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Abstract

Introduction: Some cannabinoids have been identified as anti-inflammatory agents; however, their potential
therapeutic or prophylactic applications remain controversial. The aim of this systematic review was to provide
a timely and comprehensive insight into cannabinoid-mediated pro- and anti-inflammatory cytokine responses
in preclinical in vivo studies.

Methods and Materials: A systematic search was conducted using PubMed, Web of Science, EMBASE, and
Scopus. Eligible studies where cannabinoids had been evaluated for their effect on inflammation in animal mod-
els were included in the analysis. Data were extracted from 26 of 4247 eligible full text articles, and risk of bias
was assessed using the SYstematic Review Center for Laboratory animal Experimentation (SYRCLE) tool. Studies
examined cannabidiol (CBD; n=20); cannabigerol (CBG; n=1); delta 9-tetrahydrocannabinol (THC, n=2); THC
and CBD separately (n=1); and THC and CBD in combination (n=2).

Results: Tumor necrosis factor alpha, interleukin (IL)-1p, IL-6, and interferon gamma were the most commonly
studied pro-inflammatory cytokines and their levels were consistently reduced after treatment with CBD, CBG, or
CBD+THC, but not with THC alone. The association between cannabinoid-induced anti-inflammatory response
and disease severity was examined. In 22 studies where CBD, CBG, or CBD in combination with THC were admin-
istered, a reduction in the levels of at least one inflammatory cytokine was observed, and in 24 studies, some
improvements in disease or disability were apparent. THC alone did not reduce pro-inflammatory cytokine levels
(n=3), but resulted in improvements in neuropathic pain in one study.

Conclusions: This review shows that CBD, CBG, and CBD+THC combination exert a predominantly anti-
inflammatory effect in vivo, whereas THC alone does not reduce pro-inflammatory or increase anti-inflammatory
cytokines. It is anticipated that this information could be used to inform human clinical trials of cannabinoids,
focusing on CBD and CBG to reduce inflammation across a range of pathophysiological processes.
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Introduction

Cannabis sativa is a complex botanical containing
~500 phytochemicals of which 60 or more belong to
the phytocannabinoid class. These phytochemical
compounds have been used for >6000 years to treat
diseases." Cannabinoid compounds act on the endo-
cannabinoid system (ECS) that consists of cannabinoid
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type 1 (CB1) and type 2 (CB2) receptors, their endog-
enous ligands (endocannabinoids), and the enzymes
responsible for their synthesis and degradation.? Pri-
marily, CB2 receptors, and to a lesser extent CB1 recep-
tors, are involved in regulating the immune response,
diminishing inflammatory responses by inhibiting the
release of pro-inflammatory mediators and through
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immune cell modulation.” Cannabinoids also modu-
late several noncannabinoid receptors and ion chan-
nels and act through various receptor-independent
pathways—for example, by delaying the reuptake of
endocannabinoids and neurotransmitters (such as
anandamide and adenosine) and by enhancing or
inhibiting the binding action of certain G-protein-
coupled receptors.>”> Reported therapeutic benefits
of exogenous cannabinoids (plant derived and synthet-
ic) on the ECS include analgesic, anti-inflammatory,
anti-emetic, and anticonvulsive effects as well as im-
proved muscle tone, mood state, cognition, and appe-
tite.>® The ECS is therefore an emerging target to
treat a wide range of pathological conditions, particu-
larly those related to inflammation.’

Inflammation is a complex sequence of events that
occurs in response to harmful stimuli, and is a vital
part of the immune response to damage caused by
trauma, infection, or environmental factors. Whereas
the inflammatory response is essential and beneficial
to a host in the short term, excessive or persistent in-
flammation can cause pain, tissue damage, and is asso-
ciated with many chronic conditions such as diabetes,
dementia, multiple sclerosis (MS), and rheumatoid
arthritis.'® Cytokines are potent soluble immune medi-
ators that are modulated in various disease states.''
Pro-inflammatory responses are characterized by in-
creased levels of cytokines such as tumor necrosis fac-
tor alpha (TNF-x), interleukin (IL)-6, IL-1f, and
interferon gamma (IFN-)), and these drive the progres-
sion of chronic disease.'” Conversely, anti-inflammatory
cytokines such as IL-10 mediate the opposing effect.'?
Chronic inflammatory conditions can be prevented
and better managed by regulating or inhibiting excessive
or persistent inflammation through anti-inflammatory
compounds that act on the ECS, such as exogenous
cannabinoids."

