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Abstract

Every day, the questions about Cannabis sativa ability to cause chemical dependence are 
closed with the considerable increase in the demand for treatment of addicts to this plant. 
���˜�œ�•�1�•�›�ž�•�1�Š�•�•�’�Œ�•�œ�1�œ�ž�‹�–�’�4�Ž�•�1�•�˜�1�•�›�Ž�Š�•�–�Ž�—�•�1�‘�Š�Ÿ�Ž�1�•�’���Œ�ž�•�•�¢�1�’�—�1�Š�Œ�‘�’�Ž�Ÿ�’�—�•�1�Š�—�•�1�–�Š�’�—�•�Š�’�—�’�—�•�1
abstinence from Cannabis due 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, 
�’�•�Ž�—�•�’���Œ�Š�•�’�˜�—�1�˜�•�1�����W�1�Š�—�•�1�����X�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1�Š�—�•�1�•�Ž�–�˜�—�œ�•�›�Š�•�’�˜�—�œ�1�˜�•�1�™�›�Ž�Œ�’�™�’�•�Š�•�Ž�•�1
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 
�•�’�›�Ž�Œ�•�•�¢�1�˜�—�1�•�‘�Ž�1�����W�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�ï

Keywords: �1�›�Ž�Œ�Ž�™�•�˜�›�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�����W�ð�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�—�•�›�˜�–�Ž�ð�1Cannabis sativa,  
drugs computer aided

1. Introduction

Cannabis sativa, commonly known as marijuana, is the illicit drug most consumed in many 
countries [�W]. The form of Cannabis abuse is predominantly smoked, although it can be found 
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in paste form called hashish, mixed with crack, or as skunk, which is a polymorphic form 
of marijuana [ �X�þ�1 �Œ�ž�•�•�’�Ÿ�Š�•�Ž�•�1 �’�—�1 �œ�™�Ž�Œ�’�Š�•�1 �Š�™�™�Ž�Š�›�Š�—�Œ�Ž�1 �Š�—�•�1 �]�.�X�[�1 �•�’�–�Ž�œ�1 �œ�•�›�˜�—�•�Ž�›�1 �•�‘�Š�—�1 �Œ�˜�–�–�˜�—�1
�–�Š�›�’�“�ž�Š�—�Š�1�Œ�Š�ž�œ�’�—�•�1�•�›�Ž�Š�•�Ž�›�1�™�œ�¢�Œ�‘�˜�•�›�˜�™�’�Œ�1�Ž���Ž�Œ�•�œ�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�Š�•�Ÿ�Ž�›�œ�Ž�1�Ž���Ž�Œ�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1�•�›�’�•�•�Ž�›�’�—�•�1
of schizophrenia [3].

Studies have found moderate evidence that there is a link between Cannabis use and in rela-
tion to the development of dependence and substance abuse such as alcohol and tobacco 
among other illicit drugs [ 4], and after a long discussion about the relevance of recent Cannabis 
� �’�•�‘�•�›�Š� �Š�•�1 �œ�¢�—�•�›�˜�–�Ž�ð�1 �•�‘�’�œ�1�Œ�˜�—�•�’�•�’�˜�—�1� �Š�œ�1�Š�•�•�Ž�•�1 �•�˜�1 �•�‘�Ž�1 ���•�•�‘�1 �Ÿ�Ž�›�œ�’�˜�—�1�˜�•�1 �•�‘�Ž�1 ���’�Š�•�—�˜�œ�•�’�Œ�1�Š�—�•�1
���•�Š�•�’�œ�•�’�Œ�Š�•�1���Š�—�ž�Š�•�1�˜�•�1���Ž�—�•�Š�•�1���’�œ�˜�›�•�Ž�›�œ�1�û�������,�[�ü�1�ý�[�þ�ï�1���‘�’�œ�1�œ�¢�—�•�›�˜�–�Ž�1�Š�™�™�Ž�Š�›�œ�1� �’�•�‘�’�—�1�X�Z�1�‘�1�Š�•�•�Ž�›�1
cessation of Cannabis�1�ž�œ�Ž�ð�1�›�Ž�Š�Œ�‘�Ž�œ�1�Š�1�™�Ž�Š�”�1�’�—�1�Š�‹�˜�ž�•�1�•�Š�¢�œ�1�X�.�\�ð�1�Š�—�•�1�Œ�Š�—�1�•�Š�œ�•�1�•�›�˜�–�1�W�1�˜�›�1�X�1� �Ž�Ž�”�œ�ï�1
���•�1�Š���Ž�Œ�•�œ�1�[�[�.�^�_�–�1�˜�•�1�›�Ž�•�ž�•�Š�›�1Cannabis users. The Cannabis withdrawal syndrome is clinically 
�•�Ž���—�Ž�•�1�‹�¢�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ð�1�Š�—�•�Ž�›�ð�1�—�Ž�›�Ÿ�˜�ž�œ�—�Ž�œ�œ�ð�1�Š�—�¡�’�Ž�•�¢�ð�1�œ�•�Ž�Ž�™�1�•�’���Œ�ž�•�•�’�Ž�œ�ð�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�Š�™�™�Ž�•�’�•�Ž�1�˜�›�1
weight loss, restlessness, and mood depression, in addition to various physical symptoms 
such as abdominal pain, tremor, or sweating [�\–� ]̂.

The evidence of Cannabis withdrawal syndrome is based on behavioral observations in animal 
studies [�_], clinical observation of patients [ �W�V], or epidemiological surveys [ �W�W, �W�X]. However, 
the biological correlates of this phenomenon remain obscure, challenging the validity of the syn -
�•�›�˜�–�Ž�ï�1���‘�’�œ�1�•�Š�Œ�”�1�˜�•�1�”�—�˜� �•�Ž�•�•�Ž�1�’�œ�1�™�Š�›�•�•�¢�1�Ž�¡�™�•�Š�’�—�Ž�•�1�‹�¢�1�•�‘�Ž�1�’�—�•�Ž�›�’�—�•�’�Ÿ�’�•�ž�Š�•�1�Ÿ�Š�›�’�Š�‹�’�•�’�•�¢�1�˜�•�1�•�Ž�•�•�Š�1�_�,�•�Ž�•-
�›�Š�‘�¢�•�›�˜�Œ�Š�—�—�Š�‹�’�—�˜�•�1�û���
���ü�1�–�Ž�•�Š�‹�˜�•�’�œ�–�1�ý�W�Y] and the complexity of plasma-tissue exchanges [�W�Z].

In the last decades, many studies have been dedicated to discover and understand the diverse 
�Ž���Ž�Œ�•�œ�1�˜�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�˜�—�1�•�‘�Ž�1�˜�›�•�Š�—�’�œ�–�1� �‘�Ž�•�‘�Ž�›�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�û� �’�•�‘�1�•�‘�Ž�1�›�Ž�•�’�Ž�•�1�˜�•�1�Œ�‘�›�˜�—�’�Œ�1�™�Š�’�—�œ�1
�Š�—�•�1�–�ž�œ�Œ�•�Ž�1�œ�™�Š�œ�–�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�–�ž�•�•�’�™�•�Ž�1�œ�Œ�•�Ž�›�˜�œ�’�œ�ü�1�ý�W�[, �W�\] or derived from the psychoactivity of 
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 [�W�^]. The chapter discusses the main studies currently 
conducted for the treatment of Cannabis withdrawal syndrome, that is, molecules which have 
their activity associated with some kind of interaction by structural complementarity beside 
�•�‘�Ž�1�����W�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�ï

2. Physiology

2.1. Cannabinoid receptor type 1 (CB1)

After the use of Cannabis�ð�1���
���1�’�—�•�Ž�›�Š�Œ�•�œ�1� �’�•�‘�1�•�‘�Ž�1�����W�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�ð�1�’�—�•�ž�Œ�’�—�•�1�Œ�˜�—-
�•�˜�›�–�Š�•�’�˜�—�Š�•�1�Œ�‘�Š�—�•�Ž�œ�1�’�—�1�•�‘�’�œ�1�›�Ž�Œ�Ž�™�•�˜�›�ð�1�•�‘�Ž�1�’�—�•�Ž�›�Š�Œ�•�’�˜�—�1� �’�•�‘�1�•�‘�Ž�1�›�Ž�œ�’�•�ž�Ž�1�˜�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�������Y�[�\�1
and its surroundings being the activation trigger for the signaling [ �W�_]. Also, the binding site 
�˜�•�1�•�‘�Ž�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�Œ�˜�–�™�›�’�œ�Ž�œ�1�•�‘�Ž�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�›�Ž�œ�’�•�ž�Ž�œ�1���‘�Ž�—�¢�•�Š�•�Š�—�’�—�Ž�1�W�]�Z�1�û���
���W�]�Z�ü�ð�1���Ž�ž�Œ�’�—�Ž�1
�W�_�Y�1�û�������W�_�Y�ü�ð�1�Š�—�•�1���Ž�›�’�—�Ž�1�Y�^�Y�1�û�������Y�^�Y�ü�1�ûFigure 1�ü�1�•�‘�Š�•�1�–�ž�œ�•�1�‹�Ž�1�’�—�1�Œ�˜�—�•�Š�Œ�•�1�˜�›�1�™�›�˜�¡�’�–�’�•�¢�1�•�˜�1�•�‘�Ž�1
�™�›�Ž�•�Ž�›�›�Ž�•�1���
���1�•�˜�Œ�”�’�—�•�1�™�˜�œ�’�•�’�˜�—�1�ý�X�V].

���‘�Ž�1 �–�˜�›�™�‘�˜�•�˜�•�’�Œ�Š�•�1 �•�’���Ž�›�Ž�—�Œ�Ž�œ�1 �‹�Ž�•� �Ž�Ž�—�1 �����W�1 �Š�—�•�1 �����X�1 �Œ�Š�—�—�Š�‹�’�—�˜�’�•�1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1 �’�—�•�’�Œ�Š�•�Ž�1 �•�‘�Š�•�1
�–�˜�œ�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�Œ�˜�–�™�˜�ž�—�•�œ�1�’�—�•�Ž�›�Š�Œ�•�1�•�’���Ž�›�Ž�—�•�•�¢�1�’�—�1�‹�˜�•�‘�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�ý�X�W], and the location of 

�5�H�F�H�Q�W���$�G�Y�D�Q�F�H�V���L�Q���&�D�Q�Q�D�E�L�Q�R�L�G���5�H�V�H�D�U�F�K������



�����W�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�’�—�1�•�‘�Ž�1�Œ�Ž�—�•�›�Š�•�1�—�Ž�›�Ÿ�˜�ž�œ�1�œ�¢�œ�•�Ž�–�1�’�œ�1�•�’�›�Ž�Œ�•�•�¢�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�•�‘�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�Š�•�1�Ž���Ž�Œ�•�œ�1
produced by cannabinoids [ �X�X, �X�Y�þ�ï�1�����W�1�•�Ž�—�Ž�1�™�˜�•�¢�–�˜�›�™�‘�’�œ�–�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�Š�—�•�1�•�‘�Ž�’�›�1
importance is still unknown, but it is suggested that they are linked to increased susceptibility 
to C. sativa dependence and neuropsychiatric disorders [�X�Z].

