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1.0 INTRODUCTION

1.1 Inflammatory bowel disease (IBD)

Inflammatory bowel disease (IBD) is a global heedite problem with a sustained increasing
incidence (Koet al., 2014) (Figure 1). Accumulating evidence suggésts IBD results from
an inappropriate inflammatory response to intektimarobes in a genetically susceptible host.
Although the etiology of IBD remains largely unknowrecent research indicated that the
individual genetic susceptibility, intestinal mibial flora and immune responses are all
involved and functionally integrated in the pathogss of IBD (Danese and Fiocchi, 2006;
Podolsky, 2002). It is of interest that in sevaralintries with historically low rates of IBD, a
pattern of rising incidence in the past one to mexades, particularly for Crohn’s disease
(CD), has occurred, suggesting that environmeiigtbfs are also involved (Ket al., 2014).
The idiopathic inflammatory bowel diseases comptige types of chronic intestinal disorders:
Crohn’s disease (CD) and ulcerative colitis (UC)ickhare distinct chronic bowel-relapsing
inflammatory disorders. CD can cause transmurdhnmination and affect any part of the
gastrointestinal tract (most commonly, the termii@im or the perianal region) in a non-
continuous type. Unlike UC, CD is commonly assadatith complications such as abscesses,
fistulas and strictures. In contrast, UC is typulfiey mucosal inflammation and limited to the
colon (Abraham and Cho, 2009)/hile CD and UC involve different genetic vulnedélas,
pathological abnormalities, and different regiohgn@olvement in the intestinal tract, both are
characterized by gastrointestinal symptoms suchblasdy diarrhea, weight loss, and
abdominal pain, as well as extra-intestinal matefésns such as joint pain, uveitis, and
erythema nodosum. Their etiologies are unknowniloey are characterized by an imbalanced
production of pro-inflammatory mediatore,g., tumor necrosis factor (TNFy)- as well as

increased recruitment of leukocytes to the sitenBhmmation. Advantages in understanding
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the role of the inflammatory pathways in IBD and iaadequate response to conventional
therapy in a large portion of patients, has overléist two decades lead to new therapies which
includes, for example, the TN&-4nhibitors, designed to target and neutralize ¢ffect of
TNF-o. However, convenient alternative therapeuticseting other immune pathways are
needed not only for patients with IBD refractory donventional therapy, that traditionally
includes steroids and 5-ASA treatments (Sewelél., 2010; Jonest al., 2011) but even
becausealthough these drugs may be effective, their l@rgituse can induce severe side
effects that have detrimental impact on life qyatif patients (Blonsket al., 2011). For this
purpose, experimental models have proven to be o tools for detecting potential
therapeutic agents and for investigating the meashanof IBD pathogenesis.

In the present work, the experimental model oftsoinduced by dinitrobenzenesulfonic acid
(DNBS) has been used (Hibi al., 2002). Granulomas with infiltration of inflammayocells

in all layers were seen in the intestine of thisdeloThe isolated macrophages produced large
amounts of interleukin-12 (IL-12), and the lymphtasy/produced large amounts of interfefon-
(IFN-y) and interleukin-2 (IL-2). This evidence suggdktt the colitis seen in this model was
induced by a Th type-1 response (Neusettél., 1995). It has been noted that water absorption
in the inflamed mucosa is markedly diminished iis thodel and this effect would be expected
to contribute to the diarrhea that occurs not onlthis animal model but also in human IBD.
The DNBS model serves in clinical investigations fbe development and testing of new
therapeutic molecules that have the potential terento the clinic.

Finally, it is noteworthy that there is a link caution between IBD and colorectal cancer
(CRC), highlighted by the observation that pagewtth IBD has an increased risk for CRC
(Burisch and Munkholm, 2013). The risk is relatedhie duration and the anatomic extent of

the disease (Ekboet al., 1990).
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Figure 1. Epidemiology and Natural History of InflammatoryoBel Diseases (IBD)the
global map of IBD:red refers to annual incidence greater than 10/aG:ngeto incidence of
5-10/10, to incidence less than 4F10 to low incidence that is continuously
increasing. Absence of color indicates absenceatd ffrom: Cosnest at., Gastroenterolgy
2011;140:1785-1794).



1.2 Colorectal cancer (CRC)

Colorectal cancer (CRC) is an important health j@mwbacross the world. In Europe each year
approximately 435,000 people are newly diagnosed @RC (Ferlayet al., 2008); about half

of these patients die of the disease making CRGelesend leading cause of cancer deaths in
Europe. Similarly, in 2014, an estimated 136,83@ mases of CRC were diagnosed in the
USA, with 50,310 estimated deaths (Siegiedl., 2014) (Figure 2). CRC is thought to arise as
the result of a series of histopathologic and mdbeecchanges that transform normal colonic
epithelial cells into a colorectal carcinoma, wdberrant crypt foci (ACF) and polyps as
intermediate steps in this process (Markowitz Bedtagnolli, 2009). This multi-step process
spans 10 to 15 years, thereby providing an oppiytor prevention (Half and Arber, 2009).
Surgery is the cornerstone for cure in localizedbrextal cancer (Sargerdt al., 2007).
Chemotherapy after surgery (adjuvant chemotherapkijgh risk stage Il and stage Ill CRC
patients)vs surgery alone reduced the risk of cancer rela@sarfinghanet al., 2010; Wolpin
and Meyer, 2008). Drugs used in colorectal candeenmtherapy include fluorouracil,
irinotecan, oxaliplatin, angiogenesis inhibitore (ibbevacizumab) and epidermal growth factor
receptor inhibitorsi(e. cetuximab and and panitumumab) (Wolpin and Mef668). Despite
many progresses, and improvement of overall suntvanearly 2 years for non-resectable
disease, cures for this kind of neoplasia remasatisfactory (Cunninghaset al., 2010). Also,
the new chemotherapeutic agentse.( the biologicals cetuximab, panitumumab and
bevacizumab) have not come without a significarst ¢o the health care system (Wolpin and

Meyer, 2008).

In the present work we used to different modelsaddn canceri.e the azoxymethane (AOM)
model, which is particularly appropriate for tegticompounds with putative chemopreventive

action and the xenograft model, which is used tifyw@ossible curative (therapeutic) effects.
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The AOM colon cancer model is extensively usedadtudy of the underlying mechanisms of
human sporadic colon cancer. AOM is a potent cagen causing a high incidence of colon
cancer in rodents. Development of this cancer tfoserrors the pattern seen in humans.
Repetitive intra-peritoneal treatment of rodentthwAOM causes tumours specifically in the
distal colon. Following AOM treatment, the epitla¢lcells undergo pathogenesis from minor
lesion ACF, to adenoma and malignant adenocarcindrha in vivo metabolite of AOM
causes DNA mutations, changing the nucleotides f@@ to A:T. The duration of AOM-
induced colon cancer takes 14 weeks in mice or(fa@kahashi and Wakabayashi, 2004).
the xenograft model, human tumor cells are imgdntinto recipient mice. To prevent
xenograft rejection, nude mice are used, in whiodhnu gene is knocked out, resulting in
hairless thymus-less mice which cannot generatgnmiplhocytes. The accessibility of these
subcutaneous tumors is tremendous advantageousndoitoring tumor progression and for

assessing the effects of therapeutic interventdmsKoglou-Nomikot al., 2003).



Estimated New Cases*

Males Females

Prostate 233,000 27% Breast 232,670 29%

Lung & bronchus 116,000 14% Lung & bronchus 108,210 13%
Colorectum 71,830 8% Colorectum 65,000 8%

Urinary bladder 56,390 7% Uterine corpus 52,630 6%

Melanoma of the skin 43,890 5% Thyroid 47,790 6%
Kidney & renal pelvis 39,140 5% Non-Hodgkin lymphoma 32,530 4%
Non-Hodgkin lymphoma 38,270 4% Melanoma of the skin 32,210 4%
Oral cavity & pharynx 30,220 4% Kidney & renal pelvis 24,780 3%
Leukemia 30,100 4% Pancreas 22,890 3%

Liver & intrahepatic bile duct 24,600 3% Leukemia 22,280 3%

All Sites 855,220 100% All Sites 810,320 100%

Estimated Deaths

Males Females

Lung & bronchus 86,930 28% Lung & bronchus 72,330 26%
Prostate 29,480 10% Breast 40,000 15%

Colorectum 26,270 8% Colorectum 24,040 9%

Pancreas 20,170 % Pancreas 19,420 7%

Liver & intrahepatic bile duct 15,870 5% Ovary 14,270 5%
Leukemia 14,040 5% Leukemia 10,050 4%

Esophagus 12,450 4% Uterine corpus 8,590 3%

Urinary bladder 11,170 4% Non-Hodgkin lymphoma 8,520 3%
Non-Hodgkin lymphoma 10,470 3% Liver & intrahepatic bile duct 7,130 3%
Kidney & renal pelvis 8,900 3% Brain & other nervous system 6,230 2%
All Sites 310,010 100% All Sites 275,710 100%

Figure 2. Ten Leading Cancer Types for the Estimated Newc@a@ases and Deaths by Sex,
United States, 2014(om: Siegelet at., CA Cancer J Clin. 2014;64:9-29)




1.3 Cannabis sativa

Cannabis sativa (Family: Cannabaceae) is an annual plant, that geict stems growing from

1 to 3 m or more high, very slightly branched, ngvgreyish-green hairs. The leaves are
palmate, with five to seven leaflets (three onupper leaves), numerous, on long thin petioles
with acute stipules at the base, linear-lanceol@eering at both ends, the margins sharply
serrate, smooth and dark green on the upper suligbeer and downy on the under one. The
small flowers are unisexual, the male having filmast separate, downy, pale yellowish
segments, and the female a single, hairy, glandfila-veined leaf enclosing the ovary in a
sheath. The ovary is smooth, one-celled, with cereghng ovule and two long, hairy thread-
like stigmas extending beyond the flower for mdnart its own length. The fruit is small,
smooth, light brownish-grey in colour, and comgdletglled by the seed (Quimby, 1974)
(Figure 3).Cannabis has a long history of use both as a medicine araracreational drug, the
written records of its use span more than five enitia. During the last centurya@nhabis
moved from being a frequently prescribed item foadety of therapeutic conditions, through
a period of increasing opposition to its use beeaists potential for abuse, to the point where
its use was completely withdrawn in the mid-twethtieentury. Recently, there has been a
resurgence of interest (Pannabis as a medicine for the treatment of conditions spoeasive to
other types of therapy. In the last 20 years ameasing number of patients with severely

debilitating diseases such as multiple sclerosie hged it to obtain relief.



Figure 3. Cannabis sativa, leaves



1.4 Phytocannabinoids

The limitation of the therapeutic utility ofannabis is its assigned psychoactive effects.
Cannabis sativa produces over 421 chemical compounds, includirguafb00 terpeno-phenol
compounds named phytocannabinoids (pCBs) that hatéeen detected in any other plant.
pCBs are lipid-soluble chemicals present in thenresecreted from trichomes that are
abundantly produced by female plants of @amnabis sativa herb (Hill et al., 2012). The plant
can be genetically manipulated to alter the redati@tios of the pCBs produced and this
approach has been successfully used to develogitanlate medicinal product. Thus, it is
possible to use solely horticultural techniquegptoduce cloned plants which are uniformly
enriched in different, specific pCB and/or to trfmmsr a raw material into a botanical drug
substance as an active pharmaceutical ingredidmthvean then be formulated into a botanical
drug product (de Meijest al., 2003).

Historically, among the phytocannabinoids, mosterton has been paid to\®
tetrahydrocannabinoAf-THC), which is the most psychotropic component himdis specific

G protein-coupled receptors named cannabinoid, (@&l CB) receptors. The discovery of a
specific cell membrane receptor faf-THC was followed by isolation and identificatiof o
endogenous (animal) ligands termed endocannabin®lis two main endocannabinoids are
anandamide [which is metabolized mostly by fattydaamide hydrolase (FAAH)] and 2-
arachidonoylglycerol (2-AG which is mostly degradeg monoglyceride lipase (MAGL)].
Cannabinoid receptors, endogenous ligands thavaéetithem, and the mechanisms for
endocannabinoid biosynthesis and inactivation cmstthe “endocannabinoid system”. With
its ability to modulate several physiological andathpphysiological processes the
endocannabinoid system represents a potentialt tamgeharmacotherapy (Di Marzo, 2008).

In addition to pharmacological modulation of thelecannabinoid system, a different approach

to minimize the well-known psychotropic side effeof Cannabis is the use of pCBs with very
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weak or no psychotropic effects. These include ahitlol (CBD), cannabigerol (CBG),
cannabichromene (CBC)®tetrahydrocannabivarinA-THCV), cannabidivarin (CBDV) as
well as cannabinoid acids such/gstetrahydrocannabinolic acia-THCA) and cannabidiolic
acid (CBDA) (Figure 4). These compounds exert rpldtiactions through mechanisms which

are only partially related to modulation of the ecannabinoid system (Izabal., 2009).
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Cannabigerol (CBG)
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Cannabidivarin (CBDV)
Figure 4. Chemical structures of the principals phytocannaiblis

11



1.4.1 Targets involved in the pharmacological action of phytocannabinoids

The main targets involved in the pCBs actions idelu

The endogenous cannabinoid systerhe endogenous cannabinoid system include tywpo G

coupled membrane receptors, named; @Bd CB receptors, the endogenous ligands that
activate them i(e. the endocannabinoids, anandamide and 2-AG) angrtteins involved in
endocannabinoid synthesis and inactivation. Enduaiainoids are biosynthesizesh'‘demand’
from membrane phospholipids by the action of a rembf enzymes includingN-acyl-
phosphatidylethanolamine selective phospholipasédNBPE-PLD, involved in anandamide
biosynthesis) and diacylglycerol lipase (DAGL, itxed in 2-AG biosynthesis), and are
inactivated through a reuptake process (facilitdigca putative endocannabinoid membrane
transporter), followed by enzymatic degradatioralyged by the fatty acid amide hydrolase
(FAAH, in the case of anandamide and, to some &x&AG) or monoacylglycerol lipase

(MAGL, in the case of 2-AG) (Di Marzo, 2008).

Transient receptor potential (TRP) channels:

Transient receptor potential (TRP) channels fortarge superfamily of ion channels that are
important in several pathophysiological processdsch include (but are not limited to) pain,
inflammation, airways hypersensitivity, cardiac ayggpophy and cell death. TRP channels have
been subdivided into seven subgroups accordingdm sequence homology: TRP canonical
(TRPC), TRP vanilloid (TRPV), TRP melastatin (TREMRP mucolipin (TRPML1), TRP
polycystin (TRPP), TRP ankyrin (TRPA) and TRP Nori& (TRPN) transmembrane
proteins (Kaneko and Szallasi, 2013)

Adenosine uptaketJptake of adenosine is a primary mechanism of iteating adenosine

signalling. Adenosine is a multifunctional, ubiguis molecule that activate four known
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adenosine receptors (Al, A2A, A2B and A3). Adenesi2A receptor is an important
regulator of inflammation (Izzet al., 2009).

G protein-coupled receptor 55 (GPR5%PR55 is an orphan G-protein-coupled receptor

originally identified in silico from the expressestquence tags database. GPR55 may be
activated by plant and synthetic endocannabinoidswell as by anandamide-related
acylethanolamides and may be antagonized by catinhfizzoet al., 2009).

Peroxisome proliferator-activated receptors (PPAR2groxisome proliferators- activated

receptors (PPARSs) belong to a family of nucleaepéars comprising three isoforms:3 and
y. Among these, PPARIs involved in the regulation of cellular glucosptake, protection
against atherosclerosis and control of immune i@ast Activation of PPAR attenuates
neurodegenerative and inflammatory processes €ézalo, 2009).

5-hydroxytryptamine subtype 1A receptor (51l The 5-HTia receptor is one of the best-

characterized 5-HT receptors. This G protein-catipteceptor is involved a number of
physiological or pathophysiological processes, udelg anxiety, mood, depression,
vasoreactive headache, food intake, immune regulaéind cardiovascular regulation (Izzo
al., 2009).

The pCBs investigated in the present work are: @hiiol (CBD), aCannabis extract with
high content in CBD (named CBD BDS, i.e. CBD botahidrug substance), cannabigerol

(CBG), cannabichromene (CBC) antitetrahydrocannabivarin (THCV).
1.4.2 Cannabigerol (CBG)

CBG is a non-psychotropic cannabinoid obtained9&4lby Gaoni and Mechoulam when they
separated a hexane extract of hashish on Flddgi &t al., 2009). CBG appears as a relatively
low concentration intermediate in the plant, alflouecent breeding works have yielded

Cannabis chemotypes expressing 100% of their phytocanédicontent as CBG (de Meijer
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and Hammond, 2005; de Meijetral., 2009). Older and recent studies support anagesti-
erythemic, antibacterial, antidepressant and aptériensive actions for this phytocannabinoid
(Evans, 1991; Russo, 2011). Relevant for the ptesemk, CBG has been proved to be
cytotoxic in high dosage on human epithelioid caoona cells (Baelet al., 1998), to be
effective against breast cancer (Ligrestal., 2006) and to inhibit keratinocyte proliferation
(Wilkinson and Williamson, 2007). Pharmacodynantidges have shown that CBG interacts
with receptors/enzymes involved both in inflammatiand in carcinogenesis. Specifically,
CBG is a weak partial agonist of ¢Bnd CB receptors (Casciet al., 2010), inhibits the
reuptake of endocannabinoids (De Petrocefli®l., 2011), is a potent 5-HI antagonist
(Cascioet al., 2010) and may interact with TRP channels. AmihegTRP channels, CBG has
been shown to be a TRPA1, TRPV1 and TRPV2 agamdf importantly, a potent TRPMS8

antagonist (De Petrocelles al., 2011).

1.4.3 Cannabichromene (CBC)

The discovery of CBC, a non-psychotropic cannakinavas independently reported by
Claussen and coworkers, and Gaoni and Mechoulaif66 (Izzoet al., 2009). CBC is one of
four major cannabinoids iGannabis sativa and it is known to be abundant in high-grade drug-
type marijuana, with little or no CBD (Hollegt al., 1975). CBC represents 0.3% of the
constituents from confiscate@annabis preparations in the USA (Mehmedét al., 2010).
Despite the relative abundance of this phytocammuadbj its pharmacological activity has been
hardly at all investigated. Of relevance to theidapf the present study, CBC was shown to
reduce carrageenan- and lipopolysaccharide (LRf)eed paw oedema in rodents (Wigth
al., 1980; Turner and Elsohly, 1981; DelLoegal., 2010). Pharmacodynamic studies have
shown that CBC is an inhibitor of endocannabinatutar reuptake (Ligrestt al., 2006), a

weak inhibitor of MAGL ({.e. the main enzyme involved in the inactivation ofe th
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endocannabinoid 2-AG) and a potent activator afsient receptor potential (TRP) ankyrin 1-
type (TRPA1) channels (De Petrocelies al., 2008; De Petrocellist al., 2012). Both
endocannabinoids and TRPAL are known to be involmadflammatory processes (Burstein

and Zurier, 2009; McMahon and Wood, 2006).
1.4.4 A°-Tetrahydrocannabivarin (THCV)

AS-THCV, the n-propyl analogue oi®-THC, was detected in 1970 by Edward Gil and
colleagues from a tincture dfannabis BPC (then a licensed medicine in the UK). It is
particularly abundant in Pakistani hashiafTHCV at low doses (<3 mg/kg) antagonizes
THC effects and it shares the ability of synth€g; antagonists to reduce food intake in mice
(Izzo et al., 2009). THCV also behaves as £Omartial agonist andia this mechanism exerts

anti-inflammatory actions (Bologniet al., 2010).
1.4.5 Cannabidiol (CBD)

CBD, a major non-psycotropic cannabinoid, was fisstlated in 1940 by Adams and co-
workers, but its structure and stereochemistry wistermined in 1963 by Mechoulam and

Shvo. CBD is the most common phytocannabinoidbref(hemp) plants.

CBD has an extremely safe profile in humans andtgxenumber of pharmacological actions
(e.g. analgesic/anti-inflammatory, antioxidant, neurdpotive) of potential clinical interest
(Izzo et al., 2009). Few studies have investigated the effe@RBD in the gut. Specifically,
CBD has been shown to reduce intestinal contrgc{iiapasset al., 2008; Clunyet al., 2011)
and to exert anti-inflammatory effects (Borredial., 2009; Jamonttt al., 2010). In addition,
CBD may inhibit FAAH (De Petrocelliet al., 2011) and exerts antioxidant action in colorectal

carcinoma cell lines (Borrelkt al., 2009). Both FAAH inhibition (Izzet al., 2008; 1zzo and
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Sharkey, 2010) and antioxidant effects (Klaunghgl., 2011) are potentially beneficial for gut

diseases.
1.4.6 Cannabis-extract with high content in cannabidiol (CBD BDS)

Recent progress in plant biotechnology has madesilgesthe cultivation ofCannabis
chemotypes rich in specific pCBs, from which staddaed extracts, containing known
amounts of pCBs, may be obtained (Russo, 2011).bBEsé studied among these extracts is
generally referred as CBD botanical drug substaf@BD BDS, that is a standardized
Cannabis extract with high content of CBD). CBD BDS is aimangredient of aCannabis-
derived medicine (sold under the brand name Satiueed for the treatment of pain and
spasticity associated with multiple sclerosis. \&atiis composed primarily of a 1rhtio of
two Cannabis sativa extracts, CBD BDS and@annabis sativa extract with high content af®-
THC (THC BDS). It is noteworthy that actually Sa&holds a lll trials programme in cancer
pain, beyond its approval for multiple sclerosiadrity. In several pharmacological assays,
CBD BDS has been shown to be more potent or efoacthan pure CBD (Comelét al.,
2008; Capasset al., 2011; Russo, 2011; De Petrocedisal., 2013), suggesting that additive
or synergistic interactions can occur between CBD minor pCBs (or the non-cannabinoid
fraction) contained in the extract. This observatimight be useful from a therapeutic

viewpoint.
1.5 Cannabinoids and intestinal inflammation

Anecdotal reports suggesting a favourable impactQdnnabis use in IBD patients. Such
reports have recently encountered scientific exddan a number of published clinical trials in

which the effect ofCannabis or THC has been evaluated in IBD patients (#ahl., 2011;
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Naftali et al., 2011; Lahatt al., 2012; Naftalet al. 2013). In Israel, inhale@annabis has been

legally registered for palliative treatment of b@b and UC.

