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1  |  INTRODUC TION

Bacterial resistance to antimicrobial therapy is a major concern all 
over the world. Infectious disease is the second leading cause of death 
resulting in 17  million people dying each year from bacterial infec-
tions.1 The number of resistant organisms to one or more classes of 
antibiotics is unprecedented. There are more than 15 classes of antibi-
otics that target different structures of the bacterial cell and none has 
escaped a resistance mechanism.2 The lack of alternatives to mitigate 
the antimicrobial resistance is based on the low number of new anti-
biotics developed and approved over the past decades.3 In this sce-
nario, alternatives strategies must be explored to mitigate resistant 

bacterial strains.4 Historically, plants have been used as sources of 
natural products for human health, and many plant extracts and phy-
tochemicals have shown antimicrobial properties against pathogens, 
including clinical resistant bacterial strains.5,6 In some cases, the anti-
bacterial activity of plant extracts was corroborated in animal models 
of infection.7,8 Besides, synergistic effects could be achieved when 
plant extracts or their bioactive constituentsare combined with anti-
biotics to antagonize bacterial resistance mechanisms.9

Cannabis sativais a herbaceous annual plant that has been used 
for centuries for textile, food, medical, recreational, and religious 
proposes.10

The medicinal use of Cannabis has been well documented in 
many cultures. For example, the first evidence of medical use is 
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attributed to the Chinese Emperor Shen Nung (2700 BCE) and the 
indications for Cannabis use included rheumatic pain, intestinal con-
stipation, menstrual irregularities, and malaria among others.11 In 
an Assyrian culture (1800 BCE) Cannabis was first used medicinally 
for grief, epilepsy, neuralgia, and pediculosis,12 and in Ancient Egypt 
(1700 BCE) was used as a treatment for the eyes (possibly as an an-
tiinflammatory agent).13 In India, the earliest mention of Cannabis 
is in the Atharvaveda (1500 BCE) as a part of the mixture to release 
from anxiety.14

Regarding the potential antimicrobial effects of Cannabis ex-
tracts, reports have been found from Egyptian papyruses, African 
natives, and European and South America folk medicine pointing the 
use as antiseptic to treat wounds and furuncles and to treat condi-
tions such as erysipelas, anthrax, sepsis, dysentery, and malaria.15

In the 19th century, the western medicine adopted the use of 
Cannabis with the works of Willian B. O’Shaughnessy and Jacques-
Joseph Moreau, describing the utility of Cannabis for rheumatism, 
convulsions, and muscular spasms of tetanus and rabies, and to treat 
mental illness respectively.11 In 1851, Cannabis extract was listed in 
the United States Pharmacopeia and several medical articles were 
published in the United States and Europe.16 However, despite the 
medical benefits of cannabis, its psychoactive effects and its use as 
a recreational intoxicant, made Cannabis a banned substance for 
therapeutic use from the British Pharmacopeia in 193210 and the US 
Pharmacopeia in 1941.16

Since the structural elucidation and synthesis of Δ9-
tetrahydrocannabinol (Δ9-THC) and cannabidiol (CBD) in the 1960s, 
the discovery of the endocannabinoid system (cannabinoids recep-
tors, endogenous ligands, and enzymatic machinery) in the 1990s 
and the recognition of the role of the endocannabinoid system in 
health and disease, the scientific interest for Cannabis has increased 
significantly.11,17 However, the utilization of Cannabis sativa and its 
active compounds against pathogenic bacteria had not taken the at-
tention of the scientific community as compared to other medical 

applications such as antipsychotic, antiepileptic, anxiolytic, neuro-
protective, anti-inflammatory, analgesic, antiemetic, antidiabetic, 
and anticancer.18 Nevertheless, recently some new developments 
related to the antimicrobial effects of cannabinoids have been pub-
lished, repositioning Cannabis extracts and related compounds as 
potential antimicrobial agents.

This article aims to review the effect of Cannabis extracts and its 
outstanding active compounds (mainly cannabinoids and terpenes) 
against clinically important bacteria.

