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Abstract 
The legalization of cannabis products for recreational and/or medical use means that our society is now clearly more open to 
its diffusion. Thus, it is particularly important for people to understand what is known about both the adverse health effects 
and the potential therapeutic benefits linked to cannabis. The evaluation of the benefit vs adverse effect of cannabis use is 
generally referred to its recreational use; however, medicinal cannabis is now authorized in several countries, and therefore, 
it has become a public safety issue. In this article, the acute and long-lasting consequences of recreational cannabis use as 
well as the therapeutic vs toxicological effect of medicinal cannabis will be summarized.

Graphic abstract

Keywords  Cannabis · Cannabinoids · Toxicology · Therapy

This peer-review paper belongs to the Topical Collection Cannabis 
and Cannabinoids, edited by Vincenzo di Marzo and Gennaro 
Marino, and originated from the Conference “Cannabis and 
Cannabinoids: History, Uses, and Socio-Economical Implications 
of a Controversial Plant” organized by Vincenzo Di Marzo 
(Coordinator), Gennaro Marino, Jacopo Meldolesi, Daniela 
Parolaro, and held on December 20, 2019, at the Accademia 
Nazionale dei Lincei in Rome.

 *	 Daniela Parolaro 
	 Daniela.parolaro@uninsubria.it; 

dparolaro@fondazionezardigori.com

1	 Dept. of Biotechnology and Life Sciences, University 
of Insubria Italy, Zardi Gori Foundation for Addiction 
Research, Via Curtatone 22, Milan, Italy

http://orcid.org/0000-0002-4341-5420
http://crossmark.crossref.org/dialog/?doi=10.1007/s12210-020-00968-w&domain=pdf


18	 Rendiconti Lincei. Scienze Fisiche e Naturali (2021) 32:17–23

1 3

Take home messages 

The use of cannabis and cannabinoids in adolescence 
represents a risk for the health.

Cannabis dependence is growing. Not yet identified 
pharmacotherap.

The new synthetic cannabinoids are very potent and 
their use can induce extreme effects on the body.

Medicinal Cannabis is controlled in the content of 
THC and CBD, thus allowing a constant dosage for the 
effect’s evaluation. Well tolerated with no new or unex-
pected side effects emerging. Other studies are needed 
to evaluate the long-term consequences of the use.

Cannabis preparations are variables in their content of 
CBD and THC and this is a limitation for the evalua-
tion of their pharmacological effect.

Medicinal cannabis represents an important new line in 
multiple sclerosis, chronic pain, and pediatric epilepsy.

New therapeutic opportunities are now under investiga-
tion in several laboratories yet showing encouraging 
results that need to be confirmed.

CBD could be useful for treating a wide range of other 
illnesses or symptoms, but currently, there is insuffi-
cient evidence to make a proper assessment.

1 � Recreational cannabis

The easy availability of cannabis, coupled with perceptions 
of a low risk of harm, makes cannabis among the most com-
mon substances used by adolescent. Youths aged 12–17 con-
stitute about the two-thirds of the new cannabis users and 
daily marijuana use among 12th graders is more common 
than daily cigarette use. For this reason, it is very impor-
tant to describe a clear picture of the consequences of these 
behaviors on the adolescent brain. I will analyze the short-
term risks associated with cannabis acute intoxication and 
the long-lasting consequences of chronic cannabis use in 
adolescence.

1.1 � Acute intoxication

The consequences of acute intoxication are well known and 
can be summarized in the following signs present either in 
adolescent a well as in adults:

Euphoria (“high”) followed by drowsiness or sedation, 
altered perception of time, distortion in hearing and vision, 

altered reaction time, concept formation, perception, motor 
coordination, and impaired memory.

At higher doses: acute panic reaction, mild paranoia, and 
hallucinations.

Moreover, the recent DMS 5th edition added the presence 
of at least 2 signs between the following: dry mouth, con-
junctive injection, appetite stimulation, and tachycardia. In 
addition, a growing number of cases of marijuana use lead-
ing to cyclic vomiting syndrome, a condition characterized 
by vomiting and severe abdominal pain, have been recently 
reported.

It is generally accepted that these signs last about 2/3 h, 
but once these effects have ceased no persistent alteration 
remains in adolescent brain, although recent evidence shows 
that gray matter volume differences are associated with 
extremely low levels of cannabis use in adolescence (1 or 2 
instances) (Orr et al. 2019).