Several studies investigating the effects of camuadls in rodent models of intestinal
inflammation have identified a potential therapeutle for these compounds in the treatment
of IBD (for review see Wrightt al., 2008; 1zzo and Camilleri, 2009; Alhouayek andddioli,
2012). Protective actions have been describeddorselective CBand CB selective receptor
agonists, FAAH or MAGL inhibitors (Izzo and Sharkey2010). Furthermore,
endocannabinoids regulates intestinal barrier fanan vivo through CB receptor activation
(Zoppi et al., 2012). Conversely, experimental inflammation igragated in mice genetically
lacking CB or CB; receptors or in mice treated with selective; ©BCB, receptor antagonists

(Masseaet al., 2004; Engett al., 2010).

pCBs have been also investigated in experimentalefsoof intestinal inflammation, boiin
vitro andin vivo. THC and CBD have been shown to be protectivexpeemental models of
colitis (Borrelli et al., 2009; Jamontt al., 2010; Schicho and Storr, 2012). Additionally, TH
inhibited the expression of TNé-nduced interleukin-release from the human colonic
epithelial cells (lheneteat al., 2003) and accelerated the recovery from EDTAeyokine-
induced increased permeability in intestinal epigthecells (Alhamoruni et al., 2010;
Alhamoruniet al., 2012). Finally, CBD has been shown to exert arftammatory effects in

human colonic cultures derived from ulcerative t®patients (De Filippist al., 2011).

1.6 Cannabinoids and colon cancer

In addition to their palliative effects on some canassociated symptoms, it is now well-

established that cannabinoids exert direct antituadoactionsvia CB receptor and non-CB
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receptor mediated pathways in a broad spectrumanter types bothn vitro andin vivo

(Guzman, 2003; Hermanson and Marnett, 2011).

Concerning colon cancer, it has been demonstré&dcannabinoids exert antiproliferative,
antimetastatic and pro-apoptotic actions in colialetarcinoma epithelial cells (Ligreti al.,
2003; Greenhoug# al., 2007; Cianchet al., 2008; Wangt al., 2008; Sreevalsagt al., 2011)

as well as antitumoural effects in experimental et®df colon cancer (Izzet al., 2008;
Cianchi et al., 2008; Wanget al., 2008). The antitumour actions of cannabinoids may b
mediated by activation of GB CB, or by non-cannabinoid-mediated mechanisms. The
mechanism of CBreceptor-mediated apoptotic effects involvesnbibition of RAS—-MAPK
and PISK—-AKT pathways (Greenhoughal., 2007); ii) down-regulation of the anti-apoptotic
factor survivin, mediated by a cyclic AMP-dependenbtein kinase A signalling pathway
(Wanget al., 2008); iii) stimulation of thele novo synthesis of the pro-apoptotic lipid mediator
ceramide. The mechanism of ERceptor-mediated antitumour action involves cedam
production, with TNFa acting as a link between cannabinoid receptovaiitin and ceramide
biosynthesis (I1zzo and Camilleri, 2009). vivo, cannabinoid receptor agonists — or inhibitors
of endocannabinoids inactivation - have been shtovexert protective effects against colon
carcinogenesis induced by the carcinogenic substaaoxymethane, by xenografts in nude
mice as well as i\pc mice (Izzoet al., 2008; Cianchet al., 2008; Wanget al., 2008). Results
suggest that cannabinoids might be protective féérdnt stages of colon cancer progression
either directly, through activation of GB®r CB; receptors, or indirectly, through elevation of

endocannabinoid levels.

Ligresti and colleagues have specifically demomstrahat THC and other non-psychotropic
phytocannabinoid reduced colorectal cancer (Caamells growth (Ligrestet al., 2006). In a

more complete study, THC was shown to induce apipio a number of colorectal cancer
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cell lines. The mechanism of cell death was betieteeinvolve survival signalling pathways
that are frequently deregulated in colorectal turapue. BAD activation via CB-dependent
RAS-MAPK and PI3K-AKT pathway inhibition (Greenhduget al., 2007). However, there is
a paucity of data on the effect of phytocannabisamdexperimental model of colon cancer
vivo. Recently, cannabinoids with little or non-psytthpic action have been shown to exert
beneficial effects in colon carcinogenesis. Speaily, i) the atypical cannabinoid O-1602 was
shown to reduced tumour area and tumour incidemcelitis-associated colon cancer (Kagg|
al., 2013); i) LYR-8, a hexahydrocannabinol analogered anti-tumor effects in human

colorectal xenografted tumours (Thagal., 2012).
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2.0 AIM

The aim of the present work has been to evaluateffiect and the mode of action of a number
of Cannabis-derived non-psychotropic cannabinoids in experi@emodels of intestinal
inflammation and colon cancer. These compoundwudsciCBD, CBG, CBC and THCV.
Additionally, a standardize€annabis extract with high content of CBD (derived from a
Cannabis chemotype rich in CBD) has been investigated.rttepto unravel the potential anti-
inflammatory and antitumoural actions of pCBs ie tjut, the DNBS model of colitis, the
AOM model of colon cancer and the experimental tura@enerated by xenograft injection of
colorectal cancer cells have been used. The pessiblde of action of the pCBs has been
evaluated in isolated peritoneal macrophages (tesitigate the anti-inflammatory effect) and
in colorectal cancer cells (to assess possiblgmfiferative, apoptotic and genoprotective

actions).
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3.0 MATERIALS AND METHODS
3.1 Drugs and reagents

Cannabichromene (CBC), [purity by high-performanioguid chromatography (HPLC):
96.3%]; cannabidiol (CBD) [purity by HPLC: 99.76%}annabis sativa extract with a 65.6%
w/w of CBD content [here named CBD botanical drugpssance (CBD BDS), (see HPLC
chromatogram in Figure 5 and composition in Tablevas prepared as described below (see
subheading “plant Material and extraction”); candadarin (CBDV), (purity by HPLC; 95.0
%); cannabigerol (CBG) [purity by HPLC: 99.0 %]etrahydrocannabivarin (THCV) [purity
by HPLC: 95.0%] were kindly supplied by GW Pharmadamls (Porton Down, Wiltshire,
UK). The concentrations (or doses) of CBD BDS régmbiin the present thesis indicated the
amount of CBD contained in the extraey(, 1 umol of CBD BDS contained 1 pmol of CBD).
Rimonabant and SR144528 were supplied by SANOFh&ebe, (Montpellier, France).

ACEA, AMTB, AM251, AM630, capsazepine and JWH133ravgurchased from Tocris
(Bristol, UK).

Azoxymethane (AOM), cadmium, 2,3-iaminonaphtaler@AN), 2',7'-dichlorofluorescin
diacetate (DCFH-DA), dinitrobenzene sulphonic a¢ioNBS), fluorescein isothiocyanate
(FITC)-conjugated dextran (molecular mass 3-5 kDaydrogen peroxide (#D,),
lipopolysaccharide (LPS, from Escherichia coli $gpve O111:B4), myeloperoxidase (MPO)
from human leucocytes, 3-(4,5-dimethylthiazol- ?-3J5-diphenyltetrazolium bromide (MTT),
neutral red solution, ruthenium red, spermine, glyicollate medium were purchase from
Sigma (Milan, Italy).

Matrigel™ was obtained from BD Biosciences (Buccinasco, Milely).
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All reagents for cell culture and western blot gsel were obtained from Sigma Aldrich S.r.1.
(Milan, Italy), Amersham Biosciences Inc. (UK), Birad Laboratories (USA) and Microtech
S.r.l. (Naples, ltaly). Methyl*H]-thymidine was purchased from PerkinElmer (Morigaly).

For radioligand binding experiments"$]GTR/S (1250 Ci/mmol) and *H]CP55940 (160
Ci/mmol) were obtained from PerkinElmer Life ScieaqBoston, MA), GT#S from Roche
Diagnostic (Indianapolis, IN), GDP from Sigma-Alchi (UK).

The vehicle used for drugs dissolving forvivo experiments was constituted by 10% (v/v)
ethanol, 10% (v/v) Tween-20, 80% (v/v) saline, [Rkap, intraperitoneally ip); DNBS was
dissolved in 50% ethanol (0.15 ml/mouse, intrailggta

All the drugs used fam vitro experiments were dissolved in DMSO (0.01% DMSOin/cell
media) and in the radioligand binding assays wi@B#hCB, CHO cells (0.1% DMSO v/v)
had no effect on measured response.

Only CBC was dissolved in ethanol (far vitro experiments), in DMSO (for radioligand
assays) and its vehicles (0.01% ethanolitro; 0.1% DMSO for radioligand assay$jad no

significant effects on the responses under study.

Plant material and extraction

A Cannabis sativa chemotype cloned to have a controlled high amo@@BD was used (de
Meijer et al., 2003). Cannabis sativa was grown in highly secure computer-controlled
glasshouses. All aspects of the growing climateluoing temperature, air change and
photoperiod, were computer-controlled and the glavdre grown without the use of pesticides
(see details at http://www.gwpharma.co@annabis dry flowers and leaves were extracted at
room temperature with GQo give an extract which, evaporated to drynesss w brownish

solid. A portion of the extract was dissolved inthamol for HPLC analysis (Agilent 1100)
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using a C18 column (150 x 4.6 mm, 1 ml/min flowejatHPLC chromatogram and

composition of the main cannabinoids are repomegigure 5 and Table 1, respectively.
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Figure 5. HPLC chromatogram dfannabis sativa CO, extract. Retention time for cannabidiol
(CBD) and the other phytocannabinoids [cannabidive€BDV), cannabidiolic acid (CBDA),
cannabinol (CBN), A%tetrahydrocannabinol (THC) and cannabichromene Q)}Bare

indicated.
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Table 1. Content of the main phytocannabinoids containedCannabis-extract with high
content in cannabidiol (CBD BDS).

PHYTOCANNABINOID CONTENT

(% wiw)
Cannabidiol (CBD) 65.9
A%-tetrahydrocannabinol 2.4%
Cannabigerol 1.0%
Cannabidivarin 0.9%
Cannabidiolic acid 0.3%
Cannabinol 0.1%
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3.21n vivo studies

3.2.1 Animals

For colorectal cancer azoxymethane (AOM) modeldiaitrobenzene sulphonic acid (DNBS)-
induced colitis model and thioglycollate-elicitatio mouse peritoneal macrophages
experiments, male ICR mice, weighing 28-32 g, wesed after 1-week acclimation period
(temperature 23+2°C and humidity 60%). Mice wemrtdd libitum with standard food, except

for the 24-h period immediately preceding the adstiation of DNBS.

For colorectal cancer xenograft model athymic femaice were used, fead libitum with
sterile mouse food and maintained under pathogem<¢onditions. All the animals used were

purchased from Harlan Laboratories (S. Pietro disdae, Italy).

All animal procedures were in conformity with thengiples of laboratory animal care (NIH
publication no.86—-23, revised 1985) and the Italiuh. no.116 of January 27, 1992 and
associated guidelines in the European Communites€ll Directive of November 24, 1986

(86/609/ECC).

3.2.2 Colorectal cancer azoxymethane (AOM) model

AOM (40 mg/kg in totaljp) was administered, at the single dose of 10 mgkthe beginning
of the first, second, third and fourth week. Tigtpcannabinoids (CBD 1 and 5 mg/kg, CBD
BDS 5 mg/kg and CBG 1 and 5 mg/kg) were givign three times a week starting one week
before the first administration of AOM. All animalgere euthanized by asphyxiation with £0
three months after the first injection of AOM. Bdsen our laboratory experience, this time (at
the dose of AOM used) was associated with the oenae of a significant number of aberrant
crypt foci (ACF, which are considered pre-neoptakisions), polyps and tumours (Izefcal.,

2008).
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For ACF, polyps and tumours determination, the m®laere rapidly removed after sacrifice,
washed with saline, opened longitudinally, laid Ba a polystyrene board and fixed with 10%
buffered formaldehyde solution before staining wix2% methylene blue in saline. Colons
were examined using a light microscope at 20X nfagion (Leica Microsystems, Milan

Italy). The detection and quantization of ACF, pslyand tumours on the colon were
performed as previously reported (Ize&toal., 2008). Briefly, in comparison to normal crypts,
aberrant crypts have greater size, larger and offengated openings, thicker lining of
epithelial cells, compression of adjacent cryptg] are more darkly stained with methylene
blue. Onlyfoci containing four or more aberrant crypts (which laest correlated with the final

tumour incidence) were evaluated. The criteriondistinguish polyps from tumours was
established considering the main characteristidufea of these two lesions (i.e. crypt
distortion around a central focus and increasethite from luminal to basal surface of cells
for polyps and high grade of dysplasia with congplietss of crypt morphology for tumours)
(Izzo et al., 2008). For polyp and tumour evaluations, the mslof all mice were discolored

with 70% ethanol and embedded in paraffin; theeea8 micron sections were de-paraffinized
with xilene, stained with hematoxylin-eosin and etved in a DM 4000 B Leica microscope

(Leica Microsystems, Milan, Italy).
3.2.3 Colorectal cancer xenograft model

Colorectal carcinoma HCT 116 cells (2.5%1@vere injected subcutaneously into the right
flank of each athymic mice for a total volume o020l per injection (50% cell suspension in
PBS, 50% Matrigel"). Approximately 10 days after inoculation, micerevgeceivedp the
pharmacological treatment [CBD (5 mg/kg), CBD BES1{g/kg) and CBG (1-10 mg/kg) were

given once a day]. Tumour size was measured ey digital caliper measurements, and
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tumour volume was calculated according to the nedliiformula for ellipsoid volume (volume

=71/6 x length x width) (Guoet al., 2006).
3.2.4 Experimental colitis

Colitis was induced by the intracolonic administiatof DNBS (Borrelliet al., 2009). Briefly,
mice were anesthetized and DNBS (150/kgy was inserted into the colon using a
polyethylene catheter (1 mm in diameteid the rectum (4.5 cm from the anus). Three days
after DNBS administration, all animals were eutkadi by asphyxiation with CQthe mice
abdomen was opened by a midline incision and thenoa@moved, isolated from surrounding
tissues, opened along the antimesenteric boraesedi weighed and length measured (in order
to determine the colon weight/colon leng#tio). For biochemical analyses, tissues were kept
at —80°C until use, while for histological examioatand immunohistochemistry tissues were
fixed in 10% (v/v) formaldehyde. The dose of DNB&snselected on the basis of preliminary
experiments showing a remarkable colonic damagecedsd to high reproducibility and low
mortality for the 150 mg/kg dose. The time poindamage evaluation (i.e., 3 days after DNBS
administration) was chosen because maximal DNB8eed inflammation has been reported
in mice after 3 days (Masshal., 2004). Furthermore, previous studies have sht\an3 days
after intracolonic DNBS administration in mice, tinlammatory response may be modulated

by administration of cannabinoid drugs (Massal., 2004; Borrelliet al., 2009).

In our experimental design, we have used the adradrotocol in which the pCBs testacde]
CBG (1-30 mg/kg), CBC (0.1 and 1 fg), and THCV (0.3-5 mg/kg)] were injecteuifor two

consecutive days starting 24-h after DNBS admiaiisin.
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3.3 Ex vivo studies

3.3.1 Cytokines measurement

Interleukin-33 (IL-1pB), interferony (IFN-y) and interleukin-10 (IL-10 levels) were detected
both in cell medium and in colonic homogenate. 8pedly, their levels were quantified using
commercial enzyme-linked immunosorbent assay (E)I&ifs (Tema Ricerca Srl, Bologna)
according to the manufacturer's instructions, incgll medium of LPS-treated peritoneal
macrophages after 18-h exposure to CBC and THCYh(Ab1 uM concentration) and in (ii)
homogenate obtained from full-thickness colonisues of DNBS-induced colitis mice, treated

or not with CBG (30 mg/kg).

3.3.2 Histology and immunohistochemistry

Histological and immunochemistry evaluations haeerbperformed on colonic tissues from
DNBS-induced colitis mice [treated or not with CBBd CBC givenip (30 mg/kg and 1
mg/kg, respectively)]. It was performed 3 days raB&IBS administration and assessed on a
segment of 1 cm of colon located 4 cm above thé @areal. After fixation for 24 h in saline
10% formaldehyde, samples were dehydrated in gradleanol and embedded in paraffin.
Thereafter, 5tm sections were deparaffinized with xylene, staimgth hematoxylin—eosin,
and observed in a DM 4000 B Leica microscope (Levtiarosystems, Milan, Italy). For
microscopic scoring we used a modified versionhef $coring system reported by D’Argenio
and colleagues. Briefly, colon was scored consmge(l) the submucosal infiltration (0, none;
1, mild; 2—-3, moderate; 4-5 severe), (2) the cajpcesses (0, none, 1-2 rare; 3-5, diffuse)
and (3) the mucosal erosion (0, absent; 1, fo2ti; extended until the middle of the visible

surface; 4-5, extended until the entire visibldae) (D’Argenioet al., 2006).

29



For immunohistochemical detection of Ki-67, pam@mbedded slides were immersed in a
Tris/ethylenediaminetetraacetic acid buffer (pH)9wWere heated in a decloaking chamber at
125°C for 3 min and were cooled at room temperafor®0 min. After adding 3% hydrogen
peroxide, sections were incubated for 10 min. Aftaishing the sections with Tris-buffered
saline Tween-20 (pH 7.6), they were stained withbita monoclonal antibody to Ki-67
(Ventana Medical systems, Tucson, Arizona). Brieflsich tissue section was incubated with
primary antibody to Ki-67 (1:100) for 30 min at maatemperature. The slides were washed
three times with Tris-buffered saline Tween-20 avete incubated with secondary antibody
for 30 min. After, the slides were reacted witheptavidin for 20 min, the reaction was
visualized by 3,3’-diaminobenzidine tetrahydrockder for 5 min. Finally, the slides were
counterstained with Mayer’s hematoxylin. The intgnand localization of immunoreactivities
against the primary antibody used were examine@lbsections with a microscope (Leica

Microsystems, Milan, Italy).

3.3.3 Intestinal permeability

Intestinal permeability was examined in the serafitected from the blood of healthy mice and
DNBS-treated mice [in the presence or absence db& & mg/kg) or CBC (1 mg/kgp]
using a fluorescein isothiocyanate (FITC)-labeledtthn method, as described by Osasai
al., 2007. Briefly, two days after DNBS administrationice were gavaged with 600 mg/kg
body weight of fluorescein isothiocyanate (FITChgmated dextran (molecular mass 3-5
kDa). One day later, blood was collected by cargiaccture, and the serum was immediately
analyzed for FITC-derived fluorescence using a riégoent microplate reader with an
excitation—emission wavelengths of 485-520 nm (LL$®3%inescence Spectrometer,
PerkinElmer Instruments). Serial-diluted FICT-dextwas used to generate a standard curve.

Intestinal permeability was expressed as FITC nivhbin the serum.
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3.3.4 Myel operoxidase (MPO) activity

Myeloperoxidase (MPO) activity was determined ia tolon homogenized from control mice
and in DNBS-treated mice [receiving or not CBG ({®@/kg) or CBC (1 mg/kg)ip] as
described by Goldbluret al., 1985. Full-thickness colons were homogenizedcia@propriate
lysis buffer [0.5% hexadecyl-trimethylammonium biden (HTAB) in  3-(N-
morpholino)propanesulfonic acid (MOPS) 10 mM)ratio 50 mg tissue /1 ml MOPS . The
samples were then centrifuged for 20 minutes a0bx g at 4° C. An aliquot of the
supernatant was then incubated with sodium phosphaffer (NaPP buffer pH 5.5) e tetra-
methyl-benzidine 16 mM. After 5 minutes,®} (9.8 M) in NaPP was added and the reaction
stopped adding acetic acid. The rate of exchangeahisorbance was measured by a
spectrophotometer at 650 nm. Different dilutions lmiman MPO enzyme of known
concentration were used to obtain a standard cUMRO activity was expressed as units

(U)/ml.

3.3.5 Superoxide dismutase (SOD) activity

A modified version of the Kuthaat al., 1986 method was used to detect SOD activity.- Full
thickness colons from control and DNBS-treated nficeated or not with CBG 30 mg/kp)
were homogenized in PBS 1X. Homogenates were teged at 25.00@ for 15 min at 4°C.
Extraction of Cu-Zn SOD was obtained treating thtosolic lysates with ethanol (1:1) and
chloroform (1:0.6) at 25°C for 15 min. After cefiigation (15.00Qy, 15 min, 4°C), 125 pul of
the surnatant was incubated (for 20 min) with 618fia reaction mixture containing 0.12 mM
xanthine, 48 mM N#CO;, 0.094 mM EDTA, 60 mg/l bovine serum albumin (BSA)03 mM
nitro blue tetrazolium (NBT), 0.006 U/ml xanthinidase. Finally, CuGl (0.8 mM) was

added to stop the reaction. Absorbance reading®&@&tnm were recorded using a Beckman
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DU62 spectrophotometer. Superoxide radical scawgngiapacity was expressed as ng

SOD/mg tissues contained in the lysates.

