pharmaceutics

Article

An Optimized Terpene Profile for a New Medical Cannabis Oil

Valentina Maggini 1"**

, Lorenzo Calvi I't, Tommaso Pelagatti 12 Eugenia Rosaria Gallo 1 Celine Civati 2,

Carlo Privitera 3, Flavio Squillante 207, Paolo Maniglia 4, Domenico Di Candia >, Roberto Spampatti 2

and Fabio Firenzuoli 1+*

check for
updates

Citation: Maggini, V.; Calvi, L.;
Pelagatti, T.; Gallo, E.R; Civati, C.;
Privitera, C.; Squillante, F.; Maniglia,
P; Di Candia, D.; Spampatti, R; et al.
An Optimized Terpene Profile for a
New Medical Cannabis Oil.
Pharmaceutics 2022, 14, 298.
https://doi.org/10.3390/
pharmaceutics14020298

Academic Editor: Jaehwi Lee

Received: 31 December 2021
Accepted: 25 January 2022
Published: 27 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Research and Innovation Center in Phytotherapy and Integrated Medicine (CERFIT),

Careggi University Hospital, Via Delle Oblate 4, 50141 Florence, Italy; lorenzocalvi@yahoo.it (L.C.);
tommaso@farmaciatili.it (T.P.); eugenia.gallo@unifi.it (E.R.G.)

Farmacia Tili, Piazza Vittorio Veneto 32, 22036 Erba, Italy; civati.celine@gmail.com (C.C.);
squillante.flavio@tiscali.it (F.S.); roberto@farmaciatili.it (R.S.)

3 Progetto MediCOmm s.r.Ls., C.da due Fontane s.n., 93100 Caltanissetta, Italy;
carloprivitera@progettomedicomm.com

Department of Anesthesia and Intensive Care Medicine, Alessandro Manzoni Hospital,

Azienda Socio-Sanitaria Territoriale Lecco, 23900 Lecco, Italy; maniglia@iol.it

Department of Biomedical Sciences for Health, Section of Legal Medicine, University of Milan,
20133 Milan, Italy; domenico.dicandia@unimi.it

*  Correspondence: valentina.maggini@unifi.it (V.M.); fabio.firenzuoli@unifi.it (FF.); Tel.: +39-055-794-9635 (V.M.)
t These authors contributed equally to this work.

Abstract: The purpose of this analytical study was to develop an advanced formulation of medical
Cannabis oil (MCO) comparing the chemical profile of different extracts obtained with two existing
methods (SIFAP and CALVI) and one original upgraded (CERFIT) method. Preparation methods
were applied with varying solvent, temperature, and duration of the decarboxylation and extraction
steps. HPLC-MS/MS TSQ and GC/FID-HS analyses were performed to investigate cannabinoid
and terpene contents in the three oil extracts. Cannabinoids profile remained comparable between
the formulations. CERFIT extracts exhibited a superior quantity of total terpene hydrocarbon forms
(e.g., limonene and «-pinene) with no degradation occurrence (i.e., oxidized terpenes not quantifi-
able). Thus, this new method optimized the phytochemical profile of the MCO presenting a value
opportunity to obtain a standardized high-level therapeutic product.

Keywords: Cannabis sativa L.; medical use; oil preparation; extraction method; cannabinoids;
monoterpenes; sesquiterpenes; oxidized terpenes

1. Introduction

Cannabis, dating back thousands of years, has been utilized in treating various condi-
tions and showed a pleiotropic effect [1]. Nowadays, the therapeutic potential of medical
Cannabis (MC) is recognized, and patients have started to consider it as a worthwhile
alternative [2]. From Canada to Australia, more than thirty countries (including most
U.S. states) have invested in medical cannabis programs and over two million users are
registered [3].

Cannabis is prescribed for specific medical conditions (often “intolerant” or “not-
responder” to first line treatments), including chronic and cancer-related pain, nausea
and vomiting produced by chemotherapy, HIV-related cachexia, multiple sclerosis spastic-
ity, Tourette’s syndrome, glaucoma and pediatric epilepsy as well as there are emerging
promises for the treatment of insomnia, depression, anxiety, autism and Alzheimer dis-
ease [4-6].