�����W�1 �Œ�Š�—�—�Š�‹�’�—�˜�’�•�1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1 �Š�›�Ž�1 �™�›�Ž�œ�Ž�—�•�1 �’�—�1 �Š�›�Ž�Š�œ�1 �Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1 � �’�•�‘�1 �–�˜�•�˜�›�1 �Œ�˜�—�•�›�˜�•�ð�1 �Ž�–�˜�•�’�˜�—�Š�•�1
response, learning, memory, goal-oriented behaviors, energy homeostasis, and higher 
cognitive functions, among others [ �X�[�þ�ï�1���—�1�™�Ž�›�’�™�‘�Ž�›�Š�•�1�˜�›�•�Š�—�œ�1�Š�—�•�1�•�’�œ�œ�ž�Ž�œ�ð�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1
�Ž�¡�™�›�Ž�œ�œ�Ž�•�1�’�—�1�•�˜� �1�•�Ž�—�œ�’�•�¢�1�Š�—�•�1�‘�Š�Ÿ�Ž�1�™�˜�•�Ž�—�•�’�Š�•�1�’�–�™�•�’�Œ�Š�•�’�˜�—�1�•�˜�1�›�Ž�•�ž�•�Š�•�Ž�1�’�—���Š�–�–�Š�•�’�˜�—�1�Š�—�•�1�Š�ž�•�˜-
immune diseases [�X�\�þ�ï�1 ���—�•�’�”�Ž�1 �•�‘�Ž�1 �œ�•�Š�—�•�Š�›�•�1 �˜�•�1 �˜�•�‘�Ž�›�œ�1 �—�Ž�ž�›�˜�›�Ž�Œ�Ž�™�•�˜�›�1 �œ�¢�œ�•�Ž�–�œ�ð�1 �•�Ž�Ÿ�Ž�•�œ�1 �˜�•�1 �����W�1
receptors in rats are increased in the transition from adolescence to adult age, a fact that sug-
gests the propensity to search for cannabinoid compounds at this stage of life [�X�]].

���‘�Ž�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�’�œ�1�Š�1�œ�ž�‹�•�Š�–�’�•�¢�1�–�Ž�–�‹�Ž�›�1�˜�•�1�•�‘�Ž�1�	�1�™�›�˜�•�Ž�’�—�,�Œ�˜�ž�™�•�Ž�•�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�û�	�������œ�ü�1�ý�X�^] and 
is predominantly present in the presynaptic terminal, although small amounts are present in 
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dopamine, noradrenaline, glutamate, and serotonin in the synaptic cleft [ �X�_].

The inhibition of adenylate cyclase by psychoactive cannabinoids in more densely populated 
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ter in many other preparations [ �Y�V]. This inhibition causes modulation of intracellular cAMP 
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���1
action in hippocampus [ �Y�W].
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involved in cell regulation to physiological functions of gene expression control, pro -
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�•�’�˜�—�1 �˜�•�1 �����W�1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1 � �’�•�‘�1 �������1 �”�’�—�Š�œ�Ž�ð�1 �œ�˜�1 �•�‘�Š�•�ð�1in vivo, acute administration of � �_�,���
���1
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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 [ 33�þ�ï�1 ���›�Š�’�—�,�•�Ž�›�’�Ÿ�Ž�•�1
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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 
�’�—�•�ž�Œ�•�’�˜�—�1�˜�•�1�•�˜�—�•�,�•�Ž�›�–�1�•�Ž�™�˜�•�Š�›�’�£�Š�•�’�˜�—�1�û�������ü�1�ý�Y�[].

���‘�Ž�1�Ÿ�˜�•�•�Š�•�Ž�,�•�Ž�™�Ž�—�•�Ž�—�•�1�’�˜�—�1�Œ�‘�Š�—�—�Ž�•�œ�ð�1�–�Š�’�—�•�¢�1�
+�1�Š�—�•�1���Š�X��̧ð�1�Š�›�Ž�1�–�˜�•�ž�•�Š�•�Ž�•�1�‹�¢�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1
�œ�ž�•�•�Ž�œ�•�’�—�•�1�•�‘�Š�•�1�•�‘�Ž�1�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�•�Š�–�–�Š�,�Š�–�’�—�˜�‹�ž�•�¢�›�’�Œ�1�Š�Œ�’�•�1�û�	�������ü�ð�1�Š�1�—�Ž�ž�›�˜�•�›�Š�—�œ�–�’�4�Ž�›�1�›�Ž�œ�™�˜�—-
�œ�’�‹�•�Ž�1�•�˜�›�1�������1�’�—�‘�’�‹�’�•�’�˜�—�ð�1�’�œ�1�–�Ž�•�’�Š�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�˜�™�Ž�—�’�—�•�1�˜�•�1�•�‘�Ž�œ�Ž�1�Œ�‘�Š�—�—�Ž�•�œ�1�ý�Y�\�þ�ð�1�•�‘�ž�œ�1�’�—���ž�Ž�—�Œ�’�—�•�1
cognitive processes such as learning and memory [37].
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�����
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receptors, a class of receptors involved in glutamate neurotransmission and therefore 
important in movement control and memory formation [ �Z�X�þ�ï�1���Š�—�—�Š�‹�’�—�˜�’�•�1�œ�ž�‹�œ�•�Š�—�Œ�Ž�œ�1�‘�Š�Ÿ�Ž�1
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ing mechanisms [43].

2.2. Cannabinoid receptor type 2 (CB2)
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tissues, mainly in the immune system and hematopoietic cells. The exclusively peripheral 
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amyotrophic lateral sclerosis, and Alzheimer’s disease become the subject of pharmaceutical 
studies in this regard [ �Z�[], where the concentration of these receptors seems to be increased in 
�œ�™�Ž�Œ�’���Œ�1�‹�›�Š�’�—�1�›�Ž�•�’�˜�—�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�œ�Ž�1�™�Š�•�‘�˜�•�˜�•�’�Ž�œ�1�ý�Z�\].
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seems to be part of a general protection system since its activation has no association with 
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ric, cardiovascular, and hepatic pathologies [47].

3. Chemical dependence and withdrawal syndrome
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found at high densities in the ventral tegmental area, nucleus accumbens, prefrontal cortex, 
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immune cells [ �X�Z, �Z�W].
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�•�•�ž�•�Š�–�Š�•�Ž�ï�1���¡�Œ�’�•�Š�•�˜�›�¢�1�Ž���Ž�Œ�•�œ�1�˜�—�1�•�˜�™�Š�–�’�—�Ž�1�û�����ü�1�Š�›�Ž�1�Š�•�œ�˜�1�Ž�Ÿ�’�•�Ž�—�•�ð�1�•�Ž�Š�•�’�—�•�1�•�˜�1�Š�—�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1�•�‘�Ž�1
�•�Ž�Ÿ�Ž�•�1�˜�•�1�Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1�����1�ý�Z�X].

The chemical dependence on C. sativa�1�•�Ž�Ÿ�Ž�•�˜�™�œ�1�’�—�1�Š�‹�˜�ž�•�1�W�V�–�1�˜�•�1�•�‘�Ž�1�™�Ž�˜�™�•�Ž�1� �‘�˜�1�Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�1�•�‘�Ž�1
plant, being more common and on higher levels of use at an early age [�Z�^�þ�ï�1���’�•�‘�•�›�Š� �Š�•�1�œ�¢�—-
�•�›�˜�–�Ž�1� �Š�œ�1�›�Ž�Œ�˜�•�—�’�£�Ž�•�1�Š�—�•�1�Š�•�•�Ž�•�1�•�˜�1�������,�[�1�’�—�1�X�V�W�Z�ð�1�–�Š�’�—�•�¢�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�’�—�Œ�›�Ž�Š�œ�Ž�1� �’�•�‘�1�•�‘�Ž�1�—�ž�–-
ber of treatment episodes to chronic users of Cannabis in the last years [�Z�_]. These treatments 
�’�—�Ÿ�˜�•�Ÿ�Ž�1�™�œ�¢�Œ�‘�˜�œ�˜�Œ�’�Š�•�1�Š�™�™�›�˜�Š�Œ�‘�Ž�œ�ð�1�‹�ž�•�1�˜�—�•�¢�1�X�V�–�1�˜�•�1�™�Š�•�’�Ž�—�•�œ�1�Š�Œ�‘�’�Ž�Ÿ�Ž�1�•�Ž���—�’�•�’�Ÿ�Ž�1�Š�‹�œ�•�’�—�Ž�—�Œ�Ž�1�ý�[�V], 
�–�Š�—�’�•�Ž�œ�•�’�—�•�1�Š�1�Œ�•�Ž�Š�›�1�—�Ž�Ž�•�1�•�˜�1�•�Ž�Ÿ�Ž�•�˜�™�1�Ž���Ž�Œ�•�’�Ÿ�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�œ�1�•�˜�›�1�•�‘�’�œ�1�™�Š�•�‘�˜�•�˜�•�¢�ï

���•�ž�•�’�Ž�œ�1�ž�œ�’�—�•�1�™�˜�œ�’�•�›�˜�—�1�Ž�–�’�œ�œ�’�˜�—�1�•�˜�–�˜�•�›�Š�™�‘�¢�1�›�Ž�Ÿ�Ž�Š�•�Ž�•�1�Š�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�•�˜� �Ž�›�1�Š�Ÿ�Š�’�•�Š�‹�’�•�’�•�¢�1�˜�•�1
�����W�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�‹�Ž�•� �Ž�Ž�—�1Cannabis smokers and nonsmokers, in which the level of downregu -
lation correlated with the time of Cannabis use [�Z�\�þ�ï�1���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�Š�•�•�Ž�›�1�Š�1�Y�V�,�•�Š�¢�1�Š�‹�œ�•�’�—�Ž�—�Œ�Ž�1
�™�Ž�›�’�˜�•�ð�1�•�‘�Ž�›�Ž�1� �Š�œ�1�Š�—�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�Ÿ�Š�’�•�Š�‹�’�•�’�•�¢�1�•�˜�1�•�Ž�Ÿ�Ž�•�œ�1�Œ�˜�–�™�Š�›�Š�‹�•�Ž�1�•�˜�1�‘�Ž�Š�•�•�‘�¢�1
controls [ �\, �[�W].