3.3.6 Western blot analysis

Preparation of cytosolic lysates from intestingsties

Full-thickness colons from control, AOM- and DNB®ated mice (treated or not with
phytocannabinoids giveip) were homogenized in lysis buffer (1:2, w/v) conitag 0.5 M f3-
glycerophosphate, 20 mM Mg{110 mM ethylene glycol tetraacetic acid (EGTA) and
supplemented with 100 mM dithiothreitol (DTT) anci@ase/phosphatase inhibitors (100 mM
dimethylsulfonyl fluoride, 2 mg/ml apronitin, 2 mMeupeptin, and 10 mM N¥O,).
Homogenates were centrifuged at @)fbr 5 min at 4°C; the supernatants were collected
centrifuged at 16,209 for 10 min at 4°C. Proteins (5@) were determined with the Bradford

method.

Preparation of cytosolic lysates from peritoneatmphages

Macrophages were collected using the followingdylsuffer: 20 mM (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) HEPES, 1.5 mM MgC#HO0 mM NaCl, 1 mM
ethylenediaminetetraacetic acid (EDTA) and EGTA, NP640, 20% glycerol, 1 mM DTT, 0.5
mM phenylmethanesulfonyl fluoride (PMSF), f&/ml aprotinin, 3ug/ml pepstatin A, Zug/ml
leupeptin), and centrifuged at 11,260for 15 min at 4°C. Macrophages lysates (&0 of

proteins) were determined using the Bradford method

Preparation of cytosolic lysates from Caco-2 cells

Caco-2 cells were collected using the buffer coreddsy: 50 mM Tris—HCI, pH 7.4, 0.25%

sodium deoxycholate, 150 mM NaCl, 1 mM EGTA, 1 mMR 1% NP-40, 1 mM PMSF, 1
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mM NaVO, plus and enriched of a complete protease inhilmitamktail (Roche Diagnostics,
Mannheim, Germany). Caco-2 lysates (50pf0of proteins) was determined on supernatant

(following centrifugation at 16,200 for 15 min) using the Bradford method.

Measurement of protein expression

The cytosolic lysates obtained were subjecteddotedphoresis on a sodium dodecyl sulphate
(SDS) 10% polyacrylamide gel and electrophoretycainsferred onto a nitrocellulose transfer
membrane (Protran, Schleicher & Schuell, Germapsgteins were visualized on the filters by
reversible staining with Ponceau-S solution (Sigawad de-stained in PBS containing 0,1 %
Tween 20. All the membranes obtained were blockel € in milk buffer (5% non-fat dry
milk in PBS/Tween 0.1 %) and then incubated ovdrigt 4° C with several monoclonal

primary antibodies, as detailed below:

i) the homogenates of colonic tissues obtained fcomtrol and AOM-treated mice (alone or
treated with CBD 1 mg/kgp) were used to investigate the expression of irndeaiitric oxide
synthase (iNOS), cycloxygenase (COX-2), phospho-dkid caspase-3. The membranes were
incubated with anti-INOS, anti-COX-2 (BD Biosciesciom Becton Dickinson, Buccinasco,
Italy), antif§-actin (Sigma, Milan, Italy), antiphosho- Akt orteAkt and anti-cleaved-caspase-
3 (fragment pl7) or anti-uncleaved caspase-3 (feaym30) (Cell Signaling from Euroclone,
Milan, Italy) to normalize the results, which habveen expressed asraio of densitometric
analysis of COX-Z-actin, INOSB-actin, phospho-AKT/AKT and cleaved caspases 3

(p17)/uncleaved caspase 3 (p30) bands.

i) the homogenates of colonic tissues obtained frontracband DNBS-treated mice (alone or
treated with CBG 30 mg/kg 1 mg/kg) and the cytosolic fractions from macrophagestgsa

[treated or not with LPS, fig/ml for 18 h and exposed to CBG, CBC and THCV (all aM
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concentration)] were used to investigate the ingolent of inducible nitric oxide synthase
(INOS) and cycloxygenase (COX-2). The immunoblo&gervncubated with mouse anti-COX-
2 (BD Bioscience, Belgium) and anti-iINOS (Caymare@ical, USA) and subsequently with
mouse anti-peroxidase-conjugated goat IgG (JacksorunoResearch from LiStarFish, Milan,
Italy). The membranes were probed with an $agsictin antibody to normalize the results,
which were expressed agatio of densitometric analysis of COXf2Actin and iINOS¥-actin
bands. All the antibodies were used according éoditution instructions reported on the their
data sheets. All the signals obtained were visedlizy enhanced chemiluminescence using
ImageQuant 400 equipped with software ImageQuamptuCa (GE Healthcare, Milan, Italy)

and analysed using Quantity One Software versiérs4.

3.41n vitro studies

3.4.1 Cdll culture

Adenocarcinoma cell lines

Forinvitro experiments, three human colon adenocarcinomdireedl (i.e. Caco-2, DLD-1 and
HCT116 cells, ATCC from LGC Standards, Milan, Ifalwith a different genetic profileAPC
gene mutated in Caco-2 cells;RAS mutated in HCT 116 cellgp53 gene mutated in DLD-1
cells) (Rodriguest al., 1990; Fukuyamat al., 2008; Dunret al., 2011) have been used. These
cell lines were cultured in Dulbecco’s modified Eag medium (DMEM) containing 10%
foetal bovine serum (FBS), 100 U/ml penicillin ah@d ug/ml streptomycin, 1% non-essential
amino acids, 2 mM L-glutamine and 1 M HEPES, infoomity with the manufacturer’s

protocols. Cell viability was evaluated by trypdoebexclusion.
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Healthy colonic epithelial cells (HCEC)

The immortalized epithelial cells derived from humeolon biopsies, the healthy human
colonic epithelial cells (HCEC) have been used asraparison with tumoural cells. HCEC,
from Fondazione Callerio Onlus (Trieste, Italy),reveultured in Dulbecco's modified Eagle’s
medium (DMEM) supplemented with 10% FBS, 100 Unils/penicillin, 100 pg/ml

streptomycin, 200 mM L-Glutamine, 100 mM Na-pyrwevand 1 M HEPES. Cell viability was

evaluated by trypan blue exclusion.

Human CB/CB;, chinese hamster ovarian (CHO) cells

For radioligand binding assays, chinese hamsteriaavdCHO) cells, stably transfected with
complementary DNA encoding human cannabinoid @8eptors and human cannabinoid,CB
receptors, were cultured in Eagle’s medium nutriantture F-12 Ham supplemented with 1
mM L-glutamine, 10% v/v FBS and 0.6% penicillinegitomycin together with geneticin (600
mg/mL). These CHO-hChCB; cells were passaged twice a week using a non-eataycell

dissociation solution.

Mouse peritoneal macrophages

The peritoneal cavity is a membrane-bound and fiilledd abdominal cavity of mammals that
harbors a number of immune cells including macrgekaB cells and T cells. The presence of
a high number of naive macrophages in the peritareaaty makes it a preferred site for the
collection of naive tissue resident macrophagesrighetal., 2008). Briefly, to evoke the
production of peritoneal exudates rich in macrogsagnice were injecteg with 1 ml of 10%
(w/v) sterile thioglycollate medium (Sigma, Milalaly). After 4 days, mice were killed and
the peritoneal macrophages were collected and deadeppropriate plates for performiing
vitro experiments (Avielleet al., 2011).
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Peritoneal macrophages were cultured in Dulbecdddified Eagle Medium (DMEM)
supplemented with 10% FBS, 100 Units/ml penicildk®0 pg/ml streptomycin, 200 mM L-
Glutamine, 100 mM Na-pyruvate and 1 M HEPES. Celblity was evaluated by trypan blue
staining. The inflammatory response in peritonealcraphages was induced by
lipopolysaccharides (LPS) fror&scherichia coli serotype O111:B4 (g/ml). The acute
inflammatory response in macrophages required &ihBubation time of 18 h (Aviellet al.,

2011).

For all the cell lines described the medium wasnged every 48 h in conformity with the

manufacturer’s protocols.

3.4.2 Cytotoxicity assays

Cytotoxicity assays were performed using MTT assay the neutral red assays:

MTT assay:

Cell respiration was assessed by the mitochonddependent reduction of 3-(4,5-
dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium brase (MTT) to formazan (Mosmann, 1983).
After incubation with the tested compounds for &4its cells, seeded in a 96-well plates with a
cellular density depending on the cell type (sdivong), were incubated with MTT (250
ug/ml) for 1 h. After solubilisation in DMSO, the exiteof reduction of MTT to formazan was
guantitated by measuring the optical density at 480 (iMarkTM Microplate Assorbance
Reader, BioRad). Treatments were compared withfexergce cytotoxic drug (DMSO 20%
v/v). Results are expressed as a percentage afotihesponding controls (without treatment),

(n=3 experiments including 8-10 replicates for eaxperiment).

CBC (0.001-1 pM), the CBreceptor agonist ACEA (0.001-0.1 uM), the OBceptor agonist

JWH133 (0.001-0.1 pM), the GBeceptor antagonists rimonabant (0.1 uM) and AMgb1
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KM) and the CBreceptor antagonist SR 144528 (0.1 uM) were in@dbtor 24 hours for the

evaluation of macrophage mitochondrial respiration.

CBG (1-30uM) was incubated on Caco-2 and HCEC cells with mm@dcontaining 1% for 24
hours. The cytotoxic effect of CBG (1M) was evaluated in the presence of AM251K4,
CB; receptor antagonist), AM630 (iM, CB;, receptor antagonist) or ruthenium red (10 and

25uM, a non-selective TRP antagonist], all incut&@ min before CBG.

CBD (1-30 pM), CBDV (1-30 pM), CBC (1-30 uM,), AMTEB-50 uM, TRPM8 receptor
antagonist) and WAY100635 (0.2 and 1 uM, 5HT1A ptoeantagonist) were incubated (with

1% FBS medium for 24 hours) for the evaluation at&2 cell viability.

Neutral Red (NR) assay:

The NR assay system, one of the most used andtigensytotoxicity test, is a mean of
measuring living cellsia the uptake of the vital dye neutral red. Afterubation with the
tested compounds for 24 h cells, seeded in a 9bphage with a cellular density depending on
the cell type (see following), were incubated WiR dye solution (5Qug/ml) for 3 h (Aviello

et al., 2011). Cells were lysed with 1% (v/v) acetic a@dd the absorbance was read at 532
nm (iMarkTM microplate absorbance reader, BioRd2imethyl sulphoxide (DMSO, 20%,
v/v) was used as a positive control. The resuksexpressed as percentage of cell viability,

(n=3 experiments including 8-10 replicates for eaxperiment).

CBD (at the concentration range of 0.014I\) was incubated for 24 hours for the evaluation

of Caco-2, HCT 116, DLD-1 and HCEC cells viability

CBD BDS (1-5uM) was incubated for 24 hours for the evaluatiorH&T 116, DLD-1 and

HCEC cells viability.
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Cells were seeded in 96-well plates with the follayvcellular densityper well and the
adhesion time was 48 hours for all the cell linesduexcepting for peritoneal macrophages,

allowed to adhere for 3 hours:

HCT 116 and DLD-1 (tumoral cell lines): 2.5%1¢€ells per well; Caco-2 (tumoral cell line):
1.0x1d cells per well; HCEC (healthy colonic epithelial cells): 10" cells per well;

peritoneal macrophages: 1x1t®llsper well
3.4.3 DNA damage assay (comet assay)

Genotoxicity studies were performed by single agkctrophoresis assay (comet assay)
(Aviello et al., 2010). Following 24 hours exposure to CBD (@®), Caco-2 cells were
incubated with 75uM H,0, (damaging stimulus) or phosphate-buffered saline PBS
(undamaginggtimulus) for 5 min. After centrifugation at 1,0@pfor 5 min, pellets were mixed
with 0.85% low melting point agarose and added % rdormal melting point agarose gels.
Gels were then suspended in 2.5 M NaCl, 100mNMEREA, 10 mM Tris and 1% Triton X-
100, pH 10 at 4°C for 1 h and electrophoresed kalale buffer (300mM NaOH, 1 mM
N&EDTA, pH 12) at 26 V, 300 mA for 20 min. After nealisation in 0.4 M Tris—HCI (pH
7.5), gels were stained with @/ml ethidium bromide. Images were analysed usirgiaa

microscope equipped with a Casp software.
3.4.4 Identification and quantification of endocannabinoids and related molecules

Endocannabinoids, anandamide and 2-arachidonoggiyq2-AG), palmitoylethanolamide
(PEA) and oleoylethanolamide (OEA) levels were meas in Caco-2 cells exposed to CBD
(10 uM) for 24 h and in peritoneal macrophages (treatedot with LPS, Jug/ml for 18 h) and
exposed to CBC (1 uM), added 30 min before LPSlehgé. Cells were harvested in 70%
methanol before cell processing, subsequently etela purified and analysed by isotope
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dilution liquid chromatography-atmospheric pressthiemical ionisation mass spectrometry

(Izzoet al., 2008).
3.4.5 Intracdlular reactive oxygen species (ROS) measurement assay

Generation of intracellular reactive oxygen spe¢R®S) was estimated by the fluorescent
probe, 27'-Dichlorofluorescin diacetate (DCFH-DA) which diffes readily through the cell
membrane. In the cells, DCFH-DA is before enzynaditfc hydrolyzed by intracellular
esterases to form non-fluorescent DCFH and thenllyapxidized to form highly fluorescent
dichlorofluorescein (DCF) in the presence of RO$e TDCF fluorescence intensity is
paralleled to the amount of ROS formed intracetlylaCaco-2 cells and HCEC were plated in
96-well black plates at the density of 1%i@lls/well (Aviello et al., 2011). After 48 h, the
cells were incubated with a medium containing 1%5HB presence or absence of CBG (10
uM, for 24-hours). After washing, cells were incudzhtfor 1 hour with 20Qul of 100 uM
H,DCF-DA in HBSS containing 1% FBS. The Fenton’s ergHO./F€* 2 mM, 3 hours),

was used as a positive control.

The DCF fluorescence intensity was detected usifigaxescent microplate reader (Perkin-
Elmer Instruments), with the excitation wavelengthd85 nm and the emission wavelength of

538 nm. The intracellular ROS levels were expresseiiliorescence intensity (picogreen).
3.4.6 Measurement of caspases 3/7 activity

Apoptosis was evaluated by means of the CaspastGlcChemiluminescence Assay Kit
(Promega Corporation, Madison, WI, USA) followinget manufacturer’'s protocol. Caco-2
cells were seeded in 12-well plates at a densitgxdfdf cells/well. After 48 hours, the cells
were incubated with medium containing 1% FBS irspree or absence of CBG (iibl, for

24 hours). After incubation, cells were trypsinizadshed with PBS and processed. The assay
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was performed in 96-well white walled plates, addion each well 10QL of Caspase-Gf®3/7
reagent to 10QuL of culture medium containing 5-40l of cells suspension (about 1000
cellspul) in culture medium. The cell suspension conceiutnawas evaluated by a cell counter
(Bioad TC10TM) and confirmed by a DNA assay (QuanDNA assay Kkit, Invitrogen)
considering 4 pg DNA/cell. After 1 h incubation ithe dark at room temperature,
chemiluminescence was measured by a VersaDoc MErSy&8Bio-Rad) equipped by the
Quantity Oné& version 4.6 software. All samples were assayed tiiplicate.
Chemiluminescence mean values were plotted vefsusell number in the assay and the
linear regression curve fit was calculated by toftwsare (Excell-Windows). The increase of

caspase 3/7 enzymatic activity was calculated byadtio of the curve slopes.
3.4.7 Morphological assessment of apoptotic and necrotic cells

Cells were seeded on glass disk (1.3 cm in diamptaced into wells of a 24-well plate, at a
density of 5xIG cell/disk, for 48 hours and thereafter treatechvétmedium containing 1%
FBS in presence or absence of CBG (M, for 24-h). After incubation, the culture medium
was removed, the glass disks were collected anggas slide. Subsequently, cells on slides
were fixed and stained by the standard hematoxegdsin method. The slides were analyzed
and the histological images were captured with dfee of a light microscope (at 200 X
magnification). The number of apoptotic and necratlls was quantified using at least 100

cells per slide (n=3 independent experiments).
3.4.8 Nitrites measurement

Nitrites, stable metabolites of NO, were measumdniacrophages medium as previously
described (Aviellcet al., 2011). Mouse peritoneal macrophages (5>cHls per well seeded in

a 24-well plate) were incubated with the drugs es{see following) for 30 min and
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subsequently with LPS (1g/ml) for 18 h. After reduction of nitrates to nigg by cadmium,
cell supernatants were incubated with 2,3-diamipbtelene (DAN) (50ug/ml) for 7 min.
After stopping the reaction with 2.8 N NaOH, nérievels were measured using a fluorescent
microplate reader (LS55 Luminescence Spectrom@&erkinElmer Instruments, excitation—

emission wavelengths of 365-450 nm).

For the evaluation of nitrite levels, mouse pert@inmacrophages were incubated with CBG,
CBC and THCV (0.001-1 pM) in presence or not of LEASug/ml) for 18 hours. In a
subsequent set of experiments, rimonabant (0.1 @B4,receptor antagonist) and SR144528
(0.1 uM, CB; receptor antagonist) were incubated 30 min be@B86&, CBC and/or THCV (1
uM) + LPS (1ug/ml) for 18 hours.

In some experiments, cells were also treated wi@EA (0.001-0.1uM, CB; agonists) and

JWH133 (0.001-0.1M, CB; receptor agonist) incubated 30 min before LPSidttion.
3.4.9 Proliferation assays:
Proliferation assays were performed using MTT assalthe’H-thymidine incorporation:

3H-thymidine incorporation

Cell proliferation was evaluated in colorectal ¢aoma cell line Caco-2 using thH-
thymidine incorporation as previously described iGNo et al., 2010). Briefly, Caco-2 cells
were seeded in 24-well plates at a density of il DMEM supplemented with 10% FBS
and grown for 24 hours. The resulting monolayersewgashed three times with phosphate
buffered saline (PBS) and then 1 ml of serum-fré¢HM was added to each well. After 24
hours of serum starvation, the cells were washeeettimes with PBS and incubated with
DMEM supplemented with 10% FBS containing CBD (600 uM) in the presence of
[methyl-3H]-thymidine (1uCi/well) for 24 hours, scraped in 1 M NaOH and eoléd in
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plastic miniature vials (PerkinElmer) filled up Witliquid for scintillation counting
(UltimaGold® PerkinElmer). Treatments were compared with 3@0@ spermine. Cell
proliferation was expressed as coyp# minute onug of protein (CPMig protein) of
incorporating *H-thymidine cells using ap-counting (PerkinElmer, Milan, Italy). The
treatments were carried out in triplicate and threeependent experiments were performed.

The protein content was quantified using the Bradlifoethod.

MTT assay

The MTT assay, beyond its use as a cytotoxicitayssan also be used for the evaluation of
cell proliferation. For this purpose, it is necegga synchronize cells at the same cellular cycle
phase (@G,) by serum deprivatiori.€. starvation). Caco-2 (at a density of 1.09161CT1186,
DLD-1 (both at a density of 2.5x3)0and HCEC (at a density of 1.0X)@ells were seeded,
allowed to adhere for 48 hours and starved by setejpnivation for 24 h. Briefly, for the MTT
assay, cells were treated with CBD (0.01uMin Caco-2 HCT116, DLD-1 and HCEC), CBD
BDS, (0.3-5uM in HCT116, DLD-1 and HCEC cells) for 24 h andubated with MTT (250
ug/ml) for 1 h at 37°C. The mitochondrial reducti@hMTT to formazan was then quantitated
at 490 nm (iMarkTM microplate reader, BioRad, Ralysing this assay, the antiproliferative
effect of CBD and CBD BDS was evaluated in Cacaad BLD-1 cells in the presence of
several selective receptor antagonists all incuba@emin before the addition of CBD or CBD

BDS.
3.4.10 Radioligand [*Y GTPySbinding assay

Binding assays with®*!S] guanosine 5"-(gamma-thio)triphosphate (@3)Pwere performed
with CB;-CHO cell membranes. The cells were removed fraaskl8 by scraping and then

frozen as pellets at -20°C until required. Befose in a radioligand binding assay, cells were
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defrosted, diluted in Tris-buffer (50 mM Tris-HCB0 mM Tris-Base) and homogenized.

Protein assays were performed using a Bio-Rad Dercules, CA).