On the other hand, the physicians are reticent to prescribe MC not due to the need
for training but also for the lack of standardized formulations in terms of bioactive com-
pounds, in particular for the galenic preparations that should conversely permit one to
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take advantage of the therapeutic potential of MC phytocomplex [7]. The most studied
MC molecules (Table 1) include A9-tetra-hydrocannabinoic acid (A9-THCA) (that is de-
carboxylated to A9-THC by heat and can further degrade to cannabinol), cannabidiolic
acid (CBDA) and its decarboxylated metabolite CBD [8-10]. Cannabinol (CBN) is usually
quantifiable and considered a product of THC oxidation [11]. Variability in cannabinoid
concentrations has been reported in magistral preparations of MC extracted with differ-
ent protocols [12]. Moreover, the phytocannabinoids are reported to interact with two
other important compound classes, terpenes and flavonoids [13,14], thus determining the
so-called entourage (synergistic) effect [14-16]. In the Cannabis plant, volatile monoter-
penes, diterpenes, triterpenes (10, 20 and 30 carbon atoms, respectively) are present, as are
sesquiterpenes (15C) that could contribute to Cannabis anti-inflammatory and antinoci-
ceptive effects [15,17]. Limonene, 3-myrcene, and o-pinene represent the major Cannabis
monoterpene components and 3-caryophyllene is one of the predominant sesquiterpenes.
A-pinene inhibits the activity of acetylcholinesterase in the brain, thus minimizing the
cognitive dysfunction caused by THC intoxication [18]. Limonene is reported to boost sero-
tonin and dopamine levels, thereby miming the anxiolytic, anti-inflammatory, and sedative
effects of the CBD [19]. B-caryophyllene interacts with the cannabinoid receptors and it
is responsible for Cannabis anti-inflammatory properties [20]. Its anti-oxidant, anxiolytic,
analgesic, and neuro-protective effects have been reported [21].

The concentration of these volatile molecules is affected by the extraction conditions at
a high temperature. Moreover, the oxidation caused by UV light or heat during storage or
transformation can determine the formation of oxygen-containing products as terpenoids
and ketones [22,23]. In fact, secondary photo-oxidation of the terpenes can determine the
generation of unstable allylic hydroperoxides whose reduction and subsequent oxidation
can lead to the formation of alcohols and then aldehydes or ketones [24]. These compounds
are studied for their potential toxicity, inherent to the promotion of oxidative stress [25,26].

A standardized sample preparation is therefore fundamental for extracting cannabi-
noids, preserving volatile terpenes and obtaining the right balance between the required
decarboxylation (i.e., preheating Cannabis flos increases the concentration of active cannabi-
noids) and undesirable degradation in the volatile profile [27]. An optimized and homoge-
nous final product is needed to guarantee the therapeutic continuity of the patients and
also to reduce safety concerns related to over- or under-cannabis dose. In fact, medical
cannabis is well tolerated but the risk of reported adverse effects (e.g., confusion, dizziness,
drowsiness, hallucinations, euphoria, nausea, vomiting, and diarrhea) can increase in the
fast upscale of the dosage and in the sub-set population with altered pharmacokinetics such
as the elderly, as well as for the use of inappropriate preparation of medical Cannabis [28].

For oral-administered Cannabis, the extracts in different oil media have shown a great
ease to modulate the dose and a good bioavailability of the product [11]. In particular,
medium-chain triglycerides (MCT) oil is actually considered more suitable for extracting
a stable product with an increased concentration of bioactive compounds than the olive
oil, often employed as solvent [29]. Several extraction methods have been set up, includ-
ing a decarboxylation step to boost the transformation of A9-THCA in A9-THC [30-32].
Moreover, different temperatures and time have been applied aiming to avoid terpene
evaporation and/or degradation.

In this context, we propose a new standardized and optimized method to obtain a MCT
oil extract of Cannabis flos with a high content of bioactive compounds as A9-THC and
terpenes and the lowest rate of degraded/oxidized products. The protocol was compared
with other two reported procedures by the means of HPLC-ESI-MS/MS (cannabinoid
analysis) and both HS-SPME-GC-MS and GC-FID (terpene analysis) techniques. This effort
can overcome the challenge of having an advisable method to produce a high-value medical
Cannabis oil.
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Table 1. Main classes of compounds of Cannabis sativa (2D structure images are available at https:

/ /pubchem.ncbi.nlm.nih.gov/#query=CID%20number (accessed on 20 January 2022).

