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Abstract 
 
     The endocannabinoid system plays an important role in numerous physiological processes, and 
represents a potential drug target for diseases ranging from brain disorders to cancer. Recent preclinical 
studies implicated endocannabinoids and their receptors in the regulation of bone cell activity and in the 
pathogenesis of bone loss. Cells and intervening nerves in the skeleton express cannabinoid receptors and 
the machinery for the synthesis and breakdown of endocannabinoids. In healthy adult mice, 
pharmacological and genetic inactivation of the cannabinoid type 1 receptor (CB1) and putative cannabinoid 
receptor GPR55 inhibit osteoclastic bone resorption and increase bone mass, suggesting that both 
receptors play a negative role in early bone development. Although no distinct abnormalities in bone 
development were observed in healthy adult mice deficient in cannabinoid type 2 receptors (CB2), 
pharmacological blockage of this receptor was effective in suppressing bone loss associated with increased 
bone turnover, particularly in mouse models of osteoporosis, arthritis and osteolytic bone disease. In the 
aging skeleton, CB1 deficiency causes accelerated osteoporosis characterized mainly by a significant 
reduction in bone formation coupled to enhanced adipocyte accumulation in bone marrow. A similar 
acceleration of bone loss was also reported in aging CB2-deficient mice, but found to be associated with 
enhanced bone turnover. This Perspective describes the role of cannabinoid ligands and their receptors in 
bone metabolism, and highlights the promise and dilemma of therapeutic exploitation of the 
endocannabinoid system for treatment of bone disorders. IBMS BoneKEy. 2011 February;8(2):84-95.  
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Background 
 
The endocannabinoid system is a complex 
system of endogenous mediators, 
membrane receptors and metabolizing 
enzymes (reviewed in (1-4)). The 
endogenous cannabinoid (endocannabinoid) 
ligands anandamide (AEA) and 2-
arachidonoylglycerol (2-AG) are present in 
the central and peripheral nervous system, 
and both are implicated in the regulation of a 
variety of physiological processes including 
neurotransmission, pain perception, 
learning, memory, cardiovascular 
homeostasis, appetite, motor function and 
the immune response (1-4). Both AEA and 
2-AG are synthesized and released from 

membrane phospholipid precursors (5;6), 
undergo cellular uptake by cells, and are 
broken down intracellularly by membrane-
bound enzymes, namely fatty acid amide 
hydrolase (FAAH), monoacylglycerol lipase 
(MGL) and diacylglycerol lipase (DAGL) 
(7;8). A number of recent studies reported 
that AEA and 2-AG together with their 
metabolizing enzymes are present in the 
skeleton within the trabecular compartment 
and both osteoblasts and osteoclasts were 
reported to produce both endocannabinoids 
in vitro (9-11). A growing list of synthetic 
non-classical cannabinoid receptor agonists 
such as CP55,940, JWH133 and HU308, 
and inverse agonists/antagonists including 
SR141716A (also known as rimonabant 
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(Acomplia®)), AM251 and AM630 were 
reported to influence bone cell differentiation 
and activity in vitro and bone turnover in 

mouse models of bone disease (Table 1) 
(11-18).  
 

 
Table 1. The role of cannabinoid receptor ligands in the regulation of osteoclast, osteoblast and adipocyte 
differentiation and activity. 

  
Ligands 

 

