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By O’Shaughnessy’s News Service
Raphael Mechoulam, professor of Medicinal Chemistry 

and Natural Products at the Hebrew University of Jerusa-
lem, began “reading on cannabis and planning some lim-
ited amount of work on it” in 1962. 

The work turned out to be limitless. 
Over the course of 50 years Mechoulam has made and 

participated in a remarkable series of Cannabis-related 
achievements. He and his colleagues isolated and elucidat-
ed the chemical structure of THC, CBD, and many other 
plant cannabinoids (a term Mechoulam himself coined). 
They did the same for the endogenous cannabinoids, anan-
GDPLGH� DQG� ��$*��7KH\�¿JXUHG� RXW� WKH� VWHSV� E\�ZKLFK�
these compounds are synthesized in the body and exert 
their effects by activating receptors. Their accomplish-
PHQWV�²OLNH�DOO�VFLHQWL¿F�DGYDQFHV²�KDYH�H[WHQGHG�WKH�
research agenda.

“Planning Research for the Next Half a Century” was 
the title of Mechoulam’s talk at the International Canna-
binoid Research Society meeting in Freiburg, Germany in 
the summer of 2012.

If Mechoulam’s speculation about the role 
of FAAAs can be substantiated, it will repre-
VHQW�DQ�DGYDQFH� LQ� VFLHQWLÀF�XQGHUVWDQGLQJ�
DV�VLJQLÀFDQW�DV�DQ\�KH�KDV�FRQWULEXWHG�WR�LQ�
the past. 

Mechoulam pointed to three areas of investigation 
likely to yield important medical discoveries: cannabidiol 
(CBD), the CB2 receptor system, and fatty acids bound to 
amino acids (FAAAs, pronounced “F-triple-A’s”). FAAAs 
are signalling molecules abundant in the brain. They are 
found in clusters that include their precursor molecules 
and their derivatives. Anandamide and 2-AG are among 
the few FAAAs that have been studied to date. 

 If Mechoulam’s speculation about the role played by 
FAAA clusters in the brain can be substantiated, it will 
UHSUHVHQW�DQ�DGYDQFH�LQ�VFLHQWLÀF�XQGHUVWDQGLQJ�DV�VLJQLÀ-
cant as any he has contributed to in the past. 

��&DQQDELGLRO�
CBD is a non-psychoactive compound with no known 

DGYHUVH� HIIHFWV�� ,W� LV� D� SRWHQW� DQWL�LQÁDPPDWRU\�� D� TXDO-
ity recognized by physicians in ancient Greece and Rome, 
Mechoulam said, where the available Cannabis was of the 
hemp type (with virtually no THC).
0HFKRXODP� VWXGLHG� WKH� DQWL�LQÀDPPDWRU\� HIIHFWV� RI�

CBD in collaboration with his Hebrew University col-
league Ruth Gallily, whose in vitro experiments showed 
that increasing doses of CBD cause cells cultured from 
the lining of arthritic joints to diminish production of pro-
LQÀDPPDWRU\�FRPSRXQGV��

Experiments with mice by Gallily and Mark Feldmann 
RI�,PSHULDO�&ROOHJH��/RQGRQ��FRQ¿UPHG�WKDW�&%'�DOOHYL-
ates symptoms of rheumatoid arthritis such as swelling. 
7KH\� DOVR� FRQ¿UPHG� WKDW�&%'� KDV� D� ELSKDVLF� HIIHFW�²
there is an optimal dose, below which and above which it 
is less potent. 

“So I hope somebody will work with CBD or one of 
its derivatives as an anti-rheumatoid arthritis agent,” said 
Mechoulam, hopefully. 

Given that rheumatoid arthritis is an autoimmune dis-
order, Mechoulam decided to test the ability of CBD to 
counter the symptoms of diabetes type-1, another dis-
ease in which the immune system mistakes the body’s 
own cells for pathogens. He described a study involving 
a strain of mice that develop diabetes type-1 at about 14 
weeks. Treatment with CBD resulted in only 30 percent of 

the mice becoming diabetic (instead of 80-to-100 percent). 
Damage to the pancreas was reduced proportionally, with 
more than 70 percent of the hormone-producing islets re-
maining intact in the CBD-treated mice. 

Unfortunately, Mechoulam said, clinical trials of this 
very promising treatment for diabetes type-1 cannot be 
conducted until funding becomes available. 

“Chances are we’ll see similar results with CBD in pso-
riasis and many other autoimmune diseases,” he predicted, 
when the research can be carried out.  

Elucidating the mechanisms by which CBD works is a 
big item on Mechoulam’s to-do list. Although CBD has 
OLWWOH� ELQGLQJ� DIÀQLW\� ZLWK� WKH� WZR� NQRZQ� FDQQDELQRLG�
receptors, it confers a therapeutic effect through various 
receptor-independent channels and by directly activating 
or antagonizing several non-cannabinoid receptors. 

Diabetes type-2 and obesity are characterized by chron-
LF�� ORZ�JUDGH� LQÀDPPDWLRQ��:KLWH� EORRG� FHOOV� EXLOG� XS�
in visceral adipose tissue (VAT), leading to insulin resis-
tance and other problems. Citing several recent papers, 
Mechoulam suggested that CBD might play a protective 
role in diabetes type-2 via a receptor (PPAR-Ƣ��that regu-
lates fat-cell development. 