Compound Class 2D Structure Image PubChegI]I)d entifier: Medicinal Properties Reference
Cannabinoids Cy1H300,
Psychoactive
Antinociceptive, antiemetic,
A9-THC 16078 - . [9]
appetite stimulator,
anti-inflammatory
Nonpsychoactive
Anticonvulsant, analgesic,
CBD 644019 anti-inflammatory, antiemetic, [10]
anxiolytic, neuroprotective,
sleep-promoting
Flavonoids
apigenin 5280443 Anti-inflammatory, anxiolytic [13]
cannflavin B 403815 Anti-inflammatory [14]
Terpenes
Monoterpenes Cy1oH1e
a-pinene @%( 6654 Neuroprotective [18]
limonene $ 22311 Antl-mflammatqry, anxiolytic, [19]
sedative
myreene /T\/Y 31253 Antl-mﬂamm.ator}f, analgesic, [13]
anxiolytic
Diterpene CooHzp
phytol S e B 5280435 Sleep-promoting [13]
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Table 1. Cont.

Compound Class 2D Structure Image PubChegI]IDd entifier: Medicinal Properties Reference
Triterpenes C3oHys
friedelin 91472 Anti-inflammatory, analgesic [17]
Sesquiterpenes
a-humulene 5281520 Anti-inflammatory, analgesic [13]

B-caryophyllene

Anti-inflammatory, antioxidant,
5281515 anxiolytic, analgesic, [20,21]
neuro-protective

2. Materials and Methods
2.1. Chemicals and Solvents

Medium-chain triglyceride (MCT) oil (Labrafac Lipophile WL 1349; Lotto: W2105378)
was used as the extraction solvent. Analytical standards (Table S1) were purchased
from Sigma—Aldrich S.p.A. (Milan, Italy): THC Cannabinoids Mixture-3 solution (multi-
component certified solution standard of (-)-A9-THC (CAS 1972-08-3), cannabinol (CBN,
CAS 521-35-7) and cannabidiol (CBD, CAS 13956-29-1) 1.0 mg/mL in methanol), THCA
(CAS 23978-85-0) and CBDA (CAS 1244-58-2) 1 mg/mL in acetonitrile, internal standards
(IS) Proadifen-SKF 525A (CAS 62-68-0) and tert-Butanol (CAS 75-65-0), Cannabis Terpene
Mix-A (CRM40755) and Mix-B (CRM40937), 3-Caryophyllene (CAS 87-44-5), Limonene
(CAS 138-86-3) and «-Pinene (CAS 80-56-8) solutions (2.0 mg/mL in methanol). Solvents
were supplied by VWR™ International, LLC, including methanol, 2-propanol, acetonitrile,
and formic acid.

2.2. Plant Material and Extraction of Cannabis Oils

Moreover, 1 batch (n 20i07EY20j07) of medical Cannabis flos Bedrocan® (THC 22% CBD < 1%)
from Bedrocan International (Veendam, The Netherlands) was used for this study. Plant
material was stored at room temperature or —20 °C until used. A total of 2 different
extraction procedures were performed according to previous published studies [30,32] to
obtain medical Cannabis oil 1 (MCO-1) and MCO-2 (SIFAP and Calvi methods, respectively).
Furthermore, 1 new optimized method (CERFIT method) was specifically applied for
the present study to obtain MCO-3. Briefly, 5 g of Cannabis flos were decarboxylated
in a fully automated microwave extractor (Ethos X—advanced Microwave Extraction
System, Milestone, FKV SRL, Italy; https:/ /www.milestonesrl.com/industries/cannabis-
and-terpenes (accessed on 20 January 2022)) set at 1500 Watt to reach and maintain a
T =100 °C. Cyclic decarboxylation (total time 8 h) was “heat-and-cool” performed in the
following mode for five times (Table 2).
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Table 2. Cyclic decarboxylation applied in the CERFIT method.

