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Abstract

One of the most promising economic perspectives of hemp production chain is female inflorescence
valorization, despite there being actually no chemical composition or biological data from water
fraction. In this context, the focus of this study is the evaluation of protective effects related to
hemp water flower extracts from four commercial cultivars (Futura 75, Kc virtus, Carmagnola Cs
and Villanova). We evaluated the phytochemical profile through validated spectrophotometric and
HPLC methods. Then, we studied the biological activity on C2C12 and HCT116 cell lines, and in
an ex vivo experimental model of ulcerative colitis, constituted by isolated LPS-stimulated colon.
Particularly, we assayed the blunting effects induced by hemp water extract treatment on LPS-
induced levels of nitrites, malondialdehyde (MDA), prostaglandin (PG)E: and serotonin (5-HT). All
tested cultivars displayed similar total phenolic and flavonoid profile. However, Futura 75 water
extract displayed a better antioxidant and anti-inflammatory profile. Considering this, Futura 75
extract activity has been subsequently assayed on bacterial and fungal species involved in ulcerative
colitis, finding a significant inhibition on C. albicans and selected Gram positive and negative

bacterial strains.

Concluding, our results support the potential efficacy of hemp inflorecence water extracts in

managing the clinical symptoms related to ulcerative colitis.
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1. Introduction

Industrial hemp is mostly used for its fruits as a high source of nutrients and fibers from stem, rather

than its content in tetrahydrocannabinol (THC).

Traditionally considered a multiuse crop, hemp has been widely cultivated and used throughout
history. Actually, economic and pharmaceutical hemp importance is increasing throughout the
world, with a global market for low THC valued at $100-2000 millions per year (Montserrat-

delaPaz et al., 2014).

Hemp flour, obtained from seeds after oil extraction process, and hemp seed oil are used as
ingredients in many certified foods, which have been gaining greater popularity in recent years.
Hemp seeds and flour have shown great nutritional value thanks to their content in minerals,
vitamins (mostly A, C and E complexes), lipids, proteins and carbohydrates. To this regard, the
lipid portion of hemp seeds is very rich (almost 80%) in essential fatty acids used in cell
membranes, consisting of a large amount of linoleic (»-6) and a-linolenic acid (®-3), often in a 3:1
ratio, ideal for human nutrition and to prevent various pathological conditions, including cancer,
cardiovascular, degenerative and inflammatory diseases (Kiralan et al., 2010). These fatty acids are
precursors of eicosanoids, deeply involved in homeostatic processes such as inflammation,

immunity and vascular tone.
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Cannabis sativa THC content typically varies from 3% to 15%, while hemp cultivars are bred to
synthesize it only in traces (< 0.3% w/w) (De Backer et al., 2012). Despite its versatility, cultivation
was prohibited due to the presence of this psychoactive secondary metabolite, found in different
parts of the plant, even in the oil. Only varieties of industrial hemp published by EU (Regulation
(EC) N° 1251/99 and subsequent amendments) are approved for planting in Europe. These varieties
are eligible for cultivation only after the verification of their THC content, which must be less than
0.2% w/w (Regulation EC N°. 1124/2008-12 November 2008) (Da Porto et al., 2014). On the 14th
of January 2017, Italian regulation n°172/2017 was published, allowing and regulating hemp
production, commerce and therapeutic use in Italy. Different genotypes have been selected and

registered through time as well as cultivation methods to avoid the birth of new hybrids.

The fiber isolated from the stalk is used to produce ropes, paper, construction materials, clothing
and as a reinforcement in manufacturing composite parts, for example in thermal and acoustic

insulation (Vonapartis et al., 2015).

The quantity and quality of hemp fiber production is determined by different factors that should be
controlled in order to provide suitable products for a specific use and destination. Harvesting time is

one of the most important (Amaducci et al., 2015).

While fiber and seed are hemp main products, there is a growing interest about the valorization of a
plethora of hemp secondary metabolites, including terpenes, terpenophenolics, amino acids, fatty
acids, sugars, hydrocarbons, flavonoids which could display potential pharmacological effects

(Amaducci et al., 2015).

To this regard, hemp essential oil is reported to have an intriguing antimicrobic activity, whereas
the whole decocted plant is used against migraine, as a pain reliever and to prevent cognitive

decline at very low doses (Nissen et al., 2010).
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By contrast, scientific literature lacks on chemical composition or biological activity data from

aqueous fraction obtained from industrial hemp female flowers.

Considering that one of the most promising economic perspectives of hemp are female
inflorescences, sold dried for technical use, the main focus of the following study is the evaluation
of potential protective effects related to aqueous extract from plant female inflorescences, usually

considered as a waste material from hemp fiber crops (Bertoli et al., 2010).