���˜�›�1�•�‘�Ž�1�•�’�Š�•�—�˜�œ�’�œ�1�˜�•�1C. sativa�1� �’�•�‘�•�›�Š� �Š�•�ð�1�’�•�1�’�œ�1�—�Ž�Œ�Ž�œ�œ�Š�›�¢�1�•�˜�1�‘�Š�Ÿ�Ž�1�Œ�›�’�•�Ž�›�’�Š�1�œ�ž�Œ�‘�1�Š�œ�1�û�W�ü�1�•�‘�Ž�1�•�Ž�Ÿ�Ž�•-
�˜�™�–�Ž�—�•�1 �’�—�1�œ�™�Ž�Œ�’���Œ�1�œ�¢�—�•�›�˜�–�Ž�1�˜�•�1 �•�‘�Ž�1�œ�ž�‹�œ�•�Š�—�Œ�Ž�1�•�ž�Ž�1�•�˜�1 �Œ�Ž�œ�œ�Š�•�’�˜�—�1�˜�›�1 �›�Ž�•�ž�Œ�•�’�˜�—�1�’�—�1�ž�œ�Ž�ò�1�û�X�ü�1�•�‘�Ž�1
�œ�¢�—�•�›�˜�–�Ž�1�Œ�Š�ž�œ�Ž�œ�1�Œ�•�’�—�’�Œ�Š�•�•�¢�1�œ�’�•�—�’���Œ�Š�—�•�1�•�’�œ�•�›�Ž�œ�œ�1�˜�›�1�’�–�™�Š�’�›�–�Ž�—�•�1�’�—�1�œ�˜�Œ�’�Š�•�ð�1�˜�Œ�Œ�ž�™�Š�•�’�˜�—�Š�•�ð�1�˜�›�1�˜�•�‘�Ž�›�1
�’�–�™�˜�›�•�Š�—�•�1�Š�›�Ž�Š�œ�1�˜�•�1�•�ž�—�Œ�•�’�˜�—�’�—�•�ò�1�Š�—�•�1�û�Y�ü�1�•�‘�Ž�1�œ�¢�–�™�•�˜�–�œ�1�Š�›�Ž�1�—�˜�•�1�•�ž�Ž�1�•�˜�1�Š�1�•�Ž�—�Ž�›�Š�•�1�–�Ž�•�’�Œ�Š�•�1�Œ�˜�—�•�’-
�•�’�˜�—�1�Š�—�•�1�Š�›�Ž�1�—�˜�•�1�‹�Ž�4�Ž�›�1�Š�Œ�Œ�˜�ž�—�•�Ž�•�1�•�˜�›�1�‹�¢�1�Š�—�˜�•�‘�Ž�›�1�–�Ž�—�•�Š�•�1�•�’�œ�˜�›�•�Ž�›�1�ý�[�X].

���˜�•�•�˜� �’�—�•�1�•�‘�Ž�1�›�Ž�Œ�˜�•�—�’�•�’�˜�—�1�‹�¢�1�•�‘�Ž�1�������,�W�V�1�û���—�•�Ž�›�—�Š�•�’�˜�—�Š�•�1���•�Š�•�’�œ�•�’�Œ�Š�•�1���•�Š�œ�œ�’���Œ�Š�•�’�˜�—�1�˜�•�1���’�œ�Ž�Š�œ�Ž�œ�1
�Š�—�•�1���Ž�•�Š�•�Ž�•�1�
�Ž�Š�•�•�‘�1���›�˜�‹�•�Ž�–�œ�ü�1�œ�¢�œ�•�Ž�–�1�˜�•�1Cannabis withdrawal, the demand for treatment of 
Cannabis abuse has grown in several countries and a large proportion of adults and adoles-
�Œ�Ž�—�•�œ�1� �‘�˜�1�™�Š�›�•�’�Œ�’�™�Š�•�Ž�1�’�—�1�•�‘�Ž�1�˜�ž�•�™�Š�•�’�Ž�—�•�1�•�›�Ž�Š�•�–�Ž�—�•�œ�1�‘�Š�Ÿ�Ž�1�•�’���Œ�ž�•�•�¢�1�’�—�1�Š�Œ�‘�’�Ž�Ÿ�’�—�•�1�Š�—�•�1�–�Š�’�—�•�Š�’�—-
ing Cannabis withdrawal [ �[�Y].

3.1. Symptoms of withdrawal syndrome

Experimental studies on Cannabis�1� �’�•�‘�•�›�Š� �Š�•�1�’�—�1�‘�ž�–�Š�—�œ�1�‹�Ž�•�Š�—�1�’�—�1�•�‘�Ž�1�W�_�]�V�œ�1�Š�—�•�1�œ�‘�˜� �Ž�•�1�–�˜�•-
�Ž�›�Š�•�Ž�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�–�™�•�˜�–�œ�1�û�œ�ž�Œ�‘�1�Š�œ�1�•�›�Š�—�œ�’�Ž�—�•�1�—�Ž�›�Ÿ�˜�ž�œ�—�Ž�œ�œ�ü�1�•�˜�•�•�˜� �’�—�•�1�Œ�Ž�œ�œ�Š�•�’�˜�—�1�˜�•�1�–�Š�›�’�“�ž�Š�—�Š�1
�ž�œ�Ž�1�Š�—�•�1�–�˜�›�Ž�1�›�˜�‹�ž�œ�•�1�œ�¢�–�™�•�˜�–�œ�1�û�›�Ž�œ�•�•�Ž�œ�œ�—�Ž�œ�œ�ð�1�œ�•�Ž�Ž�™�1�™�›�˜�‹�•�Ž�–�œ�ð�1�™�˜�˜�›�1�Š�™�™�Ž�•�’�•�Ž�ð�1�Š�—�•�1�•�’�œ�˜�›�’�Ž�—�•�Š-
�•�’�˜�—�ü�ï�1���—�1�•�‘�Ž�1�W�_�^�V�œ�ð�1�—�Ž� �1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�–�™�•�˜�–�œ�1� �Ž�›�Ž�1�›�Ž�™�˜�›�•�Ž�•�1�Š�œ�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�Š�™�™�Ž�•�’�•�Ž�&� �Ž�’�•�‘�•�1
�•�˜�œ�œ�ð�1�‘�˜�œ�•�’�•�’�•�¢�ð�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ð�1�–�’�•�•�1�—�Š�ž�œ�Ž�Š�ð�1�•�Š�Œ�”�1�˜�•�1�Œ�˜�˜�™�Ž�›�Š�•�’�˜�—�ð�1�›�Ž�œ�•�•�Ž�œ�œ�—�Ž�œ�œ�ð�1�œ�•�Ž�Ž�™�1�����	�1�Œ�‘�Š�—�•�Ž�œ�1
�û�’�—�Œ�›�Ž�Š�œ�Ž�•�1�������1�œ�•�Ž�Ž�™�ü�ð�1�Š�—�•�1�œ�•�Ž�Ž�™�&�’�—�œ�˜�–�—�’�Š�1�•�’���Œ�ž�•�•�’�Ž�œ�ï�1���‘�Ž�œ�Ž�1�œ�¢�–�™�•�˜�–�œ�1�œ�•�Š�›�•�Ž�•�1� �’�•�‘�’�—�1�[�.�\�1�‘�1
�˜�•�1�•�‘�Ž�1�•�Š�œ�•�1�•�˜�œ�Ž�1�Š�—�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�‹�¢�1�_�\�1�‘�1� �’�•�‘�1�Š�1�›�Ž�•�ž�Œ�•�’�˜�—�1�’�—�1� �Ž�’�•�‘�•�1�Š�—�•�1�œ�•�Ž�Ž�™�ï�1���‘�Š�—�•�Ž�œ�1�’�—�1�����	�1
�û�’�ï�Ž�ï�ð�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1�������ü�1�Š�›�Ž�1�Š�•�œ�˜�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�ý�[�Z, �[�[].