In recent times, regulations that previously re-
stricted scientific study of cannabis and its constitu-
ents have become more relaxed internationally. As a
result, interest in the therapeutic potential of cannabis
has increased.'* Despite this recent research intensity,
systematic reviews undertaken to critically appraise
human trials of medicinal cannabis have, in general,
found only modest benefit to patients'>™'% yet,
many cannabis users report great benefit for condi-
tions for which compelling evidence is lacking.'® It
is timely to critically evaluate the preclinical in vivo
evidence so that interventions can be appropriately
targeted in subsequent human trials. Therefore, in
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this review, we focus on the animal models of inflam-
mation that researchers have used to investigate the
therapeutic effects of cannabinoids. We aimed to sys-
tematically summarize and review studies that evaluate
the in vivo effect of cannabinoids on pro- and anti-
inflammatory cytokines.

Methods

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement for transparent reporting of meth-
odology and results.** After several scoping searches, a
comprehensive search of articles was conducted on the
in vivo anti-inflammatory activity of cannabis-derived
compounds in four different online bibliographical
databases: PubMed, Web of Science, EMBASE, and
Scopus. As given in Table 1, the structure of the search
strategy combined anti-inflammatory agents and can-
nabis and laboratory animals with the appropriate
MeSH terms or synonyms. Articles that solely investi-
gated synthetic cannabinoids and endocannabinoids
were excluded during the selection process.

Study selection

Non-English articles, as well as reviews, meta-analyses,
conference articles or proceedings, theses, editorials/
letters, patents, case reports, clinical studies, ex vivo,
in vitro and in silico and any reports other than
in vivo studies, were excluded from this systematic re-
view. Articles where cytokine analysis was undertaken

Table 1. Population, Intervention, Comparison, Outcomes
lllustrating the Systematic Search Keyword Strategy

Population
“Animals, laboratory” MeSH terms or synonyms were (laboratory
animals) OR (animal, laboratory) OR (laboratory animal) OR (in vivo)
OR (rodent) OR (rat) OR (mouse) OR (murine) OR (rabbit) OR (gerbil)
OR (hamster) OR (pig) OR (cat) OR (dog) OR (primate) OR (guinea
pig)
Intervention
“Cannabis” MeSH terms or synonyms: (hashish) OR (marijuana) OR
(cannabinoids) OR (dronabinol) OR (nabiximol) OR (levonantradol)
OR (nabilone) OR (Savitex) (tetrahydrocannabinol) OR (THC) OR
(cannabidiol) OR (CBD) OR (cannabiniol) OR (CBN) OR (Medicinal
Plants) OR (Medicinal Herbs)

Outcome
“antiinflammatory agents” with the following MeSH terms or
synonyms: (anti inflammatory agents) OR (agents,
antiinflammatory) OR (antiinflammatories) OR (anti-inflammatory
agents) OR (agents, anti-inflammatory) OR (agents, anti
inflammatory) OR (anti-inflammatories) OR (anti inflammatories)

Note: Population, intervention, and outcome searches were combined
with the Boolean operator “AND.” Comparison terms were not specified
due to the broad nature of the review.
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by a quantitative antibody-based assay such as enzyme-
linked immunosorbent assay (ELISA) were included.
Quantification methods of specific markers are consid-
ered advantageous compared with more qualitative or
semiquantitative methods such as immunohistochem-
istry or polymerase chain reaction.

The systematic search was run in each of the four
databases and the records from database inception
through to January 1, 2019 were imported and saved
to reference management software EndNote™ X7
(Thompson Reuter, CA). At the time the search was
run (by FR.H. and G.Z.S.), database alerts were set
up and new articles collated until July 1, 2020 for ar-
ticle finalization.

Figure 1 illustrates the study selection process
(PRISMA). Using EndNote, duplicate references were
removed, and remaining titles and abstracts were
screened against study inclusion/exclusion criteria (by
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F.R.H.). The titles and abstracts of remaining articles
were then screened and if there was any doubt regard-
ing the eligibility of an article, the full text was retrieved
for clarification. Articles deemed eligible by one re-
viewer were further assessed by a second independent
reviewer (L.S.D.) to ensure inclusion criteria were
met. All authors completed data extraction and re-
solved any disagreements by reviewing and discussing
the full articles.

Risk of bias assessment

The SYstematic Review Center for Laboratory animal
Experimentation (SYRCLE) risk of bias (RoB) tool
was used to establish consistency and avoid discrep-
ancies in assessing RoB in systematic reviews of ani-
mal interventions.”! Details of the tool and the
rationale for the included categories are described
in Higgins et al.*> Two authors (F.R.H. and L.S.D.)