The intensity of acute intoxication strictly depends on the 
delta-9-tetrahydrocannabinol (THC) concentration.

There has been an upward trend in the mean THC content 
of all confiscated cannabis preparations in USA and in some 
European countries. The breeding of different strains has 
yielded plants and resins with dramatic increases in THC 
content over the past decade, from around 3% to 12–16% or 
even higher (% of THC weight per dry weight of cannabis) 
with differences between countries (Radwan et al. 2008; 
Niesink et al. 2015; Swift et al. 2013; Zamengo et al. 2014; 
Bruci et al. 2012).

 For other papers in this Topical Collections, see Appen-
dino (2020); Maccarrone (2020); McPartland (2020); Pis-
citelli (2021) and Sorrentino (2021).

1.2 � Long‑lasting consequences of chronic use

In humans, the most common negative long-lasting conse-
quences of repeated cannabis use (at least 3 times/week) in 
adolescence are the following:

•	 Lower scores on test of memory attention, planning, and 
decision-making (Broyd et al. 2016) associated with 
altered brain morphology (loss IQ)

•	 Enhanced risk to develop psychosis and depression (Di 
Forti et al. 2019; Memedovich et al. 2018; Forrester and 
Nursat 2020)

•	 Less motivation to seek out other typically rewarding and 
often important experiences, such as social interactions

•	 Potential for Cannabis dependence in 1 in 6 among ado-
lescent users, and 1 in 3 among daily users). To date, no 
pharmacotherapy is available for cannabis dependence.

Several factors can influence the intensity of these long-
lasting negative effects and particularly:
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•	 The ratio THC/cannabidiol (CBD) because CBD attenu-
ates THC negative effect thus reducing its long-lasting 
negative consequences

•	 The age and the frequency of consumption: it has been 
demonstrated that adolescents who have smoked canna-
bis, since the age of 13 have worse effects than those who 
started at age of 16/18

•	 A genetic predisposition and the presence of polymor-
phisms in the gene coding for the CB1 receptor and 
FAAH can play an important role.

The neurobiological basis of these long-lasting effects 
lies in the alteration of the endocannabinoid system (eCS) 
functionality provoked by the chronic exposure to THC in 
adolescence. Indeed, the adolescent brain is still developing 
and, while at birth and infancy, there is a huge formation of 
new synapses, in particular in the cortex, later in adoles-
cence, a pruning process takes place to eliminate unused or 
redundant connections and to improve those synapses that 
are used. Moreover, the brain does not mature in all regions 
at the same time: more rudimentary regions, such as those 
controlling movement and somatosensory functions, mature 
in childhood, whereas regions involved in impulse control, 
strategic planning, or social behavior mature later in ado-
lescence along with the maturation of the prefrontal cortex.

The eCS in the adolescent brain fine-tunes all these pro-
cesses being a key modulator of adolescent developmental 
processes particularly in the cortico-limbic structures and 
the reward system.

Over-activation of the eCS by THC consumption during 
adolescence dramatically interferes with its regulatory role 
and consequently with neural maturational processes occur-
ring during this critical window of brain development, lead-
ing to persistent changes in adult cerebral function. Increas-
ing preclinical evidence lends support to clinical evidence, 
suggesting that chronic adolescent marijuana exposure may 
be associated with a higher risk for neuropsychiatric dis-
eases, including schizophrenia.

Supporting this hypothesis, chronic exposure to THC 
in experimental animals provoked the appearance of psy-
chotic– depressive-like phenotypes at adulthood associated 
with profound alteration in the CB1 receptor binding, anan-
damide, and 2-AG levels in the prefrontal cortex (Rubino 
et al. 2015). Looking at the consequences of these altera-
tions, it should be remembered that the endocannabinoid 
tone is involved in neurotransmission modulation via its 
ability to act as a retrograde signaling system. Therefore, 
dysregulations in this system will have an impact on neuro-
transmission. Extensive remodeling of inhibitory GABAer-
gic circuits as well as maturation of the glutamatergic system 
occur during adolescence, and CB1 receptors are present 
at both GABAergic and glutamatergic terminals. Accord-
ingly, the increase in GAD67 levels, the main brain GABA 