2  |  C ANNABIS CHEMIC AL COMPOSITION

C. sativa is a dioecious flowering plant with a complex chemical com-
position.19 To the date, it has been reported a total number of 565 
natural constituents, 120 of which correspond to the cannabinoid 
class.20 The rest of Cannabis phytochemicals include primary me-
tabolites such as amino acids, fatty acids, and steroids or secondary 
metabolites as terpenoids, flavonoids, stilbenoids, lignans, and alka-
loids among others.21

The term cannabinoid includes the compounds isolated from 
Cannabis plants (also named phytocannabinoids), the pharmacologi-
cally analogous synthetic cannabinoids, and the endogenous canna-
binoids receptor ligands named endocannabinoids (Figure 1).22

Cannabinoids are a C21 terpene phenolic group of compounds, 
including their analogs and transformation products, predominantly 
produced by C. sativa.23 Cannabinoids have been detected in differ-
ent parts of the plant, however, they largely accumulate in the se-
cretory cavity of the glandular trichomes of the female flowers.24 In 
fresh Cannabis plants, cannabinoids are biosynthesized in their acid 
forms (carboxylated form) while during storage and smoking they 
are non enzymatically decarboxylated into their neutral forms.25

Cannabinoids can be divided into 11 major struc-
tural types (Figure  2): Δ9-tetrahydrocannabinol (Δ9-THC), 

F I G U R E  1 Schematical structure of 
the three different types of cannabinoids: 
endocannabinoids, phytocannabinoids, 
and synthetic cannabinoids. Adapted from 
[19]
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Δ8-tetrahydrocannabinol (Δ8-THC), cannabigerol (CBG), cannabi-
chromene (CBC), cannabidiol (CBD), cannabinodiol (CBND), canna-
bielsoin (CBE), cannabicyclol (CBL), cannabinol (CBN), cannabitriol 
(CBT) and miscellaneous types.20

Δ9-THC, cannabinol (CBN), CBD, and cannabichromene (CBC) 
are the most abundant phytocannabinoids in Cannabis.26 The acid 
form of cannabigerol (CBG), the cannabigerolic acid (CBGA), is the 
common precursor of tetrahydrocannabinolic acid (THCA), canna-
bidiolic acid (CBDA), and cannabichromenic acid (CBCA).27 CBG 
appears as a relatively low concentration intermediate in the canna-
bis plant and among its suggested properties are anti-proliferative, 
muscle relaxant, antidepressant, and analgesic effects.28 Δ9-THC 
is the main psychoactive constituent of Cannabis sativa and it was 
first identified, isolated, and synthesized by Gaoni and Mechoulam 
in 1964.29 According to the phytocannabinoids profile, Cannabis sa-
tiva is divided into different chemical phenotypes where Δ9-THC 
is the predominant cannabinoid in the drug-type plants.30 Δ9-THC 

interacts with endogenous cannabinoid receptors types 1 and 2 
(CB1 and CB2) and produces psychoactivity, analgesic, muscle re-
laxant, and antispasmodic effects.31 CBN is the product of Δ9-THC 
oxidation, therefore is a minor component of fresh Cannabis and ex-
erts a weak CB1 and CB2 partial agonist.18 CBC concentrations have 
been found higher in vegetative stage of cannabis and its appear-
ance is related to the presence of Δ9-THC.32 CBC showed an antiin-
flamatory and antinociceptive activity and exerts a CB2 agonism33 
Meanwhile, CBD is the major non-psychotropic constituent of the 
fiber-type varieties of Cannabis sativa.34 CBD has shown a variety 
of pharmacological effects and potential therapeutic applications 
that have taken the attention of many researchers in different areas. 
Within CBD applications are included inflammatory and neurode-
generative diseases, epilepsy, pain, anxiety, multiple sclerosis, and 
cancer among others35.