In order to investigate and sustain the local market and in view of a more sustainable circular
economy, four commercial hemp cultivars, named Futura 75, Carmagnola Cs, Kc Virtus and
Villanova have been investigated from a phytochemical, toxicological and pharmacological point of
view. Particularly, the water extracts of each cultivar have been assayed for phenolic composition
determination and protective effect assessment in a validated ex vivo model of ulcerative colitis
constituted by isolated rat colon challenged with E. coli lipopolysaccharide (LPS) (Menghini et al.,
2016; Locatelli et al., 2017a). Finally, multiple herbal preparations, including cannabis extracts,
showed potential antibacterial activity on multiple strains, possibly due to the phenolic profile.
(Chakraborty et al., 2018; Tanase et al., 2018 ). In this context, hemp water extracts have been also
subjected to a microbiological pilot study to evaluate the putative inhibitory role on specific
bacterial strains and fungi involved in ulcerative colitis. The results support the use of hemp flower
water extracts as potential source of antioxidants with potential efficacy in managing clinical

symptoms related to ulcerative colitis.

2. Materials and Methods
2.1. Pharmacognostic studies

2.1.1. Hemp samples, reagents and standard solutions

Four samples of flowered aerial parts of different Cannabis sativa L. cultivars were supplied by
Hemp Farm Italia scarl [Tortoreto (TE), IT]. The study was conducted on ‘Futura 75°, ‘Kc virtus’,

‘Villanova’, ‘Carmagnola Cs’ varieties, cultivated under controlled conditions, avoiding chemical
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additives and harvested manually. The samples were collected in 2017 and then immediately dried
in ventilated oven (40 °C) until constant weight, clumsily chopped and stored in airtight plastic
bags, in a darkness and dry place and at room temperature (22-24°C), before performing

phytochemical and biological assays.

These products are sold by the company itself as industrial hemp, therefore THC content results <
0.2% wi/w, according to the European Regulation EC no. 1124/2008 - 12 November 2008. Every

sample has a peculiar content in THC, CBD and CBN, respectively:

‘Futura 75° - 0.026% w/w, 2.37% w/w, 0.03% w/w;
‘Kc virtus’ - 0.12% w/w, 5.01% w/w, 0.03% w/w;

‘Villanova’ - 0.02% w/w, 3.51% w/w, 0.05% w/w;

YV V. VYV V¥V

‘Carmagnola Cs’ - 0.14% w/w, 4.60% wi/w, 0.14% wi/w.

Sodium carbonate anhydrous, hydrochloric acid 37%, HPLC-grade n-hexane and ethyl acetate were
supplied by Carlo Erba (Milano, IT). Rutin hydrate, gallic acid, aluminum chloride hexahydrate,
HPLC-grade methanol and acetonitrile, Folin & Ciocalteau’s phenol reagent and acetic acid
(glacial) were supplied by Sigma-Aldrich (St. Louis, USA). The ddH2.0O for HPLC analysis was
obtained using the Millipore Milli-Q Plus water purification system supplied by Millipore Corp.
(Bedford, USA), while distilled water was collected long after a chloride treatment has been

conducted.

2.1.2. Sample preparation

Each dried cultivar sample was weighed (0.2 g) using a Precisa XT220A supplied by Micro
Precision Calibration Inc. (Grass valley, USA) in 50 mL Falcon tubes and then immediately
homogenized together with the extraction solvent using a T25 digital Ultra-Turrax device, supplied

by IKA (Staufen, GER) for 30 s at 10000 g.
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This treatment partially uniformed the grain size in order to improve the yield of the extraction

procedure described below.

2.1.3. Ultrasound-assisted extraction (UAE)

UAE of the homogenates was carried out. Distilled water was used as extraction solvent to simulate

the possible home-made use (decoction, infusion) of hemp inflorescences.

The sample tubes with the mixture were placed in a Transsonic T460 ultrasonic bath supplied by

Elma (Singen, GER) for 10 min. at 60°C and full power (35 kHz).

The solid-liquid ratio and UAE parameters were preliminarily optimized estimating the dry extract
yield referred to extraction time and solvent consumption on a single variety of C. sativa (Futura

75) and then maintained for the whole study (1:50).

The obtained extracts were immediately centrifuged at 4000g and 4 °C for 5 min using a 5810R
centrifuge supplied by Eppendorf (Milano, IT) and the liquid supernatant was collected, adjusted to

a final known volume and analyzed.

Three aliquots of each extract were collected and dried to estimate the extraction yield, in terms of

dry extract weight.