Duplicates removed
(n=2,290)

Records excluded

Full-text articles
excluded, with reasons
(n=13)
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FIG. 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
showing data extraction process.
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independently answered the questions from the SYRCLE
RoB tool. Disagreements in the answers were resolved by
discussion with a co-author (G.Z.S.) until consensus
was achieved.

Results

Study selection

The search strategy resulted in 26 studies that met the in-
clusion criteria, 21 animal models were used across 3 spe-
cies, with the rodent being the most common (mouse:
n=152"rat n = 9).3 8-46 One study used porcine,47
and one used both canines and rodents*® (inflammatory
cytokines were assessed in rodents only). Because of high
numbers of unclear or unreported items, or the vast ma-
jority of one type of RoB in the other domains, it was de-
cided that a meta-analysis was not appropriate. In lieu of
this, a qualitative synthesis approach was taken to sum-
marize the evidence across the following domains: study
characteristics, inflammatory cytokine responses to can-
nabinoids, efficacy of cannabinoids, and dose response.

Study characteristics
Study characteristics are detailed in Table 2. The
studies were undertaken in several countries: Brazil
(n=8),27%%41% Unijted States (n=4),>***>*® China
(n= 3)’28,37,44 Israel (n= 3)’27,35,36 Italy (n= 3))24,25,40
Australia (n=2),>** Spain (n=1), and international
collaborations with three or more countries (n=2).>**
Studies were carried out between 2006 and 2020, with
the majority of studies (n=20) supported indepen-
dently by competitive funding or nonprofit organiza-
tions,”»*>**"** three supported by joint industry/
independent funding,**™*® and three studies did not
disclose funding sources.***>*” The 2019 impact fac-
tor value of the journals in which these studies were
published (InCites) ranged from 2.067 to 6.633
(median=3.412), two studies were published in a peer-
reviewed journal without an impact factor (InCites).””*
No conflict of interest (COI) was declared by 11 stud-
jeg?3:2528.29.31,33,3437,42.44.46, 111 1() cases COI was not
disclosed.*26-30-3336:38=4L45 1 tywo studies, authors
declared patents on cannabidiol-(CBD) related
drugs,3 243 and in two studies there was disclosure of
affiliation or research agreements with industry part-
ners, but the authors stated no COL?*"*” and in one
study a scientific advisory role was disclosed with
the industry partner cofunding the research.*®

The characteristics of the included studies are summa-
rized in Table 2. In brief, two studies investigated the ef-
fect of cannabinoids on systemic inflammation,”"*® one
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study on Alzheimer’s disease,”* one study the effect of
ischemia-induced brain hypoxia on the lung,*’ one
study on osteoarthritis,® and three studies on
MS*>*¢ with one focusing on the gut microbiome
and the association with inflammation.® Two studies
were conducted in nonobese diabetes,”* one study on
obesity,*” and another three studies on pain®”***’ (neu-
ropathic and/or inflammatory). A further four studies
examined the effect of cannabinoids on the respiratory
system; of these, two studies used an acute lung injury
model*>*® and two experimental allergic asthma.’>*
One study examined renal ischemia-reperfusion injury*?
and another alcohol-induced steatosis.> Cannabinoid ef-
fects on the colon were investigated in three stud-
ies,24’25 A4 acute pancreatitis in one s,tudy,28
periodontitis in one study,*' and the retina in anoth-
er.’” Most commonly, cannabinoids were administered
intraperitoneally.”>>**"****> Drug administration was
intravenous or intra-arterial in two studies*>*” and oral
in two studies.*>*® One study compared liposomally
packaged to “naked” or unpackaged CBD oil and also
examined topically applied CBD.**

Five studies included dose-response  test-
ing.*”**?%323% 1 ooking across all studies there was
wide variability in the dose of CBD administered.
CBD dose ranged from 0.5 to 80 mg/kg.*** There
was also variability in duration of treatment from a sin-
gle dose*”” to 2 months of daily administration.””

The effects of cannabinoids on inflammatory cyto-
kines were explored through enzyme immunoassay,
most commonly ELISA. Pro-inflammatory cytokines
investigated included TNF-g,>773133739,37-44:46,48
[L_1 B 2425313437-39.41,4247  [1 ¢ 28-31,36-39,43,44,48
TEN-p,23:25:26.35.39 [] 4 3243 [ 5 3243 [ 172326 ;14
IL-13.°** The anti-inflammatory cytokine IL-10
was also investigated in seven studies.??~2>>1:3%43-48