��7KH�&%��UHFHSWRU 
:H�PDPPDOV�KDYH�D�VRSKLVWLFDWHG�LPPXQH�V\VWHP�WKDW�

guards against foreign proteins and reduces damage they 
FDXVH�� ³:H� PXVW� KDYH� DQ� DQDORJRXV� V\VWHP� SURWHFWLQJ�
against non-protein attack,” Mechoulam stated. 

The CB2 receptor may play a central role in such a pro-
tective system.  “Endocannabinoids and endocannabinoid-
like molecules acting through the CB2 receptor have been 
reported to affect a large number of pathological condi-
tions,” Mechoulam said. 
6WLPXODWLRQ� RI� &%�� ³ORZHUV� SUR�LQÀDPPDWRU\� F\WR-

kines [chemical messengers] of many different types,” 
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0HFKRXODP·V�7R�'R�/LVW�IRU�5HVHDUFKHUV�
&%'��WKH�&%��5HFHSWRU��DQG�¶)�7ULSOH�$·V·

Mechoulam said. He was co-author on a paper by Pal 
Pacher reviewing the evidence that CB2 is a general 
protective agent. The paper listed numerous disorders in 
which the body’s protective response involves CB2 activa-
tion. (See illustration on next page.) It took three slides to 
reproduce the list as Mechoulam spoke.
³:H�NQRZ�WKDW�&%��LV�LQYROYHG�LQ�SURWHFWLRQ�DJDLQVW�LQ-

ÀDPPDWRU\�ERZHO�GLVHDVH�DQG�FROLWLV����,W�SURWHFWV�DJDLQVW�
YDVFXODU�LQÀDPPDWLRQ���:H�VHH�LW�VNLQ�GLVRUGHUV��ERQH�GLV-
RUGHUV��P\RFDUGLDO� LQIDUFWLRQV��'HFUHDVLQJ� LQÀDPPDWLRQ�
in atherosclerosis. In stroke...

“I believe we should be looking very thoroughly at the 
mechanism of these diseases and the best way to affect 
those mechanisms,” Mechoulam said. “There is quite a lot 
of work to do.”

He cited three recently published papers indicating that 
the work is underway:

“A new cannabinoid 2 receptor agonist HU-910 attenu-
DWHV�R[LGDWLYH�VWUHVV��LQÀDPPDWLRQ��DQG�FHOO�GHDWK�DVVRFL-
ated with hepatic ischemia/reperfusion injury. Horvath et 
al 2012.

“Cannabinoid-2 receptor activation protects against in-
IDUFW� DQG� RVFKHPLD�UHSHUIXVLRQ� KHDUW� LQMXU\��:DQJ� et al 
2012

“The action of the cannabinoid receptor type 2 reduces 
neutrophilic protease-mediated vulnerability in athero-
sclerotic plaques. Montecucco et al 2012.”

A student of Mechoulam’s developed a series of com-
pounds that bind to the CB2 receptor (and slightly to the 
CB1 receptor.) They were found to improve functional re-
covery following brain injury. “As expected,” Mechoulam 
said, “the CB2 receptor antagonist blocks this activity.”  

Unexpectedly, however, one of the new compounds, 
HU-914, blocks the damage but does not bind to the re-
ceptor. “The compound does not bind to the receptor and 
yet you can prevent its activity by the CB2 antagonist,” 
Mechoulam repeated with emphasis.

)$$$V�DUH�VLJQDOLQJ�PROHFXOHV��DEXQGDQW�LQ�
WKH� EUDLQ�� WKDW� LQFOXGH� WKH� ERG\·V� RZQ� HQGR-
cannabinoids, anandamide and 2-AG.

��)DWW\�$FLG�$PLQR�$FLGV
FAAAs are signaling molecules, abundant in the brain, 

that include the body’s own endocannabinoids, anan-
damide and 2-AG. Very few of these compounds have 
been studied. Several are known to have therapeutic ef-
fects. For example:

Arachidonoyl Serine —AraS (prounced Arra-ess)— 
lowers vasoconstriction and brain trauma effects. Arachi-
donoyl glycine lowers pain. Oleamide is an endogenous 
sleep-inducing lipid. Oleoyl serine counters osteoporosis. 
Palmitoyl ethnaolamide (PEA) concentrations are en-
KDQFHG�DIWHU�GDPDJH�LQ�D�VSHFL¿F�EUDLQ�UHJLRQ�

RHEUMATOID ARTHRITIS� LQYROYHV� LQÁDPPDWLRQ�RI� WKH� V\QRYL�
XP�³WKH�OLQLQJ�RI�WKH�MRLQW�VSDFH�

EFFECT OF CBD ON COMPOUNDS THAT PROMOTE INFLAMMATION 
ZDV�PHDVXUHG�E\�0HFKRXODP·V�FROOHDJXH�5XWK�*DOOLO\��ZRUN�
LQJ�ZLWK�D�PRXVH�PRGHO�RI�5KHXPDWRLG�$UWKULWLV��*UDSK�DW�
OHIW� VKRZV�GHFOLQH� LQ�PDFURSKDJH�SURGXFWLRQ�RI�7XPRU�1H�
FURVLV�)DFWRU��71)��LQ�ZHHNV�IROORZLQJ�WUHDWPHQW�ZLWK�&%'��
*UDSK�DW�OHIW�VKRZV�GHFOLQH�LQ�1LWURJHQ�2[LGH��12��

“BIPHASIC EFFECT” OF CBD�ZDV�GHPRQVWUDWHG�E\�H[SHULPHQW�
LQ�ZKLFK�DUWKULWLF�PLFH�ZHUH�JLYHQ�GRVHV�RI�]HUR��WKH�FRQWUROV��
OLQH�PDUNHG�E\�EODQN�VTXDUH�������PLOOLJUDPV�SHU�NLORJUDP�
RI�ERG\�ZHLJKW��OLQH�PDUNHG�E\�RFWDJRQ����PJ�NJ��GDUNHQHG�
WULDQJOH������PJ�NJ��EODQN�WULDQJOH���DQG����PJ�NJ��GDUNHQHG�
VTXDUH���9HUWLFDO� VFDOH� VKRZV� H[WHQW� RI� VZHOOLQJ��+RUL]RQWDO�
VFDOH�VKRZV�GD\V�DIWHU�RQVHW�RI�DUWKULWLV��&OHDUO\�WKH�RSWLPDO�
GRVH�LQ�WKLV�FDVH�ZDV��PJ�NJ���

FRQWLQXHG�RQ�QH[W�SDJH

RAPHAEL MECHOULAM     SKRWR�E\�=DFK�.OHLQ

&RS\ULJKW������E\�2·6KDXJKQHVV\·V��$OO�ULJKWV�UHVHUYHG��$GGUHVV�UHSULQW�UHTXHVWV�WR�HGLWRU#EH\RQGWKF�FRP
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Higher eCB levels
Circulating immune cells

Serum, athero-
sclerotic plaques

Serum, brain

Myocardium, cardiomyocytes

Serum

Liver, serum, hepatocytes, 
Kupffer and endothelial cells

Liver

Liver

/LYHU��VHUXP��LQÁDPPDWRU\�FHOOV�

Myocardium, circulating immune
cells and platelets

Liver

not determined (ND)

,QÁDPHG�JXW

,QÁDPHG�SDQFUHDV
Kidney

ND

%UDLQ��VSLQDO�ÁXLG

Site of induced chronic 
LQÁDPPDWRU\�SDLQ

%ORRG��FHUHEURVSLQDO�ÁXLG��EUDLQ�
(increased in schizophrenia de- 
creased in brain in depression)

,QÁDPHG�VNLQ

ND

6\QRYLDO�ÁXLG��V\QRYLD

ND

Disease
Myocardial infarction ischemia/
   reprefusion injury
Atherosclerosis

6WURNH��VSLQDO�FRUG�LQMXU\

Heart failure, cardiomyopathy

6HSWLF�VKRFN�E\�OLYH�EDFWHULD

Hepatic ischemia-reperfusion injury

Autoimmune hepatitis

Nonalcoholic fatty liver disease, obesity

/LYHU�ÀEURVLV��FLUUKRVLV

Cirrhotic cardiomyopathy

Liver injury and regeneration

Hepatic encephalopathy

,QÁDPPDWRU\�ERZHO�GLVHDVH��FROLWLV��
diverticulitis

Pancreatitis
Nephropathy

Bone disorders 

1HXURGHJHQHUDWLYH�QHXURLQÁDPPDWRU\�GLV-
RUGHUV��06��$O]KHLPHU·V��3DUNLQVRQ·V��+XQ-
WLQJWRQ·V�GLVHDVH��VSLQDO�FRUG�LQMXU\��QHXUR�
DFTXLUHG�LPPXQH�GHÀFLHQF\�V\QGURPH�

Pain

Psychiatric disorders (schizophrenia, 
anxiety and depression)

Allergic dermatitis

6FOHURGHUPD�GHUPDO�ÀEURVLV

Rheumatoid arthritis

$OOHUJHQ�LQGXFHG�DLUZD\�LQÁDPPDWLRQ
(Bronchial asthma)

Expression of CB2 receptors
Myocardium

,QÀOWUDWLQJ�DQG�RWKHU�LPPXQH�FHOOV

Brain, microglia, 
LQÀOWUDWLQJ�LPPXQH�FHOOV

Myocardium, cardiomyocytes, 
endothelial cells
ND

,QÁDPPDWRU\�LPPXQH�FHOOV�
activated endothelium

,QÀOWUDWLQJ�LPPXQH�FHOOV

+HSDWRF\WHV��LQÁDPPDWRU\�FHOOV

Activated Stellate cells

ND

+HSDWLF�P\RÀEUREODVWV

ND

(SLWKHOLDO�FHOOV��LQÀOWUDWLQJ�LQÁDP�
matory cells, enteric nerves

Pancreas
ND

Osteoblasts, osteoclasts

0LFURJOLD��LQÁDPPDWRU\�FHOOV��
brain lesions, neurons?

,QÁDPPDWRU\�FHOOV��FHUWDLQ�QHXURQV

*OLDO��LQÁDPPDWRU\�FHOOV��QHXURQV"

,QÀOWUDWLQJ�LPPXQH�FHOOV

ND

ND

ND

Effects attributed to CB 2 Stimulation
'HFUHDVH�LQ�LQÁDPPDWLRQ��OHXNRF\WH�LQÀOWUDWLRQ��DQG�P\RFFDUGLDO�SURWHFWLRQ

&RQWH[W�GHSHQGHQW�DWWHQXDWLRQ�RI�SURPRWLRQ�RI�YDVFXODU�LQÁDPPDWLRQ��PRQRF\WH�FKHPRWD[LV��LQÀOWUDWLRQ�
and activation) and factors of plaque stabhility; attenuation of endothelial activation and/or vascular 
smooth muscle proliferation.
$WWHQXDWLRQ�RI�LQÁDPPDWLRQ��HQGRWKHOLDO�DFWLYDWLRQ��OHXNRF\WH�LQÀOWUDWLRQ��DQG�WLVVXH�LQMXU\��DWWHQXDWLRQ�RI�
PRWRU�DQG�DXWRQRPLF�IXQFWLRQ�GHÀFLWV�LQ�D�PRXVH�PRGHO�RI�VSLQDO�FRUG�LQMXU\�

$WWHQXDWLRQ�RI�LQÁDPPDWLRQ��GHFUHDVHG�LQMXU\

'HFUHDVH�RU�LQFUHDVH�LQ�LQÁDPPDWLRQ�DQG�LWLVVXH�LQMKXU\�PRVW�OLNHO\�E\�DIIHFWLQJ�EDFWHULDO�ORDG�

$WWHQXDWLRQ�RI�LQÁDPPDWLRQ��HQGRWKHOLDO�DFWLYDWLRQ��OHXNRF\WH�FKHPRWD[LV��LQÀOWUDWLRQ�DQG�DFWLYDWLRQ���
decrease in oxidative stress and tissue injury

$WWHQXDWLRQ�RI�7�O\PSKRF\WH�PHGLDWHG�LQÁDPPDWLRQ

(QKDQFHPHQW�RI�KLJK�IDW��GLHW�LQGXFHG�VWHDWRVLV��LQÁDPPDWLRQ�RU�DWWHQXDWLRQ�RI�REHVLW\�DVVRFLDWHG�ZLWK�
age.

$WWHQXDWLRQ�RI�ÀEURVLV

$WWHQXDWLRQ�RI�K\SRWHQVLRQ�E\�GHFUHDVLQJ�OLYHU�LQÁDPPDWLRQ

Reduced liver injury, accelerated regeneration

Improved neurological and cognitive function in experimental models of hepatic encepholopathy

$WWHQXDWLRQ�RI�LQÁDPPDWLRQ�DQG�YLVFHUDO�VHQVLWLYLW\

$WWHQXDWLRQ�RI�LQÁDPPDWLRQ
$WWHQXDWLRQ�RI�LQÁDPPDWLRQ��FKHPRNLQH�VLJQDOLQJ�DQG�FKHPRWD[LV��LQÁDPPDWRU\�FHOO�LQÀOWUDWLRQ�DQG�
endothelial activation) and oxidative/nitrosative stress
Attenuation of bone loss by enhancement of endocortical osteoblast number and function and 
suppression of trabecular osteoclastogenesis

$WWHQXDWLRQ�RI�LQÁDPPDWLRQ��PLFURJOLD�DFWLYDWLRQ���VHFRQGDU\�LPPXQH�FHOO�LQÀOWUDWLRQ���IDFLOLWDWLRQ�RI�
neurogenesis

$WWHQXDWLRQ�RI�FKURQLF��LQÁDPPDWRU\�SDLQ

/DUJHO\�XQH[SORUHG��LQ�URGHQW�PRGHOV�RI�GHSUHVVLRQ�DQ[LHW\�LW�PD\�PRGXODWH�&16�LQÁDPPDWLRQ�DQG�
HLWKHU�DWWHQXDWH�RU�SURPRWH�DQ[LHW\�OLNH�EHKDYLRU

&RQWH[W�GHSHQGHQW�DQWL�RU�SUR�LQÁDPPDWRU\�HIIHFWV�LQ�FRQWDFW�GHUPDWLWLV��

$WWHQXDWLRQ�RI�GHUPDO�DQG�OXQJ�ÀEURVLV�LQÁDPPDWLRQ�DQG�OHXNRF\WH�LQÀOWUDWLRQ

$WWHQXDWLRQ�RI�WKH�DXWRLPPXQH�LQÁDPPDWRU\�UHVSRQVH

,QKLELWLRQ�RI�DQWLJHQW�LQGXFHG�SODVPD�H[WUHDYDVDWLRQ�DQG�QHXURJHQLF�LQÁDPPDWLRQ�LQ�DLUZD\V��
modulation of smooth muscle.

In the late 1980s, after the CB1 and CB2 receptors had 
been discovered, Mechoulam’s lab began searching for 
compounds in the body that would activate them. It was 
assumed that the receptors had not evolved to respond to 
plant cannabinoids. But the fact that THC and the other 
plant cannabinoids were lipophilic —preferring fatty mol-
ecules to water— convinced the investigators to narrow 
their search. The body’s own cannabinoid-receptor activa-
tors would almost certainly be lipids. 

“Nature is stingy,” Mechoulam generalizes. “If it knows 
how to do something, chances are it will do it again with 
small changes so it will not have to learn new things.”
:LOOLDP� 'HYDQH� DQG� /XPLU� +DQXV�� IHOORZV� LQ� 0H�

choulam’s lab, eventually isolated arachidonic ethanol-
amide (AEA), one of many derivatives of arachidonic 
acid, and named it “anandamide,” after the Sanskrit 
word for “supreme joy.” (Devane was studying Sankrit. 
Mechoulam had told him “There are many synonyms for 
‘sorrow’ in Hebrew, but considerably fewer for ‘joy.’”)

A second endogenous cannabinoid, 2-arachidonoyl 
JO\FHURO����$*��ZDV�LGHQWL¿HG�LQ�������0HFKRXODP¶V�FRO-
league Esther Shohami found that 2-AG levels went up 
QHDUO\����WLPHV�IROORZLQJ�FORVHG�KHDG�LQMXU\�LQ�PLFH��:DV�
this because the brain had been damaged or as a protective 
response? A follow-up experiment showed that mice given 
2-AG after closed head injury suffered about half as much 
damaged tissue —proving that 2-AG exerts a neuroprotec-
tive effect.