 
Receptor 

 
OCL 

number 

 
OB 

number 

 
Adipocyte 

number 
 

Anandamide CB1/CB2/GPR55/TRPV1 ↑ ↑ NT 

2-AG CB1/CB2/GPR55 ↑ ↑ NT 

Δ9-Tetrahydrocannabinol CB1/CB2 NT NT NT 

CP55,490 CB1/CB2 ↑ ↑ ↓ 

WIN55,212 CB1 NT ↑ NT 

HU308 CB2 ↑↓ ↑ ↓ 

JWH133 CB2 ↑ ↑ ↓ 

Lysophosphatidyl inositol GPR55 ↑↓ NT NT 

A
go

ni
st

s*
 

O-1602 GPR55 ↑↓ NT NT 

Cannabidiol GPR55 ↓ NT NT 

AM630 CB2 > CB1 / GPR55 ↓↑ ↓ NT 

SR144528 CB2 > CB1 ↓ ↓ NT 

AM251 CB1 > CB2 / GPR55 ↓↑ ↓ ↑ 

A
nt

ag
on

is
ts

* 

SR141716A+ CB1 > CB2 ↓ ↓ NT 

The data presented in this table are assembled from references (10-19). NT = non-tested. OCL = osteoclast. 
OB = osteoblast. *The cannabinoid receptor antagonists listed in this table are also known to act as agonists 
on other receptors. +SR141716A is also known as rimonabant (Acomplia®). 
 
Endocannabinoids and their related ligands 
activate two classic cannabinoid receptors, 
CB1 and CB2, both of which are members 
of the G protein-coupled receptor family 
coupled to adenylyl cyclase and cyclic 
adenosine monophosphate (20-22). CB1 
receptors are expressed primarily on 
neurons in the brain, spinal cord and 
peripheral nervous system (23), but they are 
also found in the spleen, tonsils, immune 
cells, reproductive tissues, gastrointestinal 
tissues, heart, lungs and adrenal glands 
(23;24). CB2 receptors are found in 
localized areas of the brain (25), but they 
are expressed predominately in peripheral 
tissues such as the spleen and a number of 
immune cells (26;27). The “orphan” G 
protein-coupled receptor GPR55 has been 
implicated recently as a third cannabinoid 
receptor (28-30). The GPR55 receptor is 
expressed mainly in the brain and it is 

activated by a number of cannabinoid 
ligands including AEA and 2-AG (Table 1) 
(28-30). The classic cannabinoid receptors 
CB1 and CB2 and the putative cannabinoid 
receptor GPR55 are known to activate a 
variety of other second messengers such as 
phospholipase C, mitogen-activated 
phosphatase kinase, nuclear factor κ B, Rho 
and Rac1, PI3 kinase/Akt, calcium and 
potassium channels, NMDA receptors and 
cermide synthesis (reviewed in (31)). 
Endocannabinoids – in particular AEA – are 
also known to bind to and activate a number 
of channels including potassium, calcium 
and vanilloid type 1 channel (TRPV1) 
(32;33). Over recent years, a number of 
preclinical studies implicated CB1, CB2, 
GPR55 and other cannabinoid-related 
receptors in the regulation of bone 
metabolism. This Perspective describes the 
role of the skeletal endocannabinoid system 
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Fig. 1. The regulation of bone metabolism by cannabinoid receptors in mouse models of bone disease. The 
classic cannabinoid receptors CB1 and CB2 and the putative cannabinoid receptor GPR55 play a role in 
regulating bone cell differentiation and bone turnover throughout life. During skeletal growth and early 
adulthood (embryonic day 17 (E17) to 3 months), CB1 and GPR55 deficiency in mice are associated with 
increased trabecular bone mass mainly due to a significant reduction in bone resorption. During the early 
stage of bone development and adulthood, osteoblast number and bone formation markers remain 
unaffected following CB1 and GPR55 deficiency in mice. Conflicting data were reported in young adult CB2- 
deficient mice. While our studies showed no changes in trabecular and cortical bone mass in adult mice up 
to the age of 3 months, Ofek et al. reported that CB2-deficient mice showed a trend toward a reduction in 
trabecular bone volume at the age of 2 months mainly due to increased bone turnover. During late 
adulthood and after menopause in female mice, CB1 deficiency is associated with excessive bone loss 
since bone formation is reduced relative to bone resorption. Although osteoclast number and bone 
resorption remain lower in CB1-deficient mice throughout life, osteoporosis develops as the result of 
increased adipocyte differentiation and reduced osteoblast differentiation, indicating that with increasing age, 
CB1 promotes osteoblast differentiation and inhibits adipocyte differentiation. Age-dependent bone loss was 
also reported following CB2 deficiency in mice and was attributed to increased bone turnover. No data are 
available for the effects of aging in GPR55-deficient mice. *Denotes a trend toward a reduction in bone 
volume. **Denotes inactive and non-resorbing osteoclasts. Data shown in this figure are assembled from 
references (12-14;16-19). 
 
as a regulator of bone remodeling and 
discusses novel therapeutic strategies for 
the prevention and treatment of bone 
disorders based on targeting the 
endocannabinoid system.  
 