There are over 200 terpenes and terpenoids in Cannabis.36 
Terpenes are relatively volatile compounds with an isoprene struc-
ture while terpenoids are organic chemicals similar to terpenes but 
contain oxygen as an additional element in their composition.37 
Terpenes are divided into five classes namely monoterpenes (C10H16), 
sesquiterpenes (C15H24), diterpenes, triterpenes, and miscellaneous 
compounds of terpenoid origins.38 Terpenes are the primary active 
components of essential oils (EOs) and exert their pharmacological 
activity through the interaction with different cell structures (i.e., 
cell membranes, ion channels, neurotransmitter receptors, sec-
ond messenger systems, and enzymes).28 Myrcene, alpha-pinene, 
beta-pinene, limonene, beta-caryophyllene, alpha-terpinolene, and 
alpha-humulene are among the main components in Cannabis EOs 
(Figure 3).39,40

Monoterpenes, sesquiterpenes, and cannabinoids share a com-
mon precursor and most of them also concentrate in the glandular 
trichomes of Cannabis but generally, the content of terpenes pres-
ent is smaller than cannabinoids one.41 This content varies between 

F I G U R E  2 Major structural types 
of cannabinoids from C. sativa. Δ9-
tetrahydrocannabinol (Δ9-THC), 
Δ8-tetrahydrocannabinol (Δ8-THC), 
cannabigerol (CBG), cannabichromene 
(CBC), cannabidiol (CBD), cannabinodiol 
(CBND), cannabielsoin (CBE), 
cannabicyclol (CBL), cannabinol (CBN), 
cannabitriol (CBT). Adapted from [19,23]

F I G U R E  3 Chemical structure of some terpenes found in 
Cannabis sativa. Adapted from [28]
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different cannabis chemical phenotypes, but it can represent be-
tween 12.6% and 31.5% and 0.6%–3.3% of cannabis flower dry 
weight for cannabinoids and terpenes respectively.42

Other chemical constituents identified in Cannabis include 50 
hydrocarbons, 34 sugars, and related compounds, 27 nitrogenous 
compounds, 25 non-cannabinoids phenols, 23 flavonoids, 18 amino 
acids, 13 simple ketones, 12 simple aldehydes, 12 simple esters, 11 
steroids, 7 simple alcohols, 6 enzymes, 3 proteins, 2 pigments, 1 vi-
tamin and 9 other elements.23

As mentioned above, the complex mixture of chemical com-
pounds within C. sativa makes it difficult to recognize which is the 
main component behind the antimicrobial effects. Thus, we will 
briefly describe the antimicrobial reports of different Cannabis 
extracts and, when is possible, we will focus on the activity of 
single components related to Cannabis such as cannabinoids and 
terpenoids.

3  |  IN VITRO ANTIMICROBIAL EFFEC T OF 
C .  Sativa  DERIVATES

Whole Cannabis plant and leaves extracts, EOs, seed oils as well as 
isolated components such as cannabinoids have shown antimicro-
bial effects against pathogenic bacteria and fungus.43 Alkaloids, 
flavonoids, peptides, tannins, and phenols are also known for their 
antimicrobial properties37 and many of them are found in C. sa-
tiva.23 Thus, many compounds present in Cannabis extracts could 
contribute to antimicrobial activity in addition to or synergistic 
manner.

The antimicrobial in vitro activity of different C. sativa deriva-
tives and its related compounds are commented below and are sum-
marized in Table 1.

3.1  |  Cannabis crude extracts

Early reports on the antimicrobial activity of Cannabis come from 
Kabelík et al. in 1960. In this work, extracts from different parts of C. 
sativa var. indica were tested for antibacterial activity against Gram-
positive and Gram-negative microorganisms. These extracts showed 
a bactericidal effect upon Gram-positive bacteria and Mycobacterium 
tuberculosis but showed no effect on Gram-negative bacteria as well 
as fungi and yeast assayed.15

Crude aqueous, ethanolic, and petroleum ether extracts of the 
leaves of C. sativa along with isolated acidic fractions were studied 
for antimicrobial activity. Ethanolic and petroleum ether extracts, as 
well as the isolated acidic fraction, showed marked activity against 
Gram-positive and Gram-negative bacteria, and fungi (Candida albi-
cans and Aspergillus niger), while the aqueous extract did not show 
any activity.44

Leaves and stems extracts of C. sativa showed a wide inhibition 
zone diameter against Staphylococcus aureus assessed by a disc dif-
fusion method.45

