19,19-dimethylheptyl-D9-THC-11oic acid (DMH-THC-11-oic acid), which shows potent analgesic (Burstein et al., 1998) and anti-inflammatory (Zurier et al., 1998) actions (see Section 3). Selective inhibition
of COX-2 has been suggested as a basis for NSAID activity
free of gastrointestinal toxicity (Jouzeau et al., 1997).
The findings described above strongly suggest that contrary to a long-held belief, the acid metabolites of D9-THC
are not “inactive” and exhibit a pharmacological profile
quite different from D9-THC. As a consequence of the
former point of view, very little research has been done on a
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FIGURE 2. The major pathway of
metabolism for D9-THC. Analogous
pathways exist for D8-THC, cannabinol, and cannabidiol.

possible role for these metabolites in the overall effects of
Cannabis use in humans. However, the acids may not only
contribute to its analgesic properties, but could also attenuate the duration and intensity of the psychotropic effects.
For example, in the mouse, it has been reported that the
prior administration of D8-THC-11-oic acid limits the cataleptic response to D9-THC (Burstein et al., 1987). This may
be related to the observation that indomethacin, a potent
NSAID, antagonizes specific responses to smoked marijuana
in humans (Perez-Reyes et al., 1991). If this “metabolite hypothesis” is valid, it could help explain the relatively low
toxicity associated with THC, since the agonist would generate its own antagonist during the course of metabolism.
Time-course comparisons of D9-THC vs. D9-THC-11-oic
acid have been carried out for both the hot plate (Burstein
et al., 1988) and PAF-induced edema models in the mouse
(Burstein et al., 1989). The findings in both cases showed
an earlier and greater inhibition of response to the stimulus
for the acid. These data are entirely consistent with the
“metabolite hypothesis,” although other explanations such
as different degrees of bioavailability for D9-THC compared
with the acid are a possible cause for the more rapid and
more robust action of D9-THC-11-oic acid. It is interesting
to note that in the hot-plate study, THC actually caused
hyperalgesia at early time points in contrast to the acid,
which was antinociceptive at all time points.
3. SYNTHETIC ANALOGS
3.1. General Considerations
More recently, studies on the CB acids have taken a somewhat different approach; namely, the use of more potent

synthetic analogs of D9-THC-11-oic acid as agonists. These
analogs undoubtedly will provide better tools in the search
for the sites of action of the acids in much the same way
that CP55940 (the DMH analog of THC) has proven useful in characterizing the CB1 receptor. Moreover, it is expected that such acid analogs will be candidate molecules
for testing as clinically useful agents free of the psychotropic effects of THC. An example of such an analog is DMHTHC-11-oic acid shown in Fig. 1. It has long been known
that modification of the pentyl side chain in THC can
produce molecules with altered potencies (Loev et al.,
1973). In particular, it has been found that increasing the
chain length to 7 carbons and introducing branching close
to the ring can lead to compounds with potencies that are
50–100 times that of THC. This strategy was employed in
designing the structure of DMH-THC-11-oic acid, and the
initial study supported the expectation for increased potency in several models of NSAID-type activity (Burstein et
al., 1992).
3.2. Analgesic Effects
Further studies aimed at characterizing the possible analgesic potential of DMH-THC-11-oic acid have been carried
out (Burstein et al., 1998). Several tests in particular gave
positive results in which the analog potently reduced behavioral responses to painful stimuli. In the phenylquinone
writhing assay in the mouse, over the dose range of 0.2–10
mg/kg i.v., a complete reduction of the writhing response
was obtained with an ID50 of 1.24 mg/kg. In the mouse formalin antinociception test, a 64% reduction in the earlyphase and a 48% reduction in the late-phase responses were
observed at a dose of 4.64 mg/kg i.v. using three behavioral
parameters for activity. This differs from a typical NSAID
response, where only a late-phase effect would be expected.
It is interesting to note that under these conditions, motor
function was not altered, as seen in the rota rod procedure.

TABLE 1. Acute Ulcerogenicity Test in Rats
Substance
Aspirin
D8-THC-11-oic acid
Indomethacin
Indomethacin
FIGURE 3. Carboxy metabolites of D9-THC. Arrows indicate
positions of either hydroxylation or oxidation to a carboxy
group.

1Number

Dose
(mg/kg)