More recent studies have demonstrated Cannabis withdrawal syndrome associated with sig -
�—�’���Œ�Š�—�•�•�¢�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�˜�ž�•�Œ�˜�–�Ž�œ�1�˜�•�1�Š�—�¡�’�Ž�•�¢�ð�1�•�Ž�™�›�Ž�œ�œ�’�˜�—�ð�1�Š�—�•�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ò�1�•�Ž�Œ�›�Ž�Š�œ�Ž�1�’�—�1�œ�•�Ž�Ž�™�1�š�ž�Š�•�’�•�¢�1
�Š�—�•�1�š�ž�Š�—�•�’�•�¢�1�’�—�•�’�Œ�Ž�œ�ò�1�Š�—�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�•�˜�˜�•�1�’�—�•�Š�”�Ž�1�ý�[�\]. Symptoms such as stomach pain and 
decreased assessments of contentment, friendliness, language, sociability, and energy were 
�Š�•�œ�˜�1�›�Ž�™�˜�›�•�Ž�•�ï�1���˜�œ�•�1�˜�•�1�•�‘�Ž�1�–�˜�˜�•�1�œ�¢�–�™�•�˜�–�œ�1�‹�Ž�•�’�—�1� �’�•�‘�’�—�1�Z�^�1�‘�1�Š�•�•�Ž�›�1�Œ�Ž�œ�œ�Š�•�’�˜�—�1�Š�—�•�1�Š�™�™�Ž�Š�›�1�•�˜�1
peak at day 3 or 4 of the withdrawal phases, and it is interesting to note that studies of oral 
���
���1�ž�œ�Ž�1�‘�Š�Ÿ�Ž�1�—�˜�•�1�›�Ž�™�˜�›�•�Ž�•�1�œ�•�Ž�Ž�™�1�•�’�œ�•�ž�›�‹�Š�—�Œ�Ž�œ�1�•�ž�›�’�—�•�1�•�‘�Ž�1� �’�•�‘�•�›�Š� �Š�•�1�™�‘�Š�œ�Ž�œ�1�ý�[�]].
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The symptoms reached the highest levels of aggression on days 3 and 7 of abstinence and 
�•�Š�œ�•�Ž�•�1�ž�—�•�’�•�1�•�Š�¢�1�X�^�ð�1�‹�Ž�’�—�•�1�›�Ž�™�˜�›�•�Ž�•�1�•�˜�›�1�ž�™�1�•�˜�1�\�1�–�˜�—�•�‘�œ�1�Š�•�•�Ž�›�1�Œ�Ž�œ�œ�Š�•�’�˜�—�1�˜�•�1�ž�œ�Ž�ð�1�œ�‘�˜� �’�—�•�1�Š�—�1�Ž���Ž�Œ�•�1
�•�›�Š�—�œ�’�Ž�—�•�ï�1���–�˜�—�•�1�Œ�‘�›�˜�—�’�Œ�1�Š�—�•�1�•�Š�’�•�¢�1�ž�œ�Ž�›�œ�ð�1�•�‘�Ž�1�Š�™�™�Ž�•�’�•�Ž�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�Š�•�•�Ž�›�1�•�Š�¢�1�_�1�˜�•�1�Š�‹�œ�•�’�—�Ž�—�Œ�Ž�ð�1
�Š�—�¡�’�Ž�•�¢�1�˜�Œ�Œ�ž�›�›�Ž�•�1�‹�Ž�•� �Ž�Ž�—�1�•�Š�¢�œ�1�W�1�Š�—�•�1�W�W�ð�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�1� �Š�œ�1�•�›�Ž�Š�•�Ž�œ�•�1�˜�—�1�•�Š�¢�œ�1�W�.�W�Z�ð�1�Š�—�•�1�•�‘�Ž�1�–�˜�˜�•�1
� �Š�œ�1�•�˜� �Ž�›�1�˜�—�1�•�Š�¢�œ�1�Y�.�_�1�Š�—�•�1� �Š�œ�1�‘�’�•�‘�Ž�›�1�˜�—�1�•�Š�¢�œ�1�W�.�W�V�ï�1���Š�’�•�¢�1�ž�œ�Ž�›�œ�1�‘�Š�Ÿ�Ž�1�‘�’�•�‘�Ž�›�1�•�Ž�Ÿ�Ž�•�œ�1�˜�•�1�Š�—�¡�’-
�Ž�•�¢�ð�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ð�1�—�Ž�›�Ÿ�˜�ž�œ�—�Ž�œ�œ�ð�1�›�Ž�œ�•�•�Ž�œ�œ�—�Ž�œ�œ�ð�1�•�›�Ž�–�˜�›�œ�ð�1�•�’���Œ�ž�•�•�¢�1�œ�•�Ž�Ž�™�’�—�•�ð�1�œ�•�˜�–�Š�Œ�‘�1�™�Š�’�—�ð�1�œ�•�›�Š�—�•�Ž�1
dreams, excessive sweating, negative mood, physical symptoms, and decreased appetite dur-
ing the abstinence period, suggesting reliable studies of Cannabis abstinence [�[� ,̂ �[�_].

4. Treatment of withdrawal syndrome

���•�•�‘�˜�ž�•�‘�1�•�‘�Ž�›�Ž�1�Š�›�Ž�1�–�˜�›�Ž�1�•�‘�Š�—�1�W�\�V�1�–�’�•�•�’�˜�—�1Cannabis users in the world, no pharmacological 
therapy currently available is considered adequate for the treatment of symptoms caused dur -
�’�—�•�1�•�‘�Ž�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�—�•�›�˜�–�Ž�ï�1���‘�Ž�1�”�—�˜� �—�1�Ž���Ž�Œ�•�œ�1�˜�•�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�—�•�›�˜�–�Ž�ð�1� �‘�’�Œ�‘�1�˜�Œ�Œ�ž�›�1� �‘�Ž�—�1
drug use is deprived and disappear with the reintroduction of � �_�,���
���1�ý�\�V], favor the recur-
�›�Ž�—�Œ�Ž�1�˜�•�1�ž�œ�Ž�1�‹�¢�1�ž�œ�Ž�›�œ�1�Š�4�Ž�–�™�•�’�—�•�1�•�˜�1�œ�•�˜�™�ï�1���‘�Ž�1�–�Š�’�—�1�Œ�˜�–�™�˜�ž�—�•�œ�1�•�‘�Š�•�1�‘�Š�Ÿ�Ž�1�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�—�1�•�‘�Ž�1�Œ�Š�—-
nabinoid receptor and mechanisms related to Cannabis withdrawal syndrome are as follows .

4.1. Agonist compounds

���‘�Ž�1 �’�—�Ÿ�˜�•�Ÿ�Ž�–�Ž�—�•�1 �˜�•�1 �•�‘�Ž�1 �����W�1 �›�Ž�Œ�Ž�™�•�˜�›�1 � �’�•�‘�1 �•�‘�Ž�1 �•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1 �˜�•�1 �•�Ž�™�Ž�—�•�Ž�—�Œ�Ž�ð�1 �Š�œ�1 � �Ž�•�•�1 �Š�œ�1 �•�‘�Ž�1
expression of withdrawal symptoms, has already been evidenced in several animal experi-
�–�Ž�—�•�œ�ï�1 ���‘�Ž�›�Ž�•�˜�›�Ž�ð�1 �’�•�1 �’�œ�1 �œ�ž�•�•�Ž�œ�•�Ž�•�1 �•�‘�Š�•�1 �•�›�Ž�Š�•�–�Ž�—�•�1 � �’�•�‘�1 �•�˜� �1 �•�˜�œ�Ž�œ�1 �˜�•�1 �����W�1 �›�Ž�Œ�Ž�™�•�˜�›�1 �Š�•�˜�—�’�œ�•�œ�1
could reduce the severity of withdrawal symptoms [ �\�W�þ�ï�1���˜� �1�•�˜�œ�Ž�œ�1�˜�•�1� �_�,���
���1� �Ž�›�Ž�1�•�Ž�œ�•�Ž�•�1
�•�˜�1�’�–�™�›�˜�Ÿ�Ž�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�–�™�•�˜�–�œ�ò�1�‘�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�œ�Ž�1�•�˜�œ�Ž�œ�1�Ž�¡�‘�’�‹�’�•�Ž�•�1�›�Ž�’�—�•�˜�›�Œ�’�—�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�’�—�1
chronic Cannabis�1�ž�œ�Ž�›�œ�ð�1�Ž�•�’�–�’�—�Š�•�’�—�•�1���
���1�Š�œ�1�Š�1�Ÿ�’�Š�‹�•�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�ý�\�X].

���‘�Ž�1 �Ž�—�•�˜�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�������1 �Š�—�•�1 �X�,���	�ð�1 � �‘�’�Œ�‘�1 �Š�›�Ž�1 �•�˜� �1 �Š�—�•�1 �‘�’�•�‘�1 �Ž���Œ�’�Ž�—�Œ�¢�1 �Š�•�˜�—�’�œ�•�œ�1 �•�˜�›�1 �•�‘�Ž�1
�����W�1�›�Ž�Œ�Ž�™�•�˜�›�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�•�Š�4�¢�1�Š�Œ�’�•�1�Š�–�’�•�Ž�1�‘�¢�•�›�˜�•�Š�œ�Ž�1�û�������
�ü�1�Ž�—�£�¢�–�Ž�œ�1�›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1
�•�˜�›�1�•�‘�Ž�1�•�Ž�•�›�Š�•�Š�•�’�˜�—�1�˜�•�1�������1�Š�—�•�1�–�˜�—�˜�Š�Œ�¢�•�•�•�¢�Œ�Ž�›�˜�•�1�•�’�™�Š�œ�Ž�1�û�����	���ü�1�›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1�•�˜�›�1�•�‘�Ž�1�•�Ž�•�›�Š-
�•�Š�•�’�˜�—�1 �˜�•�1 �X�,���	�1 � �Ž�›�Ž�1 �™�›�˜�™�˜�œ�Ž�•�1 �Š�œ�1 �–�Ž�•�’�Š�•�’�—�•�1 �–�Ž�Œ�‘�Š�—�’�œ�–�œ�1 �˜�•�1Cannabis withdrawal but lack 
further enlightening studies [ �\, �\�Y].

4.1.1. Synthetic cannabinoids

These synthetic cannabinoid agonists present themselves as promising molecules, provid-
ing ample reduction in Cannabis�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�–�™�•�˜�–�œ�1�û�–�˜�˜�•�ð�1�œ�•�Ž�Ž�™�ð�1�Š�—�•�1�•�˜�˜�•�1�’�—�•�Š�”�Ž�ü�ð�1�‹�˜�•�‘�1
�’�—�1 �•�‘�Ž�1 �•�Š�‹�˜�›�Š�•�˜�›�¢�1 �Š�—�•�1 �’�—�1 �Œ�•�’�—�’�Œ�Š�•�1 �œ�Ž�4�’�—�•�œ�ï�1 ���—�•�’�”�Ž�1 �•�‘�Ž�1 �’�œ�˜�–�Ž�›�1 �˜�•�1 ���
���1 �Š�—�•�1 �•�Ž�›�’�Ÿ�Ž�•�1 �•�›�˜�–�1 �•�‘�Ž�1
Cannabis�1 �™�•�Š�—�•�ð�1 �•�›�˜�—�Š�‹�’�—�˜�•�ð�1 �•�‘�Ž�1 �œ�¢�—�•�‘�Ž�•�’�Œ�1 �Œ�Š�—�—�Š�‹�’�—�˜�’�•�1 �—�Š�‹�’�•�˜�—�Ž�1 �ûFigure 2�ü�1 �‘�Š�œ�1 �™�˜�•�Ž�—�•�’�Š�•�1 �•�˜�1
reduce self-administration of Cannabis, presenting as more promising for treatment [ �\�Z].

