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Abstract

The endocannabinoid system comprises the two well characterized G;;,-protein coupled receptors
(cannabinoid receptor 1 (CB1) and CB2), their endogenous lipid ligands, and the enzymes
involved in their biosynthesis and biotransformation. Drug discovery efforts relating to the
endocannabinoid system have been focused mainly on the two cannabinoid receptors and the two
endocannabinoid deactivating enzymes fatty acid amide hydrolase (FAAH) and monoacylglycerol
lipase (MGL). This review provides an overview of cannabinergic agents used in drug research
and those being explored clinically.

Cannabis has been used as a therapeutic for many millennia. However, it was not until the
1960s that its key ingredient, (=)-A%-tetrahydrocannabinol (A%-THC), was isolated and
synthesized. In parallel, research in the pharmaceutical industry and academic laboratories
produced a plethora of new and structurally related compounds with very potent biological
properties.! Notwithstanding these worthy medicinal chemistry efforts, nabilone (Eli Lilly)
and AS-THC remained, thus far, the only synthetic drugs in the market, whereas other
programs never led to additional medications and the interest in developing cannabis-based
therapeutic medications tapered off. The reason for this decrease in interest can be attributed
to the new compounds’ psychotropic side effects and to the absence of any well-identified
pharmacological mechanisms of action for newer analogs. A major breakthrough in the field
occurred in the mid-1980s with the discovery, cloning, expression, and imaging of the first
cannabinoid receptor, named CB1, which was followed by the identification of a second
cannabinoid target, CB2. Both CB1 and CB2 belong to the Class A G-protein-coupled
receptor family and exhibit primarily Gj;, signaling mechanisms.

The discovery of CB1 and CB2 was followed by intensive research efforts aimed at
exploring this intriguing biochemical system and identifying the key proteins involved in its
modulation. Almost four decades later, we now have a better understanding of the key
physiological roles played by the endocannabinoid receptors, the endocannabinoid ligands,
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and the different enzymes involved in their biosynthesis and biotransformation. A summary
of these components is provided in Figure 1.2:3

Cannabinoid receptors localize in the presynaptic junction and are thus engaged in
retrograde signaling, a signature feature of this biochemical system. Both receptors are
activated by two distinct families of lipid mediators represented by
arachidonoylethanolamide (AEA) and 2-arachidonoylgycerol (Figure 2a). Unlike many
other neurotransmitters, endocannabinoids are produced upon demand, have a relatively
slow timeframe of action, and are biosynthesized from endogenous membrane components
by a series of enzymes. The levels of endocannabinoids (endocannabinoid tone) are also
controlled by endocannabinoid deactivating enzymes, the most prominent of which are
FAAH for AEA and MGL for 2-arachidonoylgycerol.23 It is thus possible to affect this tone
by chemically attenuating the functions of the above enzymes. Such approaches can lead to
the development of suitable enzyme inhibitors capable of modulating the endocannabinoid
tone, and thus serve as a basis for the design of therapeutic medications.

Endocannabinoid-based drug discovery

Approaches for the development of cannabinoid receptor-based medications include CB1 or
CB2 agonistsl:24:5 and antagonists? that are suitably designed to impart them with drug-like
properties and reduced undesirable side effects. Other approaches include the inhibition of
FAAH and MGL, inhibition of endocannabinoid transport, as well as the design of ligands
capable of modulating endocannabinoid function by binding to allosteric sites (positive,
negative, and silent allosteric modulators).2 A summary of the current status of these
compounds is discussed below while emphasizing cannabinergic compounds that have
clinical significance (Table 1).

CB1 receptor agonists

The natural phytocannabinoids in cannabis include the psychotropic A%-THC, AB-THC,
along with the nonpsychotropic A%-tetrahydrocannabivarin, (-)-cannabidiol (CBD),
cannabidivarin, cannabinol, all of which have been tested in humans (Figure 2a, Table 1).
Among these, A%-THC (dronabinol, marinol) is useful as an analgesic, an antiemetic agent,
and is approved for treating anorexia associated with weight loss in patients with AIDS. The
combination of A%-THC and CBD (sativex, nabiximols) is useful in treating multiple
sclerosis-related spasticity and pain in patients with advanced cancer. More recently, a
purified formulation of CBD (Epidiolex) was granted orphan drug designation for treating
epilepsy in humans. Pharmacologically, A%-THC behaves as a CB1 partial agonist with
moderate affinities for CB1 and CB2. On the other hand, tetrahydrocannabivarin and
cannabinol behave as a weak antagonist and a weak agonist for CB1 respectively, whereas
showing modest agonist activity for CB2. CBD and cannabidivarin display very low
affinities for either CB1 or CB2, and the mechanism through which CBD acts remains
elusive. Synthetic analogs of A%-THC, such as n-hexyl-A8-THC, 1,2-dimethylheptyl-THC,
its hydroxyl analog HU-210, the nitrogen containing analogs levonantradol and nabitan, as
well as the nonclassical analogs of the potent CB1/CB2 agonist CP-55,940 were initially
tested, but none of these ever reached market status (Figure 2b,c). Nabilone (Cesamet), a
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potent CB1/CB2 agonist, and A%-THC are both currently approved to treat chemotherapy-
induced nausea and vomiting in humans (Table 1).