Seed oil and organic solvent extract of the whole C. sativa 
plants were tested against Bacillus subtilis, S. aureus, Escherichia 
coli, Pseudomonas aeruginosa, A. niger, and C. albicans. Generally, as 
seen in previous reports a pronounced activity was found against 
Gram-positive bacteria and moderate to none activity against Gram-
negative and fungi.46

Antibacterial and antifungal activity of different extracts (aque-
ous and acetone extracts) of C. sativa leaves was tested by Lone and 
Lone (2012). In this work, both extracts showed inhibition zones 
against P. aeruginosa, Vibro cholerae, Cryptococcus neoformans, and C. 
albicans at 5 µg/ml and 10 µg/ml concentration.47

Extracts of leaves of C. sativa and two other plants were ob-
tained with four different solvents and tested for antimicrobial 
activity against six microbial cultures (two Gram-positive, two 
Gram-negative, and two yeast). C. sativa showed the best antibac-
terial activity and the methanolic extract of Cannabis was the most 
active with marked antibacterial activity against B. subtilis and S. 
aureus.48

The antimicrobial activity of Cannabis (indica) leaves, stems, 
and seeds extracts was evaluated by Isahq et al. (2015). Six 
multidrug-resistant bacterial strains (S. aureus, Bacillus cereus, E. 
coli, Klebsiella pneumoniae, P. aeruginosa, and Proteus mirabilis) and 
five fungal strains (Aspergillus and Candida genera) were used for 
susceptibility test. All extracts revealed a range of antimicrobial 
activity.49

The antibacterial activity of dried leaves extracts of C. sativa and 
other Indian medicinal plants were determined using a disc diffusion 
method by Chakraborty et al. (2018). Clinical and non-clinical iso-
lates of Methicillin-Resistant S. aureus (MRSA) were tested and the 
growth of all of them resulted inhibited by crude ethanol extracts of 
the assayed plants. Moreover, a synergism between Cannabis and 
the other extracts was found.50

The effect of C. sativa seed extracts on pathogenic (Gram-
positive and Gram-negative strains) and beneficial probiotic bac-
teria (Lactobacillus and Bifidobacterium) was evaluated. Hemp seed 
extract showed an inhibitory effect on pathogens while not marked 
antimicrobial activity against the tested probiotic strains was seen. 
Besides, Cannabis extracts also reduced cell viability and biofilm for-
mation of S. aureus.51

3.2  |  Cannabis EOs and terpenes

EOs are aromatic oily liquids obtained from plant material, chemi-
cally constituted mainly by a mixture of terpenoids compounds, 
which are responsible for the biological activity of EOs and particu-
larly for the antimicrobial activity.52 Additionally, low concentra-
tion of some cannabinoids such as CBD, CBC, and cannabidivarin 
(CBDV) can also be present in Cannabis EOs exerting synergistic 
interactions.53

Antimicrobial activity of terpenes compounds such as beta-
caryophyllene,54–58 caryophyllene oxide,59–61, myrcene,62 lim-
onene,63,64 alpha-pinene and beta-pinene,65 has already been 
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reported. Regarding Cannabis, a moderate antimicrobial activity of 
different EOs from C. sativa was reported against potential patho-
gen microorganisms such as Acinetobacter calcoaceticus, B. subtilis, E. 
coli, Yersinia enterocolitica, Micrococcus luteus, and S. aureus.39

The antimicrobial activity and terpene characterization of 
EOs extracted from the inflorescence of three different varieties 
of C. sativa were also assessed by Nissen et al., 2010. Besides, 
single terpenes standard antimicrobial activity was determined. 
All the EOs exhibited good antimicrobial effect, especially against 
Gram-positive pathogens from Enterococcus and Streptococcus 
genera. One of the EOs (named Futura) gave satisfactory results 
against Clostridia, Gram-negative pathogens, and some yeasts. 
Among terpenes standards, alpha-pinene was the most effective 
against Gram-positive and Gram-negative bacteria.40