RoB within and across studies

Figure 2 provides the RoB assigned to each study
in each of the SYRCLE items. Random sequence gen-
eration was partially described in 9 of the 26 stud-
jes ?>28323941434748 Baseline characteristics of the
animals including species, age, sex, and weight were
comprehensively reported in three of the studies*”>%?>;
these characteristics were described with less detail in a
further 19 studies,>> ?>%731,32:3473638-4345-48 * pJjocq.
tion to treatment group was not widely described,
with three studies giving some detail,*>*>*® whereas
the majority did not include this information. Eight
studies provided limited information pertaining to
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ing studies did not describe this element of the experi-
mental protocol. Information about caregiver and
investigator blinding to the intervention that animals
received was provided in one of the studies.”” Random

outcome assessment was reported in one study.39 One
study stipulated that the outcome assessor was blinded
throughout analyses,*® another eight studies partially
reported this information,?>?83>4041444347 op it per-
tained to histological analyses only. All the studies,
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with two exceptions®”** had incomplete outcome data;
most commonly, the numbers of animals included in
the analyses varied and did not reflect the number of
animals in each experimental group at the commence-
ment of the study. In one study numbers of animals in
the experimental groups were not reported.** All stud-
ies were free of other sources of bias.

Inflammatory cytokine responses to cannabinoids

As given in Figure 3, the most commonly studied
pro-inflammatory cytokines were TNF-o (n=
19))27—31,33—35,37—46,48 IL_lﬁ (T’l= 10)’24,25,31,34,37—39,41,42,47
followed by IL-6 (n=11)*7"7%% and IFN-y
(n="5).2>*>?¢333% 1110, an anti-inflammatory cytokine,
was also investigated in seven studies.>’ >>>13%43:48

189

These results are summarized hereunder in the context
of each cytokine to facilitate interpretation of immune
responses.

After CBD administration, TNF-« levels were broadly
decreased, except in three studies’***** and the female
animals in one study,” where TNF-o levels did not
change. In one study, TNF-a levels were reduced in
the frontal cortex after chronic administration, but did
not change in the hippocampus after acute or chronic
administration of CBD.”® Three studies examined the ef-
fect of delta 9-tetrahydrocannabinol (THC); two of these
studies showed that THC had no effect on TNF-o,>%*
whereas one study showed THC increased TNF-o.>’

CBD treatment resulted in a reduction in levels of
IL-1f in five of eight instances.”**"*"***” Cannabigerol

Pro-inflammatory

25%

necrosis factor alpha.

TNF-a @ CBD
IL-6 TNF-a @ CBG
@ THC
4.8% @ cBD +THC
IL-6
61.9% : [©)]
TNF-a IL-6 8.3%
4.8% 8.3%
IL-17  IL-17
50% 50%
Decreased « * Increased
-4
. IL-10 IL-10
100%  100% 100% 12.5%
37.5%
IL-10 IL-10

Anti-inflammatory

FIG. 3. Change in inflammatory cytokine levels from included studies are summarized in the bubble plot
together with the cannabinoids assessed. The bubble plot is depicted in four quadrants: decreasing levels
of pro-inflammatory cytokines (top left), increasing levels of pro-inflammatory cytokines (top right),
decreasing levels of anti-inflammatory cytokines (bottom left), and increasing levels of anti-inflammatory
cytokines (bottom right). Percentages were calculated based on the number of studies showing the
observed change in the specific cytokine levels for a particular cannabinoid, divided by the total number of
studies for that specific cytokine (some studies may be calculated twice to reflect treatment with different
cannabinoids used in a single study). *Differing results for the effects of CBD on TNF-« within a single study.
CBD, cannabidiol; CBG, cannabigerol; IL, interleukin; THC, delta 9-tetrahydrocannabinol; TNF-¢, tumor

12.5%
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(CBG) reduced IL-1f in the study that evaluated this
cannabinoid,””> whereas in the two THC studies where
IL-18 was measured, the effects were mixed as given
in Table 2 and Figure 3.

Eleven studies examined the effects of cannabinoids
on IL-6, finding in most cases that CBD reduced IL-6
except for three studies including only female animals
in one of these studies.’’”*®* Two studies looked at
the effects of THC on IL-6 and one study found no ef-
fect,>® the other showed an increase in 1L-6.>7

Reductions in IFN-y were observed in all five cases
where it was measured (three CBD, one CBG, and
one CBD+THC in combination),23 25:26:35.39 ¢ only
in spleen tissue and not serum in one study after treat-
ment with combined CBD and THC.*® Similarly, the
anti-inflammatory cytokine IL-10 was upregulated in
four of seven studies: two CBD,***® one CBG,*® and
spleen tissue but not serum in combined CBD+THC
treatment.”> In one CBD study, IL-10 was un-
changed.” Less commonly measured cytokines IL-5,
IL-13, and IL-17 were all reduced in the instances
that they were measured.”>***** IL-4 decreased in
both studies where it was measured.’>*

Efficacy of cannabinoids

The effects of cannabinoids on inflammatory cytokines
are as given in Figure 3. In each of the studies, adminis-
tration of the cannabinoids CBD, CBG, or a combina-
tion of CBD and THC led to some improvement in
outcome measures in the treated groups with the ex-
ception of one study where there was no observable
reduction in pro-inflammatory cytokine-mediated in-
flammation with CBD.** In this study pro-inflammatory
cytokines were unchanged after CBD treatment; how-
ever, social cognition memory and spatial learning def-
icits were attenuated dose dependently.