Measurement of agonist-stimulate¥JJGTP/S binding to cannabinoid GBreceptors was
described previously (Browat al., 2010). The assays were carried out with ¢3'Binding
buffer (50 mM Tris-HCI, 50 mM Tris-Base, 5 mM MgCL mM EDTA, 100 mM NaCl, 1 mM
DTT and 0.1% bovine serum albumin) in the presente[**S]JGTPS and guanosine
diphosphate (GDP), in a final volume of 500 pl. ddimg was initiated by the addition of
[**S]GTHS to the wells. Non-specific binding was measurethée presence of 30 uM GJ®.
The cannabinoid receptor antagonist rimonabanfu{@)lwas incubated 30 min before CBC
(AuM), at 30°C. Total incubation time was 60 mimeTreaction was terminated by a rapid
vacuum filtration method using Tris-binding buffeas described previously, and the
radioactivity was quantified by liquid scintillaticspectrometry. In all thé B]GTP/S binding

assays, we used 0.1 nM$]GTHS, 30 pM GDP and 33 pysgr well of proteins.
3.4.11 Radioligand displacement assay

Displacement assay was performed with membranas €610 cells transfected with human
CB; or CB; receptors (Rost al., 2000). The CHO cells were removed from flasks¢naping
and then frozen as a pellet at -20°C until requiiefore use in a radioligand binding assay,
cells were defrosted, diluted in 50 mM Tris buféerd homogenized with a 1 ml hand-held
homogenizer. Protein assays were performed usBig-&ad Dc kit (Bio-Rad, Hercules, CA,
USA). The assay was carried out, as previously rdest by Rosset al., 2000, with
[*H]CP55940, 50mM Tris HCI, 50 mM Tris Base and 1 migBSA (assay buffer}ptal assay
volume 500 pl. CBD, CBD BDS (0.0001-10 pM) artH]CP55940 were each added in a
volume of 50 pul following their dilution in assayffer. Binding was initiated by theddition

of hCB;- or hCB-CHO cell membranes (25 pg protgier tube) and all assays were performed
43



at 37°C for 60 min before termination by the adbuhtiof ice-cold wash buffer (50 mM Tris
buffer, 1 mg/ ml BSA) and vacuum filtration usin@4-well sampling manifold (Brandel Cell
Harvester) and Whatman GF/B glass-fibre filterd theave been soaked in wash buffer at 4°C
for 24h. Each reaction tube was washed three timitsa 4 ml aliquot of buffer. The filters
were oven-dried for 60 min and then placed in 5omécintillation fluid (Ultima Gold XR,
Packard). Radioactivity was quantified by liquidnsdiation spectrometry. Specifibinding
was defined as the difference between the bindiagptcurs in the presence and absence of 1
UM unlabeledCP55940. The concentratiaf [°H]CP55940 used in the displacement assays

was 0.7 nM.
3.4.12 Quantitative (real-time) RT-PCR analysis

Total RNA was extracted according to the manufactsr recommendations and further
purified and DNA digested by the Micro RNA puriftean system (Invitrogen). Total RNA
eluted from spin cartridge was UV-quantified by i@-Bhotometét (Eppendorf, Santa Clara,
CA, USA), and purity of RNA samples was evaluatedtite RNA-6000-Nan®d microchip
assay using a 2100 BioanalyZequipped with a 2100 Expert Softwar@gilent, Santa Clara,
CA, USA) following the manufacturer’s instructiorfor all samples tested, the RNA integrity
number was greater than 8 relative to a 0—10 s€ale.microgram of total RNA, as evaluated
by the 2100 Bioanalyzer, was reverse transcribecDINA by the SuperScript Il SuperMix
(Invitrogen). The reaction mixture was incubatedairtermocycler iCycler-iJd% (Bio-Rad,
Hercules, CA, USA) for a 5 min at 60°C step, folemiby a rapid chilling for 2 min at 4°C.
The protocol was stopped at this step and the seveanscriptase was added to the samples,
except the negative controls (—RT). The incubati@s resumed with two thermal steps: 10
min at 25°C followed by 40 min at 50°C. Finallygtiheaction was terminated by heating at

95°C for 10 min. Quantitative real time PCR wasf@ened by an iCycler-ig%in a 20mL
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reaction mixture containing 1 X SYBR green superifio-Rad), 10 ng of cDNA (calculated
on the basis of the retro-transcribed RNA) and 880for each primer. Primer sequences and
optimum annealing temperature (TaOpt) were desigrimd the AllelelD software
(PremierBiosoft). The amplification profile congdtof an initial denaturation of 2 min at 94°C
and 40 cycles of 30 s at 94°C, annealing for 30 a®pt and elongation for 45 s at 68°C.
Fluorescence data were collected during the elamatep. A final melt-curve data analysis
was also included in the thermal protocol. Assagsevperformed in quadruplicate (maximum
Ct of replicate samples <0.5), and a standard cluore consecutive fivefold dilutions (100 to
0.16 ng) of a cDNA pool representative of all saespivas included for PCR efficiency
determination. Relative normalized expression wesluated as previously described (Di
Marzoet al., 2008). For the targets evaluated in the cololeetacer cells and human healthy
colonic epithelial cell line a qualitative arbityascale to define the level of mMRNA expression
was considered as follows: high expression (HENf20 to 25 Cq; middle expression (ME)
from 25 to 30 Cq; low expression (LE) from 30 toC2B very low expression (VLE) over
33Cq. Furthermore two quality parameters have lgiéned in evaluating expression data: i)
the maximum acceptable standard deviation foligaid samples was pgt0.500 (note that at
high Cq the standard deviation normally draws twease); ii) the expression data is significant
if A (COnearClhkg = 5. Assays were performed in quadruplicate in twdependent
experiments, by using 20 ng of cDNA (as evaluatednfthe input RNA used for reverse-
transcription).

The targets investigated were:

i) CBy, CBy, TRPAL, TRPV1, TRPV2, TRPM8 and 5HT1A mRNA expressin colorectal

carcinoma cell line (Caco-2) and human healthymiclepithelial cell line (HCEC)
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i) CB31, CB,, INOS and COX-2 mRNA expression in peritoneal ropbages (treated or not

with CBC and/or CBG 1 pM, 30 min before LPS)
All the cell lines used were collected and homogediiin 1.0 mL of Triz8l (Invitrogen).
3.5 Statistical analysis

Statistical analysis has been carried out usingl@ad Prism 5.0 (GraphPad Software, San
Diego, CA, USA). Data are expressed as the meanardard error (SEM) or standard

deviation (SD) of n experiments. To determine statl significance, Student's t test was used
for comparing a single treatment mean with a cédntnean, and an one-way analysis of
variance followed by a Tukey-Kramer multiple compans test was used for analysis of
multiple treatment means. ANOVA was used to complififerent concentration-effect curves

with P<0.05 considered significant. ThesiGconcentration that produced 50% inhibition of
cell viability) value was calculated by nonlineagression analysis using the equation for a
sigmoid concentration—response curve (GraphPadnPriB values < 0.05 were considered

significant.

Values obtained from the radioligand assays haes lexpressed as means and variability as
SEM or as 95% confidence limits. Net agonist stated f°S]GTP/S binding values were
calculated by subtracting basal binding values gjoled in the absence of agonist) from
agonist-stimulated values (obtained in the preseh@gonist) as detailed elsewhere (Brigizi
al., 2005). Values for E&, maximal effect (Eay) and SEM or 95% confidence limits of these
values have been calculated by nonlinear regressialysis using the equation for a sigmoid
concentration-response curve (GraphPad Prism).cbheentration of a drug that produces a
50% displacement of*flJCP55940 from specific binding sites € is calculated using

GraphPad Prism 5. Its dissociation constnvalue) is calculated using the equation of Cheng
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and Prusoff (1973). The parameters ftH]CP55940 binding to hCBand hCB CHO cell
membranes have been determined by fitting data &aturation binding experiments to a one-
site saturation plot using GraphPad Prism 5. Thieybd.00 pmol/mg and 215 pmol/mg.{8),

and 1.1 nM and 4.3 nMKg) in hCB, and hCB CHO cell membranes, respectively.
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4.0 RESULTS

4.1 INFLAMMATORY BOWEL DISEASE (IBD)

4.1.1 CANNABIGEROL (CBG)

4.1.1.1 Effect of CBG on colon weight/colon lengthatio

DNBS administration caused a significant increaseolon weight/colon lengthatio, a simple
and reliable marker of intestinal inflammation/d@ma(Galvezet al., 2000). CBG (1-30
mg/kg) given after the inflammatory insult, signédntly reduced the effects of DNBS on colon
weight/colon lengthratio. Significant protection was achieved starting frone 5 mg/kg

(Figure 6).
4.1.1.2 Effect of CBG on histological damage andfilammation

Histological evaluations of colonic mucosa of hegltcontrol animals showed normal
appearance with intact epithelium (Figure 7A). Ie tDNBS group, colons showed tissue
injury which was mainly characterized by necrosioiving the full thickness of the mucosa,
infiltrations of granulocytes into the mucos#-mucosa andedema of sub-mucosa (Figure
7B). CBG (30 mg/kg, given after the inflammatorguit) reduced the signs of colon injury
(microscopic score: control, 0.50+0.22; DNBS, 9.@8} CBG 30 mg/kg, 6.0+0.45* n=4,
*p<0.001vs control and p<0.01vs DNBS alone). In the colon of CBG (30 mg/kg)-trehte
animals, the glands were regenerating,addEema in sub-mucosa was reduced, and the erosion

area was superficial (Figure 7C).
4.1.1.3Effect of CBG on immunohistochemical detection of k67

The curative action of CBG was further confirmed inynunohistochemistry. In normal

colonic mucosa, the predominant area of cell peddifion is localized to the lower of the crypts
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as revealed by Ki-67 distribution (Figure 8A). Imetcolon from DNBS-treated mice, total
necrosis with Ki-67 immunoreactivity on inflammagocells and in a few remaining surface
elements was observed (Figure 8B). CBG (30 mg/lkggngafter the inflammatory insult)
partially counteracted the effect of DNBS on cetbliferation, its mitotic activity being
restricted to the lower half of the mucosa.(the mature superficial cells were not in a

proliferative state) (Figure 8C).

4.1.1.4 Effect of CBG on intestinal barrier function

FITC-conjugated dextran presence (index of membirategrity) was not detected in the serum
of healthy control animals. The administration dNBS induced FITC-conjugated dextran
appearance in the serum. CBG treatment (30 mg/&gjptetely abolished DNBS-induced

increased intestinal permeability (Figure 9A).

4.1.1.5 Effect of CBG on neutrophil infiltration in inflamed colon

MPO activity is considered to be an index of nepitib infiltration (because MPO is
predominantly found in these cells) and it is l&gesed to quantify intestinal inflammation
(Krawisz et al., 1984). DNBS-induced colitis was associated witgngicantly increased
neutrophil infiltration, as evaluated by MPO (Fig®B). CBG, given after the inflammatory
insult at the dose of 30 mg/kg, counteracted DNiB&+ced increase in MPO activity (Figure

9B).

4.1.1.6 Effect of CBG on SOD activity in inflamed alon

DNBS produced a significant decrease in SOD agtiviBG, at the dose of 30 mg/kg,

counteracted DNBS-induced reduction in SOD actigitigure 9C).
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4.1.1.7 Effect of CBG on iINOS and COX-2 protein exgssion in inflamed colon

Densitometric analysis indicated a significant @age in the expression of both INOS and
COX-2 in the inflamed colons (Figure 10 A-B). CB&)(mg/kg) reduced iNOS (Figure 10A),

but not COX-2 (Figure 10B) over-expression indubgdNBS.
4.1.1.8 Effect of CBG on IL-B, IL-10 and interferon-y in the inflamed colon

The levels of IL-B and interferony (IFN- y) were significantly increased by DNBS (Figure 11
A and B). By contrast, IL-10 production significgntdecreased in the colon from DNBS-
treated mice (Figure 11C). Treatment with CBG (3fkg) counteracted the changes in Ik-1

IL-10 and IFNy levels observed in the inflamed colons (Figure X1)A
4.1.1.9 Cytotoxicity assay on murine peritoneal maophages

Cytotoxicity was evaluated performing the MTT asaag CBG, at the concentrations ranging
from 0.001 to 1 pM, did not affect mitochondrialsparation (expressed as percentage of
viability + SEM) after 24-h exposure: [control 99.¢ 3.69; CBG 0.001 pM 95.58 + 4.21;
CBG 0.01 pM 95.58 + 1.21; CBG 0.1 pM 102.3 + 4.CBG 1 pM 105.60 + 3.73; CBG 10
UM 38.23 + 2.98 "p<0.001 vs control (n=3 experiments)]. Similarly, the CBeceptor
antagonist rimonabant (0.1 uM) and the,CGBceptor antagonist SR144528 (0.1 uM) did not

exert cytotoxic effects (data not shown).

4.1.1.10 Effect of CBG on nitrite production in macophages alone and in presence of

CB4/CB; receptor antagonists

LPS (1 pg/ml for 18 h) administration caused aificgnt increase in nitrite production (Figure
12A). A pre-treatment with CBG (0.001-1 pM, 30 ninefore LPS) caused a significant

reduction in nitrite production. Since CBG can lmhendocannabinoid metabolism and hence
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indirectly activate cannabinoid receptors (De Ruwdlies et al., 2011), in the second set of
experiments we verified if CBG effect on nitriteoguction was sensitive to selective <#Bd
CB, receptor antagonists. We found that rimonabant |(041 CB; receptor antagonist) did not
modify the inhibitory effect of CBG (1 uM) (Figure2B). By contrast, SR144528 (0.1 pM,
CB, receptor antagonist) enhanced the inhibitory efedoc€BG (1 puM) on nitrite production
(Figure 12C). Rimonabant and SR144528, at the cdrat@ns used, did not modifyer se

nitrite levels induced by LPS stimulation (FigurzBland C).

4.1.1.11 Effect of CBG on INOS and COX-2 (mRNA angbrotein) expression in LPS-

treated murine peritoneal macrophages

The inhibitory effect of CBG (1 puM) on nitrite proction in LPS-treated macrophages was
accompanied by decrease of INOS protein with noifsggnt changes in its transcriptional
levels (.e. of INOS mRNA) (Figure 13A and C). COX-2 is a keyzgme involved in the
macrophages function. Similarly to INOS, LPS adsthaition caused up-regulation of COX-2
MRNA and protein expression. CBG (1 uM) incubat@dv8n before LPS stimulation, did not

modify LPS-induced COX-2 up-regulation (Figure 1a&1 D).

4.1.1.12 Effect of CBG on CECB, mRNA expression in macrophages

A challenge with LPS (1 pg/ml for 18 h) caused egulation of CB receptors and down-
regulation of CB receptors (Figure 14A and B). CBG (1 puM) did natdify cannabinoid CB
and CB receptor mRNA expression both in control and irStiReated macrophages (Figure

14A and B).
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Figure 6. Dinitrobenzene sulfonic acid (DNBS)-induced colitismice. Colon weight/lengthatio of
colons from untreated and DNBS-treated mice in ghesence or absence of cannabigerol (CBG).
Tissues were analyzed 3 days after vehicle or DNBS mg/kg, intracolonically) administration. CBG
(1-30 mg/kg) was administeredp) once a day for two consecutive days starting 2dfter the
inflammatory insult. Bars are mean + SEM of 12-1Eerfor each experimental groufp<0.001vs
control,"p<0.05 and” p<0.01vs DNBS alone.
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Figure 7. Histological evaluations of inflamed and non-infleancolons: effect of cannabigerol (CBG).
No histological modification was observed in theawsa andub-mucosa of control mice (A); mucosal
injury induced by dinitrobenzene sulfonic acid (D8)Badministration (B); treatment with CBG
reduced colon injury by stimulating regeneratiorthaf glands (C). Histological analysis was perfatme
3 days after DNBS administration. CBG (30 mg/kg)sveaiministeredif) for two consecutive days
starting 24-h after the inflammatory insult (cuvatiprotocol). Original magnification x200 . Thedig

is representative of 4 experiments.
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Figure 8. Different patterns of Ki-67 immunoreactivity in thmlonic mucosa of control mice (A),
dinitrobenzene sulfonic acid (DNBS)-treated mice) (Bnd mice treated with DNBS plus
cannabigerol(CBG) (C). (A) Ki-67 immunopositive leelvere localised to the lower part of the crypts.
(B) Ki-67 immunopositive cells were observed ornanfmatory cells. (C) Ki-67 immunopositive cells
were observed only in the expanded basal zone. CEBGmg/kg) was administeredp) for two
consecutive days starting 24-h after the inflammatmsult. The figure is representative of 4
experiments.
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Figure 9. Effect of cannabigerol (CBG) on intestinal permégbi(evaluated as FITC-dextran
permeability) (A) , myeloperoxidase (MPO) activ{®) and superoxide dismutase (SOD) activity (C)
in dinitrobenzene sulfonic acid (DNBS)-induced tislin mice. Colons (for MPO and SOD activities)
and blood (for intestinal permeability) were analys3 days after vehicle or DNBS (150 mg/kg,
intracolonically) administration. CBG (30 mg/kg) svadministeredif) for two consecutive days
starting 24-h after the inflammatory insult (cuvatiprotocol). Bars are meantSEM of 5 mice for each
experimental grougp< 0.001 vs control and p< 0.001vs DNBS alone.
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Figure 10. Inducible nitric oxide synthase (INOS) (A) and @a@kygenase-2 (COX-2) (B) expression
in colonic tissues of animals treated or not withittbbenzene sulfonic acid (DNBS): effect of
cannabigerol (CBG). Measurements were performedy3 dfter DNBS (150 mg/kg, intracolonically)
administration. CBG (30 mg/kg) was administergg) for two consecutive days starting 24-h after the
inflammatory insult. Results are mean+SEM of 3—gezimentsp<0.05 andp< 0.001vs control;” p<

0.001vs DNBS alone.
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Figure 11. Effect of cannabigerol (CBG) on interleuki-1IL-1pB) (A), interferony (IFN-y) (B) and
interleukin-10 (IL-10) (C) levels in mouse colonsdted with dinitrobenzene sulfonic acid (DNBS).
Measurements were performed 3 days after DNBS @éfkg, intracolonically) administration. CBG
(30 mg/kg) was administeredp) for two consecutive days starting 24-h afteritifammatory insult.
Results (expressed as picograms per ml of proteiae) are meant SEM of 3—4 experiments.
#*p<0.01-0.004vs control, p< 0.05 and p< 0.01vs DNBS alone.
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Figure 12. Effect of cannabigerol (CBG) on nitrite levels (i) the cell medium of murine peritoneal
macrophages incubated with lipopolysaccharide (LP$pg/ml) for 18 h. CBG (0.001-1 uM) was
added to the cell media 30 min before LPS challeBgend C show the effect of CBG, (1 uM) alone or
in presence of the cannabinoid CBeceptor antagonist rimonabant (Rim, 0.1 uM) (B) tle
cannabinoid CBreceptor antagonist SR144528 (0.1 pM) (C) on eiti@vels in the cell medium of
murine peritoneal macrophages incubated with LP@g/inl) for 18 h. The antagonists were added to
the cell media 30 min before CBG exposure. LPS imasbated 30 min after CBG. Results are
means+SEM of three experiments (in triplicat&s¥0.001vs control; p< 0.05 and™ p< 0.001vs LPS
alone; p< 0.001vs LPS + CBG.
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Figure 13.Inducible nitric oxide synthase (iINOS) (A, C) angtlooxygenase-2 (COX-2) (B, D) protein
and mRNA levels in cell lysates from macrophagesitimted or not with lipopolysaccharide (LPS, 1
mg/mL) for 18 h. mMRNA expression was evaluated ByFRCR. The expression levels, normalized with
respect to the reference genes, were scaled texjmession value of the control, considered as 1.
Protein expression was evaluated by Western blatysis. Cannabigerol (CBG, 1 uM) was added to
the cell media 30 min before LPS challenfes 0.001 versus control: p<0.01vs LPS f = 4-5
experiments).
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Figure 14.Relative mRNA expression of cannabinoid ;GBceptor (A), cannabinoid GBeceptor (B)

in cell lysates from macrophages incubated or niti Vipopolysaccharide (LPS, 1 pug/ml) for 18h.
Cannabigerol (CBG, 1 uM) was added alone to thengetia or 30 min before LPS challenge. Data
were analysed by GENEX software for group wise canigons and statistical analysis. Results are
means+SEM of four experimenfg< 0.001vs control.
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4.1.2 CANNABICHROMENE (CBC)

4.1.2.1 Effect of CBC on DNBS-induced colitis (cotoweight/colon lengthratio, intestinal

permeability and myeloperoxidase activity)

DNBS administration caused a significant increasedlon weight/colon lengthatio (Figure
15). CBC, at the doses of 0.1 and 1/kgg (ip) after the inflammatory insult, significantly
reduced the effects of DNBS on colon weight/colemgthratio. The effect was significant for
the dose of 1 mg/kg. At the 1 Mg dose, CBC significantly reduced DNBS-induced éase

in intestinal permeability (Figure 16A) and MPOiwity (Figure 16B).

4.1.2.2 Effect of CBC on histological damage and ammunohistochemical detection of

Ki-67

Histological analysis showed, in control mice, amal appearance, with intact epithelium of
the colonic mucosa (Figure 17A). In DNBS-treatedanisubtotal erosions of the mucosa, and
diffuse lymphocyte infiltration involving thenuscularis mucosae and thesub-mucosa were
observed (Figure 17B). CBC treatment (1/kgg given intraperitoneally after DNBS) resulted

in a regenerative area surrounding the residuall fsions (Figure 17C).