synthesizing enzyme, occurring from adolescence to adult-
hood is disrupted by adolescence exposure to THC leading 
to an adult brain characterized by less GAD67 levels and 
decreased basal GABA (Zamberletti et al. 2014). Again, 
developmental increase in inhibitory postsynaptic currents 
was prevented by adolescent cannabinoid exposure (Cass et 
la 2014) and hyperactive neuronal state in PFC neurons and 
associated disruptions in cortical gamma oscillatory activity 
were observed likely related to the loss of cortical GABAe-
rgic inhibitory mechanisms (Renard et al., Sci Rep 2017). 
Concerning glutamatergic neurotransmission, adolescent 
THC exposure altered maturational fluctuations of AMPA 
A1 and NMDA 2B subunits (Rubino et al. 2015). Finally, 
adolescent THC exposure induced a decrease in spine den-
sity and alters the transcriptional trajectory and dendritic 
architecture of prefrontal pyramidal neurons (Rubino et al. 
2009, Miller et al. 2019).

Since all these alterations were present in the adult brain 
long after the discontinuation of THC exposure, some papers 
tried to clarify the mechanism underlying these permanent 
alterations. Adolescent THC exposure induced epigenetic 
alterations of selective histone modifications (mainly 
H3K9me3), affecting the expression of genes closely associ-
ated with GABAergic and glutamatergic neurotransmission 
as well as synaptic plasticity (Prini et al. 2018). This peculiar 
epigenetic response was specific for the adolescent brain and 
not present in adult brain (Prini et al. 2017). Accordingly, 
Miller et al. (2019) demonstrated that, besides the dysregu-
lation of genes central to cytoskeletal organization and syn-
aptic function, the most developmentally dynamic networks 
affected by THC exposure were the ones related to histone 
and chromatin modifications.

Interestingly, genes dysregulated by adolescent exposure 
to THC are also dysregulated in the prefrontal cortex of 
schizophrenia patients (Miller et al. 2019).

Finally, THC in adolescence might target also glial cells 
that possess cannabinoid receptors. In females rats, adoles-
cent THC treatment induces signs of microglia activation 
and neuroinflammation in the PFC disrupting the bidirec-
tional interactions between microglia and neurons (Zamb-
dereltti et al. 2015). In males, adolescent THC exposure 
induces increased hippocampal astrocyte reactivity and 
inflammatory signaling (Jouroukhin et al. 2019).

In fig 1 represents the alterations induced by THC chronic 
administration in adolescent rat brain.

1.3 � Spice drugs

The so-called spice drugs have recently appeared on the 
market. “SPICE” refers to a wide variety of herbal mixtures 
that produce experiences similar to marijuana, and that are 
marketed as “safe”, legal alternatives to cannabis and sold 
as aromatic or herbal incense.
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They do contain dried plant materials, but also various 
synthetic cannabinoid compounds (with marijuana-like 
effects), that are much more potent than marijuana.

Spice misuse has been associated with anxiety, agitation/
panic attacks, paranoid ideation, suicidal ideation, mood and 
cognitive memory impairment (attention difficulties), and 
neurological and psychotic symptoms. The incidence was 
higher in comparison to those seen with THC use.

Second generation of synthetic cannabinoids has emerged 
both in the US and in Europe and led to epidemics associ-
ated with more severe toxicity including collapses, seizures, 
and cardiac toxicity; cases of acute kidney injury have also 
been described.

Synthetic cannabinoids are not detected by drug screen-
ing tests for THC, and highly specialized mass spectrometer 
techniques and time is required to document the presence of 
these novel compounds in biological samples.

2 � Medical cannabis

Medical cannabis refers to the use of cannabis and can-
nabinoids as medical therapy to treat or alleviate symptoms 
of various diseases. The term indicates a wide variety of 
preparations and products that may contain active ingredi-
ent and uses different routes of administration. Often, the 
term medical is sometimes replaced by medicinal cannabis 
which, however, refers specifically to a pharmaceutical prod-
uct that comes as a pill, oil, nasal spray, or some other form 
of cannabis plant extract. These pharmaceutical products 
are highly regulated to ensure patient safety and consistency 
product formulation.

As reported in Table 1, we can distinguish between 2 
different products.