The three studies where THC alone was administered
resulted in no decrease in pro-inflammatory cyto-
kines.””*>*> TNF-o, measured by ELISA, was unchanged
in an obese mouse model,*> whereas IL-1 B, IL-6, IFN-y,
TNF-o, and the anti-inflammatory IL-10 did not change
significantly in a rat pain model.”” In a retinal dam-
age mouse model THC increased pro-inflammatory cyto-
kines and markers of oxidative stress.>” In this study,
the authors concluded that their results suggested poten-
tial mechanisms for retinal damage caused by cannabis
abuse. CBG treatment resulted in a reduction of each of
the pro-inflammatory cytokines (IL-1f, IFN-y) measured
and an increase in anti-inflammatory cytokine IL-10.*
Where CBD was used as an intervention, there was a
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decrease in pro-inflammatory cytokines in most in-
stances. However, CBD treatment did not attenuate
pro-inflammatory IL-6 in models of experimental
tardive dyskinesia and pneumococcal meningitis.>"**

In 23 of the 24 studies where the cannabinoids
CBD, CBG, or CBD in combination with THC were
administered, a reduction in the levels of at least 1 in-
flammatory cytokine was observed, and in all those 24
studies, some improvements in disease or disability
were apparent. CBD was reported to attenuate disease
in acute lung damage®*° and hypoxic-ischemic brain-
mediated lung injury.*” CBD attenuated cognitive im-
pairment,34’38 autoimmune encephalomyelitis,26 tardive
dyskinesia,3 ! pain,27’3 940 oolitis, >+ ** acute pancreati-
tis,?® periodontitis,41 renal injury,42 and alcohol-
induced liver disease.>®> In addition, CBD reduced
incidence of disease in diabetes,>>* and cytokine ac-
tivity associated with experimental asthma®** and
local and systemic inflammation.*® A combination of
THC and CBD suppressed neuroinflammation in ex-
perimental MS*® and attenuated MS-induced neuroin-
flammation by preventing gut microbial dysbiosis.”’
CBG attenuated colitis.”> THC did not reduce pro-
inflammatory cytokine levels in any of the three studies
where it was used alone.””*>* However, THC did at-
tenuate neuropathic pain in one study” (Experiment
1), reduced body weight, food intake, fatty acid levels,
and promoted adipocyte hypertrophy in one study,"
and caused retinal damage in another study.””

Dosing

Five studies reported on the effects of different doses of
CBD.>”**?%*23 CBD had a dose-dependent effect on
TNF-0.>”?*?% A bell-shaped dose response of purified
CBD (oral administration) was observed in one study,
where serum TNF-o was reduced at 25 and 50 mg/kg,
but not at 10 or 100 mg/kg, similarly lowered at 5mg
(intraperitoneal [i.p.] administration), but not at 1, 25,
or 50 mg/kg.”” When compared with vehicle in induced
lung injury, a single dose of 80 mg/kg CBD resulted
in a greater reduction in TNF-o than 20mg/kg
(p<0.0001 vs. p<0.05, respectively).***® IL-6 levels
were unchanged after CBD at 20 mg/kg, but did reduce
at 80 mg/kg (p<0.05). Cytokine levels in lung tissue
in a parallel series of experiments showed that CBD
reduced IL-4, IL-5, and IL-13 levels at doses of 5
and 10 mg/kg (both p <0.05).>** There was no differ-
ence in effects at different CBD doses at 2.5, 5.0,
and 10.0 mg/kg in a rodent model of pneumococcal
meningitis.”®
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A series of studies showed that ip. administration of
CBD reduced circulating TNF-o and IL-6 levels in a
dose-responsive manner and that in mice treated
i.p. with increasing doses of CBD (1, 10, or 100 ug). A
single topical CBD dose of 100ug generated an
anti-inflammatory effect similar to that of 100 ug
administered ip.** In addition, orally administered
liposomal CBD began to significantly reduce rising
TNF-u levels within an hour of administration, whereas
an additional hour was required before orally adminis-
tered naked CBD  significantly reduced TNF-o.
(p<0.05, p<0.01 at 4-h postadministration).*® Circulat-
ing TNF-o was decreased by 50% among mice to which
croton oil+ CBD was administered, compared with cro-
ton oil alone in a local inflammation model of the ear.*®