Targeting Cannabinoid Receptor Type 1 
for the Treatment of Bone Disease  
 
A number of preclinical studies reported that 
the cannabinoid type 1 receptor CB1 plays a 
role in bone development and turnover in 
health and disease. CB1 receptors are 
present on nerve fibers intervening bone, 
cells of the immune system and bone cells 
including osteoblasts, osteoclasts and bone 

marrow-derived adipocytes 
(1;10;11;14;19;27). Studies in our 
laboratories showed that adult male and 
female AB/H mice deficient in CB1 exhibit 
high peak bone mass characterized by a 
significant increase in trabecular bone mass, 
but no changes were observed in the 
cortical compartment (12;14). A detailed 
histomorphometric analysis of the tibial 
metaphysis revealed that mice deficient in 
CB1 receptors have fewer osteoclasts and 
reduced bone resorption (12). Following 
these reports, other workers suggested that 
the role of the CB1 receptor in bone 
metabolism may depend upon gender and 
genetic background. Indeed, both male and 



IBMS BoneKEy. 2011 February;8(2):84-95 
http://www.bonekey-ibms.org/cgi/content/full/ibmske;8/2/84 
doi: 10.1138/20110494 
 

  
 87 

 
Copyright 2011 International Bone & Mineral Society 

  

female CB1 knockout (KO) mice on a 
C57BL/6 background showed low bone 
mass (19). Puzzled by this report, we 
conducted a detailed analysis of bone mass 
and architecture in CB1-deficient mice using 
the out-bred mouse strain CD1. These 
studies confirmed the role of CB1 in early 
bone development and showed that CB1 
deficiency during embryonic development 
(embryonic day 17) and early skeletal 
development (days 1-7 and months 1-3) are 
associated with a significant increase in 
bone mass ((12;14) and Idris et al., 
unpublished data) (Fig. 1).  
 
Detailed micro-computed tomography 
scanning of trabecular bone in three-month-
old mouse vertebral and long bone showed 
a significant increase in trabecular number 
and volume coupled to a profound reduction 
in trabecular separation (14), suggesting a 
role for this receptor in skeletal growth 
during early adulthood. The increase in bone 
mass in the trabecular compartment due to 
CB1 deficiency was observed in both 
genders but was significantly evident in 
females (12;14). Based on these findings, 
we are reasonably convinced that CB1 
receptors play a negative role in bone 
turnover during early skeletal growth and in 
adult mice, but genetic variants particularly 
in the inbred C57BL/6 strain of mice may 
affect the severity of the abnormal bone 
phenotype associated with these receptors.  
 
Encouraged by the positive phenotypic 
abnormalities associated with CB1 
deficiency, we and others extensively 
investigated the effects of cannabinoid 
receptor blockage on bone loss in mouse 
models of bone disease. Treatment with the 
CB1-selective inverse agonist/antagonist 
AM251 protected against ovariectomy-
induced bone loss in adult mice by 
suppressing bone resorption (12;14). The 
skeletal effects associated with this agent 
were likely to be mediated by CB1 receptors 
since genetic inactivation of the same 
receptor also protected against ovariectomy 
-induced bone loss in the same model 
(12;14). Recent in vitro studies showed 
CB1-selective inverse agonists/antagonists 
such as AM251 and SR141716A 

(rimonabant (Acomplia®)) suppress bone 
resorption by inhibiting osteoclast formation, 
fusion, polarization and survival (Fig. 2) 
(12;13).  
 