Incidence1

Mean score2

100
80
20
10

10/10
0/10
6/11
2/5

1.9
0.0
0.77
0.6

of rats with lesions per total tested.
mucosal lesions were scored on a scale of 0–3 according to size:
0, normal mucosa; 3, lesions greater than 5 mm in length.
2Gastric
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In addition, hot-plate assays were done at two surface temperatures, 488C and 588C, to provide some insight into the
mechanism of antinociceptive activity of the DMH-THC11-oic acid. A significant decrease in potency was seen at
the higher temperature, an effect that is considered characteristic of nonopiate receptor-mediated action.
Direct comparisons between DMH-THC-11-oic acid and
morphine have yielded additional evidence that DMHTHC-11-oic acid is an effective analgesic in animal models
(E. Dajani, personal communication). In two different
tests, the mouse tail-clip and the mouse hot plate, at 558C,
DMH-THC-11-oic acid showed potencies comparable with
morphine when measured at early time points. The long
duration of action of DMH-THC-11-oic acid was revealed
when the mice were tested in the tail-clip assay at later
times, where it showed a considerably greater potency than
morphine. This is in agreement with the duration of action
seen in the adjuvant arthritis study, where it was found that
administration of DMH-THC-11-oic acid was needed only
on a thrice-weekly basis (Zurier et al., 1998).
3.3. Inhibition of the Effects of Tetrahydrocannabinol
As was reported for D9-THC-11-oic acid (Burstein et al.,
1987), the DMH-THC-11-oic acid produced no cataleptic
response in the mouse, as measured by the ring test (Fig. 4)
(S. Burstein, W. Pearson and A. Zurier, unpublished data).
Moreover, it was able to significantly reduce, in a dose-related
manner, THC-induced catalepsy in the same model. The
mechanism for this observed inhibition is a matter for speculation at this time; however, it seems improbable that the
acids act directly on the ligand-binding site of the CB1 receptor. While little binding data is available for the analog,
THC-11-oic acid does not appear to compete for sites with
a known CB1 ligand (Compton et al., 1993). Since D9THC-induced catalepsy is thought to be mediated by the
CB1 receptor, it seems likely that inhibition by the acids
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may involve the attenuation of a downstream process following receptor-ligand interaction. There may even be
some features in common with the analgesic/anti-inflammatory effects of the acids; for example, a reduction of
eicosanoid synthesis since PGs can induce a cataleptic state
when administered to mice (Burstein et al., 1987). There is
only weak binding of the acids to the CB2 receptor (Rhee
et al., 1997), which has been suggested to be involved in the
mediation of anti-inflammatory effects (Facci et al., 1995).
Since most of the known CB1 ligands show significant affinity for CB2, the possibility is raised that the acids, which
do not bind to CB1, may be ligands for a yet-to-be discovered CB3.
3.4. Anti-Inflammatory Effects
A long-standing experimental model for acute inflammation is the induction of leukocyte infiltration into a subcutaneous air pouch that approximates a synovial cavity.
When DMH-THC-11-oic acid was tested in this model, a
dramatic, dose-related decrease in pouch fluid cell count
was observed (Zurier et al., 1998). At a dose of 0.2 mg/kg/
day p.o., a 65% decrease in neutrophil infiltration occurred,
demonstrating significant potency, as well as efficacy, of the
analog in a clinically relevant model.
Further testing for anti-inflammatory action of DMHTHC-11-oic acid was done using the adjuvant-induced polyarthritis model in rats (Zurier et al., 1998). This paradigm is
considered to closely resemble rheumatoid arthritis in humans, and has been used widely in testing for anti-inflammatory activity in experiments with drug candidates. In this
study, the analog was administered orally 3 times/week at a
dose of 0.1 mg/kg, beginning 3 days after injection of Freund’s complete adjuvant. The effects were evaluated both
by clinical observations throughout the study and by histopathologic analysis of representative joint samples at the
end of the study. The effects on one aspect of clinical symp-

FIGURE 4. DMH-THC-11- oic
acid inhibition of the cataleptic
effect of THC in mice. DMHTHC-11-oic acid was given p.o. in
50 mL of peanut oil at doses of 0.2
and 2.0 mg/kg 120 min prior to
testing. D9-THC (40 mg/kg) was
given p.o. to all groups 60 min
prior to testing. The ring test was
performed as previously described
(Burstein et al., 1987). Values
shown are the means from a group
of 10 mice. *P 5 0.0001 by
ANOVA (DMH-THC-11-oic acid
vs. oil/D9-THC).
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to be a lack of permanent joint damage in the analogtreated animals (Zurier et al., 1998). This was seen as minimal synovitis without pannus formation, in which cartilage,
bone, and joint space appear intact. Further studies are
needed to determine whether these effects are due solely to
inhibition of eicosanoid synthesis or possibly involve the
direct action of CT3 on other mediators of inflammation,
such as metalloproteinases and cytokines.
4. A POSSIBLE ANALOGY WITH ANANDAMIDE

FIGURE 5. Reduction of permanent joint damage (ankylosis)
by DMH-THC-11-oic acid. Lewis rats (120 g) obtained from
Charles River Laboratories (Wilmington, MA) were treated
with Mycobacterium butyricum in Freund’s incomplete adjuvant. Each rat was given 2 mg M. butyricum in 0.2 mL by intradermal injection at the base of the tail. The data shown are the
means from 9 rats, were obtained on day 35 of an adjuvantinduced arthritis study, and represent the number of joints with
permanent damage. The rats had been treated with 0.1 mg/kg
DMH-THC-11-oic acid each Monday, Wednesday, and Friday,
beginning on day 3 after adjuvant injection. Adapted from Zurier et al. (1998).

tomology are shown in Fig. 5, which shows the effect of
DMH-THC-11-oic acid on joint deformity (ankylosis) and
demonstrates a significant improvement in drug-treated
rats when compared with vehicle-treated controls. There is
no evidence for the development of tolerance during the 30
days of drug administration; tolerance is a hallmark for the
group of CBs such as THC with psychotropic activity. This
latter point suggests a clear divergence in the mechanism of
action between the CB acids and other CBs. The histopathologic findings were remarkable in that there appeared