Shohami then “did one experiment too many,” 
Mechoulam recalled ironically. “She gave arachodono-
yl serine (AraS) to mice after closed head injury. She 
shouldn’t have done that because it doesn’t bind to CB1 or 
CB2— but, surprisingly it has the same activity as 2-AG!”

 Also surprisingly, a CB2 antagonist was  shown to block 
the effect. As would be the case with HU-914, AraS evi-
dently works through CB2 without binding to it. AraS was 
recently shown to have neuroprotective effects in mice, 
even when administered seven days after the injury. 

 AraS  is a fatty acid bound to an amino acid, an “F-triple- 
A.” According to Mechoulam, “there may be hundreds of 
compounds formed by fatty acids binding to amino acids 
or their derivatives in the brain.” Researchers at the Uni-
YHUVLW\�RI�,QGLDQD�KDYH�LGHQWL¿HG�FORVH�WR�����)$$$V�LQ�
recent years. 

Mechoulam thinks that identifying and un-
derstanding the function of the FAAAs could 
shed light on the mechanisms of disease and 
give medical researchers extremely powerful 
diagnostic tools.

�³:K\�GRHV�WKH�ERG\�VSHQG�VR�PXFK�HQHUJ\�V\QWKHVL]-
ing so many different compounds?” Mechoulam asked. “It 
doesn’t make sense. There should be something behind it.”

He thinks that identifying and understanding the func-
tion of the FAAAs could shed light on the mechanisms of 
disease and give medical researchers extremely powerful 
diagnostic tools. 
0HFKRXODP� VDLG�� ³:H� VKRXOG� EH� DEOH� WR� GLDJQRVH� D�

disease before we have the physical signals, which may 
EH�WRR�ODWH��:H�VKRXOG�EH�DEOH�WR�DQDO\]H�DQG�¿QG�RXW�LI�
something is going wrong. Is it possible... If we looked at 
the cluster of fatty acid amino acids —the F-triple-A’s— 
maybe we would see that there is always a change in these 
compounds during a pathological situation. Maybe it is 
not a change in one compound, say 2-AG, but there is a 
change in many of the compounds. Maybe we should be 
looking at clusters of compounds as biomarkers, not just 
one compound but 10 or 15 compounds. And modern tech-
nology allows us to do that.”

A few years ago Mechoulam and Shimon Ben-Shabat 
reported that 2-AG binds to the receptor more readily 
when it is accompanied by certain fatty acid esters which, 
by themselves, are biologically inactive. In Freiburg 
Mechoulam was again urging his colleagues to think in 
terms of compounds acting in concert and exerting an en-
tourage effect:
³:H�DOZD\V�ORRN�IRU�D�VLQJOH�ELRPDUNHU��RU�DW�PRVW��WZR�

biomarkers,” he observed. Instead, he proposed, “One 
could look at the levels and the ratios of compounds that 
are present in the brain —or other organs—at the same 
WLPH�´� 5HVHDUFKHUV� FRXOG� WUDFN� WKH� FKDQJLQJ� SUR¿OHV� RI�
clusters in people with various disorders, in children as 
they grow up, in individuals during mood changes, and 
so forth.

“This is an observation that may have clinical impor-
tance,” Mechoulam said modestly. 

His hope is that changes in FAAA clusters will be de-
tectable in blood. “Obviously one cannot look in the 

PROPOSED ROLE OF ENDOCANNABINOID-CB2 RECEPTOR SIGNALING 
LQ� VHOHFW� GLVHDVHV LQFRUSRUDWHV� UHVXOWV� IURP� QXPHURXV�
VWXGLHV�FRQGXFWHG�ZLWK�DQLPDOV��KXPDQV��URGHQWV��DQG�SLJV���

6HFRQG�FROXPQ�JLYHV�WKH�SDUW�V��RI�WKH�ERG\�ZKHUH�HOHYDWHG�
HQGRFDQQDELQRLG� OHYHOV� ZHUH� GHWHFWHG�� 7KLUG� FROXPQ� JLYHV�
FHOO� W\SH�V�� VKRZLQJ� LQFUHDVHG� SUHVHQFH� RI� &%�� UHFHSWRUV��

&KDUW�ZDV�FRPSLOHG�E\�3DO�3DFKHU�DQG�0HFKRXODP�LQ�D�SDSHU�
SXEOLVKHG� LQ�Progress in Lipid Research� ´,V� OLSLG� VLJQDOLQJ�
WKURXJK�UHFHSWRUV�SDUW�RI�D�SURWHFWLYH�V\VWHP"µ�

brain,” Mechoulam said. But fortunately, researchers led 
by Mauro Maccarrone of the University of Teramo have 
FRQ¿UPHG�³WKDW�VRPHWLPHV�FKDQJHV�LQ�WKH�EUDLQ�DUH�SDUDO-
leled by changes in blood cells.”  This raises the practi-
FDO�SRVVLELOLW\� WKDW� WKH�SUR¿OHV�RI�YDULRXV�)$$$�FOXVWHUV�
can be tracked and correlated with pathology, aging, mood 
change, etc.

“It is tempting,” Mechoulam wrote in the abstract of 
his ICRS presentation, “to assume that the huge possible 
variability of the levels and ratios of substances in such a 
FOXVWHU�RI�FRPSRXQGV�PD\�DOORZ�DQ�LQ¿QLWH�QXPEHU�RI�LQ-
dividual differences —the raw substance which of course 
is sculpted by experience.” 