The first new distinct chemotype to be introduced in cannabinoid medicinal chemistry by
Sterling Winthrop was named aminoalkylindole and included pravadoline and its very potent
CB1/CB2 agonist analog WIN 55212-2, which is being used routinely as a successful
pharmacological probe. Later generation aminoalkylindoles include analogs with potent
antinociceptive properties, such as AM678 (JWH-018) and AM2201 (Figure 2c). Org
28611, an aminoalkylindole analog, was tested in humans both as an analgesic and a
sedative (Table 1). However, the illicit use of these compounds and their analogs as “fake
cannabis” (“Spice”) has marred their therapeutic value and many of these have been
classified as Schedule 1 Controlled Substances.> Among other classes, BAY 38— 7271 (KN
38-7271), a potent CB1/CB2 agonist was found to be clinically efficacious in patients with
severe traumatic brain injury (Figure 2b, Table 1). The metabolically more stable methylated
AEA analog (R)-methanandamide (AM356) is widely used as a substitute for its
endogenous counterpart in preclinical research.2

A more recent approach aimed at eliminating the undesirable CB1 central effects was the
development of peripherally restricted agonists. Among these, the structurally distinct
SAB378 and AZD1940 have undergone evaluation in humans (Figure 2b, Table 1).

CB2 receptor agonists

An important breakthrough in the cannabinergic therapeutics came with the discovery that
CB2 receptors, whose presence is almost entirely peripheral under normal homeostatic
conditions, when activated, exhibit antinociceptive and anti-inflammatory properties without
the undesirable CB1 central effects. This opened the door for the development of CB2
selective agonists, the most effective of which early on were the aminoalkylindole AM1241
and the cannabilactone AM1710 (Figure 2c), both of which produced excellent results when
tested in rodent models for neuropathic and inflammatory pain.2 However, the early clinical
development of CB2 agonists in industry, which include GW-842,166x and cannabinor, have
met with limited success as peripherally acting analgesic agents. More recently, CB2
agonists S-777469 and S-444823 were advanced into late stage trials in humans for treating
atopic dermatitis (Table 1). Notably, since the early work using the first cannabinoid positron
emission tomography agent [*F]-A8-THC in nonhuman primates, as agonists, the two
radiotracers [11C]-GW-842,166X and [*1C]-NE40 have been used to study drug
biodistribution and for imaging CB2 receptors in humans (Figure 2d).

CB1 receptor antagonists

The first CB1 antagonist, SR141716 (rimonabant), a biarylpyrazole with inverse agonist
functional properties and capable of blocking “cannabis” effects, was launched in Europe as
an effective appetite suppressant for the treatment of obesity. Globally, a multitude of human
trials were conducted using rimonabant, most studies involving conditions related to the
metabolic syndrome. However, rimonabant was not approved by the US Food and Drug
Administration and was later withdrawn from the European market because of certain
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gastrointestinal, nervous system, and psychiatric disorders that occurred in a small fraction
of patients. In parallel, a number of companies developed structurally distinct inverse CB1
antagonists with similar pharmacological profiles.? These included SR147778 (surinabant),
CP-945,598 (otenabant), BMS-646256 (ibipinabant), MK-0364 (taranabant), and AVE1625
(drinabant) (Table 1). However, all of these were shown to exhibit identical undesirable side
effect profiles. Nonetheless, several novel CB1 antagonists have been developed as
radiotracers for single photon emission computed tomography and positron emission
tomography imaging for studying a variety of conditions involving overactivity of the
endocannabinoid system. These include the first generation rimonabant analogs [123I]-
AM281, [124]]-AM281, [1251]-SD7015, and [*1C]-OMAR, the taranabant analog [*8F]-
MK-9470, the ibipinabant analog [11C]-SD5024, and the pyrrolidinones [*1C]-MePPEP and
[18F]-FMPEP-d, (Figure 2e).2