A milestone in CB research occurred several years ago with
the identification of a putative endogenous ligand for the
CB1 receptor (Devane, 1994). The molecule called anandamide is the ethanolamide derivative of arachidonic acid
(Fig. 6) and thus, may be considered a novel member of the
eicosanoid family (Burstein et al., 1995). Subsequent studies have led to the discovery of naturally occurring and synthetic analogs and metabolites of anandamide, suggesting
that like THC, a family of biologically active substances
may exist. Three examples of putative analogs/metabolites
that have been synthesized are shown in Fig. 6. The structure labeled SB-1, which is the glycine derivative of arachidonic acid, is the anandamide counterpart of THC-11-oic
acid. Computer-generated structural overlap studies of the
corresponding hydroxy derivatives, i.e., anandamide and
11-hydroxy-DMH-THC, in general are in agreement with
this concept (Burstein et al., 1995). A preliminary report
on some of the actions of these compounds was made recently (Burstein et al., 1997) and the findings are shown in
Fig. 7. Of interest is the observation that SB-1, like D9THC-11-oic acid, shows relatively high activity in the hotplate assay and low activity in the ring test. Structural specificity is demonstrated by the finding that SB-2, the bis
homologue of SB-1, is inactive in both assays. Interestingly,
SB-3 (p-arachidonylamido phenol) recently has been
shown to be a selective inhibitor of anandamide transport
in neuronal and glial cells (Beltramo et al., 1997). This
could possibly account for the modest effect it shows in the

FIGURE 6. Structures of anandamide and several synthetic analogs.
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FIGURE 7. Effects of anandamide analogs in the hot-plate and
ring tests compared with D9-THC. All substances were administered p.o. in peanut oil at a dose of 40 mg/kg 90 min prior to
testing. The cutoff time for the hot plate was 30 sec and 300
sec for the ring test. N 5 10. MPE, maximum possible effect.

ring test. Considering the potential importance of the
anandamides, it would be of some interest to establish
whether SB-1 is an endogenous member of this growing
family of cell mediators.
5. THE QUESTION OF MECHANISM AND
STRUCTURE-ACTIVITY CONSIDERATIONS
5.1. The Arachidonic Acid Cascade
Currently, a paucity of data is available describing the actions of the CB acids at the molecular level. What is known
has been summarized in Fig. 8, which indicates specific
points of inhibition located at COX-2 and 5-lipoxygenase
(LOX) and has been reported previously (Burstein et al.,
1986a,b, 1989, 1992; Doyle et al., 1990; Hunter et al., 1984;
Zurier et al., 1998). No effects on phospholipases have been
observed; however, this point has not been examined carefully. In contrast, the CBs with psychotropic activity, such
as THC, appear to act as stimulators of arachidonic acid release by virtue of their actions on phospholipases (Audette
et al., 1991; Burstein and Hunter, 1978, 1981, 1995; Burstein et al., 1982, 1983, 1984, 1985, 1994; Hunter et al.,
1986; Wartmann et al., 1995). Moreover, THC shows only
weak inhibitory action on COX-1 (Burstein and Raz,
1972), as do the other plant-derived CBs (Burstein et al.,
1973). The THC-induced release reaction has been shown
to be mediated by either CB1 or CB2, depending on the
cell type being studied (Hunter and Burstein, 1997), although this view has been questioned (Howlett, 1995a).
This striking change in action on the arachidonic acid cascade in going from THC to its acid metabolite mirrors the
changes in the in vivo responses described in Section 2.2,
suggesting that the eicosanoid system plays a role in CB effects in general.
A possible explanation for CB-induced analgesia that involves effects on the arachidonic acid cascade can be de-
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FIGURE 8. The arachidonic acid cascade—a possible site
of action for the CB acids. The major pathways for the
metabolism of arachidonic acid from phospholipid storage
sites to the various eicosanoids. The inhibitory effects of the
CB acids are indicated. PLA2, phospholipase A2; HETE,
hydroxy-eicosatetraenoic acid.

rived from recent reports on the mechanism of opioid inhibition of g-aminobutyric acid-mediated neurotransmission
(Vaughan et al., 1997; Williams, 1997). It was suggested
that dual inhibition of COX and 5-LOX can greatly enhance the antinociceptive effects of opioids by shunting increased amounts of arachidonic acid through the 12-LOX
pathway. In support of this hypothesis, it has been shown
earlier that 12-hydroperoxy-eicosatetraenoic acid (HPETE),
a product of this pathway, is a potent second messenger for
presynaptic inhibition of Aplysia sensory cells (Piomelli et
al., 1987). The CB acids inhibit both COX and 5-LOX, an
effect that might result in elevated levels of 12-LOX metabolites at presynaptic sites, thereby enhancing the effects of
both endogenous and exogenous opioids. The CB acids,
therefore, may act on the opioid pathway downstream of
the receptor and thus, their actions would not be naloxonesensitive. It is interesting to note that primary CBs such as
THC can elevate free arachidonic acid levels in a wide
range of experimental models (Burstein, 1992), and this effect appears to be either CB1 or CB2 receptor-mediated,
depending on the cell type studied (Hunter and Burstein,
1997). This effect could also result in increased synthesis of
12-LOX metabolites, especially in vivo, where simultaneous
metabolism to the CB acids occurs. This hypothesis would
provide a possible explanation for the findings of Lichtman
and Martin (1997) showing that SR141716A, a CB1 antagonist, reduces CB-induced antinociception in rats. Thus,
the primary CBs and the acid metabolites exert their analgesic actions at different points on the same pathway, with
both resulting in an elevation of 12-LOX products. These
will be interesting points to confirm experimentally and
may help resolve outstanding issues concerning the mechanism of CB-induced analgesia.
5.2. Other Systems
The most widely studied mechanism for receptor-mediated
CB action has been the ability to inhibit hormone-stimu-
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FIGURE 9. Therapeutic index of DMH-THC-11-oic acid compared with several NSAIDs. The therapeutic indices are adapted
from Young and Yee (1994) and were calculated from the ratio
of the ED50 ulcerogenicity/ED50 adjuvant-induced arthritis in
the rat (95% confidence limits). 1The ED50 values for DMHTHC-11-oic acid are estimates since a dose of up to 30 mg/kg/
day did not produce detectable ulceration (E. Dajani, unpublished data). The ED50 in the rat adjuvant arthritis test for
DMH-THC-11-oic acid is also estimated from the available data
(Zurier et al., 1998).