He said he had asked a statistician if 200 compounds 
could yield eight billion distinct personalities. “The an-
swer was ‘Of course.’”

At age 82, Dr. Raphael Mechoulam is looking ahead 
with undiminished clarity and creativity. “These are our 
plans for the next 50 years,” he told his assembled col-
leagues. “I hope that many of you will join me in looking 
at these compounds.” 

Notes From the Meeting
Here we have the man who coined the term endocan-

nabinoid reminding his colleagues not to be constrained 
by that term but to study the whole assemblage of FAAAs 
and fatty acid ethanolamides and glycerol esters —the ex-
tended endocannabinoid family, with its precursors and 
derivatives. 

“Fatty acids are dabs of molecular goo,” explains Dr. 
J. “They intermesh with each other to form membranes, 
so you tend to think of them as building blocks, not as 
transmitters. But those membranes give us the surfaces to 
receive drugs. The external coating of every cell in our 
bodies, including all the neurons, is a fatty acid bi-layer. 
:KDW�DOORZV�WKH�WUDQVPLVVLRQ�RI�WKH�RXWVLGH�ZRUOG�WR�WKH�
inside world is a gatekeeper of fatty acids that have recep-
tors implanted in them. 

“Raphe encapsulated the wonderment of all the science 
we don’t know,” said Dr. J (Many of the ICRS scientists 
freely refer to the great man as “Raffee,” which is short for 
Raphael. He’s their friend, accessible, and does not engage 
in ranking.) “One of the miraculous things about the can-
nabinoids is that they’re only found in the Cannabis plant. 

FRQWLQXHG�RQ�QH[W�SDJH
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What Role Does GPR55 Play? 

&RPSRXQG�LQ�.DYD
$IIHFWV�&%��5HFHSWRU

The Kava plant has long been used as a relaxing, so-
FLDO�EHYHUDJH�E\�6RXWK�3DFLÀF�,VODQGHUV�ZKR�PDNH�D�NDYD�
drink by grinding the roots. Now research initiated by Ist-
YDQ�8MYDU\�RI�L.HP�%7��%XGDSHVW��KDV�LGHQWLÀHG�DQ�DFWLYH�
LQJUHGLHQW�LQ�NDYD�³\DQJRQLQ³�WKDW�KDV�D�VWURQJ�DIÀQLW\�
for the CB1 receptor.  

In a study described by Ujvary at the 2012 ICRS meet-
LQJ��ÀYH�QDWXUDO�NDYDODFWRQHV� �FRPSRXQGV�XQLTXH� WR� WKH�
Kava plant) and nine synthetic analogues were tested for 
DIÀQLW\�WR�WKH�&%1 and CB2 receptors, and their ability to 
inhibit FAAH and MAGL (the enzymes that break down 
anandamide and 2-AG). 
2QO\�\DQJRQLQ�VKRZHG�D�PDUNHG�DIÀQLW\� IRU�D�FDQQD-

binoid receptor (CB1). None of the compounds tested in-
hibited FAAH or MAGL hydrolytic activity. The authors 
FRQFOXGHG��´7KH�REVHUYHG�DIÀQLW\�RI�\DQJRQLQ�WR�WKH�&%��
receptor, though moderate, suggests that the endocan-
nabinoid system might be involved in the complex human 
psychopharmacology of the traditional kava drink and the 
anxiolytic preparations ob-
tained from the kava  plant.”

 Yangonin could turn out 
be an agonist, an antagonist, 
or an inverse agonist at the 
CB1 recptor. More studies 
are warranted, said Ujvary. 

ICRS 2012 IURP�SUHYLRXV�SDJH

:RQGHUV�RI�0$*/�,QKLELWLRQ
\

The enzyme that breaks down the endocannabinoid 2-AG 
is monoglyerol lipase (abbreviated MAGL, pronounced 
�0DJ�(OO����,W�ZDV�LGHQWLÀHG�LQ�%HQMDPLQ�&UDYDWW·V�ODE�DW�
Scripps Research Institute in La Jolla by Daniel Nomura, 
who had been systematically studying enzymes inhibited 
by certain pesticides. (Agricultural insecticides don’t just 
eliminate the enzyme that’s essential for the pest’s repro-
duction; they prevent the synthesis of other enzymes, too. 
One animal’s collateral damage is another’s research op-
portunity.) 
&UDYDWW�DQG�1RPXUD�VXEVHTXHQWO\�VKRZHG�WKDW�LQKLELW-

ing MAGL production leads to enhanced cannabinoid-
receptor activation and reduced cancer cell growth.

The paper by Nomura, Tarak Samad, and Cravatt at this 
year’s ICRS meeting, “Endocannabinoid Hydrolysis Gen-
HUDWHV� %UDLQ� 3URVWDJODQGLQV� 7KDW� 3URPRWH� 1HXURLQÁDP-
mation” describes MAGL as a link between the endocan-
nabinoid and prostaglandin signaling networks.

In the brain and central nervous system, the breakdown 
of 2-AG by MAGL produces arachidonic acid, which in 
WXUQ�SURGXFHV�SURVWDJODQGLQV� WKDW�SURPRWH� LQÁDPPDWLRQ��
But prostaglandins are not produced when MAGL breaks 
down 2-AG in the gut (suggesting that a MAGL-inhibiting 
painkiller would not be hard on the stomach).  The authors 
IRUHVHH�´D�SRWHQWLDOO\�VDIHU�ZD\�WR�VXSSUHVV�WKH�SURLQÁDP-
matory cascades that underlie neurodegenerative diseases” 
such as Parkinson’s, Alzheimer’s and multiple sclerosis.  