Furthermore, osteoclasts generated from 
CB1-deficient mice were found to be 
resistant to the effects of these agents, 
indicating that the mechanism of osteoclast 
inhibition was mediated, at least in part, by 
the CB1 receptor (12). Interestingly, none of 
the CB1 blockers tested in osteoclast 
cultures showed any inhibitory effects 
towards the survival of macrophage colony- 
stimulating factor (M-CSF)-dependent 
osteoclast precursors at concentrations 
inhibitory to osteoclast formation, indicating 
an osteoclast-specific effect. The CB1 
receptor was also reported to be involved in 
the regulation of osteoblast support for 
osteoclastogenesis since osteoclast 
formation was significantly reduced in 
osteoblast/bone marrow co-cultures in which 
osteoblasts were prepared from CB1-
deficient mice (14). Altogether, these studies 
indicate that CB1-selective inverse 
agonists/antagonists show promise for the 
treatment of excessive bone loss due to 
their abilities to suppress osteoclast 
formation and bone resorption (Fig. 2). 
 
One intriguing issue regarding the role of 
CB1 receptors in bone was the lack of 
change in the number of osteoblast and 
bone formation markers in CB1-deficient 
adult mice in comparison to wild-type 
littermates (14). In stark contrast to this, in 
vitro studies showed bone marrow stromal 
cells from CB1-deficient mice had a 
significantly reduced capacity to form 
mineralized bone nodules when cultured in 
osteogenic medium and had lower 
expression of the osteoblast-specific alkaline 
phosphatase and core binding factor α1 
(Cbfa1/Runx2) (14). In keeping with these 
observations, the endocannabinoids AEA 
and 2-AG and a number of synthetic 
cannabinoid ligands were reported to 
stimulate early differentiation of bone 
marrow-derived osteoblast precursors and 
enhance bone nodule formation in 
osteoblast cultures in vitro (Fig. 2) 
(15;16;34), whereas CB1-selective inverse 
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Fig. 2. Current models of regulation of bone cell differentiation and activity by cannabinoid ligands (CBL). 
Cannabinoid receptor agonists act on cannabinoid receptors expressed on pre-osteoblasts present in the 
bone marrow, thereby stimulating osteoblast proliferation, differentiation and function. Cannabinoid agonists 
are also capable of regulating osteoblast function indirectly by inhibiting the production of the catecholamine 
noradrenaline (NA), an inhibitor of osteoblast differentiation and function. Mature osteoblasts produce 
endocannabinoids (AEA and 2-AG) and RANKL, which stimulate osteoclast formation. Cannabinoid receptor 
agonists were reported to both stimulate and inhibit osteoclast formation and bone resorption acting directly 
on mature osteoclasts and their precursors. See text for detailed description and references. 
 
agonist/antagonists suppressed osteoblast 
number and function acting on CB1 
receptors (13-15). A study by Tam and 
colleagues reported that deficiency in CB1 – 
not CB2 – receptors was associated with a 
defect in bone formation in a mouse model 
of traumatic brain injury (10). The authors of 
this report went on to demonstrate that 
suppression of bone formation in CB1 KO 
mice was accompanied by low levels of 
noradrenaline, a known inhibitor of 
osteoblast activity (10;35;36). Moreover, 
studies in aging mice showed that CB1 
deficiency is associated with a profound 
reduction in osteoblast number and bone 
formation leading to a significant loss in 
bone (Fig. 2) (12;14). In this study, CB1 

deficiency was also found to be associated 
with a striking accumulation of adipocytes in 
the bone marrow compartment of aging 
mice mainly due to decreased capacity of 
early mesenchymal cell precursor cells to 
differentiate into osteoblasts (14). There is 
also evidence to suggest that CB1 receptors 
may protect – at least in part – against the 
inhibitory effect of leptin on osteoblast 
activity and bone formation since genetic 
inactivation of CB1 receptors was found to 
be associated with reduced levels of leptin in 
mice (37;38). Taken together, these studies 
suggest that CB1 receptors play a role in 
bone resorption during early bone 
development, but with increasing age, 
promote osteoblast differentiation and inhibit 
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adipocyte differentiation. In light of these 
findings, it is tempting to speculate that CB1 
receptors could potentially serve as targets 
for both anabolic and anti-resorptive 
therapies, depending on the age of the 
patient. However, future studies are still 
needed to establish which systemic factors – 
other than noradrenaline, leptin and 
estrogen – influence the effects of 
cannabinoid ligands on bone remodeling.  
 