A similar variety of C. sativa L. EO (Futura 75) showed anti-
bacterial activity against clinically relevant (multidrug-sensible 
and multidrug-resistant) S. aureus and Helicobacter pylori strains. 
Besides, the EO demonstrated the capacity to eradicate biofilms 
developed by S. aureus.66 Finally, C. sativa var. Futura 75 also 
showed moderated bactericidal activity against Listeria monocyto-
genes. It also affected L. monocytogenes virulence traits, reducing 
the motility, the invasion ability, and the biofilm formation capac-
ity of the bacteria.67

Recently, Iseppi et al. (2019) reported the chemical character-
ization of 17 EOs from Cannabis and its antibacterial activity. No 
antimicrobial activity was found against Gram-negative bacteria, 
however, good antibiotic activity was observed against Gram-
positive microorganism. Some samples showed MIC values against 
Enterococcus, Listeria, Bacillus, and Staphylococcus similar toor lower 
than conventional antibiotics (ampicillin and ciprofloxacin). Among 
pure compounds, CBD, alpha-pinene, beta-pinene, and beta-
myrcene exhibited good antibiotic activity, especially toward Listeria 
and Enterococcus strains.53

3.3  |  Cannabinoids

The first report addressed to quantified the antimicrobial activity of 
the purified cannabinoids of C. sativa (Δ9-THC and CBD) was carried 
out by VanKlingeren & Ten Ham (1976). They established a bacterio-
static and bactericidal activity in the range of 1–5 µg/ml for S. aureus 
and Streptococcus spp. but found no activity against Gram-negative 
bacteria. They also reported a decreased antibiotic activity in pres-
ence of horse serum.68

Later on, Turner & ElSohly (1981) studied the biological activity 
of CBC, and related compounds, and found out anti-inflammatory 
and antimicrobial effects of these compounds. They reported a 
strong antibacterial activity and a mild to the moderate antifungal 
activity of CBC and its isomers and homologs that, in some cases, 
showed larger inhibition zones than the positive control standards.26 
Besides, these researchers tested the antimicrobial activity of dif-
ferent cannabinoids against Gram-positive bacteria, Gram-negative 
bacteria, and fungi. Of those compounds, CBC and CBG, and their 

isomers and homologs were the most active compounds against 
bacteria and fungi assayed.69

More recently, nine new cannabinoids were isolated and three 
of them namely 4-acetoxy-2-geranyl-5-hydroxy-3-n-pentylphenol, 
8-hydroxycannabinol and 5-acetyl-4-hydroxycannabigerol showed 
antibacterial (S. aureus and MRSA), antifungal (C. albicans), and antil-
eishmanial (Leishmania donovani) activity respectively.70

Pure cannabinoids (CBD, CBC. CBN, CBG, CBGA) have also 
proven to be more effective in reducing the colony count of dental 
plaque-associated bacterial strains as compared to commercial oral 
care products.71

Concerning resistant bacteria, Appendino and co-workers 
tested the five major cannabinoids (CBD, CBC, CBG, Δ9-THC, 
and CBN) and related compounds against a variety of multidrug-
resistant S. aureus strains. All cannabinoids showed potent antibac-
terial activity, with MIC values in the 0.5–2  μg/ml range. Also, a 
relation between the chemical structure of cannabinoids and the 
antibiotic activity was found, suggesting a specific interaction to a 
bacterial target.72 Following these results, Farha et al., 2020 proved 
that cannabinoids (CBC, CBD, CBG, CBN, Δ9-THC, and precursors) 
have potent antibacterial activity against MRSA, inhibited MRSA 
biofilm formation, eradicated pre-formed biofilms and stationary 
phase cells persistent to antibiotics.73 Moreover, the endocanna-
binoid anandamide (AEA) and the endocannabinoid-like, arachido-
noyl serine (AraS) also were able to inhibit biofilm formation, the 
reduced metabolic activity of pre-formed biofilms, and altered 
biofilm-associated virulence factors such as hydrophobicity, cell 
aggregation, and spreading ability in MRSA.74 Finally, recent re-
ports demonstrated the antibacterial activity of CBD, CBDA75, and 
CBCA76 against Gram-positive bacteria, including MRSA.