2.1.4. Total phenolic and flavonoid content

Total phenolic and flavonoid contents were also quantified spectrophotometrically and the results
were expressed as gallic acid (mg GAE/g extract) and rutin (mg RE/g extract) equivalents. The
experimental procedures for all these preliminary assays were comprehensively described in our

previous papers (Zengin et al., 2016a; Zengin et al., 2016b).

2.1.5. Polyphenol fingerprint by HPLC-PDA
HPLC-PDA fingerprint of the main phenolics was obtained by means of a validated method using a

reversed phase HPLC-PDA in gradient elution mode (Locatelli et al., 2017b; Zengin et al., 2016a).
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Analyses were carried out by using a Waters liquid chromatograph equipped with a photodiode
array detector, a C18 reversed-phase column (Prodigy ODS (3), 4.6 x 150 mm, 5 pum; Phenomenex,
Torrance, CA), an on-line degasser (Biotech 4-CH degasi compact, LabService, Anzola Emilia,
Italy) and a column oven set at 30 °C (£ 1 °C). The gradient elution was achieved by a solution of
water—acetonitrile (93:7 ratio, with 3% of acetic acid) as initial conditions. The complete separation
was performed in 60 min. The detailed method, alongside with the chromatograms related to

analyzed standards and samples, were reported as Supplementary data.

2.1.6. Allelopathy bioassay

Allelopathy bioassay was conducted in 90 mm diameter Petri dishes, each containing a double
layered filter paper disk, previously soaked into the tube containing the plant extract at different
concentrations. Distilled water was used as negative control. The pH values of the extracts were
measured with the litmus paper, resulting in a value of 6, that is generally the optimal condition for
commercial seed growth. This is one of the strongly influencing factors of the process, as well as

the liquid volume added to each Petri dish.

The disks were divided into 3 areas, each one added with 10 seeds of the corresponding lettuce
variety, previously imbibed into dH2O for at least 10 min. Seeds were inspected along the sowing

process to ensure their uniform size and integrity.

Lettuce is one of the most suitable dicotyledon for this kind of bioassay because of its fast
germination rate and high sensitivity. Petri dishes were then sealed with parafilm, to ensure a

closed-system model, and incubated in darkness at room temperature.

Bioassay took 3 days and plates were then stored at 4 °C to slow a subsequent growth during the
measurement process carried out with a ruler. Seeds were considered germinated only when a root
length > 1 mm was observed (Mahmoodzadeh et al., 2015). The number of germinated seeds was

noted every day and the length of hypocotyls and roots was taken after the third day of treatment.
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2.2.Toxicological, Pharmacological and Microbiological studies

2.2.1. Artemia salina lethality bioassay

Artemia salina cysts were hatched in oxygenated artificial sea water (1g cysts/L). After 24 h, brine
shrimp larvae were gently transferred with a pipette in 6 well plate containing 2 mL of hemp
extracts at different concentrations (0.1-20 mg/mL) in artificial sea water. Ten larvae per well were
incubated at 25-28°C for 24h. After 24 h, the number of living napulii were counted under light
microscope and compared to control untreated group. Results were expressed as percentage of
mortality calculated as: ((T— S)/T)*100. T is the total number of incubated larvae and S is the
number of survival napulii. Living nauplii were considered those exhibiting light activating
movements during 10 seconds of observation. For each experimental condition two replicates per

plate were performed and experimental triplicates were performed in separate plates.
2.2.2. Invitro studies

Human cardiomyocyte C2C12 and colon cancer-derived HCT116 cell lines were cultured in
DMEM (Euroclone) supplemented with 10% (v/v) heat-inactivated fetal bovine serum and 1.2%
(v/v) penicillin G/streptomycin in 75 cm? tissue culture flask (n=5 individual culture flasks for each

condition). The cultured cells were maintained in humidified incubator with 5% CO; at 37 °C.

For cell differentiation, C2C12 and HCT116 cell suspensions at a density of 1 x 10° cells/mL were
treated with various concentrations (10, 50, and 100 ng/mL) of phorbol myristate acetate (PMA,
Fluka) for 24 h or 48 h (induction phase). Thereafter, the PMA-treated cells were washed twice with
ice-cold pH 7.4 phosphate buffer solution (PBS) to remove PMA and non-adherent cells, whereas
the adherent cells were further maintained for 48 h (recovery phase). Morphology of cells was

examined under an inverted phase-contrast microscope.

To assess the basal cytotoxicity of water flower hemp extracts, a viability test was performed on 96

microwell plates, using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test.
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Cells were incubated with extracts (ranging in the concentration 10-1000 pug/mL) for 24 h. 10 uL of
MTT (5 mg/mL) was added to each well and incubated for 3 h. The formazan dye formed was
extracted with dimethyl sulfoxide and absorbance was recorded as previously described (Menghini

et al., 2018). Effects on cell viability were evaluated in comparison to untreated control group.