���Š�‹�’�•�˜�—�Ž�1 �‘�Š�œ�1 �–�˜�›�Ž�1 �™�›�Ž�•�’�Œ�•�Š�‹�•�Ž�1 �œ�’�•�Ž�1 �Ž���Ž�Œ�•�œ�ð�1 �Š�—�•�1 �’�•�1 �’�œ�1 � �Ž�•�•�1 �•�˜�•�Ž�›�Š�•�Ž�•�1 �Š�–�˜�—�•�1Cannabis users, 
�‹�Ž�4�Ž�›�1 �‹�’�˜�Š�Ÿ�Š�’�•�Š�‹�’�•�’�•�¢�ð�1 �Š�—�•�1 �•�˜�—�•�Ž�›�1 �•�ž�›�Š�•�’�˜�—�1 �˜�•�1 �Š�Œ�•�’�˜�—�1 �•�‘�Š�—�1 �•�›�˜�—�Š�‹�’�—�˜�•�ð�1 �Š�•�•�˜� �’�—�•�1 �•�‘�Ž�1 �Ž�—�•�1 �˜�•�1
abstinence with a single daily dose [�\�[]. In addition, nabilone produces non- Cannabis urinary 
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biomarkers that allow monitoring of abstinence through the use of standard urine toxicology 
during nabilone maintenance, but this consistently decreases Cannabis self-administration in 
�•�‘�Ž�1�•�Š�‹�˜�›�Š�•�˜�›�¢�ð�1�Ž�—�œ�ž�›�’�—�•�1�•�‘�Š�•�1�•�Ž�œ�•�’�—�•�1�˜�Œ�Œ�ž�›�œ�1�’�—�1�Š�1�Œ�•�’�—�’�Œ�Š�•�1�œ�Ž�4�’�—�•�1�ý�\�\].

4.1.2. � 2a adrenergic receptor agonist

Preclinical data have demonstrated that abstinence of cannabinoid is associated with adren-
ergic hyperactivity [ �\�]], and that � �X�1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�•�˜�—�’�œ�•�œ�1�•�Ž�Œ�›�Ž�Š�œ�Ž�1 �•�‘�Ž�1 � �’�•�‘�•�›�Š� �Š�•�1 �œ�¢�–�™�•�˜�–�œ�1�˜�•�1
���
���ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1� �X�Š�1�Š�•�›�Ž�—�Ž�›�•�’�Œ�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�•�˜�—�’�œ�•�ð�1�•�˜�•�Ž�¡�’�•�’�—�Ž�1�ûFigure 3�ü�ð�1�‘�Š�œ�1�‹�Ž�Ž�—�1�•�Ž�œ�•�Ž�•�ð�1�Š�—�•�1
its use has improved sleep during the abstinence period and decreased Cannabis relapse [�\� ]̂ but 
�’�œ�1�™�˜�˜�›�•�¢�1�•�˜�•�Ž�›�Š�•�Ž�•�1�Ž�Ÿ�Ž�—�1�Š�•�1�•�Ž�œ�œ�1�•�›�Ž�š�ž�Ž�—�•�1�•�˜�œ�Ž�œ�1�Š�—�•�1�Š�•�1�•�˜� �Ž�›�1�•�Š�›�•�Ž�•�1�•�˜�œ�Ž�1�û�V�ï�\�1�–�•�1�•�‘�›�Ž�Ž�1�•�’�–�Ž�œ�1�Š�1�•�Š�¢�ü�ð�1
� �’�•�‘�1�Z�V�–�1�˜�•�1�™�Š�•�’�Ž�—�•�œ�1�™�›�Ž�œ�Ž�—�•�’�—�•�1�•�’�£�£�’�—�Ž�œ�œ�1�Š�—�•�1�•�Š�•�’�•�ž�Ž�1�ý�\�_]. Another � �X�,�Š�•�›�Ž�—�Ž�›�•�’�Œ�1�Š�•�˜�—�’�œ�•�ð�1�•�ž�Š�—-
�•�Š�Œ�’�—�Ž�1�‘�¢�•�›�˜�Œ�‘�•�˜�›�’�•�Ž�1�ûFigure 3�ü�ð�1� �‘�’�Œ�‘�1�’�–�™�›�˜�Ÿ�Ž�œ�1�–�Ž�–�˜�›�¢�1�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�1�’�—�1�‘�ž�–�Š�—�œ�ð�1� �Š�œ�1�•�Ž�œ�•�Ž�•�1
on the hypothesis that nocturnal administration of this drug would reduce Cannabis withdrawal 
� �‘�’�•�Ž�1�™�›�˜�•�ž�Œ�’�—�•�1�•�’�4�•�Ž�1�Ž�Ÿ�’�•�Ž�—�Œ�Ž�1�˜�•�1�œ�Ž�•�Š�•�’�˜�—�1�˜�›�1�‘�¢�™�˜�•�Ž�—�œ�’�˜�—�ï�1���Š�’�•�¢�1�Š�•�–�’�—�’�œ�•�›�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Œ�˜�–�™�˜�ž�—�•�1
�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�›�Ž�•�ž�Œ�Ž�•�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ð�1�™�›�˜�•�ž�Œ�Ž�•�1�œ�–�Š�•�•�1�‹�ž�•�1�œ�’�•�—�’���Œ�Š�—�•�1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1�’�—�1�‹�•�˜�˜�•�1�™�›�Ž�œ�œ�ž�›�Ž�1�Š�—�•�1
heart rate, however was well tolerated, producing no sedation, dizziness, or altered food intake 
observed with lofexidine. ���ž�Ž�1�•�˜�1�•�‘�Ž�œ�Ž�1�›�Ž�œ�ž�•�•�œ�ð�1�•�ž�Š�—�•�Š�Œ�’�—�Ž�1�‘�¢�•�›�˜�Œ�‘�•�˜�›�’�•�Ž�1�œ�•�Š�—�•�œ�1�˜�ž�•�1�Š�œ�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1
���›�œ�•�1�—�˜�—�,�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�Š�•�˜�—�’�œ�•�œ�1�•�˜�1�›�Ž�•�ž�Œ�Ž�1cannabis abstinence-related irritability  [�\�Z, �]�V].

���Ž�œ�™�’�•�Ž�1�›�Ž�•�ž�Œ�•�’�̃ �—�œ�1�’�—�1�Œ�Ž�›�•�Š�’�—�1� �’�•�‘�•�›�Š� �Š�•�1�œ�¢�–�™�•�̃ �–�œ�ð�1�•�ž�Š�—�•�Š�Œ�’�—�Ž�1�•�’�•�1�—�̃ �•�1�›�Ž�•�ž�Œ�Ž�1�œ�Ž�•�•�,�Š�•�–�’�—�’�œ�•�›�Š�•�’�̃ �—�1 
of Cannabis and did not worsen abstinence-related anorexia and weight loss but did not 

Figure 2.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�’�œ�˜�–�Ž�›�1�˜�•�1���
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Figure 4.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�—�Š�‹�’�¡�’�–�˜�•�œ�1�Š�—�•�1�•�Ž�›�™�Ž�—�˜�’�•�œ�1�•�Ž�›�’�Ÿ�Ž�•�1�•�›�˜�–�1C. sativa plants.

improve both. In contrast, lofexidine decreased self-administration of Cannabis in the labora-
tory after abstinence but worsened the performance of psychomotor tasks [�\� ]̂.

4.1.3. Nabiximols

���Š�‹�’�¡�’�–�˜�•�œ�1�Š�›�Ž�1�ž�œ�Ž�•�1�•�˜�1�•�›�Ž�Š�•�1�–�ž�œ�Œ�•�Ž�1�œ�™�Š�œ�•�’�Œ�’�•�¢�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�–�ž�•�•�’�™�•�Ž�1�œ�Œ�•�Ž�›�˜�œ�’�œ�ï�1���‘�Ž�œ�Ž�1�™�›�˜-
�•�ž�Œ�Ž�1�•�’�4�•�Ž�1�’�—�•�˜�¡�’�Œ�Š�•�’�˜�—�ð�1�•�˜�•�Ž�›�Š�—�Œ�Ž�ð�1�˜�›�1�Š�‹�œ�•�’�—�Ž�—�Œ�Ž�ï�1���‘�Ž�¢�1�Š�›�Ž�1�˜�›�Š�•�1�œ�™�›�Š�¢�1�–�Ž�•�’�Œ�Š�•�’�˜�—�œ�1�Œ�˜�—�•�Š�’�—�’�—�•�1
���
���ð�1 �Œ�Š�—�—�Š�‹�’�•�’�˜�•�1 �û�������ü�ð�1 �Š�—�•�1 �Ÿ�Š�›�’�˜�ž�œ�1 �•�Ž�›�™�Ž�—�˜�’�•�œ�1 �ûFigure 4�ü�1 �•�Ž�›�’�Ÿ�Ž�•�1 �•�›�˜�–�1C. sativa plants. 
���—�Œ�Ž�1�������1 �Š�4�Ž�—�ž�Š�•�Ž�•�1�•�‘�Ž�1�™�Š�›�Š�—�˜�’�Š�1�Š�—�•�1�Ž�ž�™�‘�˜�›�’�Š�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1 ���
���1 �œ�•�ž�•�’�Ž�œ�ð�1�—�Š�‹�’�¡�’�–�˜�•�œ�1
were used to treat Cannabis�1� �’�•�‘�•�›�Š� �Š�•�1�Š�—�•�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�¢�1�Š�4�Ž�—�ž�Š�•�Ž�•�1�Š�‹�œ�•�’�—�Ž�—�Œ�Ž�1�œ�¢�–�™-
toms and improved patient compliance to treatment, as well as reducing irritability and 
depression of the users [�]�W].