Targeting Cannabinoid Type 2 Receptors 
for the Treatment of Bone Disease 
 
The cannabinoid type 2 receptor CB2 is 
found predominately on peripheral blood 
mononucleated cells, immune cells and 
bone cells including osteoclasts, M-CSF-
dependent osteoclast precursors, 
osteoblasts and osteocytes 
(11;12;15;16;27;39-41). However, despite 
their abundance in the bone micro-
environment, we and others failed to 
observe overwhelming evidence for bone 
abnormalities in neonate and adult mice 
deficient in CB2 receptors (Fig. 1) ((13;16) 
and Sophocleous et al., unpublished data). 
Unlike CB1-deficient mice that were 
characterized by a significant reduction in 
body weight due to the role of CB1 in 
appetite, CB2-deficient mice are healthy and 
their weight was indistinguishable from their 
wild-type littermates ((16;19) and 
Sophocleous et al., unpublished data). In 
models of bone disease, however, a number 
of workers implicated CB2 in the regulation 
of bone cell differentiation and bone mass. 
For example, we reported that bone mass 
was lost to a greater extent in wild-type mice 
compared to CB2 KO littermates following 
ovariectomy in adult mice (13). Furthermore, 
treatment with the CB2-selective inverse 
agonist/antagonist AM630 completely 
protected against bone loss in wild-type 
mice at a dose of 0.1 mg/kg/day and 1 
mg/kg/day, but the effect of this agent was 
significantly blunted in CB2-deficient mice at 
0.1 mg/kg but not at 1.0 mg/kg (13). This 
shows that genetic inactivation or 
pharmacological blockage of CB2 receptors 
in adult mice is sufficient to partially – yet 
significantly – protect from ovariectomy-
induced bone loss (13;34). In keeping with 

this, osteoclasts generated from CB2-
deficient mice were resistant to the inhibitory 
effects of the CB2-selective inverse 
agonist/antagonist AM630 in vitro, thereby 
confirming that CB2 blockage inhibits 
osteoclast formation (13). On the other 
hand, the CB2-selective agonists JWH133 
and HU308 stimulated osteoclast formation 
in vitro and partially reversed the inhibitory 
effects of AM630 on osteoclast formation 
((13;16) and Sophocleous et al., 
unpublished data). In a similar vein, 
pharmacological studies in mouse models of 
inflammation showed that treatment with the 
CB2-selective inverse agonists/antagonists 
Sch.036 and AM630 was sufficient to 
suppress osteoclast number and prevent 
bone damage (42;43). Moreover, other 
workers reported that the CB2 blocker 
AM630, which prevented ovariectomy-
induced bone loss in our studies (13), 
reduced osteoclast number and bone 
damage following injection of titanium 
particles in a mouse model of osteolytic 
bone disease (44). Altogether, these studies 
indicate that CB2 receptors play a role in 
regulating osteoclast formation and bone 
resorption under conditions of increased 
bone turnover and therefore, peripherally-
active CB2 blockers could be of value for 
treatment of bone disease associated with 
excessive osteoclastic bone resorption.  
 
In stark contradiction to the above findings, 
there are a number of conflicting reports that 
the CB2-selective agonists HU308 and 
AM1241 protect against and/or rescue bone 
loss in ovariectomized mice mainly by 
increasing bone formation markers (16;34). 
In agreement with this, the selective agonist 
HU308 was found to stimulate bone nodule 
formation and exert a mitogenic effect in 
cultures of newborn mouse calvarial 
osteoblasts and osteoblast-like cells (16;45). 
However, we and others showed that this 
agent is capable of both stimulating and 
inhibiting osteoclast formation in vitro and in 
vivo depending on the concentration/dose of 
the compound tested ((13;16) and 
Sophocleous et al., unpublished data). 
Studies also showed that the CB2-selective 
agent AM1241 acts as an agonist at human 
CB2 receptors and as an inverse 
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agonist/antagonist at mouse and rat CB2 
receptors (46;47). Although further work is 
still required to explore the mechanism(s) by 
which CB2-selective agonists may affect 
bone loss in adult mice, there is sufficient 
evidence to show that activation of CB2 
receptors may protect from bone loss in the 
aging skeleton. CB2-deficient mice develop 
age-related osteoporosis characterized 
mainly by increased bone turnover (Fig. 1) 
((13;16) and Sophocleous et al., 
unpublished data).  
 