Cannabinoids showed to improve the antimicrobial activity of 
conventional antibiotics against resistant bacteria and vice versa, 
some antibiotics have enhanced and extended the antimicrobial 
activity of cannabinoids.73,77,78 CBD significantly enhanced the 
antibacterial effect of erythromycin and rifampicin against E. coli 
VCS257and increased the antibacterial effect of kanamycin against 
S. aureus subsp. aureus Rosenbach.77 CBD also potentiates the ef-
fect of bacitracin against MRSA, Enterococcus faecalis, L. monocyto-
genes, and Methicillin-Resistant Staphylococcus epidermidis (MRSE) 
and the combination reduced de MIC value of bacitracin by at least 
64-fold. In time-kill assays, CBD and bacitracin showed synergistic 
and bactericidal effects.78 The presence of a sublethal concentration 
of polymyxin B increased the activity of the five major cannabinoids 
against E. coli. Also, a synergy antimicrobial activity was determined 
between the combination of CBG and polymyxin B against multidrug-
resistant clinical isolates of Gram-negative pathogens such as 
Acinetobacter baumannii, E. coli, K. pneumoniae, and P. aeruginosa.73 
Interactions between natural antimicrobial agents (i.e. poly-L-lysine) 
and endocannabinoids and endocannabinoids-like compounds were 
also reported. AEA and oleoyl ethanol amide (OEA) showed syner-
gistic antimicrobial effect with poly-L-lysine against Streptococcus 
mutans in terms of bacterial growth. The combination of AEA and 
poly-L-lysine also showed an antibiofilm effect.79 However, positive 
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interactions between pure cannabinods and conventional antibiot-
ics are not always found. Recently, CBD showed indifference effect 
with the combination with different kind of antibiotics in synergy 
test against MRSA.75

4  |  POTENTIAL ANTIMICROBIAL MODE 
OF AC TION OF COMPOUNDS FROM 
C ANNABIS

Although the antibacterial mechanism of action of cannabinoids has 
remained elusive, recently some advances have been made.

One of the proposed modes of action of molecules found in 
Cannabis is related to the alteration of membrane permeability. The 
terpene Limonene destroyed the cell integrity and wall structure of 
L. monocytogenes leading to leakage of intracellular components.64 
β-caryophyllene showed similar alterations in the B. cereus mem-
brane.58 CBG also has demonstrated to target the cytoplasmic mem-
brane of Gram-positive bacteria. Besides, the permeabilization of 
the outer membrane of Gram-negative bacteria decreased the MIC 
of CBG for these bacteria (from >128 to 1 μg/ml) and allowed CBG 
to act in the inner membrane similarly as in Gram-positive bacteria.73 
Microscopic evaluation of the effect of CBCA against B. subtilis also 
showed an alteration of the bacterial membrane and nucleoid, that 
lead to cell lysis.76 CBD showed a membrane-related activity causing 
a depolarization of the cytoplasmatic membrane and a disruption of 
the membrane potential in S. aureus. Furthermore, the combination 
CBD with bacitracin caused defects in cell division and cell envelope 
irregularities apparently due to a down-regulation of a very import-
ant cell division gene called ezrA.78

Another putative mode of action of cannabinoids is the alteration 
of cell communication via inhibition of membrane vesicles released 
by bacteria. CBD proved to be a strong inhibitor of membrane vesi-
cle release from E. coli VCS257, although this action was insignificant 
in S. aureus subsp. aureus Rosenbach.77 In this address, the synthetic 
cannabinoid HU-210 also showed an effect on the bacterial commu-
nication system via inhibiting the quorum sensing (QS) system and 
QS-mediated properties such as bioluminescence, biofilm formation, 
and swimming motility of Vibrio harveyi.80

5  |  C ANNABIS DERIVATES IN VIVO: 
INTER AC TION WITH THE IMMUNE SYSTEM 
AND TOXICIT Y

Some concerns arise when thinking of Cannabis compounds as an-
timicrobials agents and they are related to in vivo efficacy, interac-
tions with the immune system, pharmacokinetics, adverse effects, 
and toxicity.