Recently, an effort to develop safer CB1 antagonists devoid of or with reduced undesirable
side effects produced the first CB1 neutral antagonists having no or low inverse agonist
activity as measured via CAMP levels (e.g., AM4113, AM6527, and peripherally restricted
AMGB545). The therapeutic implications for the new generation CB1 antagonists exhibiting
improved safety and favorable therapeutic index profiles in advanced clinical settings are
currently being explored.2

Indirectly acting cannabinoid agonists

A major effort was directed toward the development of FAAH inhibitors where the early
inhibitors included the sulfonyl fluoride analogs AM374 and AM3506, both of which inhibit
the enzyme irreversibly while exhibiting substantial selectivity. Later generation inhibitors,
also acting irreversibly, included carbamates (e.g., URB597) and ureas (e.g., PF-04457845),
analogs that produced their effects by carbamylation of the active serine of the enzyme.?
AM3506, when tested in rodents, was shown to be potentially useful for the treatment of
posttraumatic stress disorder, whereas PF-04457845 was tested in humans for alleviating
pain with trials currently underway for treating cannabis withdrawal and certain
neuropsychiatric conditions, including Tourette’s syndrome and posttraumatic stress
disorder (Table 1). Positron emission tomography imaging of the enzyme is also being
pursued with the irreversible inhibitors [11C]-CURB and [*1C]-carbonyl-URB694. [11C]-
MK-3168 is notably the first reversible FAAH inhibitor to be used in humans for mapping
brain FAAH activity (Figure 2f).

Other approaches aimed at indirectly activating the endocannabinoid system include
inhibition of MGL with a number of inhibitors being developed, as well as through
inhibition of endocannabinoid transport, where AM404, VDM-11, and the metabolically
stable “reverse” amide AM1172 are among the earliest and best known examples.?

Future directions

In conclusion, CB1, CB2, and FAAH continue to be promising targets for drug development
while keeping in mind that it is critical to identify the optimal therapeutic indication(s). CB1
peripheral agonists for analgesia, CB2 agonists, and FAAH inhibitors for conditions

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.



Vemuri and Makriyannis Page 5

associated with inflammation, neurodegeneration, and neuropsychiatric conditions offer
great promise. In addition, peripheral CB1 antagonists for metabolic disorders and CB1
neutral antagonists for addiction offer equally good opportunities as well. MGL/FAAH dual
inhibitors and the more recent targets, which include the cannabinergic enzymes MGL and
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ABHDS, hold immense promise. A dark horse under very early development among many is
the allosteric CB1 modulator approach that seems to offer unseen benefits over existing
therapies.

References

1.

Makriyannis A, Rapaka RS. The medicinal chemistry of cannabinoids: an overview. NIDA Res.
Monogr. 1987; 79:204-210. [PubMed: 3125477]

. Makriyannis A. 2012 Division of medicinal chemistry award address. Trekking the cannabinoid

road: a personal perspective. J. Med. Chem. 2014; 57:3891-3911. [PubMed: 24707904]

. Maccarrone M, Guzman M, Mackie K, Doherty P, Harkany T. Programming of neural cells by

(endo) cannabinoids: from physiological rules to emerging therapies. Nat. Rev. Neurosci. 2014;
15:786-801. [PubMed: 25409697]

. Thakur GA, Tichkule R, Bajaj S, Makriyannis A. Latest advances in cannabinoid receptor agonists.

Expert Opin. Ther. Pat. 2009; 19:1647-1673. [PubMed: 19939187]

. Castaneto MS, Gorelick DA, Desrosiers NA, Hartman RL, Pirard S, Huestis MA. Synthetic

cannabinoids: epidemiology, pharmacodynamics, and clinical implications. Drug Alcohol Depend.
2014; 144:12-41. [PubMed: 25220897]

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Vemuri and Makriyannis Page 6

Lysosome

71 000000 .

