# OO# ,2#1& .#, A
28# 5-0*"al *# "', % .3

H#, O M#11 --)1
3'*2 7 11'#,2'121A $-C

5,600 138,000 175M

154  TOP 1% 12.2%




&KDSWHU

%LROLJDQGYV $FWLQJ RQ WKH &DQQDELQF
WKH 7UHDWPHQW RI :LWKGUDZDO 6\QGUR
&DQQDELV VDWLYD

-DGHUVRQ 9LHLUD )HUUHLUD /HQLU &DEUDO &RUUHEL
'DQLHO &DVWUR GD &RVWD DQG
/IRUDQH ,]JDEHO GD 6LOYD +DJH OHOLP

$GGLWLRQDO LQIRUPDWLRQ LV DYDLODEOH DW WKH HQG RI WKH FKDSWF

KWWS G[ GRL RUJ LOWHFKRSHQ

Abstract

Every day, the questions about Cannabis sativability to cause chemical dependence are

closed with the considerable increase in the demand for treatment of addicts to this plant.
“eelerzelSee Eerleic—"4Z201 1e>72Se—7—e1'SYZ1e' EZesCl —

abstinence from Cannabisdue to the appearance of symptoms as irritability, anxiety,

desire to consume marijuana, decreased quality and quantity of sleep, and change in

appetite, weight loss, and physical discomfort, besides emotional and behavioral symp -

toms. The neurobiological basis for the withdrawal syndrome, that is, withdrawal of

Cannabis,was established after the discovery of the endogenous cannabinoid system,
'eZ—e" ESe"—17¢1 WI1S—el X1ES——S<—""e1>ZEZ™+">®d1S

removal with antagonists of these receptors. The chapter discusses the main studies cur

rently conducted for the treatment of withdrawal syndrome based on bioligands that act

¢ >ZEeeC1™—1e'Z1 WIES——S<—""e1>ZEZ™+ 5]
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1. Introduction

Cannabis sativacommonly known as marijuana, is the illicit drug most consumed in many
countries [ \W The form of Cannabisabuse is predominantly smoked, although it can be found

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {[(OEIElKH RULILQD



5SHFHQW $GYDQFHV LQ &DQQDELQRLG 5HVHDUFK

in paste form called hashish, mixed with crack, or as skunk which is a polymorphic form
of marijuana [ Xp1l EZee’YSeZel' —1 @™ZE'Se1S™M™M7S,S_EZ1S-
—-S>""72S—S1ES70’ —*1+52SeZ>1™M@¢E'"«>" ™M EL1Z ZE+x2d1Sc
of schizophrenia [3].

Studies have found moderate evidence that there is a link between Cannabisuse and in rela-
tion to the development of dependence and substance abuse such as alcohol and tobacc
among other illicit drugs [ 4], and after a long discussion about the relevance of recentCannabi

'e'e>S Sel @bt —e>"-Z81e "1 E " —e¢' ¢’ —1 SelSeeZele"1+21

eSe’ee’ESel S—7Sel17el Z—eSel '@™>eZ>e10 ,[Uly[pil o
cessation of Cannabisl 7eZ81>ZSE'Ze1S1™7S"1'—1S< 2¢1S¢el1X.

1S ZEecel[[."_ - TCanthahikugerS sThe Cannabiswithdrawal syndrome is clinically
o7 —Ze1<G1l’>5' eS¢’ e¢d1S—7581—7>Y"2—Z2@®©dLS—|'ZC
weight loss, restlessness, and mood depression, in addition to various physical symptoms
such as abdominal pain, tremor, or sweating [ \- 1.

The evidence of Cannabiswithdrawal syndrome is based on behavioral observations in animal

studies [ |, clinical observation of patients [ W, \Wor epidemiological surveys [ W, WM XHowever,
the biological correlates of this phenomenon remain obscure, challenging the validity of the syn -
> =771 “"0eleSE"17e1"—" oZ¢e71'@1™Sree¢1Z{™eS'—Zelct1le'Z1-
>S Ce>"ES——S<—"+10 U1}ahdShé eoneplekifyWiplasma-tissue exchanges [Wz

In the last decades, many studies have been dedicated to discover and understand the divers
Z ZE @17+ 1ES——S< —""e@1™—1'Z1">eS—"@~-1 ‘Ze'Z51'Z>S
S—el-7E*Z1e™Se—-cel>ZSe7¢1 \Wbrderwethfrafrithe @ychoactvio of 1
C. sativa originating the dependence and consequently the withdrawal syndrome [ W] These
symptoms include physical discomforts such as headaches and stomach psychological symp
toms accompanied by irritability, anxiety, sleep disturbances, decreased appetite/weight
loss, restlessness, or depressed mood YW AThe chapter discusses the main studies currently
conducted for the treatment of Cannabiswvithdrawal syndrome, that is, molecules which have
their activity associated with some kind of interaction by structural complementarity beside
71 WI1IES——Sc—""e1sZEZ™e">j