Immunohistochemical analyses confirmed the berafieffect of CBC on inflamed colonic
mucosa. In control tissues, Ki-67 immunoreactiveyealed proliferative activity on tHandus
of the foveole glands (Figure 18A). In the coloonfi DNBS-treated mice, total necrosis with
Ki-67 immunoreactivity on inflammatory cells wassaoved (Figure 18B). CBC (1 g,
given intraperitoneally after DNBS) reduced theeeffof DNBS on cell proliferation, the

mitotic activity being restricted to one half oetmucosa (Figure 18C).
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4.1.2.3 Cytotoxicity assay on murine peritoneal maophages

Cytotoxicity was evaluated performing the MTT assag CBC, at the concentrations ranging
from 0.001 to 1 uM, did not affect mitochondrialsp&ation (expressed as percentage of
viability + SEM) after 24-h exposure: [control 99.2 4.70; CBC 0.001 uM 103.7 = 8.0; CBC
0.01 uM 101.3 + 4.40; CBC 0.1 pM 96.29 + 2.9; CBQ@MN 103.8 £ 3.60; DMSO 20% v/v
(used as positive control) 24.50 + 1*78<0.001vs control (n=3 experiments)]. Similarly the
CB; agonist ACEA (0.001-0.1 uM), the GBeceptor agonist JWH133 (0.001-0.1 uM), the
CB; receptor antagonists rimonabant (0.1 uM) and AM@A5aM), the CB receptor antagonist

SR144528 (0.1 uM) did not exert cytotoxic effectath not shown)
4.1.2.4 Nitrites measurements in murine peritoneahacrophages

In cells not treated with LPS, CBC (0.001-1 uM) diot modify basal nitrite levels [nitrite
levels (nM) +£SEM: control 614.4 +31.5, CBC 0.001 u620.5+32.1, CBC 0.01 uM
618.4+24.6, CBC 0.1uM 612.7+29.6, CBC 1uM 626.92361=12]. LPS (1 winl for 18 h)
administration caused a significant increase intaiproduction (Figure 19). A pre-treatment
with CBC (0.001-1 pM), 30 min before LPS, signifitly reduced LPS-increased nitrite levels
(Figure 19). CBC was also effective when given b&rk after LPS challenged three hours
before nitrite assay) (see insert to Figure 19).ddmificant differences were found in CBC
effect when the compound was given 30 min befor8& biP 15 h after LPS.€. three hours
before the nitrite assay, see overlapping curvebannsert to Figure 19). Like CBC, the CB
agonist ACEA (0.001-0.1 uM) and the g€iceptor agonist JWH133 (0.001-0.1 uM) reduced
the production of nitrites stimulated by LPS whéreg 30 min before LPS [nitrite levels (nM)
+SEM: control 642.2+51.6, LPS 1pg/ml 911.3+42 ACEA 0.001pM 782.3+12.0 ACEA
0.01 pM 730.9420.4, ACEA 0.1 uM 699.8+181; n=6, “p<0.01 vs control, 'p<0.05,

“p<0.01 and” p<0.001vs LPS alone. Control 842.0+18.4, LPS 1pg/ml 1200355WH133
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0.001pM 942.5+70.7 JWH133 0.01 uM 965.8+58,7JWH133 0.1 pM 707.0+83.6; n=6,

#p<0.001vs control,"'p<0.05 and”~ p<0.001vs LPS alone].

4.1.2.5 Effect of CBC on INOS and COX-2 (mMRNA and notein) expression in LPS-

treated murine peritoneal macrophages

In order to verify if the effect of CBC on the ieased nitrite production was associated to
changes in INOS expression, we measured the mRNApestein levels of this enzyme both
by RT-PCR and by western blot. LPS administratiparegulated INOS mRNA and protein
expression (Figure 20A-C). CBC (1 uM) incubatedr8id before LPS stimulation, did not
modify LPS-induced changes in iINOS expression (feg20A-Q. Similarly to iINOS, LPS
administration caused up-regulation of COX-2 mRN#A grotein expression (Figure 20B-D).
CBC (1 puM) incubated 30 min before LPS stimulatidid not modify LPS-induced COX-2

up-regulation (Figure 20B-D).

4.1.2.6 Effect of CBC on IL-B, IL-10 and IFN-y levels in LPS-treated murine peritoneal

macrophages

Interleukins and interferop-are important cytokines involved in LPS-evokedpmases in
macrophages. The levels of I[3;1FN-y and IL-10 in macrophages medium were significantly
increased after 18-h exposure to LPS (Figure 21AACpre-treatment with CBC (1 uM),
incubated 30 min before LPS stimulation, signifitaneduced IL-10 and interferon{but not

IL-1B) levels in macrophages (Figure 21A-C).
4.1.2.7 Effect of CBC in presence of selective @BB, receptor antagonists

Because CBC can inhibit endocannabinoids inactwaiiDe Petrocelligt al., 2011), in this set
of experiments we verified if CBC effect on nitrjgeoduction was reduced or counteracted by

selective CBand CB receptor antagonists. We found that rimonabaiit |{04) (CB, receptor
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antagonist) not only did not counteract but, iadtesignificantly enhanced the inhibitory effect
of CBC (1 uM) on nitrite production (Figure 22A)yBontrast, the CBreceptor antagonist SR
144528, at a concentration (0.1 pM) able to bldok éffect of the selective GBeceptor
agonist JWH133 (0.1 uM) on nitrite production (datd shown) did not modify CBC (1 uM)-
induced changes in nitrite production (Figure 22B)monabant and SR 144528, at the
concentrations used, did not modipgr se, nitrite levels induced by LPS ([nitrite levels ()M
+SEM: control 611.9+27.4, LPS 1pg/ml 899.1+75.2imonabant 0.1 pM 863.1+24.8,

SR144528 0.1 pM 917.1+27.2; nZ$<0.001vs control].

Next, using {°S]GTPS binding assays, we found that when tested atectrations from 1 nM
up to 1 uM, CBC did not display any significant lapito stimulate or inhibit TSS]GTPyS
binding to hCB-CHO cell membranes (data not shown). In contrasing the same
experimental conditions, we found that, when in¢eday itself, 0.1 uM rimonabant induced,
as expected, a marked inhibition 831JJGTR/S binding in this bioassay. When 1 uM CBC was
added 30 min after 0.1 uM rimonabant, no significahange in Eax of this inverse

agonist/antagonist was observed (Figure 23).
4.1.2.8 Effect of CBC on CB CB, mRNA expression in murine peritoneal macrophages

Results of the experiments measuring mRNA exprasaie shown in Figure 24 A-B. LPS (1
pgml for 18 h) challenge caused up-regulation of; @&eptors and down-regulation of £B
receptors. CBC did not modify GBnd CB mRNA expression in LPS-treated macrophages

(Figure 24 A-B).
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4.1.2.9 Effect of CBC on endocannabinoids and reladl molecules in murine peritoneal

macrophages

Table 2 reports the levels of endocannabinoids, P& OEA in murine peritoneal
macrophages treated with LPS. The exposure to IR&r(l) for 18 h induced a significant
increase in anandamide (but not 2-AG, PEA or OAgls. CBC (1 uM) did not change the
levels of the endocannabinoids and PEA in cont@tnmphages €. not treated with LPS), nor
in macrophages challenged with LPS (Table 2). Bytrest, CBC significantly increased OEA

levels in LPS-treated macrophages (Table 2).
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Figure 15. Dinitrobenzene sulfonic acid (DNBS)-induced colit,s mice. Colon weight/colon length
ratio of colons from untreated and DNBS-treated micth@presence or absence of cannabichromene
(CBC). Tissues were analyzed 3 days after vehiadleDOIBS (150 mgkg, intracolonically)
administration. CBC (0.1 and 1 kg) was administeredf) once a day for two consecutive days
starting 24-h after the inflammatory insult. Bare enean + SEM of 12-15 mice for each experimental
group.”p<0.001vs control;” p<0.01vs DNBS alone.
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Figure 16. Inhibitory effect cannabichromene (CBC) on serut@Fdextran concentration (a measure
of intestinal barrier function) (A) and myeloperdase (MPO, a marker of intestinal inflammation)
activity (B) in dinitrobenzene (DNBS)-induced ciditin mice. Permeability and MPO activity were
measured on colonic tissues 3 days after vehicl®MdBS (150 mgkg, intracolonically). CBC (1
mgkg) was administeredp) for two consecutive days starting 24-h afteritifiemmatory insult. Bars
are mean = SEM of 5 mice for each experimental gr&p<0.001vscontrol; 'p<0.05 and” p<0.01vs
DNBS alone.
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Figure 17. Histological evaluations of inflamed and non-infledncolons: effect of cannabichromene
(CBC). No histological modification was observedlie mucosa ansub-mucosa of control mice (A);
mucosal injury induced by dinitrobenzene sulfongida(DNBS) administration (B); treatment with
CBC reduced colon injury stimulating a regeneratioin the glands (c). CBC (1 mg) was
administered ip) for two consecutive days starting 24-h after thigammatory insult. Histological
analysis was performed 3 days after DNBS (15@kmgntracolonically). Original magnification x200.
The figure is representative of 3 experiments
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Figure 18. Different patterns of Ki-67 immunoreactivity in tlewlonic mucosa of control mice (A),

dinitrobenzene sulfonic acid (DNBS)-treated mice) (Bnd mice treated with DNBS plus
cannabichromene (CBC) (C). (A) Ki-67 immunopositiadls localised to the lower of the crypts. (B)
Ki-67 immunoreactivity was observed on inflammatoells. (C) Ki-67 immunopositive cells observed
only in the expanded basal zone. CBC (V/kgyg was administeredif) for two consecutive days

starting 24-h after the inflammatory insult. Thgufie is representative of 3 experiments.
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Figure 19. Inhibitory effect of cannabichromene on nitrite dé&/ in the cell medium of murine
peritoneal macrophages incubated with lipopolysagde (LPS, lug/ml) for 18h. Cannabichromene
(CBC, 0.001-1uM) was added to the cell media 30 min before LP&lehge (.e. 18.5 hours before
nitrites assay). Results are mean+SEM of six erpants (in triplicates)’p<0.001vs control; 'p<0.05
and” p<0.001vs LPS alone. The insert (on top of the figure) shtes effect of CBC (expressed as
percentage of inhibition of the corresponding cointralues, with the difference between LPS and
control considered as 100%) when given 30 min leefd?S (CBC before LPS) or 15 hours after LPS
(CBC after LPS). No statistically significant difeeice was observed between the two concentration—
response curves reported in the insert.
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Figure 20.Inducible nitric oxide synthase (iNOS) (A, B) angtlboxygenase-2 (COX-2) (C, D) mRNA
and protein levels in cell lysates from macrophagesbated or not with lipopolysaccharide (LPS, 1
mg/mL) for 18 h. mRNA expression was evaluated ByHCR. The expression levels, normalized with
respect to the reference genes, were scaled texgiression value of the control, considered ashé. T
means of the quantitative-cycles (Cq) for the auntvere: 26.00 and 25.58 for iINOS and COX-2
respectively. Protein expression was evaluated legtévn blot analysis. Cannabichromene (CBC, 1
uM) was added to the cell media 30 min before LP8llehge.”p< 0.001 versus controh(= 4-5

experiments).
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Figure 22. Effect of cannabichromene (CBC, M) alone or in presence of the cannabinoid,; CB
receptor antagonist rimonabant (M) (A) as well as in the presence of the cannalkiif@is, receptor
antagonist SR144528 (0.gM) (B) on nitrite levels in the cell medium of mnoe peritoneal
macrophages incubated with lipopolysaccharide (UR&8yml) for 18 h. The antagonists were added to
the cell media 30 min before CBC exposure. LPE¢(inl for 18 h) was incubated 30 min after CBC.
Results are means+SEM of three experiments (ificgiies).”p<0.001vs control; 'p<0.05 and p<0.01

vs LPS; p<0.05vs LPS+CBC.
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Figure 23. Effects of 1 uM cannabichromene alone (CBC), SR18A7alone (SR1, 0.1 uM; GB
receptor antagonist), and 1 pM CBC which was adfenhin after 0.1 pM SR141716A ofi$]GTP/S
binding to hCB- CHO cell membranes (n-12-16) (B). Symbols represgean values + SEM.
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Figure 24. Relative mRNA expression of cannabinoid ;GBceptor (A) and cannabinoid i ceptor

(B) in cell lysates from macrophages incubatedatrwith lipopolysaccharide (LPS, 1 pg/mL) for 18h:
effect of cannabichromene (CBC, 1 uM, added toactemedia or 30 min before LPS challenge). The
expression levels of MRNA, evaluated by RT-PCR @ounalized with respect to the reference genes,
was scaled for all conditions to the expressionealf the control, considered as 1. The meanseof th
guantitative-cycles (Cq) for the control values eve31.2 (CB receptor)and 24.48 (GBeceptor). The
reaction background was 37.30 Cq and 36.60 Cq Barr€ceptor and CBreceptor, respectively, at 40
reaction cycles’p< 0.001vs control 1 = 4).
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Table 2. Anandamide (AEA), 2-arachydonylglycerol (2-AG), patioylethanolamide (PEA)
and oleoylethanolamide (OEA) levels in cell lysateom macrophages incubated or not with
lipopolysaccharide (LPS, gg/ml) for 18 h: effect of cannabichromene (CBCuM, added
alone to the cell media or 30 min before LPS cihai.

Vehicle 0.58 = 0.13 102.1 = 159 184 = 29 952 1.4
CBC 0.65 = 0.22 121.8 = 38.9 183 =55 7.7 =24
LPS 1.85 = 0.55# 122.7 = 259 256 = 6.0 9.73 £ 2.4
LPS + CBC 1.5 £0.72 173.9 = 23.0 33.9 = 4.2 20.4 £ 2.9*

Results (pmol/mg lipid) are mean+SEM of 3-6 expets. “p<0.01 vs control; p<0.05 vs
LPS
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4.1.3A°-TETRAHYDROCANNABIVARIN (THCV)
4.1.3.1 Effect of THCV on DNBS-induced colitis (don weight/colon lengthratio)

DNBS administration caused a significant increasedlon weight/colon lengthatio (Figure
25). THCV (0.3-5 mg/kg, intraperitoneally), at thwose of 1 mikg (given after the
inflammatory insult), significantly reduced the exfts of DNBS on colon weight/colon length

ratio (Figure 25).
4.1.3.2 Effect of THCV on murine peritoneal macroplages viability

Cytotoxicity was evaluated performing the MTT assayd THCV, at the concentrations
ranging from 0.001 to 1 puM, did not affect mitocdaoal respiration (expressed as percentage
of viability £ SEM) after 24-h exposure: [contro8 98 + 4.58; THCV 0.001 uM 111.30 *
3.87; THCV 0.01 uM 104.7 £ 6.45; THCV 0.1 pM 10%®.18; THCV 1 pM 112.60 + 6.88;
THCV 10 pM 17.16 + 1.62 "p<0.001vs control (n=3 experiments)]. Similarly, the €B
receptor antagonists rimonabant (0.1 uM) and thgré8&ptor antagonist SR 144528 (0.1 pM)

did not exert cytotoxic effects (data not shown).
4.1.3.3 Effect of THCV on nitrite levels in murineperitoneal macrophages

In cells not treated with LPS, THCV (1 uM) did mabdify per se basal nitrite levels [nitrite

levels (nM)xSEM: control 653.2+38.79, THCV 1uM 66847.53; n=18]. LPS (1 pg/rfdr 18

h) administration caused a significant increasenitnite production (Figure 26). A pre-
treatment with THCV (0.001-1 pM, both), 30 minutesfore LPS, significantly reduced LPS-

increased nitrite levels (Figure 26).
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4.1.3.4 Effect of THCV on nitrite production in murine peritoneal macrophages in

presence of selective cannabinoid receptors antagets

Since some phytocannabinoids may exert pharmaaabgiction via direct or indirect
activation of cannabinoid receptors (Izzaal., 2009), in this set of experiments we verified if
THCV effects on nitrite production was reduced oumteracted by selective ¢And CB
receptor antagonists. We observed that rimonalfahti (M, CB receptor antagonist) did not
modify THCV (1 uM)-induced changes in nitrite pration (Figure 27A). On the other hand,
selective cannabinoid GBeceptor antagonists (SR 144528 @M) counteracted the effect of
THCYV on nitrite levels in LPS-stimulated macrophsig€igure 27B). The cannabinoid receptor
antagonists employed in this set of experimenthaiconcentrations used, did not affeet,

se, nitrite levels induced by LPS (data not shown).

4.1.3.5 Effect of THCV on INOS and COX-2 protein epression in LPS-treated

macrophages

In order to verify if the effect of THCV on nitritproduction in LPS-treated peritoneal
macrophages was associated to changes in iINOSssimmewe measured, by western blot, the
protein levels of this enzyme. LPS administratiansed an up-regulation on INOS and COX-2
protein expression (Figure 28A-B). THCV (1 uM coniration), incubated 30 min before LPS
stimulation, significantly reduced the LPS-inducgthnges in iNOS and COX-2 expression

(Figure 28A-B.

4.1.3.6 Effect of THCV on IL-1B levels in LPS-treated murine peritoneal macrophage

Interleukins are important cytokines involved in§-Bvoked responses in macrophages and IL-
1B represents one of the main pro-inflammatory cytekiable to induce COX-2 expression in
macrophages. The level of II31n macrophages medium was significantly increafesr 18-
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h exposure to LPS (Figure 29). A pre-treatment WitiCV (1 puM), incubated 30 min before
LPS stimulation, significantly reduced I3level in LPS-stimulated macrophages (Figure

29).

4.1.3.7 Effect of THCV on cannabinoid receptors mRN expression in LPS-treated

macrophages

LPS up-regulated CBreceptors and down-regulated £Beceptor mRNA expression in
macrophages (Figure 30A-B). THCV did not affect rmaninoid CB and CB mRNA
expression in un-stimulated macrophages, but it alale to reduce significantly the up-

regulation of CBmMRNA expression induced in macrophages by LPS (Ei§0A).
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Figure 25. Dinitrobenzene sulfonic acid (DNBS)-induced colitis mice. Colon weight/colon length
ratio of colons from untreated and DNBS-treated mice tle presence or absence af-
tetrahydrocannabivarin (THCV). Tissues were analy3edays after vehicle or DNBS (150 #kg,
intracolonically) administration. THCV (0.3-5 mhgy) was administeredif) once a day for two
consecutive days starting 24-h after the inflammyabosult. Bars are mean = SEM of 12-15 mice for
each experimental groufp<0.001vs control;” p<0.01vs DNBS alone.
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Figure 26. Inhibitory effect ofA%-tetrahydrocannabivarin (THCV) on nitrite levelsthe cell medium

of murine peritoneal macrophages incubated witbplgdysaccharide (LPS, dg/ml) for 18 h. THCV

(0.001-1 pM) was added to the cell media 30 miroteet PSstimulus (i.e. 18.5 hours before nitrites
assay). Results are mean+SEM of three experimentsifglicates).”p<0.001vs control; 'p<0.05 and

“p<0.01vs LPS alone.
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Figure 27.Effect of A’-tetrahydrocannabivarin (THCV, dM) alone or in presence of the cannabinoid
CB; receptor antagonist rimonabant (Qul) (A) and of the cannabinoid GBreceptor antagonist
SR144528 (0.1uM) (B) on nitrite levels in the cell medium of mne peritoneal macrophages
incubated with lipopolysaccharide (LPS,ufyml) for 18 h. The antagonists were added to thé cel
media 30 min before THCV exposure. LPSy@ml for 18 h) was incubated 30 min after THCV.
Results are means+SEM of three experiments (ifidaies).”p<0.001vs control;” p<0.001vs LPS;
'p<0.00ds LPS+THCV.
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Figure 28. Inducible nitric oxide synthase (iNOS) (A) and ®mkygenase-2 (COX-2) (B) protein

levels in cell lysates from macrophages incubateaabb with lipopolysaccharide (LPS, 1 pg/mL) for 18
h evaluated by Western blot analysis:tetrahydrocannabivarin (THCV, iM) was added to the cell

media 30 min before LPS challenges 0.001vs control;” p< 0.001vs control fi = 4-5 experiments).
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Figure 29.Effect of A*-tetrahydrocannabivarin (THCV) on interleukifi-QIL-1p) levels detected in the
cell media of macrophages incubated with lipopatgbaride (LPS, Lg/ml) for 18h. THCV (1uM)
was added to the media 30 min before LPS challeRgsults are means+SEM of three experiments
”p<0.01vs control, p<0.05vs LPS.
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Figure 30. Relative mRNA expression of cannabinoid .GBceptor (A), cannabinoid GEceptor (B)

in cell lysates from macrophages incubated or ritt lipopolysaccharide (LPS, 1 pg/ml) for 18-
tetrahydrocannabivarin (THCV, 1 uM) was added altmehe cell media or 30 min before LPS
challenge. Data were analysed by GENEX softwaregfoup comparisons and statistical analysis.
Results are means+SEM of four experimefys.0.001vs control;” p< 0.01vs LPS.
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4.2 COLON CANCER

4.2.1 CANNABIDIOL (CBD) AND CANNABIS-EXTRACT WITH HIGH CONTENT IN

CANNABIDIOL (CBD BDS)

4.2.1.1 Effect of CBD and CBD BDS on the formatiorof aberrant crypt foci (ACF),

polyps and tumors

The carcinogenic agent AOM given alone inducedédkpected appearance of ACF (Figure
31B), polyps (Figure 31C) and tumours (Figure 3HDEr 3 months of treatment. CBD (1
mg/kg, ip) significantly reduced AOM-induced ACF (67% inhibin) (Figure 31B), polyps
(57% inhibition) (Figure 31C) and tumours (66% Ilmhon) (Figure 31D). CBD (5 mg/kap)
significantly reduced only the formation of polySigure 31C). TheCannabis-extract with
high content in cannabidiol, here named CBD BDShatdose of 5 mg/kgp), significantly
reduced AOM-induced ACF (86% inhibition) and poly{@®©% inhibition). CBD BDS also
reduced tumour formation by 40%, although a coriveat statistical significance was not

fully achieved (Figure 32B-D).
4.2.1.2 Effect of CBD and CBD BDS in xenograft cotectal tumours in mice

To assess the potential curative effect of CBD @Bl BDS on colorectal cancer, athymic
nude mice bearing colorectal tumor xenografts wezated daily with CBD and CBD BDS
(both at 5 mg/kg dosép). CBD was able to reduce tumour volume comparisotine control
mice (mice not receiving any treatment) (Figure 31@n the other hand, the average tumour
volume in mice treated with CBD BDS was signifidgribwer compared with vehicle-treated
control mice (Figure 32A). For example, 4 days rattee commencement of CBD BDS
challenge, the average tumor volume in control niic@an+SEM: 1130+171.6ninwas
approximately 1.5 fold higher as compared to mioeated with 5 mg/kg CBD BDS
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(mean+SEM: 755+124 mip However, no differences in tumour growth wersefved after

7-days CBD BDS treatment.