���‘�Ž�1�’�—�•�’�›�Ž�Œ�•�1�������1�Š�•�˜�—�’�œ�•�ð�1� �‘�’�Œ�‘�1�‘�Š�œ�1�Š�1�›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�•�˜� �1�Š���—�’�•�¢�1�•�˜�›�1�����W�1�Š�—�•�1�����X�1�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1�’�—�‘�’�‹�’�•�œ�1
�������1�›�Ž�ž�™�•�Š�”�Ž�1�Š�—�•�1�‘�¢�•�›�˜�•�¢�œ�’�œ�1� �‘�’�•�Ž�1�–�Š�’�—�•�Š�’�—�’�—�•�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�•�’�–�ž�•�Š�•�’�˜�—�ð�1�•�‘�ž�œ�1�™�˜�•�Ž�—�•�’�Š�•�’�—�•�1
endocannabinoid transmission and emerging as an alternative treatment for the abstinence syn-
drome of C. sativa [�]�X�þ�ï�1���•�1�’�œ�1�Š�1�Œ�˜�–�™�˜�ž�—�•�1� �’�•�‘�1�—�˜�1�œ�’�•�—�’���Œ�Š�—�•�1�Š�•�Ÿ�Ž�›�œ�Ž�1�Ž���Ž�Œ�•�œ�1�Ž�Ÿ�Ž�—�1� �’�•�‘�1�Œ�‘�›�˜�—�’�Œ�1
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�Š�—�•�1�‘�’�•�‘�1�•�˜�œ�Ž�1�ž�œ�Ž�ï�1���ž�Ž�1�•�˜�1�•�‘�’�œ�1�™�›�˜�™�Ž�›�•�¢�1�˜�—�1�•�‘�Ž�1�Ž�—�•�˜�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�œ�¢�œ�•�Ž�–�ð�1�������1�‘�Š�œ�1�œ�Ž�Ÿ�Ž�›�Š�•�1�™�‘�Š�›-
�–�Š�Œ�˜�•�˜�•�’�Œ�Š�•�1�Ž���Ž�Œ�•�œ�ð�1�’�—�Œ�•�ž�•�’�—�•�1�Š�—�¡�’�˜�•�¢�•�’�Œ�ð�1�Š�—�•�’�™�œ�¢�Œ�‘�˜�•�’�Œ�ð�1�—�Ž�ž�›�˜�™�›�˜�•�Ž�Œ�•�’�Ÿ�Ž�ð�1�Š�—�•�’�’�—���Š�–�–�Š�•�˜�›�¢�ð�1�Š�—�•�1
antiemetic actions, favoring its use in the treatment of Cannabis withdrawal syndrome [ 73, 74].

���˜�–�™�Š�›�Š�•�’�Ÿ�Ž�1�œ�•�ž�•�’�Ž�œ�1�˜�•�1 �•�‘�Ž�1 �ž�œ�Ž�1�˜�•�1 �—�Š�‹�’�¡�’�–�˜�•�œ�1�Š�—�•�1 �•�›�˜�—�Š�‹�’�—�˜�•�1 �Œ�˜�—�Œ�•�ž�•�Ž�•�1 �•�‘�Š�•�1 �•�‘�Ž�¢�1 �•�’�•�1 �—�˜�•�1
�™�›�˜�•�ž�Œ�Ž�1�œ�’�•�—�’���Œ�Š�—�•�1�Œ�˜�•�—�’�•�’�Ÿ�Ž�1�˜�›�1�™�œ�¢�Œ�‘�˜�–�˜�•�˜�›�1�Š�•�Ÿ�Ž�›�œ�Ž�1�Ž���Ž�Œ�•�œ�1�Š�—�•�1�œ�‘�˜� �Ž�•�1�Š�1�œ�’�–�’�•�Š�›�1�˜�›�1�•�˜� �Ž�›�1
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 from Cannabis with nabiximols.

4.2. Antagonists

���‘�Ž�1�ž�œ�Ž�1�˜�•�1�����W�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�—�•�Š�•�˜�—�’�œ�•�œ�1�’�œ�1�–�˜�›�Ž�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�˜�•�1C. sativa 
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 
�Š�œ�1�’�—�œ�˜�–�—�’�Š�ð�1�•�¢�œ�™�‘�˜�›�’�Š�ð�1�Š�—�•�1�Š�—�¡�’�Ž�•�¢�1�–�Š�—�’�•�Ž�œ�•�’�—�•�1� �’�•�‘�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�—�•�Š�•�˜�—�’�œ�•�ð�1
�›�’�–�˜�—�Š�‹�Š�—�•�1�û�Š�•�œ�˜�1�”�—�˜� �—�1�Š�œ�1�����1�W�Z�W�]�W�\���ü�1�ûFigure 5�ü�1�ý�^�þ�ï�1���˜�›�1�•�‘�’�œ�1�›�Ž�Š�œ�˜�—�ð�1�•�‘�Ž�1�›�’�–�˜�—�Š�‹�Š�—�•�ð�1�™�›�Ž�Ÿ�’-
�˜�ž�œ�•�¢�1�ž�œ�Ž�•�1�’�—�1�•�‘�Ž�1�•�›�Ž�Š�•�–�Ž�—�•�1�˜�•�1�˜�‹�Ž�œ�’�•�¢�ð�1� �Š�œ�1�›�Ž�–�˜�Ÿ�Ž�•�1�•�›�˜�–�1�•�‘�Ž�1�–�Š�›�”�Ž�•�1�’�—�1�X�V�V�^�ð�1�‹�ž�•�1�’�•�1�’�œ�1�ž�œ�Ž�•�ž�•�1
in inducing signs of withdrawal in Cannabis�,�•�Ž�™�Ž�—�•�Ž�—�•�1�’�—�•�’�Ÿ�’�•�ž�Š�•�œ�ï�1���—�Ž�1�˜�•�1�•�‘�Ž�1�Ž�¡�™�•�Š�—�Š�•�’�˜�—�œ�1
is that the neural circuits involved with the serotonergic, noradrenergic, and dopaminergic 
�œ�¢�œ�•�Ž�–�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�œ�‘�˜� �—�1�•�˜�1�‹�Ž�1�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�•�˜�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�Š�—�•�Š�•�˜�—�’�œ�•�œ�1�ý�]�\, 77].

It is important to mention that the endogenous opioid system also contributes to the depen -
dence of Cannabis�1�‹�Ž�Œ�Š�ž�œ�Ž�1�’�•�1�Š�•�œ�˜�1�‘�Š�œ�1�	�1�™�›�˜�•�Ž�’�—�,�Œ�˜�ž�™�•�Ž�•�1�–�Ž�–�‹�›�Š�—�Ž�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�ý�]�^], and users 
of opioid-dependent Cannabis�1 �Š�›�Ž�1 �•�Ž�œ�œ�1 �•�’�”�Ž�•�¢�1 �•�˜�1 �Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�1 � �’�•�‘�•�›�Š� �Š�•�1 �œ�¢�–�™�•�˜�–�œ�ï�1 ���™�’�˜�’�•�1
receptor antagonists, such as naltrexone, reduce self-administration of C. sativa and their sub-
�“�Ž�Œ�•�’�Ÿ�Ž�1�™�˜�œ�’�•�’�Ÿ�Ž�1�Ž���Ž�Œ�•�œ�1�’�—�1�Œ�‘�›�˜�—�’�Œ�1�™�•�Š�—�•�1�ž�œ�Ž�›�œ�1�ý�]�_].

Figure 5.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�����1�W�Z�W�]�W�\���ï
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5. New studies on the treatment of withdrawal syndrome

There are no drugs approved for the treatment of addiction or withdrawal syndrome of Cannabis. 
Pharmacotherapy in these cases is focused exclusively on symptoms such as increased anxi-
�Ž�•�¢�ð�1�’�—�œ�˜�–�—�’�Š�ð�1�•�˜�œ�œ�1�˜�•�1�Š�™�™�Ž�•�’�•�Ž�ð�1�–�’�•�›�Š�’�—�Ž�ð�1�Š�—�•�1�’�›�›�’�•�Š�‹�’�•�’�•�¢�ï�1���Ž�1�•�’�œ�Œ�•�˜�œ�Ž�1�•�‘�Ž�œ�Ž�1�œ�¢�–�™�•�˜�–�œ�1�‹�Ž�’�—�•�1
�Š�1�›�Ž�œ�ž�•�•�1�˜�•�1�•�Ž�œ�Ž�—�œ�’�•�’�£�Š�•�’�˜�—�1�˜�•�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�‹�¢�1���
���1�œ�•�ž�•�’�Ž�œ�1�Š�•�Ÿ�Š�—�Œ�’�—�•�1�•�˜� �Š�›�•�1�•�‘�Ž�1�•�Ž�Ÿ�Ž�•�˜�™-
ment of compounds that act selectively at this receptor. There are four main chemical classes 
�˜�•�1�Ž�¡�˜�•�Ž�—�˜�ž�œ�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�•�’�•�Š�—�•�œ�1�ž�—�•�Ž�›�1�œ�•�ž�•�¢�ñ�1�û�Š�ü�1�Œ�•�Š�œ�œ�’�Œ�Š�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1� �_�,���
���ð�1
�����X�Y�^�_�ð�1 �Œ�Š�—�—�Š�‹�’�—�˜�•�ð�1 �—�Š�‹�’�•�˜�—�Ž�ð�1 �
���,�X�W�V�ð�1 �Š�—�•�1 �˜�•�‘�Ž�›�1 �•�›�’�Œ�¢�Œ�•�’�Œ�1 �•�Ž�›�™�Ž�—�˜�’�•�1 �•�Ž�›�’�Ÿ�Š�•�’�Ÿ�Ž�œ�ð�1 �œ�ž�Œ�‘�1 �Š�œ�1
� �_�,�•�Ž�•�›�Š�‘�¢�•�›�˜�Œ�Š�—�—�Š�‹�’�Ÿ�Š�›�’�—�1�û� �_�,���
�����ü�1�ûFigure 6�ü�ð�1� �‘�’�Œ�‘�1�Œ�˜�—�•�Š�’�—�œ�1�Š�1�™�˜�•�Š�›�1�‹�Ž�—�£�˜�™�¢�›�Š�—�1�–�˜�’�Ž�•�¢�1
�Š�4�Š�Œ�‘�Ž�•�1�•�˜�1�Š�1�‘�¢�•�›�˜�™�‘�’�•�’�Œ�1�ûn�,�™�Ž�—�•�¢�•�ü�1�Š�•�”�¢�•�1�•�Ž�›�–�’�—�ž�œ�1�ý�^�V�þ�ò�1�û�‹�ü�1�•�‘�Ž�1�—�˜�—�Œ�•�Š�œ�œ�’�Œ�Š�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�����1
�[�[�ð�_�Z�V�ð�1 �
���,�Y�V�^�1 �ûFigure 7�ü�1 �Š�—�•�1 �˜�•�‘�Ž�›�1 �‹�’�Œ�¢�Œ�•�’�Œ�1 �Š�—�•�1 �•�›�’�Œ�¢�Œ�•�’�Œ�1 �Š�—�Š�•�˜�•�œ�1 �˜�•�1� �_�,���
���1 � �’�•�‘�˜�ž�•�1 �•�‘�Ž�1
pyran ring of classical cannabinoids [ �^�W�þ�ò�1�û�Œ�ü�1�•�‘�Ž�1�Š�–�’�—�˜�Š�•�”�¢�•�’�—�•�˜�•�Ž�œ�1�������[�[�ð�X�W�X�,�X�ð�1�����
�,�V�W�^�ð�1
�����
�,�V�]�Y�ð�1�Š�—�•�1�����W�X�Z�W�1�ûFigure 8�ü�ð�1� �‘�’�Œ�‘�1�•�’���Ž�›�1�’�—�1�œ�•�›�ž�Œ�•�ž�›�Ž�ð�1�•�’�™�˜�™�‘�’�•�’�Œ�’�•�¢�ð�1�Š�—�•�1�‹�’�—�•�’�—�•�1�Š�Œ�•�’�Ÿ�’�•�¢�1
at cannabinoid receptors compared to nonclassical cannabinoids [�^�X�þ�ò�1�Š�—�•�1�û�•�ü�1�‹�’�Š�›�¢�•�™�¢�›�Š�£�˜�•�Ž�1
�•�’�•�Š�—�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1�›�’�–�˜�—�Š�‹�Š�—�•�1�Š�—�•�1�����X�[�W�1�Š�—�•�Š�•�˜�—�’�œ�•�œ�ð�1� �‘�’�Œ�‘�1�Š�›�Ž�1�œ�Ž�•�Ž�Œ�•�’�Ÿ�Ž�1�•�˜�›�1�•�‘�Ž�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�ð�1
�Š�—�•�1�����W�Z�Z�[�X�^�1�ûFigure 9�ü�ð�1� �‘�’�Œ�‘�1�’�œ�1�œ�Ž�•�Ž�Œ�•�’�Ÿ�Ž�1�•�˜�›�1�•�‘�Ž�1�����X�1�›�Ž�Œ�Ž�™�•�˜�›�1�ý�^�Y].