2. Physiology

2.1. Cannabinoid receptor type 1 (CB1)

After the use of Cannabi®dl 1’ —e¢Z>SEe+0cel '¢‘1¢'Z1 WI1IES——S<c —
¢ >—Se’" _Sel1E'S—eZ@l ' —1e'®1I>ZEZ™e 58121 —eZ>SE""
and its surroundings being the activation trigger for the signaling [ W]. Also, the binding site
“ele'Z1 WI>ZEZ™e H1E —-™s’eZ@1e'Z1S—"—"1SE’'e1>7Z0"' 71
W_ Y10 W_YUdlS—e1 7> FighfeMtN20S e« Yo dlikZ1'—1E~—+Sd
™yZeZ5>7e1 1e"E" —ell™ @'’ "—1yXV

‘21 -—">™M """ ESels Z>Z—EZoel<Ze 2Z—1 W1S—e1 X1ES
—"Re1ES——S<—""elE-™"7 —eel’'—e7Z>S E-1 -] ahdZhe locatbh-ef
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Figure1.1 —"—"1SE’'e1>7@’+272001™>72007—1Se1¢'Z1ES——S<—""e1>ZEZ™e" 51—

W1>ZEZ™e" 501" —1e'Z1EZ—+>Sel1—7>Y"72@1letesZ-1"®els"
produced by cannabinoids [ XXXYpil W1leZ—Z1™ e¢-">™" e—_el1‘SYZ1
importance is still unknown, but it is suggested that they are linked to increased susceptibility
to C. sativadependence and neuropsychiatric disorders [ X|Z

WLES——S<—""e1>ZEZ™e 5215521 ™M>7Z2@Z—+1"—1S>ZS:
response, learning, memory, goal-oriented behaviors, energy homeostasis, and highe
cognitive functions, among others [ X[pil —1 ™ Z>'™'75Se]1 3¢S — 1S —-1
Zi™sZ@oeZel —1e” 1eZ—0'¢¢1S—e1'SYZ1™ eZ —e'Sel’'—™«' E
immune diseases [X\pi11l —e'"Z1¢'Z1@eS—eS>el el ' Zs@1l —2725">27!
receptors in rats are increased in the transition from adolescence to adult age, a fact that sue
gests the propensity to search for cannabinoid compounds at this stage of life [ X]]

‘Z1 WI1>ZEZ™e " 51°@1S10e7ceS—"e¢1-7—-<Z>1e1e'Z1 1™ Jand
is predominantly present in the presynaptic terminal, although small amounts are present in
™Z5' ™ 75Se1—75YZ201S—el'eelez—Ees' "—1weZZ-0le"1-"e7s<
dopamine, noradrenaline, glutamate, and serotonin in the synaptic cleft [ X].

The inhibition of adenylate cyclase by psychoactive cannabinoids in more densely populated
sZe'"—@17e1l WI1>ZEZ™e 501 Sel’'—'¢'See¢l’eZ—o’ Zel’ —1 )
ter in many other preparations [ YVThis inhibition causes modulation of intracellular cAMP
E " —EZ—>Se’"—81e'Z>2<¢C1>7Z07eSe’—el ™70z’ 1" _SeZl
5207201’ —1S5eZ1E'S—eZ0 1" —1EZee7S>1SE SV ¢HdamPIE"1
action in hippocampus [ YW

'e"eZ — SE'YSeZel ™50z’ —1""—SeZelld 1"—SelZeiulS>Z1
involved in cell regulation to physiological functions of gene expression control, pro -
0758’ —31S—e1 ™37 e>S__ZelEZee1eZSe 10S™M ™" (1
o’ —17e1 WI1>ZEZ™e 501 'o'1 ih'Vive, Sicaté ddnonistratichedf1 |
S—el WIES——S<—""e1>ZEZ™e"51Se"—"@eell ,[[_ZVd1l
X, ,S>SE " e"—"Ceee¢EZ>"e10X, Ullcoee —2¢SeZel'Z1 17" —F¢
ticity is considered as the capacity of rearrangement by the neural networks, constitutes
an important mechanism to recover or adapt in case of injury, and provides the basis for
most models of learning, memory, and development in neural circuits [ 33pil >SS’ —, ¢
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—Z7>7e>" ™M ELeSE">110 U1S—e1 »7j|,XZ1Z—2Z1'SYZ1<ZZ—
synaptic plasticity and are prevented by the activation of MAP kinase [ 34], including studies
that indicate that cannabinoid receptors alter this physiological process and may favor the
e Z(E T —1"ede T —e 07517 ™ S £Se’" —10  U1lYY]
‘Z1YTeeSeZ 07 ™7 — 07 —01""—1ELS—HIERAVN-SzewFd7e1<C1
®ZesZoes —ele'Sele'71>7¢72S00Z17¢1¢S—-S,S—"—"<Z+¢>’"ELSE*
®'<eZ1e"51 1'—" <’ —81'@1-Ze'SeZelcGle'Z1"™MZ " o101
cognitive processes such as learning and memory [37].