To achieve a positive therapeutic outcome, drugs must reach an 
optimal concentration above the active threshold (the MIC for an-
timicrobial compounds) but below toxic levels. Furthermore, thera-
peutic success in antimicrobial therapies does not only depends on 

the MIC value, since the immunomodulation activity of the mole-
cules also plays an important role.81

5.1  |  Cannabinoids and immune system

The relation between the endocannabinoid system and the immune 
system and the impact of exogenous cannabinoids ligands on im-
mune function especially during infections is not completely under-
stood.82 Many of the components of the endocannabinoid system 
have been involved in the immune system modulation through the 
regulation of the migration of hematopoietic stem and progenitor 
cells, the regulation of innate immune cell trafficking and functions, 
and the regulation of adaptive immunity (modulating T-cells and B-
cells function).83 However, there have been discrepancies between 
studies that demonstrate inhibitory effects on the immune system 
and others reporting a stimulatory action on immune cells, probably 
due to the complexity in the endocannabinoid network, the heter-
ogeneity in types of cannabinoids and their effects, methods, and 
protocols utilized and to a biphasic response associated to the con-
centration of cannabinoids (stimulatory at nanomolar concentration 
and inhibitory at micromolar).82

The challenge with lipopolysaccharide (LPS) in animal models can 
induce rapid organic responses characterized by an overwhelming 
innate immune reaction that resembles some initial characteristic 
of sepsis.84 The deletion of the CB1 receptor in mice as well as the 
administration of a CB1 receptor antagonist has shown to prevent 
fever in a murine LPS model by inhibition of Toll-like receptor 4 
(TLR4)-mediated cytokine production. Mice deficient for CB1 recep-
tor had lower plasma interleukin 6 (IL-6) and tumor necrosis factor α 
(TNF-α) levels and did not exhibit hyperalgesia in response to LPS.85 
On the contrary, CB2 receptor activation is implicated in protective 
anti-inflammatory responses in mice acute sepsis models, as the ad-
ministration of a CB2 synthetic agonist probed to increase the sur-
vival rate and decreased the pro-inflammatory cytokines release in 
splenocytes and macrophages in LPS treated animals, and the oppo-
site effect was observed in know-out CB2 mice.86

In models of acute lung injury induced by LPS, Riveiro et al. re-
ported that CBD has anti-inflammatory effects and improved lung 
function,87,88 while Karmaus et al., (2013) demonstrated that oral 
administration of CBD enhanced LPS-induced pulmonary inflamma-
tion in mice.89

Ambiguous results were also noticed between the antimi-
crobial in vitro results (mentioned before) and the in vivo mod-
els of infection tests, which in some cases have shown negative 
effects.90 The combination of Δ9-THC with purified LPS, heat-
killed E. coli, live E. coli or lipid A-protein complexes enhanced 
mortality in mice.91 The administration of Δ9-THC, Δ8-THC, CBD, 
and Cannabis extract also decreased the resistance of mice to L. 
monocytogenes infection in a dose-dependent manner.92 In agree-
ment with these results, several works have shown that Δ9-THC 
modulates the immune system and leads to a suppression of cel-
lular function and cytokine production (specially interferon-γ 
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and interleukine 12) and increased mortality of mice to Legionella 
pneumophila infections.93–95 However, the effect of cannabinoids 
on the levels of the proinflammatory cytokine has proven to have a 
beneficial effect on animal models of infection. In an animal model 
of meningitis, the administration of CBD (10 mg/kg) for nine days 
after the challenge with Streptococcus pneumoniae prevented the 
memory impairment in rats.96 Besides, similar protective effects 
were seen in a sepsis animal model by cecal ligation and puncture, 
where CBD treatment improved impaired cognitive functions and 
decreased mortality of rats.97 In a murine systemic model of infec-
tion of MRSA, Farha et al. reported that CBG showed a significant 
reduction in bacterial burden in the spleen at a dose of 100 mg/kg, 
comparable to vancomycin at similar doses.73