But the precursors are found in other plants. Olivetol is 
LQ�OLFKHQV��:KDW�LV�WKH�OLFKHQ�XVLQJ�ROLYHWRO�IRU"�,W�PLJKW�
be worth looking into,” Dr. J added, sounding a bit like 
Mechoulam himself.
:H�DVNHG�WKLV�DWWHQWLYH�VFLHQWLVW what he considered most 

QHZVZRUWK\�DERXW�WKH������,&56�PHHWLQJ��$IWHU�UHÁHFW-
LQJ�D�IHZ�VHFRQGV��KH�VDLG��´7KH�FRQÀUPDWLRQ�WKDW�FDQQD-
binoids are anti-neoplastic compounds. People used to say 
the cannabinoids had ‘anti-cancer potential.’ Now they’re 
talking about demonstrated ‘anti-cancer properties.’ Not 
just that they relieve pain and nausea. Compounds extract-
ed from natural cannabis can stop cancer in its tracks.

“Also newsworthy, in an invisible way, is that you don’t 
hear reports of toxicity. You don’t hear any cannabinoid 
researchers saying, ‘We gave them this and the animals 
died...” 

Many of the presentations in Freiburg involved the ar-
eas of research Mechoulam discussed in his plenary ad-
dress, as if the authors had gotten a head start on the next 
50 years.  Dutch researchers from Wageningen University 
presented evidence that “fatty acid metabolites from the 
GLHWDU\�ÀVK�RLO�'+$�FRQWULEXWH�WR�WKH�EHQHÀFLDO�HIIHFWV�RI�
long chain omega-3 polyunsaturated fatty acids.” 

Primary investigator Jocelijn Meijerink also reported 
that DHEA (a DHA-related conjugate) binds directly to 
WKH� &%��� UHFHSWRU� DQG� IXQFWLRQV� DV� D� ´ÀVK�RLO�GHULYHG�
PRGXODWRU� RI� LQÁDPPDWLRQ�µ� ,Q� RWKHU�ZRUGV�� HDWLQJ� ÀVK�
RU�ÀVK�RLO�VXSSOHPHQWV�FDQ�HQKDQFH�HQGRFDQQDELQRLG�WRQH�
and improve one’s overall health.

Israeli scientist Sharon Anavi-Goffer reported that ad-
ministration of a CB-1 antagonist induced ADHD-like be-
havir in adult mice. She also found that pure THC allevi-
ated ADHD symptoms in schoolchildren.  

Studies indicated that a small amount of THC can have 
a potent therapeutic impact. Steve Kinsey from West Vir-
ginia University found that THC “protects against gastric 
LQÁDPPDWRU\� WLVVXH� GDPDJHµ� LQ� DQLPDO� H[SHULPHQWV� ´DW�
GRVHV�WKDW�DUH�LQVXIÀFLHQW�WR�FDXVH�FDQQDELPLPHWLF�EHKDY-
ior effects,” i.e., that are not psychoactive.

Yosef Sarne from Tel Aviv University reported that ex-
WUHPHO\�ORZ�GRVHV�RI�7+&�SURWHFW�DJDLQVW�´FRJQLWLYH�GHÀ-
cits and induce long-lasting biochemical changes in the 
mouse brain.

Tamas Biro, a Hungarian scientist at the University of 
Debrecen, reported that the inhibition of fatty acid am-
ide hydrolase (FAAH), the enzyme that breaks down the 
body’s own cannabinoids, exerts “complex ‘anti-acne’ ef-
fects” on human cell lines.

According to Mauro Maccarone of the University of 
Teramo in Italy, estrogen activates expression of the gene 
that encodes FAAH —the implication being that estrogen 
imbalance (precipitated by environmental toxins and other 
poisons) will skew cannabinoid-receptor signaling.

A collaborative effort involving researchers at MIT 
and Kings College in London concluded that compounds 
which activate cannabinoid receptor signaling (agonists) 
“markedly increase neural progenitor migration,” while 
FDQQDELQRLG�UHFHSWRU�DQWDJRQLVWV�VLJQLÀFDQWO\�LPSDLU�VWHP�
cell production and migration in the postnatal mammalian 
brain.

&%'�6WXGLHV
Italian investigators led by Lu-

ciano De Petrocellis described can-
QDELGLRO� DV� ´WKH� PRVW� HIÀFDFLRXV�
inducer of apoptosis” in prostate 
cancer. 

Ditto against colon cancer, accord-
ing to Tara Macpherson Dr. Karen Wright from Lancaster 
University and John Westwick from Novartis/UK. They 
found that CBD works by “limiting the cells’ respiratory 
capacity and ability to generate ATP,  which leads to cell 
death rather than cell cycle inhibition.” The CB1 receptor 
is not involved in the process, which occurs “under mito-
chondrial stress conditions” and only when a certain nar-
row dose is delivered. 

The effect of CBD on mitochondrial functions was stud-
ied by Israeli resaearchers led by Neta Rimmerman of the 
Weizmann Institute of Science. They found that “CBD 
WUHDWPHQW�OHG�WR�VLJQLÀFDQW�FKDQJHV�LQ�PLWRFKRQGULDO�PRU-
phology (mainly swelling).” CBD interacts with the outer-
mitochndrial mebrane protein. It increases formation of re-
active oxygen species (ROS) in a dose dependent manner.  