POSt=-Synaptic

Figure 1.
The endocannabinoid signaling system. CB1, cannabinoid receptor 1; CB2, cannabinoid

receptor 2; FAAH, fatty acid amide hydrolase; MGL, monoacylglycerol lipase; ABHDS6, a-§
hydrolase domain-containing protein 6; ABHD12, a-f3 hydrolase domain-containing protein
12; NAPE, N-arachidonoyl phosphatidylethanolamine; PE, phosphatidylethanolamine; PC,
phospholipase C; PD, phospholipase D; DGL, diacylglycerol lipase; FABP, fatty-acid-
binding protein; AEA, arachidonoylethanolamide; 2-AG, 2-arachidonoylglycerol; ER,
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endoplasmic reticulum. Figure adapted from M. Nasr and A. Makriyannis, unpublished
results.
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Figure 2.

Distinct families of cannabinergic ligands. (a) Endo- and phytocannabinoids; (b)
cannabinoid receptors 1 and 2 (CB1/CB2) agonists; (C) cannabinoid agonists as
pharmacological tools; (d) CB2 agonists; (€) CB1 antagonists; and (f) fatty acid amide
hydrolase (FAAH) and AEA transport inhibitors.

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.



Page 9

Vemuri and Makriyannis

BIBUSZRASY ‘a19]dwod g aseyd ‘0d 61 008—00¥ (resayduiad) ured or6eTAZY
uouefiQ
AN ‘Usp1aT ‘yauessay bnug €0.G€98T
uewinH Jo} anua) ‘diod ‘dIINd ‘TS628L00LON
awyoq % dieys 3oIsN ‘919]dwo9d g aseyd ‘A1 BB € ured aniesadoisod 11982 BIO
BangapBeln 1ensIsAIuN 99¢969¢¢ -dINd
-90l8N9D-UOA-0N0 'OV '3A-LT-685T00-90024.L0N3 Ainfur ureiq
S|eanNaYBULIBYd %810INaNASM ‘umousunyaaiiisod g aseyd 'N1Y g Jano B 000T ‘00S  OneWINE) 819A3S J3)4E 9S01RW0D) T.2/-8ENM
€5€26€9 Sisawe
lendsoH Jadoo) ‘1eziyd :AlNd ‘pareuluLd) g aseyd sinoy ¢ Alane “wrt Bw z—5'0 paonpui-Adesayiowayd |OpeUBUOAST
Ajrep 801y "o°d
ainmxiw T:7 Bw g 1e ‘ainixiw (10e41%0

(70027dMO-€0027dMD)
s|eannadewleyd MO

¢TTLTCTOLON
‘a19]dwod Z aseyd

T :0Z Se pue auoje yoea
(AOHL) Bw g ‘(@g0) bw 00T

sajaqeIp
Z adAy ‘seiwapidijsAiq

jued) ainxiw
ULIeAIgRUURI0IPAUE18)-|OIpIgeULRD

(Adesayy

uo-ppe) (90027dM9)
s|ednnadewlteyd Mo

0T959€20LON
‘paINPayos g aseyd

Ajrep 921my "o'd
‘Bunerease ‘6w 008 ‘009 ‘00%

Asdajidg

(10eNX3
ueyd) uLreAIpIGRUURD

(Adesayy

announipe paseg-jueld

-uou) sonnadelay] sAsuj
(10e41%9 Jue|d)

(xa]01p1d3) sjeannadewseyd MO

LEG8TECOLON
‘€958TEC0LON
‘€/5¥2220.1ON ‘pajueld
uolreubisap Bnip xoei] 1se4
JueydiO a4 ‘pa|npayos

¢ aseyd 01 dn sjewy ajdnniA

‘od

Kep/Bx/6wi oy ueys Jaybiy

ou - paseq uejduou

asnIwwo) Burlonuo Aages
eleq auyr Aq

SUOITePUBWIWOd34 pue “0°d Sasop
BuiAien- 10eaxs Jued paiyng

eluaiydoziyas ourelpad pue
“ewol|f ‘wionnw
rwioise|qol|b ‘awolpuAs 19aeIg
‘3WO.PUAS INeISED-X0UUdT

(soueysgns Bnup apeib
leannasew.eyd juejduou pue 10e11%d
jue|d se yioq) |oIpIqeUURD)

(Adesayy

aAnounipe se 1o ‘uo-ppe ‘auoje)
(sjowrxigen

‘XaAIRS) S[eannadewleyd MO

TG9Z9ZT0LON
‘680LEETOLON
‘870898TOLON

‘uoneuBisep Bnip xoei] 1se
Va4 ‘painpayds ¢ aseyd o3
dn sjei aidinw ‘parexreN

Kep/sAeids

ZT—T Se pajesn) sasop
Buihien - joueyis 6 100
01dn pue g bw gz
‘OH. o Bw 2"z Bulurejuod
Aeuds fesoonwiolo 1 00T