(a)	 products with regular marketing authorization (medic-
inal cannabis), this means that the product was sub-
mitted to a regulatory authority, and after evaluating 
the application, the regulatory authority granted the 
application. This usually implies that the product went 
through extensive clinical trials and that the drugs were 
tested for safety effectiveness and side effects

(b)	 cannabis preparations, refer to items derived from Can-
nabis sativa plants that do not have marketing authori-
zation for medical use. They include raw cannabis, 
compressed resin, oils extracted from the plant, concen-
trated cannabis extracts, and other preparation such as 
soft gels and tinctures. The raw cannabis can be trans-
formed by a pharmacist into a magistral preparation for 
consumption in accordance with a specific medical pre-
scription, but raw cannabis can also be transformed by 
the manufacturer in larger batches (standardized canna-
bis preparations). Examples are preparation of cannabis 
flowers such as Bedrocan, granulates such as Bediol, 
and the Italian product FM2. Cannabis preparation can 
vary greatly in composition depending for examples on 
the strain of cannabis, the growing conditions, and how 
the preparations are stored. This means that they can be 
difficult to test for efficacy in clinical trials.

The evidence from controlled clinical trials suggests that 
cannabinoids relieve symptoms of some illnesses. Often, 
they are added to other medical treatments rather than used 

Fig. 1   Shematic representation 
of the alterations induced by 
chronic THC in adolescent brain
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on their own. Moreover, they are typically used only after 
the lack of efficacy of the traditional therapies. Often, differ-
ent cannabis products and preparations are used with differ-
ent active ingredients, thus making difficult to interpret the 
results. In the next sections, I will describe the authorized 
use of medicinal cannabis.

2.1 � Nausea and vomiting associated 
with chemotherapy

The synthetic THC analogue (nabilone) is approved in USA 
and Canada as antiemetic in patients undergoing chemother-
apy. There is conclusive evidence that oral cannabinoids are 
effective antiemetics in the treatment of chemotherapy-induced 
nausea and vomiting. Often, they had effectiveness similar to 
those of the antiemetic drugs with which they were compared.

2.2 � Appetite stimulation for AIDS patients

Marinol, synthetic THC, is approved in USA and Canada 
for appetite stimulation for AIDS patients. However, there is 
insufficient evidence to support or refute the conclusion that 
cannabinoids are an effective treatment for cancer-associated 
anorexia–cachexia syndrome and anorexia nervosa.

2.3 � Pain

In contrast to the promising data from all animal studies, 
cannabinoids consistently showed no reliable or potent 
analgesic efficacy in acute pain in humans, and therefore, 
they cannot be recommended for this condition. Conversely, 
there is substantial evidence that cannabis is an effective 
treatment for chronic pain in adults. Neuropathic pain of 
different origin exhibits a good sensitivity to different can-
nabinoids by different routes of administration, nabiximols 
(Sativex, a standardized cannabis extract with approximately 
equal quantities of THC and CBD) being the product most 
often used. In the Whiting et al.’s article (2015) are reported 
several studies that compared the efficacy of cannabinoids 

(herbal, plant base, or synthetic) with placebo for reducing 
chronic neuropathic pain and demonstrated that cannabi-
noids increase the percentage of patients reaching 50% of 
pain reduction compared to placebo from 17 to 21%.

Recently, the Group on Neuropathic Pain (NeuPSIG) of 
the European pain federation revised recommendations for 
the pharmacotherapy of neuropathic pain (Winfried Häuser 
et al. 2018), suggesting that on the basis of the available 
data, cannabis and cannabis-based medicines can be con-
sidered as third-line treatments (first line: tricyclic antide-
pressant, Noradrenaline and Serotonin reuptake inhibitors, 
pregabalin, and gabapentin; second line: lidocaine patches, 
capsaicin high‐concentration patches, and tramadol).

Moreover, several trials are currently in progress for other 
type of pain, but we do not have conclusive reports. In can-
cer pain, Nabiximols oromucosal spray can be considered 
as part of an add‐on individual therapeutic trial without suf-
ficient relief from opioids or other established analgesics.

In chronic non‐neuropathic non-cancer pain, in exceptional 
cases, cannabis‐based medicines can be considered as an indi-
vidual therapeutic trial if all established treatments have failed 
and after careful analyses and multidisciplinary assessment.