Temperature °C

Phase (Microwave Power) Time (min) Cycles
. from 25 to 100
Pre-heating (1500 Watt) 5
. 100
Decarboxylation (1500 Watt) 10 5
Cooling from 100 to 25 25
Rest 25 55

A hermetically closed flask was kept at —25 °C for 60 min, and then the extraction
solvent was added to Cannabis flos: MCT oil (50 mL) was used for all preparations to
minimise matrix effects. Extraction was carried out by turbo emulsion of the solution
(Cannabis flos in MCT oil) for 5 min and sonication (200 W /30 kHz) with probe inserted in
the oil flask for 8 min. During sonication time, the system was kept in a refrigerated water
bath and the temperature was controlled with one thermometer in the water bath and one
in the flask. For each method, 10 samples were prepared starting from 5 g of cannabis flos
in 50 mL of MCT oil. All final oil samples (50 mL) were protected from the light in amber
glass bottles and then stored at 4 °C.

2.3. Sample Preparation for Cannabinoid Analysis

MCO samples for High Performance Liquid Chromatography (HPLC) tandem Mass
Spectrometry (MS/MS) analysis were prepared by dissolving 10 mg of Cannabis oil in
1.0 mL of 2-propanol. A measurement of 50 puL of each sample was then added to 950 puL of
acetonitrile and 100 ng of IS; 2 puL. were injected. An analysis was performed in duplicate.

2.4. HPLC-MS/MS Analysis of Cannabinoids

Analyses were assessed using a HPLC-MS-MS TSQ Fortis II (Thermo Fisher Scientific,
San Jose, CA) equipped with a Surveyor MS quaternary pump with degasser, Surveyor
AS auto-sampler and oven with Rheodyne valve with a 20-uL loop. For chromatographic
separation, we used a HPLC column with reversed phase Agilent Poroshell 120 C-18
2.7 um—4.6 x 150 mm. The mobile phase utilized for the gradients (Table 3) was composed
of water at 0.1% formic acid (Solvent A) and methanol (Solvent B). Instrumental conditions
for TSQ Fortis II are summarized in Table 4. The multiple reaction monitoring (MRM)
acquisition mode was applied and the selected transitions are reported in Table 5.

Table 3. Solvent Gradients for HPLC-MS-MS Analysis.

Time (min) Solvent A (%) Solvent B (%)
0.00 90 10
0.10 90 10
2.00 10 90
5.00 10 90
5.10 90 10

7.00 90 10
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Table 4. Instrumental Conditions for HPLC-MS-MS Analysis.
Electrospray Ionization Source ESI
Ion Transfer Tube temperature 350 °C
Vaporization temperature 300 °C
Electrospray tension 3.50 kV
Scanning acquisition SIM
Isolation range 2m/z
Table 5. MRM transitions of target cannabinoids.
Retention Collision .
Compound Time MRM Transitions (m/z) Energy \izlr;asz r(a‘)/f) Dwr}i;lme
(tR, min) eV) 8
245.2 28
CBDA 3.84 357.4 313.2 22 3500 19.96
339.2 19
245.2 28
A9-THCA 4.39 357.4 313.2 22 3500 19.96
339.2 19
135.1 20
CBD 3.77 3154 193.1 22 3500 19.96
259.2 19
135.1 20
A9-THC 4.04 3154 193.1 22 3500 19.96
259.2 19
223.00 20
CBN 3.96 311.4 240.92 18 3500 19.96
293.17 17
154.0
ISTD 32 285.1 193.0
222.2

2.5. Sample Preparation for Terpene Analysis

The extraction of total terpenes from Cannabis oils was carried out by headspace-solid
phase microextraction (HS-SPME). A CAR/PDMS/DVB fibre was employed. Before the
analysis, 500 mg of each oil sample were placed into a headspace vial along with 200 pL
of the IS (tert-Butanol 0.02%) and incubated at 80 °C for 1 h. Then, 500 uL of gas were
analysed by gas chromatography (GC) with a mass spectrometer (MS). After each analysis,
the fibre was reconditioned for 5 min at 250 °C to prevent any contamination [30].