lated adenylate cyclase in vitro (for a recent review, see
Pertwee, 1997). There is no evidence that the CB acids directly affect this system; however, there may be indirect effects due to their ability to inhibit PG synthesis. It has been
suggested that CB modulation of adenylate cyclase may be
a result of their effects on eicosanoid levels (Hillard and
Bloom, 1983; Burstein et al., 1995). Thus, it is possible that
the acids may down-regulate this response by inhibiting the
activity of COX.
Effects on anandamide levels by the acids represent another possible mechanism of action. The NSAID ibuprofen
has been reported to inhibit the hydrolytic metabolism of
anandamide (Fowler et al., 1997), raising the possibility
that the acids may also produce such an effect. In addition,
it has been reported that anandamide is a substrate for
COX-2 (Yu et al., 1997), so that COX-2 inhibitors such as
the acids may cause an elevation of cellular anandamide by
shutting down this route of metabolism. A similar observation on the elevation of anandamide levels in calcium ionophore-challenged RAW264.7 cells by indomethacin supports this hypothesis (Pestonjamasp and Burstein, 1998).
5.3. Structure-Activity Considerations
Most of the comprehensive reports and reviews on CB
structure-activity relationships have not included data on
the CB acids (Loev et al., 1973; Wilson and May, 1975;
Johnson et al., 1982; Razdan, 1986; Rapaka and Makriyan-
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nis, 1987; Howlett et al., 1988; Little et al., 1988; Reggio et
al., 1989; Makriyannis and Rapaka, 1990; Compton et al.,
1991, 1992a,b, 1993; Thomas et al., 1991; Melvin et al.,
1993, 1995; Adams et al., 1995; Martin et al., 1995; Howlett,
1995b; Pertwee, 1997). The general picture that has emerged
from all of these papers suggests that there are three important regions in the THC structure for so-called cannabimimetic activity. This term has come to mean substances with
significant affinity for CB1. The three regions are the side
chain (R1, Fig. 1), the phenolic hydroxyl, and the substituent at position 9 (R2, Fig. 1). The position of the double
bond (8,9 or 9,10) has only a minor effect on CB1 binding;
however, the stereochemistry of the ring juncture is critical.
Any departure from the R,R absolute configuration shown
in Fig. 1 leads to a decrease in cannabimimetic activity.
Modification of the side chain from the n-pentyl can result
in a change in potency that in some cases, leads to dramatic
increases in activity. This seems to apply not only to psychotropic activity, but also to analgesic and anti-inflammatory actions as well. This side-chain effect appears to be
quite general and seems to apply to CB interactions with
other sites, in addition to CB1.
Changes in activity involving the nature of the substituent at position 9 were originally observed in studies on the
metabolites of THC (Section 2). Conversion to a hydroxymethyl generally results in derivatives with potencies
equal to or greater than the corresponding methyl derivative. However, further conversion to a carboxylated analog
causes a profound alteration in the pharmacological profile
in which there is a dramatic decrease in psychotropic activity. These carboxy derivatives, on the other hand, retain
the full analgesic and anti-inflammatory activities of the
parent molecules (Burstein et al., 1986a, 1987, 1988, 1989;
Watanabe et al., 1980). Martin et al. (1991) have examined
this phenomenon as part of an extensive structure-activity
relationship study using a battery of behavioral assays in
mice to quantitate activity. They reported their findings as
an average potency over 4 assays relative to THC for
changes in spontaneous activity, hypothermia, antinociception, and catalepsy. Working in the D9 DMH series, they
found a 70-fold decrease in average relative potency in going from the 11-hydroxy to the 11-carboxy derivative; however, the acid still was 2.6 times more “active” than THC.
Unfortunately, they did not report data for the individual
assays, so it is possible that the acid was totally inactive in
the catalepsy test, but still very active in the assay for antinociception, which, if this were the case, would compare
well with the findings from other laboratories (Burstein et
al., 1988; Watanabe et al., 1980). It should be noted that
the potency value reported by Martin et al. (1991) is approximately 100-fold less than that reported by Zurier et al.
(1998) in their rat adjuvant arthritis study and about 10fold lower than that reported by Burstein et al. (1998) for
inhibition in a mouse writhing assay.
The underlying reasons for the low psychotropic potencies, i.e., lack of binding to CB1, of the CB acids are a matter of speculation, given the limited data that are available
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(Rhee et al., 1997). One possibility could be differences in
steric volume of the methyl group compared with the carboxy group. Calculations such as those done by Reggio et al.
(1993) for a series of CBs that would include examples of
the acids might support such a contention. A second possibility may have something to do with electronic properties,
as has been suggested by Da Silva and Trsic (1995). They
have reported a correlation between LUMO energies and
psychotropic activity for a series of 7 CBs that includes
THC-11-oic acid. Of course, the most interesting question
remains; namely, if the acids do not bind to CB1, with
which sites do they interact?
6. SUMMARY
The natural CB acids are a large and structurally diverse
group of substances that are produced in vivo following the
ingestion of the primary CBs. Tissue levels of these metabolites persist long after the decline in the psychotropic effects, suggesting that they do not share these properties
with D9-THC. This is supported by observations in both experimental animal models (Burstein et al., 1987; Watanabe
et al., 1980) and in humans (Perez-Reyes, 1985), where
cannabimimetic activity was found to be absent. Moreover,
they very likely antagonize some of the effects of D9-THC,
as evidenced by their ability to reduce its cataleptic action
in mice (Burstein et al., 1987) (Fig. 4). This antagonism
probably is not due to competition for binding to the CB1
receptor, but may be related to their ability to inhibit
eicosanoid synthesis; however, the precise mechanism
could include effects on other systems as well. The attenuating effects of the acids present an interesting situation
where the agonist D9-THC produces increasing levels of inhibitors, the CB acids, with time. Thus, the use of Cannabis
would seem to have a built-in safety mechanism, provided
the subject has an adequate rate of metabolism.
Synthetically derived CB acids can provide potentially
useful candidate molecules for drug development. This
strategy is based on reports demonstrating that the natural
acids exhibit NSAID-like activity in mice at doses comparable with those at which D9-THC is active (Burstein et al.,
1988, 1989; Doyle et al., 1990). An example of a synthetic
acid, DMH-THC-11-oic acid, that shows potent analgesic
(Burstein et al., 1998) and anti-inflammatory (Burstein et
al., 1992; Zurier et al., 1998) activity in animal models has
been described in this review. In addition to showing analgesic potencies comparable with or greater than morphine
in animals (see Section 3.2), it was highly effective in reducing leukocyte migration and in preventing permanent
joint damage in the rat adjuvant-induced arthritis model
(Zurier et al., 1998). Of particular interest are the observations that both the natural (Table 1) and the synthetic acids (E. Dajani, personal communication) appear to lack the
ulcerogenic actions that are often associated with many of
the NSAIDs currently in clinical use. A comparison of
DMH-THC-11-oic acid with several well-known NSAIDs
is shown in Fig. 9 (E. Dajani, personal communication).
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The therapeutic indices for the drugs shown were based on
the ED50 values for their effects in the rat adjuvant arthritis
and acute ulcerogenicity models. There is a greater than
7-fold more favorable index with DMH-THC-11-oic acid
when compared with ketoprofen, the best example of the
NSAIDs; ibuprofen, the worst example, was more than 80fold less favorable than DMH-THC-11-oic acid. If these
findings hold up in the clinic, the CB acids may provide a
breakthrough in the long-sought goal of finding a medicinal
CB free of psychotropic activity.
Acknowledgements–This publication was made possible by grants DA09439
and DA09017 from the National Institute on Drug Abuse. Its contents are
solely the responsibility of the author and do not necessarily represent the
official views of the National Institute on Drug Abuse.