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, 

Figure 6.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�Œ�•�Š�œ�œ�’�Œ�Š�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�ï
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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 the 
�œ�•�ž�•�’�Ž�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�����W�1�Š�—�•�1�����X�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�’�—�Ÿ�˜�•�Ÿ�Ž�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�–�Ž�–�‹�›�Š�—�Ž�œ�1�˜�›�1�•�’�œ�œ�ž�Ž�œ�1�Œ�˜�—�•�Š�’�—�’�—�•�1

Figure 7.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�•�‘�Ž�1�—�˜�—�,�Œ�•�Š�œ�œ�’�Œ�Š�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�ï

Figure 8.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�•�‘�Ž�1�Š�–�’�—�˜�Š�•�”�¢�•�’�—�•�˜�•�Ž�œ�ï
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these receptors [�^�[�þ�ï�1���•�1�™�Š�›�•�’�Œ�ž�•�Š�›�1�—�˜�•�Ž�1�’�œ�1�•�‘�Ž�1�Š�œ�œ�Š�¢�1�ž�œ�’�—�•�1�›�Š�•�’�˜�•�Š�‹�Ž�•�Ž�•�1�����W�1�˜�›�1�����X�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1� �’�•�‘�1
[3�
�þ�1�����[�[�_�Z�V�1�ûFigure 10�ü�1�Š�—�•�1�‹�’�˜�Š�œ�œ�Š�¢�œ�1� �’�•�‘�1�™�›�Ž�™�Š�›�Š�•�’�˜�—�œ�1�˜�•�1�—�Ž�›�Ÿ�Ž�,�œ�–�˜�˜�•�‘�1�–�ž�œ�Œ�•�Ž�1� �‘�Ž�›�Ž�1�•�‘�Ž�1
ability of the molecule under study to produce inhibition or excitation of cannabinoid receptors 
�’�œ�1�Ÿ�Ž�›�’���Ž�•�1�ý�^�\].

In vitro�1�•�ž�—�Œ�•�’�˜�—�Š�•�1�‹�’�˜�Š�œ�œ�Š�¢�œ�1�–�Ž�Š�œ�ž�›�Ž�1�•�‘�Ž�1�Ž���Ž�Œ�•�œ�1�˜�•�1�œ�¢�—�•�‘�Ž�•�’�Œ�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�Š�—�•�1�•�‘�Ž�’�›�1�–�Ž�•�Š�‹�˜-
�•�’�•�Ž�œ�1 �’�—�1 �›�Ž�•�Š�•�’�˜�—�1 �•�˜�1 �Œ�Š�—�—�Š�‹�’�—�˜�’�•�1 �›�Ž�Œ�Ž�™�•�˜�›�1 �œ�’�•�—�Š�•�’�—�•�1 �����W�&�����X�ð�1 �Ž�Ÿ�Š�•�ž�Š�•�’�—�•�1 �•�‘�Ž�1 �™�›�˜�•�ž�Œ�•�’�˜�—�1 �˜�•�1
cyclic ATP and elevation of intracellular calcium. In the middle of the last century, initial 
�œ�•�ž�•�’�Ž�œ�1�˜�—�1�•�‘�Ž�1�Ž���Ž�Œ�•�œ�1�˜�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�ž�œ�Ž�•�1�	�Š�¢�Ž�›���œ�1�•�Ž�œ�•�œ�1�û�•�˜�ž�—�•�1�Š�•�1�•�‘�Ž�1�•�’�–�Ž�1�Š�œ�1�Š�1�ž�œ�Ž�•�ž�•�1�•�Ž�œ�•�1�•�˜�›�1
�•�‘�Ž�1�Ž���Ž�Œ�•�œ�1�˜�•�1���
���1�ý�^�]�þ�ü�ð�1� �‘�Ž�›�Ž�1�Œ�˜�›�—�Ž�Š�•�1�Š�›�Ž���Ž�¡�’�Š�1� �Š�œ�1�–�Ž�Š�œ�ž�›�Ž�•�1�’�—�1�›�Š�‹�‹�’�•�œ�ð�1�Œ�Š�•�Š�•�˜�—�’�Š�1�’�—�1�–�’�Œ�Ž, 
and increased defecation and aggressiveness in rats stressed by REM sleep deprivation [�^�]̂. 
In mice, high-dose catalepsy with � �_�,���
���1� �Š�œ�1�Š�•�œ�˜�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�ý�_�[]. In rodents, the main bioas-
�œ�Š�¢�1�’�œ�1�•�‘�Ž�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1�˜�•�1�•�˜�Œ�˜�–�˜�•�˜�›�1�Š�Œ�•�’�Ÿ�’�•�¢�ð�1�›�Ž�Œ�•�Š�•�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�ð�1�Š�—�•�1�Š�—�Š�•�•�Ž�œ�’�Š�1�û�’�—�1�•�‘�Ž�1�•�Š�’�•�1�˜�›�1
�‘�˜�•�1�™�•�Š�•�Ž�1�•�Ž�œ�•�ü�1�ý�^�_].

The sum of the various symptoms observed in the initial studies originated characteristic 
�Ž���Ž�Œ�•�œ�1�’�—�1�•�Š�‹�˜�›�Š�•�˜�›�¢�1�Š�—�’�–�Š�•�œ�1�Œ�Š�•�•�Ž�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�•�Ž�•�›�Š�•�1�Š�—�•�1�‹�Ž�’�—�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�•�1�‹�¢�1�‘�¢�™�˜�•�‘�Ž�›-
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 is 
common to evaluate the dose-dependence relation of cannabinoids quickly and without any 
�œ�™�Ž�Œ�’���Œ�1�•�›�Š�’�—�’�—�•�1�˜�•�1�•�‘�Ž�1�Š�—�’�–�Š�•�œ�ð�1�Š�1�•�Š�Œ�•�1�•�‘�Š�•�1�’�œ�1�Œ�˜�—���•�ž�›�Ž�•�1�Š�œ�1�Š�—�1�Š�•�Ÿ�Š�—�•�Š�•�Ž�1�ý�^�_].

The � �_�,���
���1�•�Ž�™�Ž�—�•�Ž�—�Œ�¢�&� �’�•�‘�•�›�Š� �Š�•�1�–�˜�•�Ž�•�’�—�•�1�œ�•�ž�•�’�Ž�œ�1�Š�›�Ž�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�•�Ž�•�›�Š�•�1
�’�—�1� �‘�’�Œ�‘�1���‘�Ž�1�•�›�’�•�•�Ž�›�Ž�•�1�Ž���Ž�Œ�•�œ�1�Š�›�Ž�1�Ÿ�Ž�›�’���Ž�•�1� �’�•�‘�1�•�‘�Ž�1�Š�•�–�’�—�’�œ�•�›�Š�•�’�˜�—�1�˜�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�Š�—�•�Š�•�˜�—�’�œ�•�1
�û�ž�œ�ž�Š�•�•�¢�1 �›�’�–�˜�—�Š�‹�Š�—�•�ü�ð�1 �Š�—�•�1 �™�›�Ž�Œ�’�™�’�•�Š�•�’�˜�—�1 � �’�•�‘�•�›�Š� �Š�•�1 �œ�¢�–�™�•�˜�–�œ�ð�1 �‹�Ž�’�—�•�ð�1 �’�—�1 �•�Ž�—�Ž�›�Š�•�ð�1 �•�‘�Ž�1 �œ�¢�—-
�•�‘�Ž�•�’�Œ�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1�����,�W�Z�Z�1�ûFigure 11�ü�ð�1�›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1�•�˜�1�™�›�˜�–�˜�•�Ž�1�Ž���Ž�Œ�•�œ�1�•�›�Ž�Š�•�Ž�›�1�•�‘�Š�—�1
that of � �_�,���
���1�ý�_�W].