2>72Se1E™>eZ2il—772>"—01Zi™>Zceoe’—ele'Z1 ™77’ —1E"
S>Z1>Ze™~—@'«eZ1e 51 Z157272S @711 721 —77>"WHO%eedetidn
T—1e'Z1°¢™7e'SeS—_7@1™>"e7EZe1l'Z1Z—eSe’ " —1"+1@®Ss’
[Y_pil Ee’YSe'"—17¢1 WI>ZEZ™e"5@1Se@™1SE'YSeZel
1YZVPLS—el—Z7eSe’'YZe01l' —]2Z—E'—e1@Se'ZeC1yZW

"E‘'1S55728@1'—1 WI1>ZEZ™Me"501>2ZYZ2ZS1 S1Q ST EWMoT e
receptors, a class of receptors involved in glutamate neurotransmission and therefore
important in movement control and memory formation[ ZXpil S——S< — "¢l e
®'" —1¢2Se1Z ZE+e1™—1 1>ZEZ™e">1SE'Y ¢ ¢d1' — 27—
ing mechanisms [43].

2.2. Cannabinoid receptor type 2 (CB2)

‘21-S'—1S—el-"@el Zes,"—" —1e"ESe"—1"el X1>ZEZ™s">
tissues, mainly in the immune system and hematopoietic cells. The exclusively peripheral
"ESe T —1"e1Z1 X1>ZEZ™e" 501 S@l1Se>72Se¢187720 e —7Z¢-
>»—Ze1l ' —1e'7Z1—7>Y " 72eleteeZ-01™>'—E ™See¢l'—1—77>"—
Seet 7o'l ' —1e” Z51™> "™ 0" _ele ' S44A817k 1 WAL ZIEEZZMN G5 od §
y"e71'—1—772>""— S——Se"5¢15Z™ " —@Z@d1l—2%>"eZ27—7>S-
amyotrophic lateral sclerosis, and Alzheimer’'s disease become the subject of pharmaceuticas
studies in this regard [ Z], where the concentration of these receptors seems to be increased
C™ZE E1>S'—157Z¢ " —@1>Z¢Se7Zd1e"1e'Z@Z1™Se "¢ 0’71y

el "'l WI1>ZEZ™e"5@d1 X1>ZEZ™e>®1S>2Z1Se@™1E~2z™
seems to be part of a general protection system since its activation has no association wit
™MECE "SE'YZ1Z ZE @il " —'®el-"eZE2°Z®1 1 Z®Z1>24
ric, cardiovascular, and hepatic pathologies [47].

3. Chemical dependence and withdrawal syndrome

1’0181 ™S5>e’SelSe” —@el™el W1S—el X1>ZEZ™e">®dl
YZEZ™e 510 Sel’1>Z™ ™ — e’ <o Z 1« Cloatid 2NMBWET 1S @ 4’ NAF
found at high densities in the ventral tegmental area, nucleus accumbens, prefrontal cortex,
MM ES-™7081S-CeeSeS81S—e1EZ>Z2<Ze22-81 'Z>ZS®l
immune cells [ X ZZW
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81Sel Ze+1Sme1™+‘Z>1 WI>ZEZ™e">1Se" —"ee®@dl‘'Scel —"’
0e7¢S_Se7i1 E'eSe™>¢17Z ZEeel1 " —1e"™S_'_710 01S>7Z1S-ce
¢eZYZe1 e1Zij*>SEZRe2S>1 1yZX

The chemical dependence onC.sativaleZYZe~ ™M1’ —1S<"Z2e1WV-1"ele*Z1™
plant, being more common and on higher levels of use at an early age [Z*pi1l '+‘+>S S
>"—71 S®1>ZE " e—"£7¢1S—e1SeeZele”1 | [1'—1XVWZ31-S'—
ber of treatment episodes to chronic users ofCannabisn the last years [Z]. These treatments
YT Y Z1™MEetE T T E ' Se1S™MM™M,"SE'Zedlczel T —e¢1XV-1"e]
—S—"eZ@e' —e1S1EeZS>1—7Z1e"1eZYZe"™1Z ZEe'YZ1e5Z2ZSe—

e7e'Z@lZe —el™ ’'e>y" —17Z-"0o' "~—1e"—"e>S™M ¢1572Y72S7
W1>ZEZ ™" o€annabisgnidokers and nonsmokers, in which the level of downregu -
lation correlated with the time of Cannabisuse [Z\pil —eZ>Z e’ —ee¢31SeeZ>
™75 "ed1e' 2521 S®1S—1"—E>Z2S®eZ1’'—1 WI1>ZEZ™">1SY
controls [\, [V