References
Adams, I. B., Ryan, W., Singer, M., Thomas, B. F., Compton, D. R.,
Razdan, R. K. and Martin, B. R. (1995) Evaluation of cannabinoid receptor binding and in vivo activities for anandamide
analogs. J. Pharmacol. Exp. Ther. 273: 1172–1181.
Agurell, S., Nilsson, I. M., Ohlsson, A. and Sandberg, F. (1970)
On the metabolism of tritium-labelled THC in the rabbit. Biochem. Pharmacol. 19: 1333–1339.
Agurell, S., Halldin, M., Lindgren, J.-E., Ohlsson, A., Widman,
M., Gillespie, H. and Hollister, L. (1986) Pharmacokinetics
and metabolism of THC and other cannabinoids with emphasis
on man. Pharmacol. Rev. 38: 21–40.
Audette, C. A., Burstein, S. H., Doyle, S. A. and Hunter, S. A.
(1991) G-Protein mediation of cannabinoid-induced phospholipase activation. Pharmacol. Biochem. Behav. 40: 559–563.
Beltramo, M., Stella, N., Calignano, A., Lin, S. Y., Makriyannis,
A. and Piomelli, D. (1997) Functional role of high affinity
anandamide transport as revealed by selective inhibition. Science 277: 1094–1097.
Burstein, S. (1985) Biotransformations of the cannabinoids. In:
Pharmacokinetics and Pharmacodynamics of Psychoactive
Drugs, pp. 396–414, Barnett, G. and Chiang, N. (eds.) Biomedical Publications, Foster City, California.
Burstein, S. (1992) Eicosanoids as mediators of cannabinoid
action. In: Marijuana/Cannabinoids, Ch. 3, pp. 73–92, Murphy, L. and Bartke, A. (eds.) CRC Press, Boca Raton, Florida.
Burstein, S. and Hunter, S. A. (1978) Prostaglandins and cannabis. VI. Release of arachidonic acid from HeLa cells by D1tetrahydrocannabinol and other cannabinoids. Biochem. Pharmacol. 27: 1275–1280.
Burstein, S. and Hunter, S. A. (1981) Prostaglandins and cannabis. VIII. Elevation of phospholipase A2 activity by cannabinoids in whole cells and subcellular preparations. J. Clin.
Pharmacol. 21: 240S–248S.
Burstein, S. H. and Hunter, S. A. (1995) Stimulation of anandamide biosynthesis in N-18TG2 neuroblastoma cells by THC.
Biochem. Pharmacol. 49: 855–858.
Burstein, S. and Raz, A. (1972) Inhibition of prostaglandin E2 biosynthesis by D1-tetrahydrocannabinol. Prostaglandins 2: 369–374.
Burstein, S., Rosenfeld, J. and Wittstruck, T. (1972) Isolation and
characterization of two major urinary metabolites of D1-tetrahydrocannabinol. Science 176: 422–424.
Burstein, S., Levin, E. and Varanelli, C. (1973) Prostaglandins
and cannabis. II. The inhibition of biosynthesis by the natu-