4.2.1.3 Effect of CBD on COX-2, INOS, phospho-Aktral caspase-3 protein expression in

colonic tissues

Western blot analysis revealed protein expressfdd@X-2, iINOS, phospho-Akt and caspase-
3 (Figure 33A-D) in colonic tissues of both healtlpnd AOM-treated animals. The
densitometric analysis indicated a significant é@ase in the expression of COX-2 (Figure
33A), INOS (Figure 33B) and phospho-Akt (Figure 33€the colons of AOM-treated mice.
CBD (1 mg/kg) did not cause significant changeshia expression of COX-2 and iNOS in
AOM-treated animals (Figure 33A-B) but significantleduced AOM-induced Akt protein
phosphorylation (Figure 33C). AOM treatment causeignificant down-regulation of cleaved

caspase-3 expression, which was restored by cathaobfftigure 33D).
4.2.1.4 Effect of CBD and CBD BDS on cell viability

The effect of CBD and CBD BDS on cell viability wasaluated in human colorectal cancer
cell lines such as Caco-2, HCT116 and DLD-1cellswa#l as in human healthy colonic
epithelial cell line (HCEC) by using the neutratirassay. CBD, at the concentration ranging
from 0.01 to 1QuM, and CBD BDS, at the concentration ranging frote 5uM, did not affect
both colorectal cancer and healthy cells viabiléypressed as percentage of viability + SEM)
after 24-h exposure; [Caco-2 celtontrol 100.2 + 6.1; CBD 0.01 uM: 98.0 = 8.6; CEBLOL

MM: 100.5 £ 2.0; CBD 1 uM: 97.0 + 2.47; CBD 10 u®B.25 + 4.5; HCT 116 cellsontrol

100.1 + 2.5; CBD 0.01 pM: 105.3 + 2.5; CBD 0.1 pM2.0 £ 5.5; CBD 1 pM: 101.7 £ 2.5;
CBD 10 pM: 106.1 + 1.7; control 100 + 7.05; CBD Mpu111.4 + 6.56; CBD 3 pM: 116.3

6.49; CBD 5 uM: 110.4 + 4.30; CBD BDS 1 pM: 108.541; CBD BDS 3 pM: 107 + 4.75;
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CBD BDS 5 puM: 105.5 + 5.44; DLD-1 cellsontrol 100 + 5.84; CBD BDS 1 uM: 106 * 4;

CBD BDS 3 pM: 103 + 3.3; CBD BDS 5 pM: 99.6 + 3GBD 1 uM: 106.0 + 5.4; CBD 3 uM:

102.8 + 6.99; CBD 5 pM: 102.9 + 5.18; HCEC celtentrol 100 + 7.05; CBD BDS 1 puM:

86.74 £ 4.8, CBD BDS 3 uM: 95.19 £ 5.93; CBD BD§ M 92.81 £ 4.08; CBD 1 uM: 101.6
+ 4.99; CBD 3 uM: 101.6 £ 4.99; CBD 5 puM: 97.03 £6) (n=3 experiments for each cell
line). DMSO (20% v/v), used as positive controgrgficantly reduced both colorectal cancer

and healthy cells viability (data not shown).

4.2.1.5 Effect of CBD and CBD BDS on healthy coloni epithelial cells (HCEC)

proliferation

In order to verify if the effect o€annabis-based products was specific for cancer cells, we
investigated the effect of both CBD and CBD BDSpualiferation in HCEC. Both CBD and
CBD BDS, up to 5 uM, did not affect significantlygtiferation in HCEC (Figure 34A-B).
Spermine (300 uM), used as a positive control,isggmtly reduce HCEC proliferation (Figure

34A-B).
4.2.1.6 Effect of CBD and CBD BDS on human colon adocarcinoma cells proliferation

The effect of non-cytotoxic concentrations of CBD.OL-10uM) was evaluated on cell
proliferation in Caco-2 (Figure 35A), HCT 116 (Figu35 C and Figure 36 C) and DLD-1
(Figure 36 A) cells by MTT assay afld-thymidine incorporation (only for Caco-2 cellsdan
HCT 116) (Figure 35B and Figure 35D respectively)the cell lines tested CBD, with both
techniques, exerted a significant antiproliferatieéfect. The effect of non-cytotoxic
concentrations of CBD BDS (0.3+8BM) was evaluated on cell proliferation in both DID-

(Figure 36B) and HCT116 cells (Figure 36D) using MTT assay in which it showed a
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significant antiproliferative effect. No differenc@ potency and efficacy were observed

between CBD and CBD BDS (see inserts on top of&i@6)

4.2.1.7 Effect of CBD and CBD BDS on colorectal caer cell proliferation in presence of

selective receptor antagonists

Using the MTT assay, we found that the effect ofnabidiol (CBD, 10uM) on Caco-2 cell
proliferation was counteracted by rimonabant (@) and AM251 (1uM) (two CB; receptor
antagonists), capsazepine (M, a TRPV1 receptor antagonist) and GW9662 (I, a
PPARy receptor antagonist) (Figure 37A-B-E-F). By costrahe effect of CBD was not
significantly changed by SR144528 (LM) and AM630 (1uM) (CB, receptor antagonists)
(Figure 37C-D). In other set of experiments we stigated the effect of CBD and CBD BDS
on DLD-1 cell proliferation in the presence of stie cannabinoid CBand CB receptor
antagonists. We found that selective cannabinoig t€Beptor antagonists.d rimonabant 0.1
uM and AM251 1LM) counteracted the effect of both CBD and CBD Bm®th at 3 uM
concentration) on cell proliferation (Figure 38A-[Mn the other hand, selective cannabinoid
CB, receptor antagonists€ SR144528 0.1M and AM630 1uM) counteracted the effect of
CBD BDS (3 uM), but not the effect of pure CBD (B4 on cell proliferation (Figure 39A-
D). All receptor antagonists employed in this de¢xperiments were not cytotoxic and did not

affect, per se, cell proliferation (data not shown).

4.2.1.8 CBD and CBD BDS: binding profiles on cannaboid receptors

Because selective GEand CB receptor antagonists differently affected the respoto CBD
and CBD BDS in DLD-1 cell line, we performed disgaent binding assays to compare the
cannabinoid binding profiles of CBD to CBD BDS. CHEDS showed greater affinity for

cannabinoid receptors than pure CBD in both RCBIO and hCB-CHO cell membranes
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(Figure 40A-B). The CBD BDS Ki values for GBBnd CB receptors were 0.18 uM and 0.14
UM, respectively; pure CBD only (and partially) plsced PH]JCP55940 at the highest

concentration tested (10 uM) (Figure 40A-B).

42.1.9 Effect of CBD on endocannabinoids, palmitégthanolamide and

oleoylethanolamide levels in Caco-2 cells

The exposure to CBD (0.1-1) for 24 h induced an increase in 2-AG levels (Fegg41B) in
sub-confluent Caco-2 cells. The effect was significdot the 0.1uM concentration. No
significant differences were observed in anandamidgelmitoylethanolamide and

oleoylethanolamide levels following CBD (0.1—iM) incubation for 24 h (Figure 41A-C-D).
4.2.1.10 Effect of CBD on genotoxicity in Caco-2 te

Compared to the control cells (A), CBD (1) alone did not significantly affect DNA
damage after 24-h exposure (C), suggesting thenabsef a genotoxic effect (Figure 42).
Exposure of Caco-2 cells to hydrogen peroxid®H75 uM) produced a significant increase
in the percentage of DNA in comet tails (B), wher@apre-treatment with CBD (1M) (D)

for 24 h significantly reduced the,8,-induced DNA damage (Figure 42).
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Figure 31.Cannabidiol (CBD, 1-5 mg/kdp) reduces colon carcinogenesisvivo. Figure 31A reports
the inhibitory effect of CBD (5 mg/kgp) on xenograft formation induced by subcutaneojetion of
HCT 116 cells into the right flank of athymic feraamice. Treatment started approximately after 10
days of cell inoculation. Tumour size was measweeery day by digital caliper measurements, and
tumour volume was calculated. CBD (5 mg/kg), was given every day for the whole duration of the
experiment. Figure 31B-D reports the inhibitoryeetf of CBD (1-5 mg/kgip) on aberrant crypt foci
with four or more crypts (ACB4/mouse) (B), polyps (C) and tumours (D) inducedthi& mouse colon
by azoxymethane (AOM). CBD was givep three times a week for the whole duration of the
experiment starting 1 week before the first adntiat®n of AOM. Measurements were performed 3
months after the first injection of AOM. Each poiat xenograft curve represents the mean + SEM of 8
animals for each experimental groupp<0.001; ANOVA CBD curvevs control curve. For AOM
model, each bar represents bar represents the SEamean of 9—11 micép<0.05 and” p<0.01vs
vehicle
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Figure 32.A Cannabis sativa extract with high content of CBD (CBD BDS, 5 mg/kg) reduces colon
carcinogenesisn vivo. Figure 32A reports the inhibitory effect GBnnabis sativa extract with high
content of CBD (CBD BDS, 5 mg/kgp) on xenograft formation induced by subcutaneojection of
HCT 116 cells into the right flank of athymic feraahice. Approximately treatment started after 10
days of cell inoculation. Tumour size was measweery day by digital caliper measurements, and
tumour volume was calculated. CBD BDS (5 mgfigy,was given every day for the whole duration of
the experiment. Figure 32B-D report the inhibiteffect of CBD BDS (5 mg/kgp) on aberrant crypt
foci with four or more crypts (ACH/mouse) (B), polyps (C) and tumours (D) inducedhi@ mouse
colon by azoxymethane (AOM). CBD BDS was givprthree times a week for the whole duration of
the experiment starting 1 week before the firstiagtration of AOM. Measurements were performed 3
months after the first injection of AOM. Each pofat xenograft curve represents the mean + SEM of 8
animals for each experimental group<0.05; ANOVA CBD BDS curvers control curve. For AOM
model, each bar represents the mean+SEM of 9-14. npe0.01 and” p<0.001vs AOM.
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Figure 33. Cyclooxygenase-2 (COX-2) (A), inducible nitric ogigdynthase(iNOS) (B), phospho-Akt
(C) and cleaved caspase-3 (active fragmentpl7expjession in colonic tissues of mice treated @r no
with AOM:effect of cannabidiol (CBD, 1 mg/kg). Each bar represents themeanzSE mean of four/five
independent experimentp<0.05 anp<0.00dvscontrol;” p<0.01 andp<0.00/s AOM.
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Figure 34.Effect of cannabidiol(CBD, 1-pM, 24-h exposure) and@annabis sativa extract with high
content of CBD (CBD BDS, 1-5 uM) on cell prolif¢ion in healthy human colonic epithelial cells
(HCEC). Proliferation rate was studied using theTMassay. Each bar represents the meantSEM of
two independent experiments. Spermine (301 was used as a positive controlp<0.001vs control.

94



Caco-2

A B
3 control [ CBD 12007
120- T T
0 4 4 - o 900 g
. + 8 -
2 g0 o
§ o *%k%
o g’ 600 T
S 604 =
g_ =
2 o
5 40- O 3001
204
0_
0' T T T T T
T T T T T s N Q U'M
o YN MM 9 7
C © D
HCT 116
1401 3000
1204
T - L -
S 100- = £ L
.% Fokk 2 2000 -
- (@]
T 80 = =
g I
E— =
S} o 10004
S 40 ©
204
0- 0-
T T T T T ! ! ! ! '
Q.QN’ o> v pM ng oY v BM

Figure 35. Antiproliferative effects of cannabidiol (CBD, 0810 uM, 24h exposure) in Caco-2 (A, B)
and HCT116 (C, D) cells. Proliferation rate wagd#d using two different techniques: the MTT assay
(A, C) and the®H-thymidine incorporation (B, C). Each bar reprdsethe mean+SE mean of three
independent experimentp<0.05, ' p<0.01 and™ p<0.001vs control.
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Figure 36. Antiproliferative effects of cannabidiol (CBD, 03+M, 24-h exposure) and @annabis
sativa extract with high content of CBD (CBD BDS, 0.348, 24-h exposure) in DLD-1 (A-B) and
HCT 116 cells (C-D). Proliferation (expressed asgetage of cell proliferation) rate was studiethgs
the MTT assay. Each bar represents the mean+SENhreg independent experimenip<0.05,
“p<0.01 and”™ p<0.001vs control. The inserts (on top of the figures) shbe effect of CBD and CBD
BDS (expressed as percentage of cell proliferatibibition). No statistically significant differeeowas
observed between the cannabinoids response capedead in the inserts.
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Figure 37. Antiproliferative effects, evaluated by MTT assay, cannabidiol (CBD, 1M, 24 h-
exposure) alone or in the presence of rimonabati¥l,(R.1 uM, A) and AM251 (1uM, B) (two
selective CB receptor antagonists), SR144528 (i, C) and AM630 (1uM, D) (two selective CB
receptor antagonists), capsazepinalfl, E) (a TRPV1 antagonist) and GW9662 (i) (a PPAR
antagonist, F). The antagonists were incubated iBObefore CBD. Each bar represents the mean+SE
mean of three independent experimens:0.05, “p<0.01 and™ p<0.001 vs control; 'p<0.05 and
“p<0.01vs CBD.
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Figure 38. Antiproliferative effect, evaluated by MTT assay, aannabidiol (CBD) and &annabis
sativa extract with high content of CBD (CBD BDS, both &M, 24 h-exposure) alone or in the
presence of one or other of two selective cann@bi@®; receptor antagonistsge. rimonabant (RIM,
0.1 uM) and AM251 (1uM). The antagonists were incubated 30 min beforenahinoid drugs. Each
bar represents the mean+SEM of two independentriexpets.” p<0.01 and™ p<0.001vs control;

#*p<0.001vs CBD (or CBD BDS).

98



120 120
#
5 1104 5 1104
: T : T
8 100 8 100
S S
S ' S
< 90 *kk 1 < 907 Kadadad
o b — g
A 80 A 801
B ks
S 70 S 70
60- 60-
control  CBD  SR2+CBD control  CBD BDS SR2+CBD BDS
C D
120 120
5 1101 5 1101 #
: - : —
3 1004 8 1001
o o
o
S 90 o 907
fa) *kk [a) Kkk
A 80 : T A 804
rs) K
X 704 $  70-
60- 60-
1 1 1
control  CBD  AM630+CBD control CBD BDS AM630+CBD BDS

Figure 39. Antiproliferative effect, evaluated by MTT assaycannabidiol (CBD) and &annabis
sativa extract with high content of CBD (CBD BDS, bah3 puM, 24 h-exposure) alone or in
presence of one or other of two selective cannabi@B, receptor antagonists.e. SR144528
(SR2, 0.1uM) and AM630 (1uM). The antagonists were incubated 30 min beforsnakinoid
drugs. Each bar represents the mean+SEM of twgpardient experiments. p<0.001vs control;
*p<0.001vs CBD (or CBD BDS).
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Figure 41. Levels of anandamide (A), 2-arachidonoylglycerolA@, B),palmitoylethanolamide
(PEA, C) and oleoylethanolamide (OEA, D) in Cacoells exposed to cannabidiol (CBD, 0.1-10
uM, 24 h). Each bar represents the meantSE meamweé independent experimens0.05 vs

control.
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Figure 42. Effect of cannabidiol (CBD, 1M for 24 h) on hydrogenperoxide {6,)-induced DNA
damage evaluated by the comet assay. The DNA damagénduced in Caco-2 cells by @sMH,0,

(B) and compared with PBS-treated (undamaged) (&)IsThe effect of CBDwas studied in presence
(D) or absence (C) off®,. A-D Representative comets. Each bar represeatsntan+SE mean of
three independent experiments where at least 1§ pet gel in triplicate were scoreh<0.001vs
undamaged cells (A, PBS) andp<0.001vs damaged cells (B, #0,). DNA damage, expressed as
percentage of fluorescencein the comet tail (% DB was quantified using at least 75cells per gel
were scored and each sample was evaluated ircéipl{n= independent experiments).
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4.2.2 CANNABIGEROL (CBG)
4.2.2.1 Effect of CBG in azoxymethane (AOM) murinenodel of colon cancer

AOM treatment resulted in the formation of ACF, yjd and tumours (Figure 43B-D). Only
foci with 4 or more crypts were analysed sinceag been suggested that ACF (containing four
or more cryptper focus) have higher risk for malignant tumor praegien. Compared with the
control group with AOM, CBG (1 and 5 mg/kg)-treatmtimals showed a reduced number of
ACF (Figure 43B). Notably, at the 5 mg/kg dose, C&npletely suppressed the formation of
ACF. CBG did not affect significantly polyp formati, but, at least at the 5 mg/kg dose, it

reduced by one half the number of tumours (Fig&@-D).
4.2.2.2 Effect of CBG in xenograft colorectal tumors mice model

We determined the potentiah vivo antitumoural curative effect of CBG by inoculating
subcutaneously colorectal cancer cells in athymiglen mice. Following intraperitoneal
injection with CBG (1-10 mg/kg), a marked inhibiticof the growth of the xenografted
tumours was observed, the effect being signififanthe 3 mg/kg and 10 mg/kg doses (Figure
43A). The differences in tumour volumes betweenuvbleicle and the 3 mg/kg and 10 mg/kg
CBG treatment groups were statistically significkom day &' of treatment to the end of the
experiment. After 5 days of drug administrationg tverage tumour volume in the control
group was 2500+414 niinwhereas the average tumour volume in the 3 mGRBG-treated

group was 13671243, exhibiting a 45.3 % inhibitadriumour growth (Figure 43A).

4.2.2.3 CB, CB,, TRPAL, TRPV1, TRPV2, TRPM8 and 5-HTi.a mMRNA expression in

colorectal carcinoma (Caco-2) cells and healthy huam colonic epithelial cells (HCEC)

CBG has been shown to behave as a weak partialshgdiCB and CB receptors, a relatively

potent and highly effective TRPAL agonist, a wegsrast at TRPV1 and TRPV2, and a potent
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TRPMS8 and 5-HTa receptor antagonist. Thus, we analysed, by RT-RIRpossible presence
of such potential targets in Caco-2 cells as wsllira HCEC. Results showed that all the
investigated targets are expressed in Caco-2 aellls, TRPV1, CB, 5HT;o more expressed
than CB, TRPMS8, TRPV2 and TRPAL (Table 3). In HCEC, thekrarder of expression was
TRPV1>> CB, TRPAl and TRPV2, with TRPM8, GB5HT;a receptors very faintly

expressed (expression values very close to backdrealues) (Table 3).

4.2.2.4 Effect of CBG on colorectal cancer (Caco-2glls viability

Because the effect of pCBs on tumoural cells vighis known to be increased with a low
serum proteins concentration (De Petrocelial., 2013), in the first series of experiments we
evaluated the effect of CBG in Caco-2 cells incadgB-48 hours) with 1% FBS. By using the
MTT assay we found that CBG, in the presence ofFBS, three hours after its incubation,
exerted a significant cytotoxic effect only at thighest concentration tested (30 puM), while
after 48 h a significant inhibitory effect was amhed starting from the 3 uM concentration
(Figure 44). A maximal inhibitory effect was acheel after 24-48 hours incubation

[IC50tSEM: 3.8+2.1 uM (24 h incubation); 1.3+2.2 uM (@& cubation]. Further experiments
were performed at the 24 h because at this timatpdi CBG displayed a well-defined

concentration-related effect and ii) CBG displageslibmaximal 16 value.

4.2.2.5 Effect of CBG on colorectal cancer HCT 11@nd on healthy human colonic

epithelial (HCEC) cells viability

Figure 45Ashows that CBG also reduced viability in anothdom@xtal cancerife. HCT116)
cell line, with a significant inhibitory effect stang from the 3 pM concentration. To
investigate the selectivity of CBG effect in tumloranon-tumoral cells, various concentrations

(from 1-30 uM) of CBG were tested in HCEC. CBG, at a concerrasimilar to its 1Go
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values in colorectal cancer cells (3.8+2.1 uM), dat affect the vitality of HCEC (Figure
45B). Only at a concentration of 30 (i.e. a concentration that was 7.8 fold higher than the

ICsovalue), CBG exhibited a cytotoxic effect in thesm#iumoral cells.

4.2.2.6 Effect of CBG on colorectal cancer (Caco-2gells viability in presence of

cannabinoids receptor antagonists

Since CBG is a constituent @annabis, we verified if its effect on cell viability on Ca-2
cells was affected by selective CBnd CB receptor antagonists. We found that the; CB
receptor antagonist AM251 did not modify CBG (10 uikduced changes in cell viability
(Figure 46A). By contrast, the GBeceptor antagonist AM630 (1 pM) not only did not
counteract but, instead, significantly enhanced itigbitory effect of CBG (1 uM) on cell

viability (Figure 46A).