Studies in rats revealed that individual enzyme activity mainly related to the genetic polymor -
�™�‘�’�œ�–�œ�1�˜�•�1�Œ�¢�•�˜�Œ�‘�›�˜�–�Ž�1���Z�[�V�1�Ž�—�£�¢�–�Ž�œ�1�’�—�1�•�‘�Ž�1�™�‘�Š�œ�Ž�1���1�–�Ž�•�Š�‹�˜�•�’�œ�–�1�˜�•�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1�‘�Š�œ�1�Š�—�1�’�–�™�˜�›-
tant role in determining the response of an individual on the use of cannabinoids [ �_�X]. Thus, 
�Š�—�1�’�—�•�’�Ÿ�’�•�ž�Š�•�1�–�Š�¢�1�Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�1�Š�4�Ž�—�ž�Š�•�Ž�•�1�Ž���Ž�Œ�•�œ�1�Š�—�•�1�˜�•�‘�Ž�›�1�’�—�•�’�Ÿ�’�•�ž�Š�•�1�Ž���Ž�Œ�•�œ�1�Ž�¡�Š�Œ�Ž�›�‹�Š�•�Ž�•�1�‹�¢�1

Figure 9.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�•�‘�Ž�1�‹�’�Š�›�¢�•�™�¢�›�Š�£�˜�•�Ž�1�•�’�•�Š�—�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1�›�’�–�˜�—�Š�‹�Š�—�•�1�Š�—�•�1�����X�[�W�1�Š�—�•�Š�•�˜�—�’�œ�•�œ�ï

�5�H�F�H�Q�W���$�G�Y�D�Q�F�H�V���L�Q���&�D�Q�Q�D�E�L�Q�R�L�G���5�H�V�H�D�U�F�K������



�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�ð�1�•�Ž�™�Ž�—�•�’�—�•�1�˜�—�1�•�‘�Ž�1�•�’�Ÿ�Ž�›�1�Ž�—�£�¢�–�Ž�1�™�›�˜���•�Ž�1�•�‘�Š�•�1�•�Š�Ÿ�˜�›�œ�1�•�‘�Ž�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�Š�—�•�Š�•�˜�—�’�œ�•�’�Œ�1
or agonist metabolites, respectively [�_�Y].

���Ž�Œ�‘�—�˜�•�˜�•�’�Œ�Š�•�1 �›�Ž���—�Ž�–�Ž�—�•�1 �‘�Š�œ�1 �•�Ž�•�1 �•�˜�1 �•�‘�Ž�1 �ž�œ�Ž�1 �˜�•�1 �—�Ž� �1 �•�Ž�Œ�‘�—�’�š�ž�Ž�œ�1 �Š�—�•�1 �•�’���Ž�›�Ž�—�•�1 �Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1
models [�_�Z] in the studies of compounds in potential for reinforcement, with the search for 

Figure 10.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�•�‘�Ž�1�����[�[�_�Z�V�ï

Figure 11.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�����,�W�Z�Z�ï
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new targets and biomarkers [�_�[]. Among the experimental models emerges the Danio rerio 
�û���Ž�‹�›�Š���œ�‘�ü�ð�1 �Š�1 �œ�–�Š�•�•�1 ���œ�‘�ð�1 �‹�Ž�Œ�Š�ž�œ�Ž�1 �’�•�1 �‘�Š�œ�1�•�‘�Ž�1 �•�Š�Œ�’�•�’�•�¢�1 �˜�•�1 �•�Ž�—�Ž�•�’�Œ�1�–�Š�—�’�™�ž�•�Š�•�’�˜�—�1�Š�—�•�1 �•�‘�Ž�1 �‹�’�˜�•�˜�•�¢�1
of its development [ �_�\]. ���Ž�‹�›�Š���œ�‘ is particularly useful for measuring changes in the devel -
opment of the nervous system [�_�]], and its measures of sensorimotor plasticity, emotional 
�•�ž�—�Œ�•�’�˜�—�ð�1�Œ�˜�•�—�’�•�’�˜�—�ð�1�Š�—�•�1�œ�˜�Œ�’�Š�•�1�’�—�•�Ž�›�Š�Œ�•�’�˜�—�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�ž�œ�Ž�•�1�•�˜�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�1�•�‘�Ž�1�Š�•�Ÿ�Ž�›�œ�Ž�1�Ž���Ž�Œ�•�œ�1
of drug abuse such as � �_�,���
���1�ý�_�^, �_�_] due to phylogenetic analyzes, which reveal the endo-
cannabinoid system as highly conserved between ���Ž�‹�›�Š���œ�‘ and mammals [�W�V�V].

Tolerance and cross-tolerance tests for cannabinoids are also performed in vivo, although 
�œ�•�ž�•�’�Ž�œ�1 �’�—�•�’�Œ�Š�•�Ž�1 �•�‘�Š�•�1 �—�˜�•�1 �Š�•�•�1 �Ž���Ž�Œ�•�œ�1 �˜�•�1 �Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�1 �Š�›�Ž�1 �•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1 �•�ž�›�’�—�•�1 �•�‘�Ž�œ�Ž�1 �•�Ž�œ�•�œ�ð�1 �•�˜�›�1
�Ž�¡�Š�–�™�•�Ž�ð�1�Š�•�›�Ž�—�˜�Œ�˜�›�•�’�Œ�˜�•�›�˜�™�’�Œ�1�‘�˜�›�–�˜�—�Ž�1�û�������
�ü�1�œ�Ž�Œ�›�Ž�•�’�˜�—�1�’�œ�1�—�˜�•�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�’�—�1�›�˜�•�Ž�—�•�œ�1�•�ž�›�’�—�•�1
these tests, indicating low reliability and the need for greater improvement in vivo methods 
used in this sense [�W�V�W, �W�V�X].

5.2. In silico

���‘�Ž�›�Ž�1�Š�›�Ž�1�œ�Ž�Ÿ�Ž�›�Š�•�1�Œ�˜�–�™�ž�•�Š�•�’�˜�—�Š�•�1�–�Ž�•�‘�˜�•�œ�ò�1�Š�–�˜�—�•�1�•�‘�Ž�–�ð�1�‘�˜�–�˜�•�˜�•�¢�1�–�˜�•�Ž�•�’�—�•�1�’�œ�1�‹�Ž�’�—�•�1�ž�œ�Ž�•�1
in cannabinoid studies [ �W�V�Y], considering that the drugs utilized during the withdrawal syn -
drome of C. sativa act at a symptomatic level. The resolution of the crystalline structure of 
�•�‘�Ž�1�����W�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�›�Ž�Œ�Ž�™�•�˜�›�1�’�œ�1�›�Ž�Œ�Ž�—�•�1�ý�W�_], and this fact favored in silico studies that evolve 
toward the planning of molecules that act as selective agonists of this receptor, mainly stud-
�’�Ž�œ�1 �›�Ž�•�Š�•�Ž�•�1 �•�˜�1 �‹�Ž�4�Ž�›�1 �ž�—�•�Ž�›�œ�•�Š�—�•�’�—�•�1 �˜�•�1 �•�‘�Ž�1 �’�—�•�Ž�›�Š�Œ�•�’�˜�—�1 �Š�—�•�1 �•�‘�Ž�1 �›�Ž�•�Š�•�’�˜�—�1 �œ�•�›�ž�Œ�•�ž�›�Ž�,�Š�Œ�•�’�Ÿ�’�•�¢�1 �˜�•�1

Figure 12.�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1���•�Ž�–�™�‘�˜�•�ï
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synthetic cannabinoids [�W�V�Z]. 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 
�–�Š�›�’�—�Ž�1�•�ž�—�•�’�ð�1�œ�•�Ž�–�™�‘�˜�•�1�ûFigure 12�ü�1�ý�W�V�[], presented positive predictions regarding pharma -
�Œ�˜�”�’�—�Ž�•�’�Œ�1�Š�—�•�1�•�˜�¡�’�Œ�˜�•�˜�•�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�•�˜�›�1�Š�1�‘�ž�–�Š�—�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�•�’�•�Š�—�•�ð�1�’�—�1�Š�•�•�’�•�’�˜�—�1�•�˜�1�‘�Š�Ÿ�’�—�•�1
�Š�1 �›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1 �œ�’�–�™�•�Ž�1 �–�˜�•�Ž�Œ�ž�•�Š�›�1 �œ�•�›�ž�Œ�•�ž�›�Ž�ï�1 ���ž�Ž�1 �•�˜�1 �•�‘�Ž�œ�Ž�1 �Œ�˜�–�™�ž�•�Š�•�’�˜�—�Š�•�1 �›�Ž�œ�ž�•�•�œ�1 �Š�—�•�1 �•�‘�Ž�1 �›�Ž�Œ�Ž�—�•�1
�Œ�›�¢�œ�•�Š�•�•�˜�•�›�Š�™�‘�’�Œ�1�Ž�•�ž�Œ�’�•�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�����W�1�›�Ž�Œ�Ž�™�•�˜�›�1�ý�X�V], experimental studies are 
being conducted for the development of candidate pharmacotherapeutic alternatives for the 
treatment of C. sativa withdrawal syndrome [ �W�V�\].

6. Conclusion

Studies on cannabinoids were stimulated after the characterization and structural elucidation 
of � �_�,���
���1�’�—�1�•�‘�Ž�1�W�_�\�V�œ�ð�1�Š�—�•�1�•�Š�•�Ž�›�1�˜�—�ð�1�•�‘�Ž�1�•�’�œ�Œ�˜�Ÿ�Ž�›�¢�1�˜�•�1�•�‘�Ž�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�œ�¢�œ�•�Ž�–�1�›�Ž�™�›�Ž�œ�Ž�—�•�Ž�•�1
�‹�¢�1�����W�&�����X�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�—�•�1�‹�’�—�•�’�—�•�1�œ�ž�‹�œ�•�Š�—�Œ�Ž�œ�1�•�˜�1�•�‘�Ž�œ�Ž�1�›�Ž�Œ�Ž�™�•�˜�›�œ�ï�1���Š�—�¢�1in vitro, in vivo, 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 � �_�,���
���1
�’�œ�1�Š�1�•�˜� �,�Ž���Œ�Š�Œ�¢�1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�1�Œ�˜�–�™�Š�›�Ž�•�1�•�˜�1�•�‘�Ž�1���—�Ž� �1�Œ�Š�—�—�Š�‹�’�—�˜�’�•�œ�ï��

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 cannabinoid 
system and as noncanabinoid physiological systems. In this way, it is possible to increase the 
�”�—�˜� �•�Ž�•�•�Ž�1�Š�‹�˜�ž�•�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�•�1�Œ�•�Š�œ�œ�Ž�œ�1�˜�•�1�•�‘�Ž�œ�Ž�1�œ�ž�‹�œ�•�Š�—�Œ�Ž�œ�1�Š�—�•�ð�1�•�‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�Š�Ÿ�˜�›�1�•�‘�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1
of new models and improvement of the tests currently used in the studies related to C. sativa.
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