The Cannabinoid Acids
rally occurring cannabinoids. Biochem. Pharmacol. 22: 2905–
2910.
Burstein, S., Hunter, S. A., Sedor, C. and Shulman, S. (1982)
Prostaglandins and cannabis. IX. Stimulation of PGE2 synthesis
in human lung fibroblasts by D1-THC. Biochem. Pharmacol.
31: 2361–2365.
Burstein, S., Hunter, S. A. and Ozman, K. (1983) Prostaglandins
and cannabis. XII. The effect of cannabinoid structure on the
synthesis of prostaglandins by human lung fibroblasts. Mol.
Pharmacol. 23: 121–126.
Burstein, S., Hunter, S. A., Ozman, K. and Renzulli, L. A. (1984)
Prostaglandins and cannabis. XIII. Cannabinoid induced elevation of lipoxygenase products in mouse peritoneal macrophages. Biochem. Pharmacol. 33: 2653–2656.
Burstein, S., Hunter, S. A. and Renzulli, L. A. (1985) Prostaglandins and cannabis. XIV. Tolerance to the stimulatory actions of
cannabinoids on arachidonate metabolism. J. Pharmacol. Exp.
Ther. 235: 87–91.
Burstein, S., Hunter, S. A., Latham, V. and Renzulli, L. (1986a)
Prostaglandins and cannabis. XVI. Antagonism of D1-THC
action by its metabolites. Biochem. Pharmacol. 35: 2553–2558.
Burstein, S., Hunter, S. A., Mechoulam, R., Melchior, D. L. and
Renzulli, L. (1986b) Prostaglandins and cannabis. XV. Comparison of enantiomeric cannabinoids in stimulating prostaglandin synthesis in fibroblasts. Life Sci. 39: 1813–1823.
Burstein, S., Hunter, S. A., Latham, V. and Renzulli, L. (1987) A
major metabolite of D1-THC reduces its cataleptic effect in
mice. Experientia 43: 402–403.
Burstein, S. H., Hull, K., Hunter, S. A. and Latham, V. (1988)
Cannabinoids and pain responses: a possible role for prostaglandins. FASEB J. 2: 3022–3026.
Burstein, S. H., Audette, C. A., Doyle, S. A., Hull, K., Hunter, S. A.
and Latham, V. (1989) Antagonism to the actions of PAF by a
nonpsychoactive cannabinoid. J. Pharmacol. Exp. Ther. 251:
531–535.
Burstein, S. H., Audette, C. A., Breuer, A., Devane, W. A.,
Colodner, S., Doyle, S. A. and Mechoulam, R. (1992) Synthetic non-psychotropic cannabinoids with potent antiinflammatory, analgesic and leukocyte antiadhesion activities. J. Med.
Chem. 35: 3135–3141.
Burstein, S., Budrow, J., Debatis, M., Hunter, S. A. and Subramanian, A. (1994) Phospholipase participation in cannabinoidinduced release of free arachidonic acid. Biochem. Pharmacol.
48: 1253–1264.
Burstein, S., Young, J. K. and Wright, G. E. (1995) Relationships
between eicosanoids and cannabinoids. Are eicosanoids cannabimimetic agents? Biochem. Pharmacol. 50: 1735–1742.
Burstein, S., Monaghan, A., Pearson, W., Rooney, T., Yagen, B.,
Zipkin, R. and Zurier, A. (1997) Studies with analogs of anandamide and indomethacin. In: Proceedings of the International
Cannabinoid Research Society, Stone Mountain, GA, June
20–22, p. 31, ICRS, Burlington.
Burstein, S. H., Friderichs, E., Kögel, B., Schneider, J. and Selve,
N. (1998) Analgesic effects of 19,19 dimethylheptyl-D8-THC
11-oic acid (CT3) in mice. Life Sci. 63: 161–168.
Compton, D. R., Prescott, W. R., Jr., Martin, B. R., Siegel, C.,
Gordon, P. M. and Razdan, R. K. (1991) Synthesis and pharmacological evaluation of ether and related analogues of D 8-,
D 9-, and D 9,11-tetrahydrocannabinol. J. Med. Chem. 34:
3310–3316.
Compton, D. R., Gold, L. H., Ward, S. J., Balster, R. L. and Martin,
B. R. (1992a) Aminoalkylindoles analogs: cannabimimetic activ-