4.2.2.7 Effect of CBG on colorectal cancer (Caco-2glls viability in presence of a TRP

channel antagonist

Ruthenium red is a non-selective TRP channel aniatgpo Specifically, it blocks TRPAL
(ICse< 1-3 uM), TRPV1 (IGy 0.09-0.22 uM) and TRPV2 (i 0.6 uM), being the TRPMS8
insensitive to its action (Alexandeet al., 2013). We found that ruthenium red, at
concentrations (10 uM and 25 uM) several fold higimran the 1G, able to block TRPAL,
TRPV1 and TRPV2 channels (Alexander al., 2013), did not modify significantly the

inhibitory effect of CBG on cell viability (Figuré6B).

4.2.2.8 Effect of TRPMS8 antagonists on colorectaboicer (Caco-2) cells viability

Because CBG is a potent TRPM8 antagonist (De Rdti®et al.,, 2011) in this series of
experiments we verified if the effect of CBG wasagd by well-established TRPM8

antagonists. We found that, similarly to CBG, tlyateetic TRPM8 antagonist AMTB as well
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as cannabidiol and cannabidivarin (t@annabis-derived TRPM8 antagonists) inhibited, in a
concentration-dependent manner, Caco-2 cells waliFigure 47A-C). Cannabichromene,
another phytocannabinoid without activity at thePI® channel (De Petrocelles al., 2011),

inhibited cell growth only at the highest concetitna (30 uM) tested (Figure 47D).
4.2.2.9 Effect of a 5SHTA antagonist on colorectal (Caco-2) cells viability

CBG is a moderately potent 5-khl'antagonist (Casciet al., 2010). In contrast to TRPMS8
antagonists, the effect of CBG was not mimickedhgy5-HT; o antagonist WAY 100635 (up to
1 uM) (cell viability %: control 100+6.3; WAY10063®.2 uM 97.2 £6.2; WAY100635 1 uM
95.9+6.2; DMSO 20 % 47.9+3:8"p<0.001 vs control, n=3 experiments including 8-10

replicates for each treatment), thus suggestindpitieof involvement of such receptor.
4.2.2.10 Effect of CBG on apoptosis and necrosis

To investigate whether the growth inhibitory effe€tCBG was due to induction of apoptosis
or necrosis, we examined Caco-2 cell death by dumtmatoxylin staining. As shown in
Figure 48A, compared to necrotic cells, the nundfeapoptotic cells was elevated after CBG
treatment (CBG 10 uM: 72+11.0 % of apoptotic cellg;7+7.2 % of necrotic cells; n=3).
Morphological assessment revealed absence of deathtreated cells and the presence of
cells with a typical apoptotic morphology.e( reduced size, hypereosinophilic cytoplasm,
hyperchromic nucleus, irregular nuclear membrarkerarclear material outside the nucleus) in
cells incubated with CBG. The induction of apodsy CBG was confirmed by enzymatic
assay, which indicated a 2.43 fold increase of ases|3/7 activity in CBG treated Caco-2 cells

compared to vehicle (Figure 48B).
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4.2.2.11 Effect of CBG on reactive oxygen specid3@S) production in colorectal (Caco-2)

and in healthy human colonic epithelial (HCEC) celt

To determine if the apoptotic action of CBG wasoasgted to ROS production, we measured
the levels of ROS generation by using the fluoreseesensitive probe DCFH-DA. We found
that CBG 10 uM significantly increased ROS produttin Caco-2 cells (Figure 49A) but not
in HCEC (Figure 49B). Fenton's reagent (2 mM oDkFe™), used as a positive control,

increased ROS production both in Caco-2 cells afdiGEC (data not shown).
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Figure 43. CBG reduces colon carcinogenesisvivo. Figure 43A reports the inhibitory effect of
cannabigerol (CBG, 1-10 mg/kg) on xenograft formatinduced by subcutaneous injection of HCT
116 cells into the right flank of athymic femalecei Approximately, treatment started after 10 days
cell inoculation. Tumour size was measured eveny loa digital caliper measurements, and tumour
volume was calculated. CBG (1-10 mg/kg) was given every day for the whole duration of the
experiment. Figure 43B-D report the inhibitory etfef CBG (1 and 5 mg/kg) on aberrant crypt foci
with four or more crypts (ACB4/mouse) (B), polyps (C) and tumours (D) inducethi& mouse colon
by azoxymethane (AOM). CBG was givép three times a week for the whole duration of the
experiment starting 1 week before the first adniat®n of AOM. Measurements were performed 3
months after the first injection of AOM.Each pofat xenograft curve represents the mean + SEM of 8
animals for each experimental group<0.001; ANOVA CBG curvesss control curve. For AOM
model, each bar represents the mean + SEM of 9idd. ;x0.058 and”~ p<0.001vs AOM alone.
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Table 3: Detection of CB, CB,, TRPAl, TRPV1, TRPV2, TRPM8 and 5-lh
MRNA by quantitative (real-time) RT-PCR analysishuman colorectal carcinoma

cells (Caco-2) and in healthy human colonic epittheklls (HCEC).

Accession Target HCEC Caco-2 Background

Acronymous  Cqg mean (SD) Cg mean (SD) Cq NTC (SD)

NM_016083 CB; 33.12 (0.267)VLE  30.86 (0.217L.E  N/A (N/A)
NM_001841 CB, 31.71 (0.136CtB  29.89 (0.388ME  36.50 (0.154)
NM_007332 TRPA1 34.37 (0.259)LE  32.29 (0.227LE  N/A (N/A)
AF196175 TRPV1 28.05 (0.091ME  25.86 (0.100ME 35.88 (0.483)
NM_016113 TRPV2 34.00 (0.500VLE  30.19 (0.158LE  N/A (N/A)
NM_024080 TRPMS 33.05 (0.519CtB  30.06 (0.120L.E  36.88 (0.397)
NM_000524 SHT1A 31.64 (0.180CtB  29.25 (0.149ME  35.90 (0.310)

Cq, quantitative cyclesSD, standard deviation of quantitative cyclB&§;,C, negative
control minus templatéyl/A, not applicable, no quantitative cycles detectétim 40

repeatsHE, high expressionME middle expressior;E, low expressionyLE, very
low expressionCtB, close to background. Quality significance pararen (Conear

Caukg) > 5; replicate samples CqStdde?.500.
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Figure 44.Cannabigerol (CBG) reduces cell viability, eva@ghby the MTT assay, in human colorectal
cancer (Caco-2) cells in a time- and concentradigpendent manner. Caco-2 cells were incubated with
increasing concentration of CBG (1-g8M) for 3, 6, 12, 24 and 48 hours in a medium contej 1%
FBS. Each bar represents the mean+SEM of threepémidient experimentsp<0.05, ~p<0.01 and

™ p<0.001vs control (untreated cells).
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Figure 45. Inhibitory effect of cannabigerol (CBG), evaluateyg the MTT assay, on cell viability in
human colorectal cancer (HCT 116) cells (A) antealthy human colonic epithelial cells (HCEC) (B).
Both cell lines were incubated with increasing e@ncation of CBG (1-3QM, 24 h exposure) in a
medium containing 1% FBS. Each bar represents #enmtSEM of three independent experiments.
™ p<0.001vs control (untreated cells).
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Figure 46. Cytotoxic effect of cannabigerol (CBG, 10 pM in & IFBS medium, 24 h exposure),
evaluated by the MTT assay, alone or in the presefidA) AM251 (1uM, selective CB receptor
antagonist), AM630 (LM, selective CB receptor antagonist) and (B) ruthenium red (RRad@ 25
uM, a non-selective TRP channels antagonist) inregtal cancer (Caco-2) cells. The antagonists were
incubated 30 min before CBG. Each bar represeetsnan + SEM of three independent experiments.
*p<0.00vs control; p<0.05vs CBG alone.
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Figure 47.Effect of AMTB (5-50 uM, A), cannabidiol (CBD, 1-30M, B), cannabidivarin (CBDV, 1-
30 uM, C) and cannabichromene (CBC, 1-30 uM, Dgelhviability, evaluated by the MTT assay, in
colorectal cancer (Caco-2) cells. Cells were intedbavith increasing concentration of compounds (24
h exposure in a 1% FBS medium). Each bar repregbetsmean + SEM of three independent
experiments. p<0.01 and” p<0.001vs control (untreated cells).
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Figure 48. Cannabigerol (CBG) induces apoptosis in coloreatahcer (Caco-2) cells. (A)
Morphological assessment of colorectal cancer (€acells) evaluated by eosin-haematoxylin staining
revealed the absence of death in untreated cglfgefypannel) and the presence of cells with a extiuc
size, showing an hypereosinophilic cytoplasm, hgfemic nucleus, irregular nuclear membrane and
nuclear material outside the nucleus in CBG-treatdts (10 uM, 24 h incubation in a 1% FBS, down
pannel). Original magnification 200X. The figurerspresentative of 3 experiments. (B) Increase of
caspase3/7 enzymatic activity evaluated by Caspéstd/7 assay. In the plot each point represents the
mean of three independent determination (the méamdard error was not greater of 10% of the
graphed value). In the insert panel a picture of pathe plate is shown. The cell amount in each d
increases from left to right as reported in theot pbscissa. The increase of caspase 3/7 enzymatic
activity (2.43 fold) was calculated by thatio of the curve slopes: 239.0 and 98.41 for CBG astdole
treated cells, respectively.
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Figure 49. Effect of cannabigerol (CBG, 10uM in a 1% FBS medi 24 h exposure) on reactive
oxygen species production in colorectal carcino@acp-2) cells (A) and healthy human colonic
epithelia cells (B). Data represent mean + SEM exg@eriments. p<0.001 vs control.
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5.0 DISCUSSION

Inflammatory bowel disease (IBD) and colorectalasanCRC) are widespread diseases which
affect millions of persons worldwide. Despite theogress in pharmacotherapy, preventive
measures and cures are still unsatisfactory. Tthese is an urgent need for safe and effective
innovative therapeutics. During the PhD work, a bamof non-psychotropic cannabinoids
from Cannabis sativa have been evaluated in experimental models of IB® @lon cancer.
These include CBD, CBG, CBC and THCV. Additionalybotanical extract with high content
of CBD (here named CBD BDS) has been evaluatexperenental models of colon cancer.
The rationale for studying pCBs both in intestinal inflammatiand colon cancer lies in the
observation that clinical IBDepresents an example of a condition that greattyeases the

risk of CRC.
5.1 Inflammatory bowel disease (IBD)

Preparations o€annabis have been used since antiquity as medicinal agenddleviate the
symptoms of inflammation, including IBD (Zurier, @B). Recently, clinical studies, by
showing beneficial effects @annabis use in humans, seem to confirm such anecdotaltseepor
(Naftali et al., 2011; Lahatt al., 2012; Lalet al., 2011; Naftaliet al., 2013)The effect ofA®-
THC and CBD, two mairCannabis constituents, on experimental models of IBD is|wel
established and their effect on intestinal inflatiora has been extensively reviewed
(Alhouayek and Muccioli, 2012; Esposigb al., 2013). However, the issue of whether other
Cannabis constituents contribute to the anti-inflammatoffeet of the plant is a matter of
investigation. In the present work we have invedad the anti-inflammatory effects of three

non-psychotropic phytocannabinoids, namely CBG, GBG THCV.

116



5.1.1 Effect of CBG, CBC and THCV on experimental colitis

The potential anti-inflammatory effect of pCBs waexified by using the DNBS model of
colitis. DNBS is dissolved in ethanol, which proeskthe destruction of the mucosal barrier.
DNBS evokes granulomas with infiltration of inflaratory cells in all layers of the intestine
(Hibi et al., 2002).

We have found that CBG, CBC and THCV reduced caol@ight/colon lengthratio of the
inflamed colon, which is considered a reliable aedsitive indicator of the severity and extent
of the inflammatory response (Galvezal., 2000). Because the main goal in IBD is to cure
rather than to prevent, all the phytocannabinoelged were given after the inflammatory
insult. CBG and CBC were studied more thoroughlg &or such compounds histological
analysis, immunoistochemistry, neutrophil infiltost and intestinal membrane integrity studies
were performed. Additionally, the effect of CBG wasaluated on cytokine levels and
enzymes (COX-2 and iINOS) expression.

Histological examination showed that CBG and CB@uced the signs of colon injury;
specifically, in the colon of phytocannabinoid-texh animals, the glands were regenerating,
the oedema in sub-mucosa was reduced and the infiltration of gracytles into the mucosa and
sub-mucosa was reduced. The curative effect of bote@Bd CBC was further supported by
their capability to reduce or abrogate the increadatestinal permeability induced by DNBS
administration (notably, CBG restored completele timtegrity of intestinal epithelium).
Accordingly, neutrophil infiltration, revealed byeasuring MPO activity (Krawiszt al.,
1984), was likewise reduced by both pCBs. Furtheemionmunohistochemical analyses
demonstrated that CBG and CBC limited the coloiffusion of Ki-67, a useful marker for the

evaluation of dysplasia in ulcerative colitis (Ansienet al., 1998).
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As stated above, CBG was investigated more in Ildetand, for this phytocannabinoid we
performed furtherex vivo studies in the colon of DNBS-treated mice. Speailfijc we
measured some cytokines which are known to be wedoin IBD (Madsen, 2002) such as IL-
13 (a cytokine which plays an important pro-inflamorgt role in the initiation and
amplification of the intestinal inflammatory respe) (Strober and Fuss, 2011), IL-10 (a
regulatory cytokine which inhibits pro-inflammatorgytokine release, resulting in anti-
inflammatory effects within the gut) (Barbarg al., 2000) and IFNy another pro-
inflammatory cytokine that plays a crucial function the initiation of experimental colitis
(Strober and Fuss, 2011; kbal., 2006). Also, we measured INOS and COX-2 expresswo
key enzymes that play a pivotal role in gut inflaation (Kolioset al., 2004; Wallace and
Devchand, 2005) and investigated the potentialoaidant effect of CBG. Consistent with
previous studies, we observed that intracoloniciatitnation of DNBS caused an increase in
colonic IL-18 and interferons as well as a decrease in IL-10 levels (Lamehel., 2004,
Borrelli et al., 2009). More importantly, we found that CBG couatged the colonic variations
of the three cytokines, thus suggesting the passiblolvement of these cytokines in CBG-
mediated anti-inflammatory effects. We also dematstl here that the expression of both
INOS and COX-2 was increased in the colon of DNEfted mice and that CBG reduced the
expression of the INOS, but not COX-2 protein. @dheave reported that CBG inhibits COX-2
activity in intestinal cells, but in a higher contation range, and decreases prostaglandin
production in the human colon adenocarcinoma (HT28)line (Ruhaalet al., 2011). Finally,
CBG was able to restore SOD activity, suggestiiggpidtential antioxidant effects in the

inflamed gut.
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5.1.2 Experimentsin peritoneal macrophages

In order to give some insights into the mode ofaacof the three pCBs, we investigated their
effect on peritoneal macrophages. Macrophage iagetreatment ameliorates colonic
inflammation in experimental colitis models and tregyulation of abnormal responses of
macrophages appears to be a promising therapguyioach for the treatment of IBD (Yoshino
et al., 2010). When activated by inflammatatymuli (for example LPS), macrophages express
INOS and consequently produce a large amount of (MOncadaet al., 1991). We thus
evaluated the effect of the three pCBs on LPS-détad nitric oxide production in isolated
peritoneal macrophages.

We found that CBG, CBC and THCV reduce the lewlsitrites, the stable metabolites of
NO. The inhibitory effect of CBG and THCV on LPSdirced nitrite levels was associated to
down-regulation of INOS, suggesting that inhibiti@ininduction of such enzyme is one of the
mechanisms underlying the inhibition of NO prodontiby the pCBs. Regarding CBC, it is
unlikely that it affects the processes linked toe tliinduction of INOS since the
phytocannabinoid: i) was pharmacologically activeew given both 30 min before LPS as well
as 15 h after the pro-inflammatory insule. once the enzyme had been already expressed and
i) did not affect INOS mMRNA and protein expressias revealed by RT-PCR and western blot
analyses. On the other hand, CBC reduced the le¥ddsth IL-10 and IFNy, two cytokines
which limit the inflammatory response in LPS-treateacrophages (Hawiger, 2001; Moete
al., 2001). The ability of macrophages to overprodiie#0 (an anti-inflammatory cytokine) in
response to LPS has been previously documentedyh@Biil et al., 2000) and can be
considered as an adaptive reaction of the macr@gshagming at counteracting the

inflammatory insult.
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In order to explore the molecular target of CBG,C\Hand CBC action, we considered the
possibility that such phytocannabinoids may afteetcomponents of the so-called endogenous
cannabinoid system. Specifically: i) CBG was shdawibehave as a partial agonist of {&Rd
CB, receptors (Casci@t al., 2010), although exhibiting low affinity for theseceptors
(Pollastroet al., 2011), and to inhibit the reuptake of the endoedmoid anandamide (De
Petrocelliset al., 2011); ii) CBC inhibits endocannabinoid re-uptaked thus to potentially
activate indirectly —via increased extracellular endocannabinoid level$he- ¢cannabinoid
receptors (Ligrestiet al., 2006; De Petrocelligt al., 2011); iii) THCV behaves as a ¢B
antagonist and a GBartial agonist (Pertwee, 2008).The possible mewlent of cannabinoid
receptors in CBG, CBC and THCV action was studige@Vmluating: 1) the effect of selective
CB; and CB receptor antagonists on phytocannabinoids-indug#gdbition of nitrite
production, and 2) possible alterations in canmatirreceptor mRNA produced by the
phytocannabinoids in LPS-challenged macrophages.

Our results suggest that cannabinoid receptor anisty can modulate the pharmacological

action of the three pCBs, although in a differeaywSpecifically:

) the inhibitory effect of THCV on nitrite levels wacounteracted by SR 144528 (CB
receptor antagonist), but not by rimonabant {C&ceptor antagonist). Our data are
consistent with the ability of this phytocannabthtd activate CBreceptors in binding
studies and decrease carrageenan-indoegema in mice in a CB receptor-sensitive
way (Bologniniet al., 2010). This result is of relevance considerirg OB, receptors
are up-regulated in inflammatory bowel conditioigzg, 2007) and CBagonists
ameliorate experimental colitis (Statral., 2009). On the other hand, THCV reduced
LPS-induced CBreceptor hyper-expression, a relevant informatmothe light of the
observation that CBreceptor activation reduces nitrite productiorL®S-challenged

macrophages (Aviellet al., 2011) as well as ameliorates experimental cdl8isrr et
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al., 2010). Importantly, among the phytocannabinogited, THCV was the unique to
counteract the elevation in IlBland COX-2 induced by LPS, which is relevant
because IL-f represents one of the main pro-inflammatory cytekiable to induce
COX-2 expression in macrophages (Saretaal., 2001; Liuet al., 2003).

i) The inhibitory effect of CBG on nitrite productiomas not modified by the GB
receptor antagonist rimonabant. By contrast, the iI€Beptor antagonist SR 144528, at
a concentration which wgser se inactive, further augmented the inhibitory effeft
CBG on nitrite production, suggesting a modulatale of CB receptors. In other
words, our results suggest that an endogenous loi@and tone may exists, via GB
receptors, influencing negatively the anti-inflamaorg effect of CBG signalling.
Alternatively, it is possible that CBG can meraynergize with SR 144528, by
unmasking the anti-inflammatory action ofper se inactive dose of this antagonist.
Moreover, we found that CBG did not modify the effef LPS on CB and CB
receptor mRNA expression.

iii)  The inhibitory effect of CBC was further increadmdaper se inactive concentration of
rimonabant. These results, which are similar tes¢hobserved for the modulation of
CBG action by a CBreceptor antagonist described above, negate tbalpdy that
CBC acts via CBdirect or indirect activation. This hypothesisalso supported by the
results we obtained in th&$]GTP/S binding assay performed with hGBHO cell
membranes. Thus, we found that CBC, at concentisitivat included the one at which
it significantly inhibits nitric oxide productionl(uM), did not induce any significant
activation of cannabinoid GBreceptors. Moreover, using the same assay, we also
found that when CBC was administered 30 min aftéu®l rimonabant, it did not
significantly affect the Fay of this compound for its inhibition of§S]GTP/S binding.

It might be possible that an endogenous @Be exists, which may couple negatively
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to the CBC signalling pathway and counteract CBRibition of nitrite production.
Indeed, we found that LPS enhances anandamideslgvaiacrophages, and that CBC,
instead, only elevates OEA levels. According to egkathors, also OEA, but not PEA
(the levels of which were not elevated by CBC)aiseh up by cells through the same
mechanism responsible for anandamide uptake (Hikamal., 1997; Alhouayek and
Muccioli, 2012). It is possible that CBC could redevate anandamide levels because
these were already maximally up-regulated by LPSAQwhich is chemically-related
to anandamide, was previously shown to produceiafféimmatory effects (Lo Verme
et al.,, 2005) and hence, it is possible that a parthef beneficial effect of CBC
observed here in macrophages could be due to ilisyao increase OEA levels.
Finally, we found that CBC did not affect LPS-inddcchanges in GBand CB
cannabinoid mMRNA expression. These results ruléanagahe possibility that this
phytocannabinoid could exert anti-inflammatory ae$ in macrophages by altering

cannabinoid mMRNA receptor expression.