Finally, we tested extracts on HCT116 cell line, in wound healing experimental paradigm. Cell
migration was determined using the scratch wound healing assay with slight modification (Ju et al.,
2012). HCT116 cells (6 x 10° cells/well) were seeded on 6-well plastic plates. Cells monolayers
were preliminarily treated with a proliferation inhibitor mitomycin C (sigma-Aldrich) at the non-
toxic concentration of 5 uM, in order to exclude the effect of cell proliferation (Taniguchi et al.,
2018). After 2 h on cells in the confluence interval 85-90%, a wound was generated by scratching
the cell monolayer using a 0-200 pL pipette tip. Two gentle washes with PBS were performed to
remove suspended and damaged cells. Cells were incubated in serum free media supplemented with
Hemp extracts at the non-toxic concentration of 100 pg/mL. Cell migration was followed capturing
at least 3 microscope images/well at different time points: 0, 24 and 48 h. An inverted light Leika
microscope equipped with Nikon 5100 camera was used to capture image at 4x magnification. The
quantification of scratch area with no cells was quantified using Image-J software (NIH). Using
GraphPad software, mean data at TO, 24 and 48 h were calculated for untreated control and hemp

group and expressed as percentage variation with reference to relative 100% at 0 h.
2.2.3. Exvivo studies

Male adult Sprague-Dawley rats (200-250 g) were housed in Plexiglass cages (40 cm x 25 cm x 15
cm), two rats per cage, in climatized colony rooms (22 + 1 °C; 60% humidity), on a 12 h/12 h
light/dark cycle (light phase: 07:00 - 19:00 h), with free access to tap water and food, 24 h/day
throughout the study, with no fasting periods. Rats were fed a standard laboratory diet (3.5% fat,

63% carbohydrate, 14% protein, 19.5% other components without caloric value; 3.20 kcal/g).
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Housing conditions and experimentation procedures were strictly in accordance with the European

Union ethical regulations on the care of animals for scientific research.

According to the recognized ethical principles of “Replacement, Refinement and Reduction of
Animals in Research”, colon specimens were obtained as residual material from vehicle-treated rats
randomized in our previous experiments approved by Local Ethical Committee (University “G.
d’Annunzio” of Chieti-Pescara) and Italian Health Ministry (Italian Health Ministry authorization
N. 880, delivered on 24" August 2015). Rats were sacrificed by CO2 inhalation (100% CO> at a
flow rate of 20% of the chamber volume per min) and colon specimens were immediately collected
and maintained in humidified incubator with 5% CO: at 37 °C for 4 h, in RPMI buffer with added

bacterial LPS (10 pg/mL) (incubation period).

During the incubation period, tissues were treated with scalar sub-toxic concentrations of water
hemp extract (100 pg/mL). Tissue supernatants were collected, and the PGE> level (ng/mg wet
tissue) was measured by radioimmunoassay (RIA), as previously reported (Chiavaroli et al., 2010;
Locatelli et al., 2018; Menghini et al., 2016). Briefly, specific anti-PGE> was developed in the
rabbit; the cross-reactivity against other prostanoids is < 0.3%. 100 uL of prostaglandin standard or
sample were incubated overnight at 4 °C with the *H-prostaglandin (3000 cpm/tube; NEN) and
antibody (final dilution: 1:120000), in a volume of 1.5 mL of 0.025 M phosphate buffer. Free and
antibody-bound prostaglandins were separated by the addition of 100 uL. 5% bovine serum albumin
and 100 uL 3% charcoal suspension, followed by centrifuging for 10 min at 4000 x g at 5 °C and
decanting off the supernatants into scintillation fluid (Ultima Gold™, Perkin Elmer) for } emission
counting. The detection limit of the assay method is 0.6 pg/mL. Additionally, tissue supernatant
was assayed for nitrite determination by Griess assay, as previously described (Zengin et al., 2017).
Briefly, nitrite production was determined by mixing 50 uL of the assay buffer with 50 uL of Griess
reagent (1.5% sulfanilamide in 1M HCl plus 0.15% N-(1-naphthyl) ethylenediamine

dihydrochloride in distilled water, v/v). After 10 min incubation at room temperature, the
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absorbance at 540 nm was determined and nitrite concentrations were calculated from a sodium

nitrite standard curve.