95
ity of a class of compounds structurally distinct from D9-tetrahydrocannabinol. J. Pharmacol. Exp. Ther. 263: 1118–1126.
Compton, D. R., Johnson, M. R., Melvin, L. S. and Martin, B. R.
(1992b) Pharmacological profile of a series of bicyclic cannabinoid analogs: classification as cannabimimetic agents. J. Pharmacol. Exp. Ther. 260: 201–209.
Compton, D. R., Rice, K. C., DeCosta, B. R., Razdan, R., Melvin,
L. S., Johnson, M. R. and Martin, B. R. (1993) Cannabinoid
structure-activity relationships: correlation of receptor binding
and in vivo activities. J. Pharmacol. Exp. Ther. 265: 218–226.
Da Silva, A. B. F. and Trsic, M. (1995) Theoretical and conformational studies of a series of cannabinoids. J. Mol. Structure 356:
247–256.
Devane, W. A. (1994) New dawn of cannabinoid pharmacology.
Trends Pharmacol. Sci. 15: 40–41.
Doyle, S. A., Burstein, S. H., Dewey, W. L. and Welch, S. P.
(1990) Further studies on the antinociceptive effects of D6THC-7-oic acid. Agents Actions 31: 157–162.
Facci, L., Dal Toso, R., Romanello, S., Buriani, A., Skaper, S. D.
and Leon, A. (1995) Mast cells express a peripheral cannabinoid
receptor with differential sensitivity to anandamide and palmitoylethanolamide. Proc. Natl. Acad. Sci. USA 92: 3376–3380.
Fowler, C. J., Tiger, G. and Stenstrom, A. (1997) Ibuprofen inhibits rat brain deamidation of anandamide at pharmacologically
relevant concentrations. Mode of inhibition and structureactivity relationship. J. Pharmacol. Exp. Ther. 283: 729–734.
Harvey, D. and Paton, W. D. M. (1984) Metabolism of the cannabinoids. Rev. Biochem. Toxicol. 6: 221–264.
Hillard, C. J. and Bloom, A. S. (1983) Possible role of prostaglandins in the effects of cannabinoids on adenylate cyclase activity.
Eur. J. Pharmacol. 91: 21–27.
Howlett, A. C. (1995a) Cannabinoid compounds and signal transduction mechanisms. In: Cannabinoid Receptors, pp. 168–204,
Pertwee, R. (ed.) Academic Press, London.
Howlett, A. C. (1995b) Pharmacology of cannabinoid receptors.
Annu. Rev. Pharmacol. Toxicol. 35: 607–634.
Howlett, A. C., Johnson, M. R., Melvin, L.S. and Milne, G. M.
(1988) Nonclassical cannabinoid analgetics inhibit adenylate
cyclase: development of a cannabinoid receptor model. Mol.
Pharmacol. 33: 297–302.
Hunter, S. A. and Burstein, S. H. (1997) Receptor mediation in
cannabinoid stimulated arachidonic acid mobilization and
anandamide synthesis. Life Sci. 60: 1563–1573.
Hunter, S. A., Burstein, S. and Sedor, C. (1984) Stimulation of
prostaglandin synthesis in WI-38 human lung fibroblasts following inhibition of acylation. Biochim. Biophys. Acta 793:
202–212.
Hunter, S. A., Burstein, S. and Renzulli, L. (1986) Effects of cannabinoids on the activities of mouse brain lipases. Neurochem.
Res. 11: 1273–1288.
Johnson, M. R., Melvin, L. S. and Milne, G. M. (1982) Prototype
cannabinoid analgetics, prostaglandins and opiates—a search
for points of mechanistic interaction. Life Sci. 31: 1703–1706.
Jouzeau, J.-Y., Terlain, B., Abid, A., Nedelec, E. and Netter, P.
(1997) Cyclooxygenase isoenzymes. How recent findings affect
thinking about nonsteroidal anti-inflammatory drugs. Drugs 53:
563–582.
Lichtman, A. H. and Martin, B. R. (1997) The selective antagonist SR141716A blocks cannabinoid-induced antinociception
in rats. Pharmacol. Biochem. Behav. 57: 7–12.
Little, P. J., Compton, D. R., Johnson, M. R., Melvin, L. S. and
Martin, B. R. (1988) Pharmacology and stereoselectivity of