5.2  |  Cannabinoids toxicity

Toxicity is probably the first limitation on cannabinoids uses. In 
animal models, high doses of THC produced hypothermia, hypo 
locomotion, catalepsy, and antinociception.98 In rats, the me-
dian lethal dose (LD50) of Δ9-THC administered orally was es-
timated between 800 and 1900  mg/kg, however in dogs and 
monkeys doses up to 3000 and 9000  mg/kg respectively were 
nonlethal.99 CBD, CBG, CBC, Δ9-Tetrahydrocannabivarin (Δ9-
THCV), CBDV and the acids forms of cannabinoids have shown 
weak or non-psychoactivity thus they are more well-tolerated.18 
Pharmacokinetic studies in mice and rats were performed with 
single doses of cannabinoids, given intraperitoneally and orally 
at doses of 120 mg/kg (CBD and CBG), 60 mg/kg (CBDV), and 
30 mg/kg (Δ9-THCV) with no signs of acute toxicity.100 In dogs, 
escalated doses of CBD up to 62 mg/kg proved to be safe with 
only some mild adverse events (mainly gastrointestinal) compara-
ble to the placebo group.101 In humans, chronic use of CBD with 
doses up to 1500 mg/day were reported to be well tolerated.102 
A report from the WHO Expert Committee on Drug Dependence 
concluded that “CBD" is generally well tolerated and to have 
a good safety profile”, and that “CBD should not be scheduled 
within the International Drug Control Conventions”.103

6  |  CONCLUSION

The bacterial resistance to conventional chemical antibiotics has led 
to the search for new alternative antimicrobial agents and strate-
gies. Many plant extracts and their purified compounds have shown 
antimicrobial activity to a wide variety of pathogens.

Cannabinoids and related compounds from C. sativa exhibit nu-
merous attractive pharmacological properties. Many of them have 
been extensively explored while others, such as the potential of 
Cannabis extracts and compounds as antibacterial agents, are still 
in a very early stage.

In vitro studies have shown that Cannabis extracts and EOs 
exert antimicrobial properties. There have been variable results 

in the spectrum of activity of Cannabis products probably due to 
variability in the extracts assayed and in the microbiological test 
utilized. It should having into account that most of the reports men-
tioned in this review, specially those using cannabis extracts, are a 
mixture of compounds not fully analytical assessed. In addition, on 
a microbiological point of view some conclusion were made based 
on diffusion technique methods that needs to be further comple-
mented by dilution techniques. In general, Cannabis extracts and 
purified cannabinoids have proven to be more active against Gram-
positive bacteria, including multidrug-resistant microorganisms. 
Cannabinoids have also exhibited antimicrobial effects against yeast 
and some Gram-negative bacteria. Further, cannabinoids have also 
shown synergistic interaction enhancing the antibacterial effect of 
conventional antibiotics in vitro. This finding makes cannabinoids 
good candidates for the development of antimicrobial combined 
therapies to improve the outcome of the treatment of resistant 
bacteria.

The role of the endocannabinoid system in infectious diseases 
and the effects of the administration of cannabinoids compounds 
in pre-clinic models of infections still needs to be elucidated. 
Considering the results previously mentioned, it seems that canna-
binoids (specially Δ9-THC) could compromise the immune system 
and make it ineffective against intracellular microorganisms but can-
nabinoids could be useful to protect from the attack of extracellular 
bacteria and the damage of excessive immune response in bacterial 
infections.

Although some advances have been made and several bacterial 
targets have been postulated, cannabinoids and terpenes specific 
antimicrobial mode of action still needs a better understanding.

Finally, the concerns on toxicity and adverse effects of the use of 
Cannabis extracts (in particular those which are highly concentrated 
in Δ9-THC) could be left behind by using non-psychotropic cannabi-
noids, that has proven a safety profile in animal models and potent in 
vitro antibacterial activity.

All the data presented in this work suggests that cannabinoids 
and other Cannabis components demonstrated some outstanding 
in vitro antibacterial features that should be further tested in vivo 
against clinically important bacteria in the search of new tools as 
potential antimicrobial agents.

NOMENCL ATURE OF TARGETS AND 
LIGANDS
Key protein targets and ligands in this article are hyperlinked 
to corresponding entries in http://www.guide​topha​rmaco​logy.
org, the common portal for data from the IUPHAR/BPS Guide to 
PHARMACOLOGY,104 and are permanently archived in the Concise 
Guide to PHARMACOLOGY 2019/20.105
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