2.6. GC/MS Analysis of Terpenes

Analyses were performed with a Trace GC Ultra (Thermo-Fisher Scientific, Waltham,
MA, USA) equipped with an STABILWAX-MS column (30 m x 0.25 mm i.d. 0.25 pm
film thickness; Restek, Bellefonte, PA, USA), a quadrupole mass spectrometer Trace DSQII
(ThermoFisher Scientific, Waltham, MA, USA). The injector temperature, in selected split
mode 10:1, was 250 °C and those of the detector and transfer line were 250 and 210 °C,
respectively. The oven temperature program was: 35°C 5 min, from 35 to 60 °C at 4 °C/min,
then from 60 to 160 °C at 6 °C/min, from 160 to 200 °C at 20 °C/min and finally 200 °C
at 20 min [32]. The quantification of identified terpenes was performed with a calibration
curve (y = bx + a) of each relative standard (i.e., 3-Caryophyllene, Limonene and x-Pinene).
Calibrations curves were reported in Figures S1-S3. MS spectra of eluting peaks were
compared with those of terpene standard mixtures to characterize and divide the terpenes
according to their isoprene structure. Quantification of total mono/di/triterpenes, total
sesquiterpenes and total oxidized terpenes was calculated summarizing a single quantity
of each terpene of the same chemical class.
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2.7. Statistical Analysis

Concentrations of cannabinoids and terpenes in analysed MCOs were expressed
both as mean value and related standard deviation (SD), and as median value and range
(min—-max). Differences in mean and median concentrations among different MCOs were
tested using the One-way ANOVA followed by Tukey-Kramer post-hoc analysis and the
Kruskal-Wallis test followed by Dunn’s multiple comparisons test, respectively. Statistical
analysis was performed using the Software STATA version 17. Statistical significance was
considered for p-value < 0.05.

3. Results
3.1. Extraction Methods for Medical Cannabis Oils

In this work, two methods previously described in the literature for MCO preparation
were applied [30,32]. They included a decarboxylation step at 115 °C for 40 min and 130 °C
for 30 min, respectively. In the first method, the plant material was extracted by maceration
at 100 °C for 40 min [32] whereas in the second method, the extraction was carried out for
30 min by sonication at controlled temperature [30]. MCT oil was shown to extract and
preserve a significant concentration of terpenes compared to olive oil [29]. For this reason,
we chose to use MCT oil for all methods in order to minimise differences due to matrix
effects. In addition to these methods, one novel extraction procedure (CERFIT method)
was developed in this work. The plant material was stored at —20 °C until use; therefore,
it was put in a fan oven at 25 °C for 60 min before weighing. The decarboxylation of the
plant material was carried out at a lower temperature (100 °C) for a shorter time (10 min)
in CERFIT than in the other two methods: this step was repeated five times in order to
alternate heating and cooling to preserve the phytocomplex. Moreover, the closed flask
was kept under controlled vacuum to avoid the loss of volatile compounds. At the end of
the cyclic process, the flask was maintained at —25 °C for 60 min recovering essential oil
volatile components. Then, the extraction was performed by placing a probe sonicator in
the flask (MCT oil plus Cannabis flos) and the system in a refrigerated water bath. Finally,
the product was filtered and packaged.

Ten cannabis samples were extracted with each method and the experimental condi-
tions are compared in Table 6. Starting from 5 g of cannabis flos in 50 mL of MCT oil, a final
product of 50 mL of medical cannabis oil was obtained. Cannabinoid and terpene profile
was analysed for all of the samples (10 samples for each method).

Table 6. Detailed comparison of the three methods used for Cannabis oil preparation in this study.

METHOD SIFAP [32] CALVI [30] Pre(sjfrIl{tF\}\;I;) Kk
Cannabis variety (5 g)/(T) Bedrocan (RT) Bedrocan (RT) Bedrocan (—20 °C)
Matrix (50 mL) MCT oil @ MCT oil @ MCT oil
Cannabis/Matrix ratio 1:10 1:10 1:10
Thawing No No Yes/25 °C, 60 min fan oven
Decarboxylation step YES/Sltifiz %;;ig min YeS/lfb;i Ova,efl0 min Vacuu\r{isr{fiZ:(l)ivfl;\rvz Sx}:ractor
Freezing No No Yes/—20 °C, 60 min
Extraction process Turbo emuolsion . Turbo emulsion ' . Turbo emulsion .
water bath (100 °C 40 min) bath sonicator (35 KHz 30 min) probe sonicator (200 W /30 KHz 8 min)
Oil heating step Yes No € No d
Filtration Yes/filter paper Yes/filter paper Yes/filter paper
Preparation time (hour) 2 1.5 9.5 (8 nightlong)

2 modified from the original work where the used solvent was olive oil Ph. b cycles as described in Material and
methods. © final temperature of the water in bath sonicator was 45 °C. 4 final temperature of the oil flask was
15 °C. T: temperature; CT: cyclic temperature; RT: room temperature.
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3.2. Cannabinoids in Medical Cannabis Oils

Concentrations of CBD, CBDA, CBN, A9-THC, and A9-THCA in MCO preparations
are reported in Table 7. A representative HPLC-ESI-MS/MS chromatogram of a standard
calibration point for the analytes is shown in Figure 1. Cannabinoids amounts were found
in line with data available in the literature for Bedrocan® flos preparations [30-32].