“>1e'Z1e¢’Se—_Cosdtoeal "*el'e>S Sed1'e1’' el —7EZe®eS>¢1e"1'SYZ1
"TM_7 o1’ —1™ZE' Eloet—e>"—Z1ele'Z1leiceeS—EZ127
et—e>"—7Z1ES700Z@1E+s— ESeetle’'s—' ES—ele'@erZeel”
MYy eS __e1S57S@l17elez—Ee " — —e01S—el0YUle'Zlet—-™e"
" —1S—e1S5721—"01<Z4751SEE " 7—eZ+1"513¢1S—"e"7>1-7—

Tee” el e Z1>7ZE e—"e'""—1<¢¢1le'Z1 ,WV10( —eZ>—Se'"—Se1
S—el ZeSeZel ZSee'l > <7 Caniidbmitiodraival 1thie Hemand for treatment of
Cannabisabuse has grown in several countries and a large proportion of adults and adoles-
EZ—e@]l "I1™MS>e’E' ™SeZ1'—1¢'Z1772e™Se’7Z _01e572Se—7 —oce-
ing Cannabiswithdrawal [ [Y.

3.1. Symptoms of withdrawal syndrome

Experimental studies on Cannabisl 'e‘¢>S Se1’'—1‘7-S—0e1<Z+S—1'—1‘71
Z>Se71 '¢'e5S Sele¢-™e"—@10ezZE'1S®le>S—0r'Z—1—725Y";
7Z1S—el1-">7Z15"<72@elet-—™Me"_@ll>ZeeeZe®re—Z0EdlEeZ
o' — {111 —1¢'Z1W AVEedl—Z 1 '¢'e>S Selet¢-—™Me"—l Z>Z21>7
cTe®@dl T e CdLl >>'eSc e F Ll "0l —S7ZSO1LSE"L1 1 E"™
0'—E>Z2SeZ+l 1®eZZ™MUid1S—eleeZZ™& —™ ——'Sle’ EZee
“ele'Z1leSoeele"@Z1S—e1eZE>Z2SeZ1<¢1 \1'1 'e'1S1>Z72E+""
0'7127181'—E>Z2S®Z1'—1 (1S{f1S+ @ 17ceZ>Y2Z1y[Z
More recent studies have demonstrated Cannabiswithdrawal syndrome associated with sig -
— " ES—eet]l —E>ZSeZe1 72eE® " —-Z01 1S —i'Ze¢dleZ™>7Z0c0R"”
S—e1872S—e'e¢1’'—«o EZ®01S—-+1+]GyAFHmY 3UCk Hss Stomaels pair gng
decreased assessments of contentment, friendliness, language, sociability, and energy wel
Se@™1>Z™">eZeil "ol ele'Z1-""0e1le¢-™e"—@1lcZe —1 "o’ —1
peak at day 3 or 4 of the withdrawal phases, and it is interesting to note that studies of oral
172@Z1'SYZ1—"01>Z™ se7el@eZZ™1le’ @e7><S—EZ|LeZ> —-



5SHFHQW $GYDQFHV LQ &DQQDELQRLG 5HVHDUFK

The symptoms reached the highest levels of aggression on days 3 and 7 of abstinence ar
eSEeZel7—e'01eSCLIXNOLc<Z —e1>Z™ 5eZele™517™1e"1\1-"—o'
H>S—@®@'Z—eil -T—e¢1EH>"—"EL1S—eleS’e¢lZz®Z>081'21S™™
S—i'ZeC1l ®EZ>5221<Ze ZZ—1+SC¢@1IW1IS—e1WW3J1'5>'¢Sc'e’e¢
Sele” Z>1"—1+S¢elY. 1S—e1 Sel''e'Z>1"—1S¢te1W.WVii
ZeC31'>>'eSc’e’etd1l—7>Y 7e—Z@medlsZmeeeZee—ZEeedle>7Z-
dreams, excessive sweating, negative mood, physical symptoms, and decreased appetite dut
ing the abstinence period, suggesting reliable studies of Cannabisabstinence [[ 4 [ ].

4. Treatment of withdrawal syndrome

ve'T7e' 1757215521 -">721+"'S-Cdnabusers-in’the-vtorld, no pharmacological
therapy currently available is considered adequate for the treatment of symptoms caused dur -
'—ele'Z1 'e'e5S SeleC—e> 271 ‘Z1"—" —17Z ZEe+el el '¢'e>S
drug use is deprived and disappear with the reintroduction of ., 1 y),Yavor the recur-
yZ—EZ17e172@2Z1<C172072>001S4Z-™e —ele " laee " ™il ‘Z1-S'—1
nabinoid receptor and mechanisms related to Cannabiswithdrawal syndrome are as follows .