Duration of cannabinoid administration was vari-
able between the studies ranging from a single
dose®”** to 2 months of daily administration.”” Of
interest, the study with the longest duration of CBD
treatment (50 mg/kg i.p. for 7 weeks) was the only
study where CBD did not reduce either of the pro-
inflammatory cytokines that were studied (TNF-a
and IL-18).>* A single administration at 20 mg/kg
was beneficial in reducing TNF-« and IL-6 in one
study”® but had no effect on TNF-« in another.*’

Two THC:CBD formulations were trialed in one
study®® and both resulted in reductions of TNF-o
10:10 THC:CBD delayed time to peak onset of disease
and initially reduced TNF-o more at day 12 (p<0.01),
but both groups were similar by day 18 ( p <0.05). How-
ever, the 10:10 formulation delayed time to peak neuro-
logical disability by an additional day compared with
1:20. Other studies stated that different doses of cannabi-
noids were used, in some cases animals were administered
a standard dose for the cytokine part of the study (CBD
5mg/kg; CBG 30mg/kg and CBD 20mg/kg).***>*
CBD was administered at 5 or 10 mg/kg; however, it is
not clear from the results which dose the animals had re-
ceived in this mouse model of liver steatosis.>

Discussion

The aim of this study was to systematically review preclin-
ical studies that evaluate the in vivo effect of cannabinoids
on the production of inflammatory cytokines with the
purpose of informing human clinical trials. Twenty-six
studies were reviewed, using 3 cannabinoids, 21 animal
models with 9 cytokines measured. In general, CBD
and CBG had a positive effect in reducing inflammation
in most disease states. This effect was not observed in ex-
periments where THC alone was used as an intervention.
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Intervention efficacy and dosage

The 26 studies investigated CBD (21), CBG (1), CBD +
THC (2), and THC (2), and 1 study investigated CBD
and THC separately in 2 sets of experiments conducted
at different time points reported in the same article.
CBD treatment was able to reduce pro-inflammatory
cytokines in >90% of the CBD studies, and in all
cases, disease or disability was alleviated by CBD ad-
ministration. Conversely, THC alone did not affect
pro- or anti-inflammatory cytokines and only appeared
to be efficacious in modulating experimentally induced
pain in one study.”

In all experimental conditions where the non-
neurological peripheral tissues were targeted, CBD/CBG
reduced the pro-inflammatory profile of each cytokine
tested, with the exception of one study.** Here, no effect
on TNF-u levels after CBD treatment was observed in a
rat colitis model, which may be attributable to a relatively
small dose (1 mg/kg). In several studies that looked at
the brain®"***® and pain,”*** CBD treatment resulted
in less consistent reduction of pro-inflammatory cyto-
kines. The variability in results between the effects of
CBD on neurological versus peripheral tissues could
be because of the predilection of CBD to act as an in-
verse agonist on CB2 receptors that are predominantly
distributed in microglia and immune cells throughout
the body.*>° CBD’s antagonistic action on CB2 recep-
tors has been shown to reduce the release of pro-
inflammatory cytokines.”' In the single study that
investigated THC compared with CBD effects on the
nervous system, THC did not induce a reduction in
pro- or anti-inflammatory cytokines. In the CBD-
treated groups, reduction of inflammatory cytokines
was observed (IL-6, IFN-v, and TNF-«). THC did not
reduce experimentally induced hind-paw edema’
(Experiment 1), whereas CBD did.***° However, THC
dose dependently reduced pain-related behaviors, com-
pared with CBD, suggesting that THC may be more
beneficial than CBD for reducing inflammatory pain de-
spite serum levels of pro-inflammatory cytokines being
unaffected after THC treatment. THC has a greater af-
finity for CB1 receptors that are primarily located on
nerve cells in the brain and spinal cord.”® Furthermore,
THC may modulate pain through a different pathway
such as presynaptic inhibition of GABAergic transmis-
sion, which has antinociceptive actions.”

Inflammatory cytokine levels were measured in a va-
riety of tissues including brain, colon, spinal cord,
spleen, and serum. Only one study compared the levels
of two cytokines in two different tissues.>> This study
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found that IL-17a was reduced in both serum and
spleen after combined CBD +THC treatment.”> IFN-
7 was reduced in the spleen, yet not in the serum
samples. These data suggest that local tissues where in-
flammation is present may be preferentially targeted by
cannabinoids, whereas systemic markers are less af-
fected. This previously reported phenomenon®* should
be considered when planning future studies. Similar
observations have been made when comparing tissue
to serum cytokines in people with osteoarthritis and
fractures.” Therefore, it may be more accurate to mea-
sure inflammatory cytokines in their target tissues
peripherally as systemic markers may not accurately
represent cannabinoid effects.