On the other hand, individual colon specimens were dissected and subjected to extractive
procedures to evaluate 5-HT and 5HIAA (ng/mg wet tissue) as previously reported (Brunetti et al.,
2014; Ferrante et al., 2016). Regarding the 5-HT analysis, tissues were homogenized in ice bath for
2 min with Potter-Elvehjem homogenizer in 1 mL of 0.05 N perchloric acid containing 0.004%
sodium EDTA and 0.010% sodium bisulfite. Thereafter, samples were analyzed by HPLC coupled
to electrochemical detection consisting of ESA Coulochem 11l detector equipped with ESA 5014B

analytical cell.

Finally, malondialdenyde (MDA) level was determined through the thiobarbituric acid reactive
substances (TBARS) method (Mihara et al., 1980). Briefly, tissue specimens were added with 1%
H3PO4 and 0.6% thiobarbituric acid, and then incubated at 96 °C for 20 min. Absorbance was

recorded at 532 nm, and the MDA level was expressed as g/mL.
2.2.4. Antimicrobial susceptibility testing

In vitro antimicrobial activity of water extracts Futura 75 was assessed against three bacterial
strains, namely Pseudomonas aeruginosa (ATCC 15442), Escherichia coli (ATCC 10536),
Staphylococcus aureus (ATCC 6538) and two yeasts and filamentous fungi, namely Candida

albicans (YEPGA 6183) and C. tropicalis (YEPGA 6184).

Voucher microbial cultures are maintained in the PeruMycA culture collection of the Department of
Chemistry, Biology and Biotechnology (DCBB) (University of Perugia, Italy) and are available

upon request.

For Minimum Inhibitory Concentration (MIC) determination, hemp Futura 75 extract ranged from

0.562 to18 mg mL*. Ciprofloxacin (Sigma Aldrich-Milan, Italy) and fluconazole (Sigma Aldrich-
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Milan, Italy) were used as control antimicrobial agents for bacteria and fungi, in the range 0.125-

120 pg mL* (CLSI M100 S21) and 0.063—16 pug mL™* (CLSI 2012; CLSI 2017), respectively.

2.2.5. Antibacterial activity assay

MIC determination was performed according to the broth dilution method M07-A9 drafted by the

Clinical and Laboratory Standard Institute (CLSI M07-A9, 2012).

Shortly, working bacterial suspensions (inocula) for MIC determination were prepared as follows: a
few colonies from 24 h-old cultures on TSA plates were transferred to Mueller-Hinton broth (MHB)
and incubated statically overnight at 37 °C. Cell density of each inoculum was hence adjusted to
that of the opacimetric standard Mac Farland 0.5 (1.5x 108 CFU/ml). 20 uL of bacterial suspensions

were used to inoculate 1 mL of MHB medium containing serial dilutions of active plant extracts.

To further assess the viability of bacterial cells at MIC end-points, the tetrazolium salt assay
optimized by Sabaeifard and collaborators (2014) was used. Following 20 h incubation for MIC
determination, 230 pL of bacterial cultures were collected and transferred to 96-wells plates. Hence,
20 uL of a 2,3,5-triphenyl-tetrazolium chloride (TTC) solution were added to each well in order to
reach a final concentration of 0.4%. Controls consisted of MHB-grown bacterial cultures (viability
controls) and uninoculated MHB with plant extracts (incubation controls). 96-wells plates were
incubated for 6 h at 37 °C prior to measure absorbance at 405 nm in a Tecan Infinite 200 PRO

spectrophotometer (Tecan Trading AG, Switzerland).
2.2.6. Antifungal activity assay

Susceptibility testing against yeasts and filamentous fungi was performed according to the CLSI

M27-A3 and M38-A2 protocols, respectively (CLSI 2008a,b; CLSI 2012b; CLSI 2017).

RPMI (Roswell Park Memorial Institute) 1640 medium (Sigma) with L-glutamine and without
sodium bicarbonate, supplemented with 2% glucose (wA), buffered with 0.165 mol L*

morpholinepropanesulphonic acid (MOPS), pH 7.0, was used throughout the study.
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Briefly, the inoculum suspensions were prepared from 7-day-old cultures grown on Sabouraud
Dextrose Agar (SDA,; Difco) at 25 °C and adjusted spectrophotometrically to optical densities that
ranged from 0.09 to 0.11 (Mac Farland standard). Filamentous fungi and yeasts inoculum
suspensions were diluted to a ratio of 1:50 in RPMI 1640 to obtain twice an inoculum size ranging
from 0.2 to 0.4 x 10*° CFU mL™. This was further confirmed by plating serial dilutions of the

inoculum suspensions on SDA.

MIC end-points (ug mL™) were determined after 24 h (for C. albicans and C. tropicalis) of

incubation in ambient air at 30°C (CLSI 2012, CLSI 2017).