5.1.3 Conclusions

Our results show that the degree of intestinal amfhation caused by intracolonic

administration of DNBS is substantially reduced dycurative treatment of mice with the

Cannabis-derived ingredients CBG, CBC and THCV. More in tihegx vivo investigations on

CBG showed that its anti-inflammatory action wasagiated to modulation of cytokine (IL-

1B, IL-10 and interferory) levels and down-regulation of INOS expression.

Studies on peritoneal macrophages suggest thahtbe pCBs inhibited NO production, an

effect associated to inhibition of INOS express{tor CBG and THCV, but not for CBC).

THCV was the unique among the phytocannabinoidsototeract the elevation in I1L3land

COX-2 induced by LPS. The effect of THCV, but nd8@& or CBC, was mediated by ¢B
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receptor activation, since its effect was abrogdigda CB receptor antagonist. However,
based on the observation that the CBC response amrophages was augmented in the
presence of CBantagonists and the CBG response was likewiseased in the presence of a
CB, antagonist, it is possible that an endogenousatanaid “tone” coupled at CBand CB
receptors influences negatively the anti-inflammpateffect of CBC and CBG signalling,

respectively.

5.2 Colorectal cancer (CRC)

Colorectal cancer (CRC) is an important health f[@mbacross the world. It is noteworthy that
the CRC pathological process can develop spontaheou can develop on the grounds of
inflammatory bowel disease, thus suggesting a lekween intestinal inflammation and
cancer. Although significant progress has been madenderstanding CRC development
through epidemiological, laboratory and clinicaldies, this type of cancer continues to be a
major public health problem in the United Statesl anany other parts of the world.
Accordingly, novel therapeutic approaches, inclgdihemopreventive measures, are urgently
needed (Madka and Rao, 2018annabis extracts and pCBs have demonstrated direct anti-
tumoural effects and are also used in cancer gatierstimulate appetite as well as antiemetics
(Fowler et al., 2010; Cartert al., 2011; Pertwee, 2012; Velasebal., 2012; Massiet al.,
2013).

We have investigated here the intestinal anti-turaloeffects of CBG and CBG as well as of a
Cannabis extract with high content in CBhere named CBD BDS. Relevant for the present
investigation are the observation that both CBD @B: i) displayanti-inflammatory effects

in the gut [Borrelliet al., 2009; Jamonttet al., 2010, (see also results reported above)], a
pertinent observation in the light of the well-knowssociation existing between intestinal

inflammation and colorectal cancer (Térzt al., 2010); ii) inhibit the metabolism of
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endocannabinoids (Izzet al., 2009; De Petrocelligt al., 2011), which exert antitumoural
effects in the gut (Izzo and Camilleri, 2009); imhibit cell growth in a number of cell lines,
including colorectal cancer cells (Ligrestial., 2006). Furthermore ,CBD BDS is one of the
main components of Sativex (Nabiximols in the US&);annabinoid formulation which has
been shown to provide a protection against chemaplyeinduced nausea and vomiting (Duran
et al., 2010) and has been proposed as a useful addalgeait for patients with opioid-
refractory cancer pain (Johnsetral., 2010; Portenogt al., 2012; Johnsost al., 2013). In this
work, we have demonstrated that CBD, CBD BDS andsGHerted protective effects in

experimental models of colon carcinogenesis.

5.2.1 Effect of CBD, CBD BDSand CBG on experimental colon carcinogenesisin vivo

We have evaluated the effect of the pCBs in twaeerpental models of colon canceg, the
AOM model, which is useful for the study of chem®gntive substances and the xenograft
model, which is more appropriate for the evaluatadncurative effects. AOM is a potent
carcinogen causing a high incidence of colon canteodents and its development closely
mirrors the pattern seen in humans. The AOM colamcer model is extensively used in the
study of the underlying mechanisms of human sporeglion cancer (Chen and Huang, 2009).
The xenograft model of colon cancer used in tiesgmt work is generated by the implantation

of colorectal cancer cells into nude mice.

We have shown here that CBD, CBD BDS and CBG eadyémeficial effects in AOM-treated
mice. More specifically, we found that: i) CBD, thie dose of 1 mg/kg, exerted an optimal
chemopreventive effect, being able to significamtguce ACF, polyps and tumours. At the
highest 5 mg/kg dose, it prevented the formatiorpalfyps only; ii) CBD BDS (5 mg/kg)
significantly reduced the formation of ACF and pmdy tumours formation was reduced by

40%, although a statistical significance was ndtiaed; iii) CBG, at the 5 mg/kg dose,
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completely abrogated the formation of ACF and reduby one half the number of tumours
induced by AOM in mice. Furthermore, daily injectiwith pCBs resulted in a reduction of the
tumour growth in the xenograft model of colon can€llectively, such results highlight the

potential chemopreventive and curative effect efittvestigated pCBs.

CBD was evaluated more in depth. For this cannadbinge evaluated thex vivo intestinal
biochemical changes.€. caspase-3, phospho-Akt, INOS, COX-2 evaluatiosspeated to its
chemopreventive effect. We found that the protectifect of CBD on colon carcinogenesis
was associated to up-regulation of the active frxginof caspase-3.e. one of the major final
effectors of the apoptotic process (Kim, 2005).dpaptotic mechanisms induced by CBD have
been previously documented in human breast car@reomd glioma cells (Ligres#t al., 2006;
Massi et al., 2006).When we investigated the potential roleh&f phosphoinositide3-kinase
(PI13K)/Akt pathway, which is crucial for the regtitm of cell growth, migration,
differentiation, and apoptosis (Sheegal., 2003; Wanget al., 2001), we found that CBD
counteracted AOM-induced up-regulation of the plhasplated form of Akt protein. These
data are suggestive of an involvement of the PI3-gurvival signalling cascade in CBD-
induced protective effect. Interestingly, Greenioagd colleagues found that the psychotropic
cannabinoidA®-THC, via CB, activation, induced apoptosis in colorectal carels and that
its protective effect also involved inhibition ohe PI3K-Akt survival signaling cascade.
Finally, we found that CBD did not change the oxpression of COX-2 and INOS, two key
enzymes involved in colon carcinogenesis (Rao, 2004 et al., 2010). Likewise, the
protective effect of CBD against glioma vivo was not associated with changes in COX-2
activity in glioma tumour tissues (Kim, 2005). Weawve previously shown that the anti-
inflammatory effect of CBD in the gut is associateidh down-regulation ofiNOS, but not

COX-2, expression (Borrelét al., 2009).
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5.2.2 Effect of CBD, CBD BDSand CBG on colorectal cancer cell growth
In order to give further insights into the antitwmal actions observed vivo, we investigated

the effect of these phytocannabinoids on sevetalectal carcinoma cell lines.

Cannabidiol (CBD)

CBD is known to exert antiproliferative effects different tumour cell lines (Masst al.,
2006; Ligrestiet al., 2006). In the present thesis, we have shownttistcompound, at not-
cytotoxic concentrations, exerts antiproliferateféects in three different colorectal carcinoma
cell lines,i.e. Caco-2, HCT116 and DLD-1 cells. To evaluate thhge#{s) downstream tha
vitro effect of CBD, we investigated, in Caco-2 cellbe tpotential involvement of: (1)
cannabinoid receptors, because CBD may increasecandabinoid levels (De Petrocelés

al., 2011; 1zzo and Camilleri, 2009), which, in tumay exert antiproliferative effecta vitro

via cannabinoid receptor activation (Ligresti al., 2003); (2) TRPV1, because CBD may
directly activate this ion channel; in additionaadamide, an endogenous TRPV1 ligand (De
Petrocelliset al., 2011), is elevated in the AOM model of colon @n@zzoet al., 2008), as
well as in biopsies of patients with colon canddgresti et al., 2003); (3) PPAR because
cannabidiol may activate PPARand PPAR agonists exert protective effect in colon
carcinogenesis (O’Sullivagt al., 2009). Our data show that the antiproliferatiffeat of CBD
was counteracted by rimonabant and AM251 (two, @eptor antagonists), capsazepine (a
TRPV1 receptor antagonist) and GW9662 (a PP AdReptor antagonist), thus suggesting that
this non-psychotropic phytocannabinoid may exetit@mncer effectsn vitro through multiple
mechanisms. In line with our results, it has beemahstrated that CBD reduces intestinal
permeability in Caco-2 cells in a @&nd TRPV1 antagonist-sensitive manner (Alhamoetini
al., 2010). Because CBD does not bind,GBceptors with high affinity, the reversal by the

CB; antagonists could be explained by indirect aadtiwatof such receptorse.g. via
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enhancement of endocannabinoid(s) in colorectatimama cell lines. In support of this
hypothesis, CBD increased 2-AG levels in Caco-dscdh addition, anandamide levels
appeared to be increased with this concentratiorCBD although in a non-statistically
significant manner. Although FAAH is not the primanzyme involved in 2-AG metabolism
(Di Marzo, 2008), it has been previously demonettain both Caco-2cells and colon of AOM-
treated mice (lzzet al., 2008; Izzo and Camilleri, 2009), that arachiddrs®rotonin, another

FAAH inhibitor, increases the content of both aremiale and 2-AG.

Finally, using the single cell electrophoretic gs§@omet assay), a widely accepted tool for
investigating DNA damage, we have demonstrated @BID was unable to induce DNA

damage and, more importantly, whereas it exerteteptive effects against hydrogen peroxide
induced DNA damage. These results are of interestdse DNA mutation is a crucial step in
carcinogenesis and oxidatively derived DNA lesitrave been observed in many tumours,

where they are strongly implicated in the etioladyolon cancer.

Cannabidiol botanical drug substance (CBD BDS)

CBD BDS is one of the main components of Sativeahiximols in the USA), a cannabinoid
formulation actually used for the treatment of paimd spasticity associated with multiple
sclerosis. CBD BDS is a mixture containing many gGBainly CBD) together with other
pCBs, such as THC (see Figure 5). Because CBDntir component of CBD BDS, exerts
antiproliferative actions in colorectal cancer sdlee results discussed above), we compared
the antiproliferative effect of CBD BDS and pure @B colorectal cancer cells, such as DLD-

1 and HCT116 cells. As expected, both pure CBD @& BDS exerted antiproliferative
effects. Importantly, the effect of both CBD BDSJaBBD was selective for tumoural cells, as
the phytocannabinoid and tiannabis extract did not show antiproliferative effects in healthy

human epithelial cells. In contrast to other asg@&mmelliet al., 2008; Capasset al., 2011),
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there was no significant difference in potency affttacy between CBD BDS and pure CBD.
In agreement with the results obtained in Caco-Bs dsee above), we found that the
antiproliferative effect of CBD in DLD-1 cells wa®unteracted by selective cannabinoid; CB
- but not CB - receptor antagonists, suggesting an involven@niCB,; receptorsvia
enhancement of endocannabinoids levels. When wieiaded the pharmacological effect of
CBD BDS, we found that its action on cell prolifeoa was sensitive to both GE&nd CB
receptor antagonists, thus suggesting that CBDCGBId BDS have a different mode of action.
In order to give insights into the observed diffarenode of action, we compared the
cannabinoid receptor binding of CBD BDS to thapafe CBD. In hCBand hCB transfected
CHO cells, we found that CBD BDS showed greateniyfthan pure CBD for both CBand
CB, receptors. Pure CBD had little affinity for eith€B; or CB, receptors, with only the
concentration of 10 uM exhibiting any significarmding. Among the other pCBs contained in
CBD BDS (see Figure 5 and Table 1), THC has beewsho be a potent GBand CB
receptor agonist, CBN has a weak partial agonisvigcat the CB receptor and moderate
partial agonist activity at the GBeceptor and CBG has been shown to be a weakdliga
both CB or CB; receptors (Pertwee, 2005; Pertwee, 2008; Caab, 2010; Pollastret al.,
2011). Together, these binding data suggest tleapthsence of both THC (contained in CBD
BDS at a 2.4% concentration) and to a very lesesreXEBN (present in CBD BDS at a 0.1%
concentration) could account for the ability of CBDS to displace®H]CP55940 with higher
affinity than pure CBD. It is also noteworthy tf@BD BDS most probably shares the ability of
CBD to activate cannabinoid receptors indirectly ibgreasing the levels of endogenously

released endocannabinoids, as showed above.
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Cannabigerol (CBG)

To investigate the effect of CBG on colorectal @ncell growth, we adopted a different
approachj.e. we compared the effect of this phytocannabinoicelh growth on tumourals
healthy cells. Experiments were performed in thesepnce of low serum concentrations,
because there is evidence in the literature tleaetfect of phytocannabinoids on tumoural cells
viability is increased with a low serum proteinsicentration (De Petrocellet al., 2013). We
found that CBG reduced viability in two colorectalrcinoma cell lines. Importantly, the effect
of CBG was rather selective for colorectal carciaorells, showing that the phytocannabinoid
has a very low inhibitory action on healthy humaslonic epithelial cells. In order to
investigate the mode of CBG action, we considerediraber of receptorsi.€. cannabinoid
receptors, TRPAL1, TRPV1 and TRPV2 channels, and;pHeceptors) which have been
shown, based on pharmacodynamic studies, to betéardpy CBG. It is well established that
CB, or CB; receptor activation results in inhibition of caotal cell growth (Ligrestet al.,
2003; Izzo and Coutts, 2005; 1zzo and CamillerQ20 CBG has been shown to behave as a
weak partial agonist of GBand CB receptors (Casciet al., 2010). Furthermore, CBG
inhibits the reuptake of endocannabinoids, whickehbeen detected in Caco-2 cells (as
reported above) and thus might indirectly activate via increased extracellular
endocannabinoid levels — the cannabinoid recepideshave here observed that the inhibitory
effect of CBG on cell viability was unaffected bhetselective CBreceptor antagonist AM251
and further increased by the &Beceptor antagonist AM630. Such results negate the
possibility that CBG actsia direct or indirect activation of cannabinoid retwep and rather
suggest that an endogenous ,CBne exists, which may couple negatively to theGCB
signalling pathway leading to the inhibition of lc@kbility. A similar result has been observed

also in peritoneal macrophages (as discussed abwbeye the inhibitory effect of CBG on
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LPS-stimulated nitrite production was further augted by SR 144528, another Cceptor

antagonist.

TRP channels form a superfamily of proteins whatfect several pathological processes,
including the fate of cancer cells (Shapovakival., 2001; Gkika and Prevarskaya, 2009;
Santoniet al., 2011). CBG has been shown to behave as a rdlapgeent and highly effective
TRPAL agonist and a weak agonist at TRPV1 and TRéhWaRnels (De Petrocellg al., 2011,
De Petrocelliset al., 2012). However, it is unlikely that CBG acts aativation of TRPAL
and/or TRPV2 channels since ruthenium red, a nteetsee TRP channel antagonist, at
concentrations which were several fold higher thtan 1G, able to block TRPA1/TRPV1-2
channels, did not modify the effect of CBG on aadibility. It has been reported than CBG is
an antagonist of TRPM8 (De Petroceéisl., 2011), which is involved in the regulation oflcel
proliferation/apoptosis (Prevarskagtaal., 2007) and it is now considered as a promisinggetar
for cancer, particularly for prostate cancer. TRPMRBNA has been detected in a number of
primary tumours, including colorectal cancer tiss(lEsavalegt al., 2001). Our results showed
that TRPM8 mRNA was expressed in colorectal cacedis and, more importantly, that the
effect of CBG on cell viability was mimicked by tlsgnthetic TRPM8 antagonist AMTB, by
cannabidiol and cannabidivarin (two phytocannaldsowhich share the ability of CBG to
block the TRPM8). By contrast, cannabichromenggtocannabinoid which does not block
the TRPM8 (De Petrocellist al., 2011) had a negligible effect on colorectal cadbility.
Additionally, CBG exerted a very weak cytotoxicexff in healthy human colonic epithelial
cells, in which TRPM8 mRNA is faintly expressed.llE€ctively, such results suggest that
TRPM8 might be involved in CBG-induced inhibitiohaolorectal cancer cell growth. Finally,

it is very unlikely that the effect of CBG is dtmthe block of 5-HT,, a receptor involved in
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carcinogenesis (Dizewt al., 2004), since CBG effect was not mimicked by al\gstablished

selective 5-HTa antagonist.

Apoptosis and necrosis are the two major proceleseing to cell death (Maghsous al.,
2012). Previous investigators have shown that esnlmgs and plant cannabinoids can induce
apoptosis in cancer cells (Galve-Ropetfal., 2000; Jacobssaat al., 2001). However, to date,
no information for CBG exists. By using eosin-haemwglin staining, we have shown that the
inhibitory effect of CBG on cell growth was duedpoptosis induction rather than necrosis, a
result which was confirmed by an enzymatic assayvgig an increased activity of caspase 3
and 7, two cysteine proteases specifically invdlveapoptosis (Kumar, 2009), in CBG treated
cells. Finally, we investigated the possible inwrhent of ROS in CBG-induced inhibition of
tumoural cell growth. ROS are highly reactive males, generally derived from the normal
metabolism of oxygen, that are produced primamlymitochondria. Although basal ROS
levels are considered to be physiological regudatd cell proliferation and differentiation, in
balance with biochemical antioxidants, high levelsROS triggers a series of mitochondria-
associated events leading to apoptosise(lal., 2012; Matést al., 2012). The relationship
between ROS and cancer has been also emphasizethebyobservation that many
chemopreventive agents may be selectively toxitimaoor cells because they increase oxidant
stress and enhance ROS generation, which in tauses apoptosis of cancer cells (eedl.,
2013). In the present study, we have shown that GB@&e same concentration able to exert
pro-apoptotic effects, selectively increased RQ&ipction in colorectal cancer cells but not in
healthy colonic cells, thus suggesting that ROS@eeluction might be implicated in CBG-

induced apoptosis.
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5.2.3 Conclusions

Our data show that CBD, CBD BDS and CBG hindersdéeelopment and the growth of
colon carcinogenesis vivo, by exerting both chemopreventive (in the AOM moafecolon
cancer) and curativerg tumours generated by xenograft injection of coltalecancer cells)
effects. Data on colorectal cancer cells sugdest €BD, CBD BDS and CBG inhibit cell
growth in tumoural - but not in healthy - intestinsells. CBD BDS and CBD exerted
cannabinoid-mediated antiproliferative effects, hwitCBD being able to increase
endocannabinoids levels. More in depth studies BD @evealed that this phytocannabinoid
protected DNA damage caused by an oxidative ingntt exerted antiproliferative effects
through multiple mechanisms, including involvemehtCB; receptors, TRPV1 and PPAR-
CBG also inhibited the growth of colorectal cancells, but with a mechanism not involving
activation of cannabinoid receptors, although CB&ct was further increased by a £€B
receptor antagonist. CBG acteid a pro-apoptotic mechanism, and its effect on tuialocell
growth was associated to overproduction of ROSablgi the inhibitory effect of CBG on cell
growth was mimicked by other TRPM8 antagonistasthuggesting that such receptor might

be, at least in part, involved in its actions
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6.0 Conclusions

There is anecdotal evidence for the therapeutiefiteaf Cannabis in a variety of human
gastrointestinal disease conditions, that spans many centuries. For example, some IBD
patients anecdotally report that they experiendefrey smoking marijuana. Additionally,
Cannabis and isolated cannabinoids have been used in caatients to stimulate appetite and
as antiemetics. Phytocannabinoids include aboutpl@@cannabinoids, accumulated in tiny
epidermal resinous glands of ti@annabis plant and characterized, in most instances, by
specific and potent pharmacological activities. ldgar, most of the cannabinoidsGannabis
sativa have not been fully evaluated for their pharmagicial activity. The results reported in
this work supports the notion that t@annabis plant is a treasure trove of potentially novel
therapeutic agents for gastrointestinal diseasedding IBD and colon cancer. Briefly, we

have shown that:

1. The non-psychotropi€annabis ingredient CBG, CBC and THCV exert protective
effects in a murine experimental model of IBD. leripneal macrophages the three
phytocannabinoids inhibited NO production, an dffessociated to inhibition of INOS
expression for CBG and THCV (but not for CBCudeés aiming at investigating the mode
of action of the phytocannabinoids revealed thatdfiect of THCV involves direct activation
of CB; receptors. By contrast, an endogenous cannabitam” at CB; and CB receptors

is likely coupled negatively to CBC and CBG anfilammatory actions, respectively.

2. CBD, CBD BDS (aCannabis extract with high content in CBD) and CBG exert
chemopreventive curative effects in experimentadei® of colon cancer. Importantly, the
phytocannabinoids/extract under investigation inbd cell growth in tumoural - but not in

healthy intestinal - cells. CBD BDS and CBD exertathnabinoid-mediated antiproliferative

effects via cannabinoid-mediated mechanisms, wRiPY1 and PPAR-possibly involved in
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the antiproliferative action of CBD. By contrasBBG inhibited the growth of colorectal cancer
cells, but with a mechanism not involving actieatiof cannabinoid receptors, although CBG
effect, similarly to the action on macrophages, wagatively modulated by cannabinoid £B
receptors. Notably, the inhibitory effect of CB@ cell growth was mimicked by other
TRPMS8 antagonists, thus suggesting that such recepght be, at least in part, involved in its

actions.

On the whole, these results could provide a phaplogcal basis to explain, at least in part,

the beneficial effects dfannabis preparations observed in IBD and possibly in capedients.

In a therapeutic prospective, the use of non-psycinve plant cannabinoids appears to be a
promising approach because their use is not asedcia the unwanted side effects derived
from activation of brain CB1 receptors. In the tigh their safety records, it is believed that the
non-psychotropic phytocannabinoids evaluated is thork might be considered as good

candidates to be clinically evaluated for the pré® and/or treatment of IBD and colon

cancer.
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