The most common dose of CBD used across the
studies was 5-20 mg/kg (0.4-1.6 mg/kg human equiva-
lent dose). Where studies compared doses of CBD in
some cases, increased doses led to a better responsezg’3 0
and in others the opposite occurred.*” Similarly, where
a single concentration was used, high levels of CBD did
not necessarily cause a reduction in inflammation>*
and duration of therapy did not necessarily predict ef-
ficacy. A nonlinear dose-response was also observed in
some studies, where increasing dose eventually resulted
in reduced efficacy.””*>**** It is widely accepted that
physiological responses to CBD are variable,”””*>’
which could explain this finding, especially given that
cytokines were frequently measured in only a small
number of animals.

Where CBG was used, it was efficacious in reducing
inflammation (colitis),* suggesting that CBG could be
potently anti-inflammatory most likely because of its
partial agonistic effects on CB2 receptors.® This is sup-
ported by in vitro and gene expression studies.”” %!
Only one study examined CBD +THC in two combi-
nations. Both formulations decreased TNF-o; however,
at 10:10 THC:CBD delayed onset of disease appears
to have a potential advantage over the 1:20 formula-
tion in terms of behavioral, neurological, and disability
outcomes.

Although in the majority of studies, the cannabinoid
intervention was delivered i.p., it was also efficacious
when administered by oral gavage.*>*® One study com-
pared topically applied versus i.p. administered CBD in
a systemic inflammation model and found that they
were equally efficacious at a dose of 100 ug,*® suggest-
ing that topical treatments could be a simple and ac-
ceptable method of administration, which could have
particular utility in skin disorders. More studies are
needed to confirm this and the optimal carrier across
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the skin barrier (e.g., lipid-based, nanodelivery sys-
tems). The same study also compared orally gavaged
“naked” CBD with a liposomally packaged CBD
(both administered at 20 mg/kg) and found liposomal
CBD was more bioavailable than naked CBD and re-
duced inflammatory cytokines at a faster rate, indicat-
ing that innovation in delivery systems could lead to
more potent and swiftly acting formulations.

Studies methodological quality

Although bias was generally similar for all studies, it is
apparent that protocols used for in vivo studies with
animal models are heterogeneous and often lacking
in detail. Evidence shows that awareness and use
rates of RoB tools such as SYRCLE, the Animal
Research: Reporting of In Vivo Experiments guidelines,
and the Gold Standard Publication Checklist are low.*?
None of the 26 studies in this review fully reported de-
tails of allocation, randomization, and blinding accord-
ing to the SYRCLE RoB criteria. Hirst et al.** found
that failure to randomize significantly increased effect
sizes, and that randomization, allocation concealment,
and blinding reduced effect sizes, especially where out-
comes were subjective.

Although baseline characteristics were in general,
adequately reported, characteristics between groups
were not compared. Adequate description of random
sequence generation, random housing, and allocation
concealment was lacking throughout the studies; only
one study reported on caregiver blinding,>® and only
one study® stated that investigators were blinded
throughout the process. Incomplete data reporting
was also a consistent finding. The adoption of a more
rigorous reporting structure, for example, a flow dia-
gram would make it easier to interpret the findings
and to understand the attrition process.

Recommendations for future research

These current studies show that cannabinoids are in
general efficacious in reducing inflammation and treat-
ing a wide variety of disease models. However, the num-
ber of in vivo studies in this field is relatively small and
many cannabinoids have not been explored in terms of
their anti-inflammatory properties. In vitro studies are
also of great importance within the field,**®” and exam-
ining these will help to contextualize mechanisms more
clearly and evaluate the likelihood of making the trans-
lational leap to human clinical studies. Further studies to
examine other lesser known cannabinoids and terpenes
from Cannabis sativa (e.g., THCA, CBN, alpha-pinene,
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and linalool) might unearth uncharted therapeutic ben-
efits.%® Studies to examine optimal dose®” and duration
of treatment as well as the development of standardized
or synthetic cannabinoids might increase efficacy and
more predictable outcomes.