139UBD PaduBAPE UM
suaiyed ynpe ui ured
‘s1S043]9s a|dnnw o3 anp ured
o1yredoanau pue Anonseds

(1amoyy pue Jes) siqeuue)d
-210}4 WIND winijoy 7

BAIJES SIqeULED WY SIORIIXD
1OS SB) 2InIXIW [oIpigeuued
-JouiqeuuesolpAyee L

(18wesa))
Ss|eannadeulIRyd JuesjeA

paquasaud

Buniwon pue

‘S|eannaoeWIRYd BPaN SRIENTEN se sa|nsded Jeso Bw T Basneu pasnpul-Adesaylowayd auo|igeN

Buniwon

(loutien) pue easneu paonpul

3INAQY ‘(oulgeuoi) -Adesayrowsyd ‘saly
sonnadesay sAsuj paquosaid se sajnsded yum syusired ui ssoj ybBram (onayiuAs)
‘S|eannagewIeyd Jed ‘SIne10y SRIENTEN leso Bw QT ‘Bw G ‘B G'Z Y)IM PaJeId0SSe BIXaIouy Joulqeuued0IpAyena]

(q'eg saunbi4)
sisiuoBe zgo/190 pue 190

Auedwoo
Juonnyisul losuods

eguInu_BYNUSP!
PO INGNG/el} ‘SNJeS [e1ul|D)

yibue s
a|ge|rene/usw a1 asoq

(S)uorzeaipul
onnade oy} payst|ges3

punodwo)

Author Manuscript

2SPIoUIgeULRD J1IBYIUAS 103]8S pue spioulqeuurd0lAyd A8y Uo UonRWIOLUI [BIIUID

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.



Page 10

:uonduiosgns yBnoays Jo aBreyd Jo 91y 3|qe|IeAe $801n0sal gam Buimojoy ayr Buisn punoy ag ued suoiedljgnd JueAs|al pue ‘saIpnis
8SL0 UBLU-UI-ISIIL ‘S[eLl) [edlul|o ‘uswifial asop ‘(S)uoiiealpul onnadesay) 18y ‘suoealpawl paseq-ploulgeuues o) Burie|al 1aserep aAlsusyaIdwiod siow e pue paliwi| st T 8|qel Ul papiAoid uonewsoul L,

"ULIRAIGRUURI0IPAYRII) ‘ADH.L ‘|oulgeuued0pAyels] ‘“OH L ‘1apJosip ssauls diewneansod ‘sl d ‘Ajfeso paquosald “od ‘yiesH
10 SaIMIISU| [euoneN ‘HIN ‘Ajdejnosnwienur ‘Wl tuonensiuiwpy Bnig pue poo4 SN ‘va4 ‘esejoipAy spiwe pioe Ael ‘Hv'w4 ‘jolpiqeuued ‘g ‘z-101dsoal ploulgeuues ‘zg) ‘T-101dadss ploulgeuued ‘1g)

Vemuri and Makriyannis

slapiosig Aouapuadaq Buninigal
104 31U WIOYXO01S ‘Z€87€89GN.LOYUS aouapuadap
(HIN) 8snqy Bniq 4o aimnsul 9598T9TOLON ‘0'd Aep/Bui |oyodje yum as.1d
JeuoneN ‘AlsIanluN aj_A ‘Buninioal g aseyd ‘o'd Aep/bw [eMBIPYIIM SIqeuue)
00S.¢L2e
:dIINd '2LGET8600LON
1azlyd ‘a381dwod g aseyd ‘0'd Aep/Bu ured G¥8.Sv¥0-4d
(32 anBid) s1oHqIyuI HY'V
20€08E00LON ‘umounun
SUaAY/-1J0UBS /819]dwo9 g aseyd ‘0'd Aep/Bw 00T aseasIp s, JawIayz|y GZ9TIANVY
uopuo TSVE6CTC
aba|0D Ausianiun ‘19ziyd :AlINd ‘pareulwsa) € aseyd ‘0'd Aep/Bw 0z—0T sso| yBiapn
auJnoqaN 967¢1¢0¢
jo Asisnun ‘diod ‘AINd ‘¢yL0EY00.LON sajeqelp
awyoq % dieys 3aI1eN ‘pareuILLIL) € Bseyd ‘0'd Aep/Bw z ' 'S0 ¢ 9dAy Bunnp sso| b 865'G76-d0
09€T6T0C
‘AINd ‘'SET60TO0.LON
dioD awyoq 7 dieys I8N ‘a19]dwod g aseyd ‘0°d Aep/Bw g-g UonoIppe 8UI0dIN Jueqeuele]
60988E€00.LON
qainbs sieAN-l0is1g ‘payeuluLIa) g aseyd ‘0'd Aep/Bwi 0§ 'Sz ‘0T 'S sso] yBiam 952'9v9-SINg
02e6T1C2e
Austamun ‘AINd ‘S.S2EV00.LON
0|SO ‘SIUaAY-1JoueS ‘a19|dwod z aseyd ‘o'd Aep/Bwi 0T ‘'S ‘52 UOIIIPPE BUNOJIN weqeulNs
palsjdwod elwapidisAp 10
¥ aseyd 01 dn sjew sjdnjnw salaqelp g adA1 ylim uolreuIquiod
(e11dwooy) SUBAY-IJ0ueS SUMRIPUYIIM pue palaxel s19|qel Jedo Aep/Bw oz ur yB1am sseaxa 10 A1ISaqO JueqRUOWIY