For the plant extracts, the MIC end-points were defined as the lowest concentration that showed
total growth inhibition (Pagiotti et al. 2011). The MIC end-points for fluconazole were defined as
the lowest concentration that inhibited 50% of the growth when compared with the growth control

(CLSI 2012, CLSI 2017).

Geometric means and MIC ranges were determined from the three biological replicates to allow

comparisons between the activities of plant extracts.
2.3. Statistical analysis

Statistical analysis was performed using GraphPad Prism version 5.01 for Windows (GraphPad
Software, San Diego, CA). Gaussian distribution of data was assessed by D’Agostino and Pearson
omnibus normality test. Data were means £ SEM and analyzed by Kruskal-Wallis test followed by
Mann-Whitney post-hoc test. Statistical significance was set at p <0.05. As regards the animals
randomized for each experimental group, the number was calculated on the basis of the “Resource
Equation” N=(E+T)/T (10<E<20) (Charan and Kantharia, 2013), according to the guidelines
suggested by the “National Centre for the Replacement, Refinement and Reduction of Animals in
Research” (NC3RYS) and reported on the following web site:

https://www.nc3rs.org.uk/experimental-designstatistics. In particular, N is the number of animals
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per treated group. E represents the degrees of freedom of the analysis of variance (ANOVA). T is
the number of treatments. Considering that E values should be between 10 and 20, the animal

number N for ex vivo analysis was chosen in accordance to an E value of 20.

3. Results and discussion

3.1.Phytochemical and phytotoxic profile

Spectrophotometric analyses showed that water flower extracts from Futura 75, Kc Virtus and
Villanova cultivars displayed a quite similar total phenol and flavonoid content (Tables 1). On the
other hand, in Carmagnola Cs cultivar water extract, the concentration of these metabolites seems to

be about half the content of the other cultivars.

The punctual phenol profile assessed by HPLC-PDA analysis showed analogue results. All the
cultivar extracts displayed a similar phenolic profile with some exceptions. Rutin content revealed
to be higher in Kc Virtus cultivar extract. Additionally, Kc Virtus was the only cultivar showing
detectable and measurable coumaric acid level. On the other hand, benzoic acid level was more
significant in Futura 75, despite there being a higher total benzoic acid content in Villanova extract
(Table 2). In agreement with the spectrophotometric total phenol assessment (Table 1), Carmagnola

Cs revealed a poorer panel of phenols, compared to the others.

As an early approach to study their biological activity, hemp extracts have been tested in an
allelopathy model. Effects of sowing on substrates imbibed with scalar extract concentrations (1:1;
1:2; 1:5; 1:10, diluted in distilled water) have been evaluated. The assay has been conducted on 3
varieties of commercial lettuce seeds (Trocadero, Iceberg and Lollo bionda). During the
experiments we evaluated the effects of the extracts on seeding germination of growth. After
challenging the seeds with flower extracts, in all diluted samples we did not observe any significant
effect on seed growth and germination (Figures 1-3), thus giving a preliminary index of extract

biocompatibility for the following microbiological and pharmacological assessments.
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3.2.Toxicological and Pharmacological profile

As a preliminary approach to evaluate potential toxicity, hemp extracts, in the concentration range
0.1-20 mg/mL, were tested on brine shrimp lethality assay. It is a typical and general bioassay that
could give information on bioactivity of complex plant extracts evaluated as lethality induced on the
brine shrimp, Artemia salina Leach. This organism is commonly used to investigate a variety of
biological and toxicological activities of plant extracts and is considered, at least partially,
predictive of cytotoxicity (Ohikhena et al., 2016). Experimental procedure was conducted following
previous published data, with slight modification (Taviano et al., 2013). The hemp extracts did not
reveal any toxicity in the concentration range (0.1-20 mg/mL), with LCsp values in the range 1.156-

2.696 mg/mL (Figure 4)

The resulting LCso value has been indicatory to choose the extract concentration, at least 10 fold
lower (100 ug/mL), for the subsequent evaluation of the effects on C2C12 and HCT116 cell line

viability (MTT test).

All the tested cultivar extracts (100 pg/mL) confirmed a good biocompatibility, as revealed by the
null effect on both cell line viability (Figures 5). Additionally, when we tested the extracts (100
pug/mL) in an experimental model of wound healing, in HCT116 cells, all the extracts resulted
ineffective in modifying the spontaneous cell migration up to 48 h following treatment (Figure 6),
thus ruling out a possible role of the extracts in modifying migration and invasion capacities of
HCT116 human colon cancer cells. Taken together, these preliminary toxicological findings
suggested the concentration 100 pg/mL as a good biocompatibility limit for the following

pharmacological evaluations.