The incorporation of cannabinoids into more sophis-
ticated delivery systems such as lysosomes would enable
more effective treatments to be developed and trialed for
inflammation-driven human diseases. Given the differ-
ences that were observed between serum and tissue cy-
tokine levels, in the same animal model in one study,23
site of administration may also be worth considering.
For topical preparations to treat skin conditions, CBD
and CBG demonstrated the most consistency in reduc-
ing inflammation. For potentially efficacious doses for
human studies, the human equivalent dose* for a 70kg
person® of CBG is 56.8-170.3 mg/day (0.8-2.4 mg/kg),
mean=113.5£80.3; and for CBD is 2.8-851.4 mg/day
(0.04-12.16 mg/kg), mean=185.4+249.1 mg.

Limitations of this study

Some cannabinoids included in this study were under-
represented as they have not been widely studied in
terms of their anti-inflammatory effect in vivo, namely
CBG and THC, which makes it difficult to extrapolate
the conclusions drawn in the studies to form a com-
plete picture of efficacy. However, anti-inflammatory
effects of THC are not anticipated to be strong given
its high affinity for CB1 receptors and its function as
a partial agonist of CB2 receptors.

Bias assessment tools do not assess the quality and
adequacy of the study methodologies; they can only
evaluate the reporting. The reporting of measures
against bias are largely optional and therefore, report-
ing rates of these measures may not be reliable indica-
tors of scientific rigor.”” Other parameters may not
have been captured by the SYRCLE RoB tool such as
sample size calculation, and perhaps the inclusion of
such indices should be considered in future.

It is well documented that results from animal studies
do not always translate to parallel findings in hu-
mans,”*”" and that some anti-inflammatory effects of
cannabinoids may be disease or person specific, and
not generalizable.'® However, preclinical trials are impor-
tant to enhance our understanding of the safety and effi-
cacy of novel compounds and drugs, and have utility in
predicting whether or not to proceed to human trials.

‘Based on the body surface area normalisation method; where HED
(mg/kg) =animal dose (mg/kg) x animal Km/Human Km.
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Conclusions

The in vivo studies examined in this review show that
cannabinoids have the potential to treat inflammatory
disease. Worldwide, three of five people die because
of chronic inflammatory diseases such as stroke, respi-
ratory diseases, cancer, and diabetes.”? Therefore, the
results of these in vivo studies would suggest that
CBD and CBG may be harnessed as an effective treat-
ment for inflammatory disease, and that whereas THC
may be helpful in reducing pain, there is less evidence
to support its use as an anti-inflammatory therapy.
Given the paucity of preclinical studies, more work is
necessary to better determine the efficacy of cannabi-
noids as anti-inflammatory therapies. Nonetheless,
this present review is important as it has for the first
time, systematically evaluated in vivo studies using
these novel compounds and summarized their poten-
tial as anti-inflammatory agents.
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Abbreviations Used
Af =beta-amyloid
AD = Alzheimer’s disease
BALB = Bagg Albino
BALF = bronchoalveolar lavage fluid
BDNF = brain-derived neurotrophic factor
CB1 = cannabinoid type 1
CB2 = cannabinoid type 2
CBD = cannabidiol
CBG = cannabigerol
CFA = complete Freund'’s adjuvant
COl = conflict of interest
COX-2 = cyclooxygenase-2
CSF = cerebral spinal fluid
DNBS = 2,4,6-Dinitrobenzene sulfonic acid
EAE = experimental autoimmune encephalitis
ECS = endocannabinoid system
ELISA = enzyme-linked immunosorbent assay
ER = endoplasmic reticulum
FAAH =fatty acid amide hydrolase
HI = hypoxic-ischemic
IBA1 =ionized calcium-binding adaptor molecule 1
IBD = inflammatory bowel disease
ICR = Institute of Cancer Research
IFN-y = interferon gamma
IHC = immunohistochemistry
IL = interleukin
iNOS = inducible nitric oxide synthase
i.p. = intraperitoneal
IV = intravenous
LPS = lipopolysaccharide
MOG = myelin oligodendrocyte glycoprotein
MPO = myeloperoxidase
mRNA = messenger RNA
MS = multiple sclerosis
NF-«xB = nuclear factor-xB
NO = nitric oxide
NOD = nonobese diabetic
NR = not reported
OVA = ovalbumin
PPARy = peroxisome proliferator-activated receptor gamma
PRISMA = Preferred Reporting Items for Systematic Reviews
and Meta-Analyses
RANKL/RANK = receptor activator of nuclear factor kappa-B ligand
RoB =risk of bias
SCFA = short chain fatty acid
SOD = superoxide dismutase
SYRCLE = SYstematic Review Center for Laboratory animal
Experimentation
TGF-f = transforming growth factor-beta
THC = delta 9-tetrahydrocannabinol
TNBS = 2,4,6-trinitrobenzenesulfonic acid
TNF-o. = tumor necrosis factor alpha
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