Further support for the role of CB2 receptors 
in age-related osteoporosis comes from 
genetic association studies that revealed a 
strong genetic association between 
polymorphisms in CNR2 (CB2) – not CNR1 
(CB1) – and postmenopausal osteoporosis 
in humans (48;49). Based on these studies, 
it is clear that peripheral CB2 receptors play 
a protective role in the aging skeleton and 
therefore targeting these receptors may 
represent an attractive and novel approach 
for the treatment of bone disease such as 
postmenopausal osteoporosis.  
 
Other Ways to Target the 
Endocannabinoid System for the 
Treatment of Bone Disease 
 
The putative cannabinoid receptor GPR55  
 
Endocannabinoids and their synthetic 
analogues bind to and activate the orphan G 
protein-coupled receptor GPR55 (28;50) 
(Table 1). A recent study by Whyte and 
colleagues showed that GPR55 is 
expressed in human and mouse osteoclasts, 
and adult male mice deficient in this receptor 
exhibit a significant increase in peak bone 
mass due to a defect in osteoclast activity 
(17). In the same study, the authors went on 
to show that GPR55 deficiency causes no 
observable phenotypic abnormalities in 
osteoblast number and bone formation (17). 
In fact, skeletal abnormalities observed in 
GPR55-deficient mice appear remarkably 
similar to those observed in CB1-deficient 
mice of a similar age (12;14). Functional 
studies showed that GPR55 receptor 
activation using the GPR55 selective agonist 
lysophosphatidyl inositol both stimulated and 

inhibited osteoclast formation, whereas the 
antagonist cannabidiol was inhibitory (17). 
Based on findings from this study, it seems 
that non-psychoactive GPR55 antagonists 
such as cannabidiol could be of value for the 
prevention and treatment of excessive bone 
loss, but more studies are needed. 
 
Endocannabinoid metabolism  
 
Endocannabinoid-metabolizing enzymes are 
present in the skeleton and both osteoblasts 
and osteoclasts were reported to produce 
AEA and 2-AG in culture (9-11;51). 
Complementary to these findings, a number 
of cell types within the bone micro-
environment including osteoblasts, 
osteoclasts, osteocytes, stromal cells and 
adipocytes were found to express the 
endocannabinoid-metabolizing enzymes 
NAPE-phospholipase D, fatty acid amide 
hydrolyse (FAAH), diacylglycerol lipase and 
monoacylgycerol lipase ((10;11) and 
Sophocleous et al., unpublished data). 
Interestingly, in a recent study by Rossi and 
colleagues, treatment with the FAAH 
inhibitor URB597 significantly increased 
levels of AEA and 2-AG and enhanced 
human osteoclast formation in vitro (11). 
Although this finding broadly suggests that 
inhibition of endocannabinoid metabolism is 
associated with an increase in osteoclast 
formation, future studies examining the 
effects of FAAH and MGL deficiency on 
bone development in mice would 
conclusively demonstrate whether the 
machinery for the synthesis and breakdown 
of endocannabinoids could be targeted for 
the treatment of bone diseases. 
 