Particularly, we performed a subsequent panel of experiments on isolated rat colon specimens
challenged with LPS. To this regard, estimation of nitrite level is a useful marker of the synthesis of
NO and could potentially be used as an indicator of disease activity in chronic inflammatory

conditions, including ulcerative colitis (Goggins et al., 2001). NO is a well-known free radical
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which can react with a variety of biomolecules in body fluids and tissues. These interactions
produce a number of oxidation products including nitrite, nitrate, nitrosyl (NO-heme) species, and
S- and N-nitroso products. The level of these NO-related substances, in fluids and tissues, is
assumed to reflect the activity of NO-synthases, including the inducible NO synthase (iNOS) which

is expressed at high levels during inflammation (Saijo et al., 2010).

We observed that all the extracts were able to reduce LPS-induced nitrite level, in isolated rat colon
(Figure 7). Actually, the downregulation of nitrite level induced by the extracts is consistent with
their total phenolic and flavonoid content (Raihan et al., 2009). This could explain, albeit partially,
the minor efficacy exerted by Carmagnola Cs extract, which displayed a total phenolic and

flavonoid content significantly lower than the other extracts.

Consistently with this evidence, we observed that hemp water extracts displayed a significant
reduction of LPS-induced increase in tissue MDA (Figure 8), a recognized biomarker of lipid
peroxidation (Ferrante et al., 2017; Mancuso et al., 2012). Lipid peroxidation has long been
involved in tissue damage related to several chronic disease states, including IBDs (Achitei et al.,
2013). Macrophages and neutrophils are the main production sites of ROS/RNS whose effects
include neutrophil recruitment at the inflamed epithelial colon tissue. Actually, this effect is
consistent with the elevated concentration of phenolics found in the extract (Table 1). Phenolics and
particularly flavonoids were found to be effective in reducing the burden of oxidative stress, in the
colon of mice intraperitoneally injected with LPS, via suppressing phosphorylation in mitogen-
activated protein kinases (MAPKSs) pathway, which is crucial for macrophage activation and the
production of inflammatory mediators (Lin et al., 2010). In agreement with the observed minor
antioxidant effect, we found that Carmagnola Cs water extract revealed the less effective in

preventing lipid peroxidation in LPS-challenged colon specimens.

Additionally, we evaluated the effects of the extracts on LPS-induced PGE> and 5-HT, two key pro-

inflammatory mediators in the colon.
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Prostaglandin E, (PGE>) is generated by cyclooxygenase 2 (COX-2) conversion of arachidonic
acid. Accordingly with the present findings, the reduced levels of PGE; could account for the anti-
inflammatory effects induced by hemp water extracts (Figure 9). Particularly, Villanova extract
revealed the most effective in reducing LPS-induced PGE:> levels, in rat isolated colon. Actually,
this could be partially related to its major content in catechin (Singh and Katiyar, 2011), compared

to Carmagnola Cs, Futura 75 and Kc virtus.

On the other hand, Futura 75 and Kc virtus were the most effective in blunting LPS-induced 5-HT
steady state levels, in rat colon (Figure 10). Actually, the inhibitory effects exerted by these two
cultivars could be related to multiple concomitant mechanisms. On one side rutin, which is more
expressed in Kc Virtus extract, resulted able to reduce 5-HT release in vitro (Chen et al, 2002). On
the other hand, benzoic acid has been reported to stimulate 5-HT turnover (Batshaw et al., 1988). In
despite of a more detailed assessment of pharmacological modulation of neurotransmitter release,
given by isolated neuronal ending experimental paradigm, several studies confirmed that steady
state tissue 5-HT concentration proves to be a valuable index of neurotransmitter activity, including
synthesis and release (Bungo et al., 2009; Clark et al., 2006). 5-HT pro-inflammatory role in
ulcerative colitis has been previously suggested (Regmi et al., 2014), possibly involving the
activation of 5-HT3 receptors (Mousavizadeh et al., 2009). In this context, the reduction of 5-HT

and PGE: tissue levels further supports the protective role related to hemp water extract treatment.

All the cultivar exerted multiple protective effects in LPS toxicity model. On the other hand, Futura
75 cultivar displayed a good inhibitory effect against all the tested biomarkers, whereas the other

cultivars sometimes resulted ineffective.

To this regards, we performed a final set of experiments to evaluate the effects of Futura 75 on
Gram positive and negative bacterial strains and fungal species deeply involved in ulcerative colitis

(Guo et al., 2015; Iguidbashian et al., 2018; Trojanowska et al., 2010; Wang et al., 2018).
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Regarding the bacterial strain used, Futura 75 water extract was particularly effective against S.
aureus (3.57 mg mL™) and to a lesser extent towards E. coli and P. aeruginosa (7.14 mg mL™)
(Table 3). Whereas Table 4 shows the MIC ranges and geometric means of plant extracts and
fluconazole against the fungal species tested. C. albicans was the most sensitive fungus to Futura 75
extract and fluconazole. Actually, we hypothesize that the antibacterial and antifungal activity of
Futura 75 water extract could be related, albeit partially, to the total phenolics and flavonoids

(Bottari et al., 2017; de Camargo et al., 2017).