4.1. Agonist compounds

‘21 —Y " eYZ—-Z—e17e1e'7Z1 WI1>ZEZ™e 51 'e‘1e'Z1eZYZe " ™_
expression of withdrawal symptoms, has already been evidenced in several animal experi-
—Z—e@il 'Z>Z">281 1 @l ezesZ®eeZel e 'SelesZSe—7—0o1 ’eo':
could reduce the severity of withdrawal symptoms [ \Wpil ~ 1le " eZgel1le¥>71-.
¢T1' =Y Z1 'efe>S Sel@C-™e"—®@0l1l'” ZYZ>81'ZeZ1ls"®Zel
chronic Cannabisl Zee Z>0e 8172« - —Se’—el1 1Se1B1Y’'SceZ1e>72S-7

‘Z17Z—ee"ES——S<c—""eel 1S—e1X, 81 "E'1S>7Z1¢ 1S—-
WI>ZEZ™e " >31>Z0™ZEe'YZe¢d1S0el Z¢+1Se1+S4¢1SE’'+1S
e >1e'71e7¢>SeSe’"—_17¢1 1S—el-"—"SECeeeCEZ>"0le’'™MSeZ
¢S’ 17l X, 1 Z>7Z1 ™5 ™M @7l Scel -7 Co&mabiswithdlala Dot laek—
further enlightening studies [ \, \ Y.

4.1.1. Synthetic cannabinoids

These synthetic cannabinoid agonists present themselves as promising molecules, provid
ing ample reduction in Cannabisl "¢‘+>S Sele¢-—™e¢ " —@10-""edlmweZZ™H
'—1¢°721¢S< 5S¢ H>¢1S—e1l'—1Es— ESel®Z4d —eeil —e'"Z1-
Cannabisl ™MeS —ed1e>" —S<'—"ed1e'Z1 ¢ —¢'7+ HEUWeRS IS &L M
reduce self-administration of Cannabispresenting as more promising for treatment [ \ 4
Sc’e"—Z71'S®el1-">2Z1™>7Z«'ESceZ1le’'*Z17Z ZE -0 dCSnnabisusdrs
ZAZ>1<"SYS oS e e¢BLS—ele"—e751072>S¢’"—1"e1SEs'"—1-
abstinence with a single daily dose [\ []. In addition, nabilone produces non- Cannabisurinary
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biomarkers that allow monitoring of abstinence through the use of standard urine toxicology
during nabilone maintenance, but this consistently decreases Cannabisself-administration in
¢ 71¢S<>Se™ 5001 Z—7Z>' —ele'SeleZee' —e11TEEZ>®1'—1S1E-

4.1.2. 2a adrenergic receptor agonist

Preclinical data have demonstrated that abstinence of cannabinoid is associated with adren
ergic hyperactivity [ \]], and that X1>ZEZ™e " >@1Se —' el ZE>Z2SeZ1:
i1 ‘Z>Z¢ >728SASe>72—750"E1>ZEZ™">1Biglire-3ced 8 1St 1i727—7
its use has improved sleep during the abstinence period and decreasedCannabigelapse [\ ‘] but
"1™ ™ se¢le"eZ5SeZe1ZYZ—1SeleZeele>Z28727Z—+1e"®Z01S—+1S
'e'1ZV—-1"e1™Se' 7 —eel™>707—¢ — ]l ANDthr— XeRe 154 1§ 1.5 £
eSE —Z1'Ce>"Figure’'3ddl "E1’'-™>"YZ®@l1-Z-">¢1™Z>¢">—-S—(EZ
on the hypothesis that nocturnal administration of this drug would reduce Cannabiswithdrawal
CeZ1™> eZ(E —ele'4eZ 17V 07 —EZ17e1leZeSe " —1"51'¢™ 7 —e’"
®'e—' ES—eeCl>Ze7@EZe1'5>' eS¢’ e¢dL™>"e7EZel®—Seelczeloe’s
heart rate, however was well tolerated, producing no sedation, dizziness, or altered food intake
observed with lofexidine. 2Z1e"1e‘'Z@Z1>Z07e2®@d312S—eSE —Z1'¢Ce>"E"
el —"—,ES ——S < —""«1 Safnrabisstimdncelrelater @ikbility [\Z ]V.

Ze™'eZ1>7¢7E""—@1'—1EZ>+S ' —1 '¢'+>S Sele¢-—™e"—dLlezS—s
of Cannabisand did not worsen abstinence-related anorexia and weight loss but did not

Dronabinol Nabilone

Figure 2.1 ‘Z—-"ESeloee>72E 72572171’ -7>1"¢1 B8le>"—Sc'—"e1S—elmt—e'Ze'E1Q

/ \ NH,,

N
N NZ" “NH,
O/H\CH3 0
NN cl cl
AN
Lofexidine Guanfacine

Figure3.1 ‘Z—"ES+1e>?ES316417e27> E1>ZEZ™+">1Se"—'0aej
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improve both. In contrast, lofexidine decreased self-administration of Cannabisin the labora-
tory after abstinence but worsened the performance of psychomotor tasks [\ 1.