The TRPV1 channel 
 
The transient receptor potential vanilloid 
type 1 (TRPV1) ion channel is a member of 
a family of cation channels that are 
predominately expressed by sensory nerve 
fibers and implicated in the regulation of 
pain perception, inflammation and 
cardiovascular homeostasis (reviewed in 
(52)). The TRPV1 channel is activated in 
response to physical abrasion, heat, 
protons, capsaicin and the endocannabinoid 
AEA (32). Studies showed that TRPV1-
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expressing fibers innervate bone and 
pharmacological and genetic inactivation of 
TRPV1 reduce bone pain in animal models 
of osteolysis (53;54). We and others have 
demonstrated recently that osteoclasts and 
osteoblasts express TRPV1, and in our 
studies the TRPV1 blocker capsazepine 
inhibited ovariectomy-induced bone loss in 
mice by reducing indices of bone resorption 
and bone formation (11;18). Bearing in mind 
that anandamide activates TRPV1 and that 
cannabinoid receptors and TRPV1 are co-
expressed in bone cells (11;18), it is 
possible that some of the skeletal effects 
associated with cannabinoid receptors may 
actually be mediated via TRPV1. Although 
most current knowledge of the role of 
TRPV1 originates from a small number of 
mouse studies, there is evidence that this 
channel could potentially serve as a target 
for treatment of osteolytic bone disease and 
the pain associated with bone metastases. 
 
Conclusion and Future Directions 
 
Although only studied in preclinical models 
of bone disease, it is becoming clear that the 
endocannabinoid system plays a role in 
bone metabolism, and therefore CB1, CB2, 
and GPR55 receptors and their related 
channels could potentially serve as targets 
for cannabinoid-based bone therapy. Most 
studies in adult mouse models of bone 
disease showed that blockage of CB1, CB2, 
and GPR55 receptors and their related 
channel TRPV1 increases bone mass 
and/or protects against bone loss, 
suggesting that pharmacological blockers of 
these receptors may serve as anti-resorptive 
agents. Naturally, an important part of anti-
resorptive therapy is to achieve inhibition of 
bone resorption without directly suppressing 
osteoblast and bone formation. Studies on 
the long-term effects of CB1 and CB2 
receptor inactivation suggest that 
pharmacological blockers of CB1 and CB2 
receptors are likely to cause bone loss by 
inhibiting osteoblast differentiation and 
reducing bone formation. Accordingly, 
further studies are needed to assess the 
long-term effects of pharmacological 
blockage of cannabinoid receptors on 

osteoblast differentiation and bone formation 
in aging osteoporotic mice. 
 
An encouraging and positive finding from 
studies carried out in aging mice is that 
activation of CB1 and CB2 receptors seems 
to exert a protective effect against age-
dependent bone loss. This indicates that 
cannabinoid receptor agonists may serve as 
bone anabolic agents in the aging skeleton. 
Taking into account that clinical targeting of 
CB1 is limited due to reports of physiological 
and behavioral side effects associated with 
CB1-selective blockers such as rimonabant 
(Acomplia®) (55), and that findings from 
genetic studies showing that polymorphisms 
in CNR2 (CB2) – but not CNR1 (CB1) – are 
associated with osteoporosis in humans 
(48;49), it would be desirable to develop and 
assess anabolic actions of peripherally-
active and non-psychoactive CB2-selective 
ligands as well as CB1-selective ligands that 
don’t cross the blood-brain barrier. There 
are also a number of other challenges to be 
addressed. For example, only a skillful 
combination of positive effects (i.e., an 
increase in bone formation) with CB2 
receptor selectivity will provide strong drug 
candidates for cannabinoid-based bone 
anabolic therapy. Future studies should also 
focus on comparing and contrasting the 
efficacy of existing and novel cannabinoid 
ligands for bone anabolic and bone anti-
resorptive potential, and on developing 
peripherally-active non-psychoactive agents 
that could potentially be tested in the 
discovery phase or in clinical trials. Studies 
on cannabinoid-related receptors – such as 
GPR55 and TRPV1 – and their role in 
endocannabinoid signaling in bone cells 
might also offer further possibilities of 
therapeutic manipulation. The outcomes of 
these studies would ultimately help to 
develop novel strategies for harnessing the 
endocannabinoid system's full potential as a 
therapeutic target for the treatment of bone 
disorders.  
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