A team led by Christeene Haj in Ruth Galily’s lab at 
Hebrew University of Jerusalem developed an analog of 

CBD that is an effective anti-
arthritic agent in the mouse 
model of the disease (induced 
by injection of collagen). The 
analog, patented as HU (for 
Hebrew University) 444, re-
duced swelling more potently 
than unadorned CBD.

Cannabinoid researchers have been studying the phar-
macology and the role played in the body of GPR55, a 
G-protein-coupled  receptor implicated in tumor formation 
and angiogenesis, cancer cell proliferation, and pain trans-
mission. At the 2012 ICRS meeting June Penman and co-
workers from the University of Dundee in Scotland pre-
sented data suggesting that “activation of GPR55 can in-
ÁXHQFH�WKH�DFWLQ�F\WRVNHOHWRQµ�LQ�FHUWDLQ�FDQFHU�FHOO�OLQHV��
They raised “the possibility that the endogenous ligand 
LPI may be an intrinsic regulator of cancer metastasis.”

Metabolically, LPI is closely related to 2-arachidonoylg-
lycerol (2-AG), the endocannabinoid that binds to the CB1 
and CB2 receptors. Phosphatidylinositol, a natural lipid, is 
a direct precursor to both LPI and dicylglycerol (DAG); 
the latter is converted enzymatically (by DAGLipase) into 
2-AG. These intimate metabolic relationships led scientists 
from University College in London to suggest in 2006 that 
GPR55 should be considered a third cannabinoid receptor.
%XW�WKHUH�DUH�VLJQLÀFDQW�VWUXFWXUDO�GLIIHUHQFHV�EHWZHHQ�

GPR55 and the two known cannabinoid receptors. GPR55 
is genetically distinct from the cannabinoid receptors, 
VKDULQJ� RQO\� DERXW� ���� RI� WKHLU� DPLQR� DFLG� VHTXHQFHV��
Moreover, many of GPR55’s binding sites are hydrophilic, 
meaning they bind to water soluble ligands, whereas the 
CB1 and CB2 cannabinoid receptors are hydrophobic and 
bind only with lipids. 
*35���ZDV�ÀUVW�LGHQWLÀHG�DQG�FORQHG�LQ������E\�VFLHQ-

tists at the University of Toronto. Eight years later, scien-
tists from Teikyo University determined that lysophospha-
tidylinositol (LPI) is the principal endogenous ligand that 
binds to and activates GPR55.

LPI is produced by various types of cells. A 2004 study 
by researchers at the University of South Florida deter-
mined that high concentrations of LPI in the body (as well 
as partial agonists of GPR55 such as lysophosphatic acid 
and sphingosine-1-phosphate) are markers of ovarian can-
cer. High concentrations of LPI increase GPR55 receptor 
transmission. And heightened GPR55 receptor transmis-
sion has been linked to many types of cancer.

([SHULPHQWV� KDYH� VRXJKW� WR� GHWHUPLQH�ZKLFK�
cannabinoid compounds affect GPR55 and how.

Various experiments have sought to determine which 
cannabinoid compounds affect GPR55 and how. A Janu-
ary 2012 study by scientists at the University of Aber-
deen in Scotland found that several plant cannabinoids, 
including THC, CBD and CBG, and their respective acid 
and varin compounds, bind to the GPR55 receptor. The 
varin compounds –Ƌ��WHWUDK\GURFDQQDELYDULQ� �7+&9���
cannabidivarin (CBDV), and cannabigerovarin (CBGV)– 
were shown to be particularly potent inhibitors of GPR55 
signaling. [A “varin” is created by a three-carbon side-
chain attaching to a given cannabinoid.]

The Aberdeen group determined that the synthetic CB1 
antagonist drug Rimonabant increases GPR55 receptor 
signaling. Similarly, the CB1 antagonist/inverse agonist 
AM251 is an agonist at GPR55.

The Aberdeen group explored an important aspect of 
receptor physiology —the key differences between ortho-
steric and allosteric binding sites. These differences may 
help to explain why studies of cannabinoid-GPR55 inter-
DFWLRQV�KDYH�SURGXFHG�FRQÁLFWLQJ�GDWD��

An orthosteric binding site is the standard receptor bind-
ing spot: the main endogenous ligand of a receptor –such 
as LPI to GPR55– activates the receptor by binding ortho-
sterically, or directly, like lock and key. 

Allosteric interactions, on the other hand, can alter 
how the orthosteric site functions. Allosteric binding can 
FKDQJH�WKH�VKDSH�RI�D�UHFHSWRU�DQG�LQÁXHQFH�KRZ�LW�VLJ-
nals. It may be that CBD and other phytocannabinoids, 
especially the varins, weaken or block GPR55 through an 
allosteric mechanism, which inhibits the receptor’s ortho-
VWHULF�ELQGLQJ�DIÀQLW\�ZLWK�LWV�SULQFLSDO�OLJDQG��/3,���

At the same time, however, a cannabinoid compound 
that blocks LPI from bind-
ing with GPR55 by alter-
ing the shape of the recep-
tor might also change the 
shape of the receptor in 
such a way as to enhance 
*35��·V� ELQGLQJ� DIÀQLW\�
with other endogenous ag-
onists or partial agonists.

The protean aspect of 
allosteric binding could be a factor in the broad range 
of effects triggered by cannabinoid-GPR55 interactions. 
The way plant cannabinoids impact GPR55 could shift, 
depending on the presence of different biochemical cues.
�����������������������³Martin A. Lee and Adrian Devitt-Lee
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