4.1.3. Nabiximols

Sc'j'—"e@1S85Z2170@Ze1"1>28e1-7@E+*Z1e™See"E'+¢1Sceoe
¢ JEZ1e 471 —e i"ESe " —031"e7>S—EZ81">1Scee’ —Z—EZil
D1 ES——Sc e el 0 161S—-1YFiguré eill 73 IMY Z-Ts sarthvAplants.
—EZ1 1S47—28e7¢1'21 ™S55 —"851S5—e17272™*">’S1See"
were used to treat Cannabisl "¢‘¢>S Se1S—e17ceZ>YZe1e'Sele'2¢1S47—-
toms and improved patient compliance to treatment, as well as reducing irritability and
depression of the users [] IV
‘Z1'—e'>ZEesl 1Se"—'@edl "E'1'S®1S1>ZeSe’YZe¢1le” 1S — o
1>22™eS"71S—el'Ces>"et@’el "¢Z21-S" —eS'—'—e1 WI1>ZEZ
endocannabinoid transmission and emerging as an alternative treatment for the abstinence syn
drome of C. sativa[ | Xpi1l ¢1'1S1E -™"7—e1 '¢'1—"10'e—" ES—1¢

CH,
Nabiximols Cannabidiol (CBD)

CP 55940

Figure 4.1 ‘Z—"ESeloes>72E 72572171 —Sj'—"+ee1S—Clsativafldnts.” eeleZ>'YZele> -1
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S—el''e'le”"Z172eZil 2Z1e"1e"'@1™>"™MZse¢1"—1e¢'Z1Z—"ES—
—~SE " ES1Z ZE @1l —EeZze' —+1S— ("¢’ EHLIS— ™MECE""
antiemetic actions, favoring its use in the treatment of Cannabiswithdrawal syndrome [ 73, 74].

"_™S,Se'YZ1loeeZe'Zel el 721707171 —S<j'—"e@1S—ele>"-
™y e7EZ1e's— ES—e1E e—"¢'YZ1H1™MEeCE ' "-"+"51SY7Z>ce.
reinforcement potential than dronabinol at lower doses [ ] W] []. However, high doses of both
drugs exhibited some potential for a booster. This fact highlights the need for careful monitor -
ing related to drug administration during future studies and clinical practice for treatment of
dependence and abstinence fromCannabiswith nabiximols.

4.2. Antagonists

‘2172072171 WIES——S<—""e1>ZEZ™+"51S—eSe+"—' e «Cedatice
dependence than to the treatment of withdrawal syndrome triggered by the withdrawal of
this use in chronic users, as much as characteristic symptoms of withdrawal syndrome such
Sl —e"——'S31le¢e™ ">'S31S—e1S—'Ze¢1-S—"eZ02e’ —el
5'="—S«S—e10See™1"—" — Figueb iPWZAWPWA Uk li>ZSe™—dle Z-
“zeetlzeZel ' —1e'21e>72Se—7Z—e1"e1"<Z®'+¢d1 Sel>Z-"YZ+1-
in inducing signs of withdrawal in Cannabis sZ ™Z —eZ —e1’ —e'Y’'e7Seeil —7
is that the neural circuits involved with the serotonergic, noradrenergic, and dopaminergic
etoeeZ-01'SYZ1<Z7Z—10e'™ —1e"1<Z1eZ—o’«'YZTp"1 WI1>ZCE

It is important to mention that the endogenous opioid system also contributes to the depen -
dence of Cannabisl «ZES7eZ1'+1Se@™1'Sael 1™>"«7’'— &7 Mardbers
of opioid-dependent Cannabisl S>Z1+Zce@l+'"Ze¢1e"12Z2{™Z>’Z—EZ1 -
receptor antagonists, such as naltrexone, reduce self-administration of C. sativaand their sub-
“ZEYZ1™ @'’ YZ1Z ZEer1l'FJ1E > — E1™eS —e170Z>01Y]

Cl

Cl

Figure5.1 ‘Z—"ESeloee>72E2>21"+1 1WZW]W\ i
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5. New studies on the treatment of withdrawal syndrome