Finally, other studies are testing the efficacy in chronic 
abdominal pain, chronic low back pain, and Crohn’s disease, 
but further investigations are needed.

Concerning the safety, nabiximols demonstrated a mild 
side effect profile. The most commonly reported drug-
related adverse effects include dizziness, confusion, dry 
mouth, headache, and fatigue. Most adverse effects are often 
transient and occur during the titration period. Treatment 
with nabiximols for 1 year was not associated with increased 
incidence of adverse effects and the therapeutic benefit was 
maintained without the need for an increased dose.

Contraindication for chronic treatment is a history of 
a hypersensitivity reaction to cannabis‐based medicines; 
pregnancy (contemplating or existing)/lactation; children 
and adolescents; history of mental disorder, especially sub-
stance abuse and dependence, psychosis; seizures and severe 
cardiac disorders.

Table 1   Examples of medicinal products and their active ingredients

(a) Products with marketing authorization (medicinal cannabis)

Cesamet and Canemes Marinol and Syndros Sativex Epidiolex

Containing Nabilone Containing Dronabinol Containing nabiximols Containing cannabidiol
Synthetic cannabinoid similar to THC 

(capsules)
Synthetic THC
(Cules)

Plant-based approximately equal 
CBD/THC

(Oromucosal spray)

Plant-based CBD
(Liquid solution

(b) Cannabis preparations

Raw Cannabis Magistral preparation Standardized cannabis preparations

Variable THC/CBD composition Variable THC/CBD composition Variable THC/CBD composition
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2.4 � Spasticity associated with multiple sclerosis 
or spinal cord injury

Several studies have evaluated the efficacy of cannabinoids 
in treating muscle spasm in patient suffering from multi-
ple sclerosis. The product most often used was Sativex and 
the results suggest that cannabinoids were associated with 
improvement in spasticity. In 2020, the European Journal of 
Neurology (Comi et al. 2020) published the Italian consen-
sus on treatment of spasticity in multiple sclerosis where, 
despite some consistent limitations due to the poor meth-
odological quality of most studies, there was a big consen-
sus and a strong recommendation for the use of intrathecal 
baclofen, oromucosal spray of nabiximols and intramuscular 
injection of botulinum toxin for the treatment of spasticity. 
The panel agreed that evidence exists to recommend can-
nabinoids, and particularly oromucosal spray nabiximols, 
for the treatment of spasticity in MS patients.

Concerning safety and adverse events, THC:CBD was 
well tolerated with no new or unexpected side effects emerg-
ing. The most common adverse events affected the nervous 
system and comprised dizziness in up to 4%, drowsiness in 
1.9%, and fatigue in up to 2.5% of the patients. Nausea was 
observed in about 2% of the patients. Most of the adverse 
events were mild to moderate and occurred during the titra-
tion phase. About 10–20% of the patients stop the treatment 
due to adverse reactions. Collectively, no evidence of abuse, 
tolerance, or dependence was registered. Summarizing, there 
is strong evidence of the efficacy and safety of THC:CBD 
preparations in real-world clinical practice.

2.5 � Pediatric epilepsy

Children with intractable epilepsy showed that oils rich 
in cannabidiol reduced the frequency and severity of the 
seizure. A systematic review of clinical trials concluded 
that adding CBD to the conventional therapy significantly 
reduced seizure frequency in children suffering from Dravet 
syndrome or Lennox–Gastaut syndrome. Epidiolex, purified 
Cannabidiol from cannabis, is now authorized in USA and 
Europe. Italy included Epidiolex as an anticonvulsive treat-
ment for pediatric epilepsy such as Dravet and Lennox–Gas-
taut syndromes. Despite these promising results, it may be 
underlined that further studies are needed for evaluating the 
possible adverse effects following long-term treatment in 
children.

2.6 � Other medical application

There are a lot of studies in the world examining the poten-
tial use of cannabinoids to treat a variety of conditions in 
addition to those described so far. These conditions include 
anxiety disorders, depressive disorders, sleep disorders, 

psychosis, autism spectrum disorders, Crohn’s disease, and 
cancer. To date, for the majority of these conditions, there 
is only limited evidence of efficacy or evidence is limited to 
only small groups of patients.
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