(az ainbi14) s1siuobelue 19D

€/5€0L00LON ‘umounun

Ajrep

16ouoiys /819]dw0d Z 8seyd 321m "o'd ‘Bw 008-00% siewJsp oidoly 69v1.2-S
TrL0vSTe
‘adlINd ‘69.77¥00LON

aUIMYNWSOXE|D ‘a181dwod Z aseyd ‘0'd Bw 008-00T ured annesadolsod X99TZr8MD

(pz 8inB14) sisiuobe zgd

86017¢EEC
‘dINd '06765900LON

Auedwoo
Juonninsul Josuodg

Jequinu B IuP!
paAgNd/[elJ} 'sniels [edlul|o

yibus 11s
a|qe|rene/uawife 1 ssoq

(S)uoireoipul
onrede oy} pausi|gels3

punodwo)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.



Page 11

Vemuri and Makriyannis

(s0ua19s Jebunids - AnsiBas NLDYSI) /W0 uI0ISIMMM//:dny

(s12Inay Uoswoy | -S11|810D) /20uabi||91Ul-S[eL1-[2I1U19-S1| 8109/ SIaINauoswoyy//:dny
(Areaqi] auluQ As|IAN ‘sieliL pa]10Juo) Jo JaisiBay [eluad auelydo)) /wodAleiqrauelyaod mmmy//:dny
(au1o1pa 40 Aseiqi] [euoneN 'S'N JO Saseqelep adualagey) pawignd/Aob yiurwiuIgauMmmm//:dny
(4e1s180y SfelIL [eotul]D "N°'J) Yyoleas/yoress-119/naiaisiBalseriyeaiun o mmmy/:sdny

(y2reaH Jo saninsu| [euolieN 'S'N 40 3dIAIBS AnisIBal s[el [edlul|D) /A0B s|erafeaIun I MMWY/:Sdny
(wogreld AnsiBiay sferi] [eaiuld [euoneuIalu] QHM) xdsenejad,/yatessieriauroym sddey/:diy
(A18190S [eonnadewleyd [eA0y) /oW/Wwo2 819|dLL0ISaUIdIPALL MMA//:SAY

(wnipuadwo) SaUIDIPaIAl 91U0JI3|T “M'N) /oW N BIo sauIdIpaw mmm//:dny

(Aouaby sauldipa ueadoin3) fewa/na edoina ewa mmm//:dny

(uonensiuiwpy Bnig pue poo4 SN) wiynejap/sbnia/Aob eprmmmy/:dny

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Clin Pharmacol Ther. Author manuscript; available in PMC 2016 June 23.


http://www.fda.gov/Drugs/default.htm
http://www.ema.europa.eu/ema/
http://www.medicines.org.uk/emc/
https://www.medicinescomplete.com/mc/
http://apps.who.int/trialsearch/Default.aspx
https://www.clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
http://www.ncbi.nlm.nih.gov/pubmed
http://www.cochranelibrary.com/
http://thomsonreuters.com/cortellis-clinical-trials-intelligence/
http://www.isrctn.com/

	Abstract
	Endocannabinoid-based drug discovery
	CB1 receptor agonists
	CB2 receptor agonists
	CB1 receptor antagonists
	Indirectly acting cannabinoid agonists
	Future directions
	References
	Figure 1
	Figure 2
	Table 1