Concluding, the use of commercial hemp cultivar, particularly Futura 75 water extract, as food
supplementation, could provide significant improvements for health, as revealed by the
downregulating effects on oxidative stress- and inflammation-related biomarkers, but also against

pathogen bacterial and fungal strains, including S. aureus and C. albicans.

Nevertheless, considering the limits of the in vitro and ex vivo assessments, further in vivo
approaches are required in order to confirm both efficacy and biocompatibility of water hemp
extracts. Finally, in agreement with the accepted principle of “Circular Economy”, our findings
further support an intriguing approach to innovatively improve the hemp chain production by
considering new health applications for THC-free inflorescences which could be regarded as a
strategy to implement the economic efficacy of hemp fiber crop, validating a potential waste as high

quality byproducts with promising pharmaceutical applications
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Table and Figure captions

Table 1: Total phenols and flavonoids determined in the water flower extracts. Data are expressed

means + SD referred to gallic acid and rutin equivalents, respectively.

Table 2: Phenolic fingerprint of water hemp extracts. Values are expressed in pg/mg dry extract.

Data represent the mean + SD.

Table 3: Minimum inhibitory concentration (MIC) of plant extracts towards selected bacterial

strains.

Table 4. Minimum inhibitory concentration (MIC) of plant extracts towards selected yeasts and

filamentous fungal strains.

Figure 1 (A-D): Seedlings germination and growth of Iceberg seeds challenged with Futura 75 (A),
Kc Virtus (B), Carmagnola Cs (C) and Villanova (D) extracts. Results are expressed as roots and
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hypocotyl (seedling) length + SD at different concentrations and mean of GP after the third day
since the sowing. (Extract concentration: 244.65 + 30.36 mgdw/gdm).

Figure 2 (A-D): Seedlings germination and growth of Trocadero seeds challenged with Futura 75
(A), Kc Virtus (B), Carmagnola Cs (C) and Villanova (D) extracts. Results are expressed as roots
and hypocotyl (seedling) length + SD at different concentrations and mean of GP after the third day

since the sowing. (Extract concentration: 244.65 £ 30.36 mgdw/gdm).

Figure 3 (A-D): Seedlings germination and growth of Lollo bionda seeds challenged with Futura 75
(A), Kc Virtus (B), Carmagnola Cs (C) and Villanova (D) extracts. Results are expressed as roots
and hypocotyl (seedling) length £ SD at different concentrations and mean of GP after the third day
since the sowing. (Extract concentration: 244.65 + 30.36 mgdw/gdm).

Figure 4 (A-D): Effects of Futura 75 (A), Kc Virtus (B), Carmagnola Cs (C) and Villanova (D)

extracts (0.1-20 mg/mL) on Artemia salina Leach viability (Brine shrimp lethality test).

Figures 5 (A-B): Effect of Futura 75 (A), Kc Virtus (B), Carmagnola Cs (C) and Villanova (D)
extracts (100 pg/mL) on non-tumoral C2C12 and tumoral HCT116 cell line viability (MTT test).

Figure 6 (A-D): Effect of Futura 75 (A), Kc Virtus (B), Carmagnola Cs (C) and Villanova (D)

extracts (100 pg/mL) on HCT116 migration (Wound healing test).

Figure 7: Effect of hemp water extracts (100 pug/mL) on LPS-induced nitrite level (mmoL/g wet

tissue) in rat colon specimens. Kruskal-Wallis test, P<0.01; post-hoc, *P<0.05 vs. LPS.

Figure 8: Effects of hemp water extract (100 pg/mL) on LPS-induced malondialdehyde (MDA)
production in rat colon tissues challenged with LPS. Kruskal-Wallis test, P<0.05; post-hoc,
*P<0.05; vs. LPS.

Figure 9: Effect of hemp water extracts (100 pg/mL) on LPS-induced prostaglandin (PG)E2 level

(pg/mg wet tissue) in rat colon specimens. Kruskal-Wallis test, P<0.05; post-hoc, *P<0.05; vs. LPS.

Figure 10: Effect of hemp water extracts (100 pg/mL) on serotonin (5-HT) level (ng/mg wet tissue)
in rat colon specimens challenged with LPS. Kruskal-Wallis test, P<0.01; post-hoc, *P<0.05vs.
LPS.