There are nodrugs approved for the treatment of addiction or withdrawal syndrome of Cannabis
Pharmacotherapy in these cases is focused exclusively on symptoms such as increased ars
2681 —0 " ——'S81 @1 e1S™M™M™MZe o781 "5SS —781S—+1"5>’
SlsZ0ezesl eleZeZ—0e'+'£Se'"—17¢1 WI>ZEZ™e"5®lctl 1-
ment of compounds that act selectively at this receptor. There are four main chemical classe
“el1Zi"eZ—"701ES——S<—""ele’eS _e@lzi—eZ>1leeze¢AL1OSUL
XYN 81 ES——Sc'—"e81 —Sc'e"—781 ,XWVBLS—el o751 0>’
0258 ¢ " ES——SOYDFRUME6 101 CELIE"—S ' —@1S1™"eS
S4SE Ze1+7"1S1'¢R;™MP ei@LASe"¢CeleZ>—" —701y "Vp0Oolhciule'?Z
[[6 _ZVA1l FHOURTE1S—e1 ¢ Z>1 < ECEe ELS—ele> ECE"TLL
pyran ring of classical cannabinoids [*"WpPO10E (i1«'Z1S—"—"Se”"¢e’—e"e7 e
,VIY81S—e1 MOMEBLDL “"E'le’ Z>1 —1cee>Z2@Ee2>Zd1e’ ™ ™
at cannabinoid receptors compared to nonclassical cannabinoids [*Xp01S —e1 Qi1 <’
e’eS —ee1®eZE‘1S®1>’'—"—S<S—e1S—e1 X[W1S—eSe"—"®em®d
S—el WZH§XEA0d1 “E'1'leZZE'YZ1eHLe'Z1 X1>ZEZ™-

5.1.In vivo and in vitro

It is known that because cannabinoid receptors, when bound by agonists or antagonists, have
the potential to treat a variety of pathologies such as pain, neurodegeneration, obesity, tumors,

AM?2389 Canabinol
CHj
OH
H
H;C -
O
HaC 3
H
HU - 210 A’-Tetrahydrocannabivarin (A°>-THCV)

Figure 6.1 ‘Z—"ESel@e>72E+7>21"+1E+See ES*1ES——S<—""eei
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chemical dependency, and immune function, it is important to develop in vitro bioassays activ -
ity determination and the function of these receptors [ *Z The in vitro assays established in th
®eZze’'Z®@1>ZeSeZe1e”1 WI1S—el X1>ZEZ™e 501’ —VY eYZ1e'Z1:

Figure 7.1 ‘Z—" ESe+lee>72E 25217121 —"— E+See ES*1ES——S<—""eqi

Figure 8.1 ‘Z—"ESeloee>7@E 75721701 21S5—"—"Se"¢e’'—e " eZ i



5SHFHQW $GYDQFHV LQ &DQQDELQRLG 5HVHDUFK

Figure 9.1 ‘Z—" ES+1@e>72E 75217121’ S>¢e™¢>S£"eZ1e’eS—eelezE'1S®l>'-"—

these receptors [*[pil ¢1™Sse’E7¢S>1—"e71'@1¢'Z1SeeSt17e’ —+1>¢
B p1l [[_ZMduie 1001S—e1<"SeeStel '«'1™>7Z7™S,Se’" _@@l el —
ability of the molecule under study to produce inhibition or excitation of cannabinoid receptors
'el1YZ> Felyn\

INnvitro Le7 — E ¢’ "—Se1<«'"SeeStwel1-2S®7>721'217Z ZE+0el1l 1 ce-

e eZ®@1 ' —15Z2¢Se’ " —1¢"1ES——S—""e1>ZEZ™e" 51 @'e—Se'—
cyclic ATP and elevation of intracellular calcium. In the middle of the last century, initial
®eZe'Z®1™—1¢'2172 ZE+®1 e 1ES——S<—""eel7®Z+1 S¢Z> e

«'717 ZEe0e1l 1 1y~]pudl ‘Z>Z1E">—7281S57 72i’S1 Scel—;
and increased defecation and aggressiveness in rats stressed by REM sleep deprivation { 1.
In mice, high-dose catalepsy with  _, 1 Soce1Sece” 1" «delhrdtiEnts, the[main bioas-
®SC1'®l1e'Z1-2Sw7252-2—+1"ele " E " ="+¢"51SE+'Y ¢¢d1>ZE+S-
‘"ol ™eSeZ1pZo2elily N _

The sum of the various symptoms observed in the initial studies originated characteristic
Z ZE @1’ —1¢S5¢>S¢"5¢1S—"—-Se@1ESe+Z+1ES——Sc—""ele7-
mia, analgesia, catalepsy, and locomotor suppression [_V This tetrad is widely used nowa -
days because, since the data obtained through its observation are qualitatively consistent, it i<
common to evaluate the dose-dependence relation of cannabinoids quickly and without any
C™ZE’ E1le>S’'— " —e17e1¢°71S—"—-Se@d1S1eSE+14:S1’c1E"-

The |, 1eZ™Z7 _—e7 _EC& ’o'¢>S Sel—"eZe' —eleze’'Z001S>71«
'— 1 @E‘'l ‘Zle>'eeZ>7e17 Z@Ee0el1S>721YZ>' Zel 'e'1e'721Se—"—"
07202See¢1> —"—S<S—elf1S—e1™>7ZE ™ 'eSe’"_1 'e‘'e>S Selap
7o ELES——S<—" e IFgWeEINIDERIAZ oW Z Z I8 <o Z1 "1 ™5 "7
that of _, lyl. W