96
structurally novel cannabinoids in mice. J. Pharmacol. Exp.
Ther. 247: 1046–1051.
Loev, B., Bender, P. E., Dowalo, F., Macko, E. and Fowler, P. J.
(1973) Cannabinoids: structure-activity studies related to 1,2dimethylheptyl derivatives. J. Med. Chem. 16: 1200–1206.
Makriyannis, A. and Rapaka, R. S. (1990) The molecular basis of
cannabinoid activity. Life Sci. 47: 2173–2184.
Martin, B. R., Compton, D. R., Thomas, B. F., Prescott, W. R.,
Little, P. J., Razdan, R. K., Johnson, M. R., Melvin, L. S.,
Mechoulam, R. and Ward, S. J. (1991) Behavioral, biochemical, and molecular modeling evaluations of cannabinoid analogs. Pharmacol. Biochem. Behav. 40: 471–478.
Martin, B. R., Thomas, B. F. and Razdan, R. K. (1995) Structural
requirements for cannabinoid receptor probes. In: Cannabinoid
Receptors, pp. 36–79, Pertwee, R. (ed.) Academic Press, London.
Melvin, L. S., Milne, G. M., Johnson, M. R., Subramanian, B.,
Wilken, G. H. and Howlett, A. C. (1993) Structure-activity
relationships for cannabinoid receptor binding and analgesic
activity: studies of bicyclic cannabinoid analogs. Mol. Pharmacol. 44: 1008–1015.
Melvin, L. S., Milne, G. M., Johnson, M. R., Wilken, G. H. and
Howlett, A. C. (1995) Structure-activity relationships defining
the ACD-tricyclic cannabinoids: cannabinoid receptor binding
and analgesic activity. Drug Des. Discov. 13: 155–166.
Perez-Reyes, M. (1985) Pharmacodynamics of certain drugs of
abuse. In: Pharmacokinetics and Pharmacodynamics of Psychoactive Drugs, pp. 287–310, Barnett, G. and Chiang, N. C.
(eds.) Biomedical Publishers, Foster City, California.
Perez-Reyes, M., Burstein, S. H., White, W. R., McDonald, S. A.
and Hicks, R. E. (1991) Antagonism of marihuana effects by
indomethacin. Life Sci. 48: 507–515.
Pertwee, R. (1997) Pharmacology of cannabinoid CB1 and CB2
receptors. Pharmacol. Ther. 74: 129–180.
Pestonjamasp, V. K. and Burstein, S. H. (1998) Anandamide synthesis is induced by arachidonate mobilizing agonists in cells of
the immune system. Biochim. Biophys. Acta 1394: 249–260.
Piomelli, D., Voltera, A., Dale, N., Siegelbaum, S. A., Kandel, E.
R., Schwartz, J. H. and Belardetti, F. (1987) Lipoxygenase
metabolites of arachidonic acids as second messengers for presynaptic inhibition of Aplysia sensory cells. Nature 328: 38–43.
Rapaka, R. S. and Makriyannis, A. (eds.) (1987) Structure-Activity Relationships of Cannabinoids. NIDA Research Monograph 79. U.S. Government Printing Office, Washington, D.C.
Razdan, R. K. (1986) Structure-activity relationships in cannabinoids. Pharmacol. Rev. 38: 75–149.

S. H. Burstein
Reggio, P. H., Greer, K. V. and Cox, S. M. (1989) The importance
of the orientation of the C9 substituent to cannabinoid activity.
J. Med. Chem. 32: 1630–1635.
Reggio, P. H., Panu, A. M. and Miles, S. (1993) Characterization of
a region of steric interference at the cannabinoid receptor using
the active analog approach. J. Med. Chem. 36: 1761–1771.
Rhee, M., Vogel, Z., Barg, J., Bayewtch, M., Levy, R., Hanus, L.,
Breuer, A. and Mechoulam, R. (1997) Cannabinol derivatives:
binding to cannabinoid receptors and inhibition of adenylylcyclase. J. Med. Chem. 40: 3228–3233.
Thomas, B. F., Compton, D. R., Martin, B. R. and Semus, S. F.
(1991) Modeling the cannabinoid receptor: a three dimensional quantitative structure-activity analysis. Mol. Pharmacol.
40: 656–665.
Vaughan, C. W., Ingram, S. L., Conner, M. A. and Christie, M. J.
(1997) How opioids inhibit GABA-mediated neurotransmission. Nature 390: 611–614.
Wall, M. and Perez-Reyes, M. (1981) The metabolism of THC
and related cannabinoids in man. J. Clin. Pharmacol. 21: 178S–
189S.
Wartmann, M., Campbell, D., Subramanian, A., Burstein, S. H.
and Davis, R. J. (1995) The MAP kinase signal transduction
pathway is activated by the endogenous cannabinoid anandamide. FEBS Lett. 359: 133–136.
Watanabe, K., Yamamoto, I., Oguri, K. and Yoshimura, H. (1980)
Comparison in mice of pharmacological effects of THC and its
metabolites. Eur. J. Pharmacol. 63: 1–6.
Widman, M., Halldin, M. M. and Agurell, S. (1985) Metabolism
of THC in man. In: Pharmacokinetics and Pharmacodynamics
of Psychoactive Drugs, pp. 415–426, Barnett, G. and Chiang,
N. C. (eds.) Biomedical Publishers, Foster City, California.
Williams, J. T. (1997) The painless synergism of aspirin and
opium. Nature 390: 557–559.
Wilson, R. S. and May, E. L. (1975) Analgesic properties of the
tetrahydrocannabinols, their metabolites and analogs. J. Med.
Chem. 18: 700–703.
Young, J. M. and Yee, J. P. (1994) Ketorolac. In: NSAIDS. Mechanisms and Clinical Uses, pp. 247–266, Lewis, A. J. and Furst,
D. E. (eds.) Marcel Dekker, New York.
Yu, M., Ives, D. and Ramesha, C. S. (1997) Synthesis of PGE2
ethanolamide from anandamide by COX-2. J. Biol. Chem. 272:
21181–21186.
Zurier, R. B., Rossetti, R. G., Lane, J. H., Goldberg, J. M., Hunter,
S. A. and Burstein, S. H. (1998) Dimethylheptyl-THC-11-oic
acid: a nonpsychoactive antiinflammatory agent with a cannabinoid template structure. Arthritis Rheum. 41: 163–170.