Studies in rats revealed that individual enzyme activity mainly related to the genetic polymor -
™ e—@l T elECeTE>"-Z1 Z[VI1Z—£¢-Zel'—1e'Z1™'SeZl 1-Z
tant role in determining the response of an individual on the use of cannabinoids [ _ X Thus,
S—1'—e'Y'e2Se1-S¢1Z2{™Z>'2—E®Z1S42—7S+72+172 ZE+e1S—
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Figure 11.1 ‘Z—-"ESeloe>?2E+*7>21 ,WZZi
ES——S<—""e@d1eZ™7 —o'—el1"—1e'71’'YZ517Z—£¢-21™>" o7

or agonist metabolites, respectively [ _ Y

ZE' — e ¢ E€Sel>Z —Z-7—+1'SeleZele"1e'2Z170Z21 1 —Z7 1+
models [ _ ¥in the studies of compounds in potential for reinforcement, with the search for
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new targets and biomarkers [ _]. Among the experimental models emerges the Danio reric
0 Z>Si@1S1e—-Seel ®@O1«<ZES700Z21°+1'S®1+'Z1+SE'+"+¢1 e
of its development [ ). Z<>S ieparticularly useful for measuring changes in the devel -
opment of the nervous system [ ], and its measures of sensorimotor plasticity, emotional
¢ 7—E+e " —81E " +—"¢""—081S—e1l®"E'Sel'—+Z>SE""—1'SYZ1«
of drug abuse suchas _, 1y, "] due to phylogenetic analyzes, which reveal the endo-
cannabinoid system as highly conserved between Z<>S @ad mammals [W Y V

Tolerance and cross-tolerance tests for cannabinoids are also performedn vivo, although
eZze'Z®@]1l —e ESeZ1e'Sel —"e1Seel7Z ZEe®1l“e1ES——S<—"
ZiS-™eZ781Se>Z—"E >’ E o> "™ EL'">-"—Z110 UleZE>Zs "~
these tests, indicating low reliability and the need for greater improvement in vivo methods
used in this sense [W YW Y X

5.2.In silico

‘252155721 ®@ZYZ>Se1E —™7eSe’ " —Sel-Ze' "e@0lS-—"—ele'Z-¢
in cannabinoid studies [ W Y ¥onsidering that the drugs utilized during the withdrawal syn -
drome of C. sativaact at a symptomatic level. The resolution of the crystalline structure of
721 WES——S< —""¢1>7E 4 4nd this' feet faofed in-gilicy Studies that evolve
toward the planning of molecules that act as selective agonists of this receptor, mainly stud-
'Z01>7eSeZe1e"1<Z247517—oZ50@eS—e¢ —el 0l e' 71 —e7>SE""

Figure 12.1 ‘Z—" ESeloee>7E 252171 o Z-™ "]
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synthetic cannabinoids [ W ¥ A study can be mentioned where computational tools were
used, with the objective of proposing drug candidates for the treatment of the abstinence
syndrome based on the natural ligands of this receptor. A particular compound derived from
-85’ —Z7 17—’ 3 1Fmuie-12M1 1 yMbrepented positive predictions regarding pharma -
E""'—Z¢ ' ELS—ele " |"E ¢ ¢ ESe1™>"™M75¢"7@17>15S1'2-S—1
S1>Z2eSe’YZetCl@®' —™eZ1-"eZE2S>1@e>2E+2>271 2Z1+"1'Zce
E>C@eSee”e>S™M U ELZe7E 'eSe’"—1" 1" 71 E]SexperiBiental studies \atd
being conducted for the development of candidate pharmacotherapeutic alternatives for the
treatment of C. sativawithdrawal syndrome [ W ¥/ \

6. Conclusion

Studies on cannabinoids were stimulated after the characterization and structural elucidation
of , 1'—1¢'Z1W \V0edlS—el1eSeZ51"—81e'Z1ecE"YZ>¢1"
¢l W& XI1>ZEZ™e"5@1S—elc —e’'—eloeZcceeS in @idpnlvival and
in silico trials have been developed in the last decades, and advances mainly regarding the
mechanism of addiction, abuse, and withdrawal syndrome have been achieved. However,
with the use of cannabinoid-based drugs and the chemical development of synthetic cannabi-
noids, further studies into these mechanisms are relevant, especially considering that __,

'01S1e” Z ESECIES——S<—""e1E " -™S>7Ze¢1e" 121 —7 1E

It is expected in the future that the investigations will deepen the knowledge on the mechanisms
of the cannabinoids, especially those that cause chemical dependence, both as cannabino
system and as noncanabinoid physiological systems. In this way, it is possible to increase the
"7 eZee71S<"7ele'Z1e’ 757Z—e1EeSe®Zel ele'Z®eZl®eicesS—
of new models and improvement of the tests currently used in the studies related to C. sativa
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