Table 7. Cannabinoids (mg/mL) in MC extracts. Data from ten separate experiments each performed
in triplicate. Tukey-Kramer (for One-Way ANOVA) or Dunn (for Kruskal-Wallis test) post-hoc
analyses were applied. Differences were considered significant when p < 0.05 and are indicated with
different superscripts letters: in each line, values with a different letter (a, b or c for mean values; d, e
or f for median values) are significantly different (p < 0.05).

Compound Overall MCO-1 MCO-2 MCO-3
p SIFAP CALVI CERFIT
me/mL Mean Median Mean Median Mean (SD) Median Mean Median F Test Chi2 Test
8 (SD) (Min-Max) (SD) (Min-Max) (Min-Max) (SD) (Min-Max) p Value * p Value °
CBDA 0.04 0.03 0.03 0.004 0.07 0.08¢ 0.03 0.03 ¢ 2.70 8.13
(0.05) (0.00-0.20) (0.67) (0.00-0.20) (0.03) (0.03-0.10) (0.03) (0.00-0.10) 0.0854 0.0172
0.03 0.02 0.03 0.02 0.06 0.05 292 3.86
CBD (0.04) (0.00-0.13) NQ NQ (0.05) (0.00-0.13) 0.02) (0.04-0.09) 0.1044 0.0500
CBN 0.29 0.17 0.182 0.18 0172 0.14 0.53° 0.55 433 1.62
(0.35) (0.02-1.06) 0.01) (0.16-0.19) (0.14) (0.04-0.54) (0.53) (0.02-1.06) 0.0234 0.4447
A9- 011 0.00 0.03 0.00¢ 0.14 0.01 ¢ 017 0.15°¢ 1.84 342
THCA (0.18) (0.00-0.70) (0.67) (0.00-0.20) 0.23) (0.00-0.70) (0.18) (0.00-0.50) 0.1789 0.1809
rotHC | 2058 19.77 2420 2824 18.80° 19.00° 2052°¢ 19.82 ¢ 2032 1691
(194)  (17992387)  (L11)  (1937-23.11) 0.72) (17.99-2013)  (175)  (18.90-23.87) 0.0001 0.0002

NC not calculable. NQ: not quantifiable. * p value from One-way ANOVA ° p value from Kruskal-Wallis test.
RT: 0.000-7.000
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Figure 1. HPLC-MS/MS mass chromatogram of a standard calibration point for analytes involved in
the study.
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Neutral psychoactive A9-THC concentration was high and consistent through all
Cannabis oils (18.0-23.9 mg/mL), conversely its acidic precursor A9-THCA was under-
represented (0.0-0.7 mg/mL) depending on the presence of a decarboxylation step (Figure 2a).
The comparison of the 3 MCOs showed that MCO-1 had 9% of A9-THC more and 18% less
of A9-THCA than MCO-2 and MCO-3.

25
L

o
o .

¥
!
1

15
i
mag/ml
0.1
.
.
L}

mg/ml

10
0.05

CBD CBDA
o4 . 2 I siFap [ cALVI ‘
THC THCA I CERFIT
(a) (b)

Figure 2. Distribution of concentrations of A9-THC, A9-THCA (panel (a)), CBD and CBDA (panel
(b)) in medical Cannabis oil preparations extracted by three different methods.

SIFAP method failed to extract CBD and its acid precursor CBDA that were slightly
recovered with the two other procedures (0-0.13 and 0-0.20 mg/mL, respectively). CBN,
analysed to monitor eventual degradation/oxidation of Cannabis oils [33], was present
in low amount (<0.20 mg/mL) in MCO1 and 2, while MCO3 showed a higher range
(0.02-1.06 mg/mL) than the others (Figure 2b).

Overall, the three methods performed similarly in terms of final quantitative yield of
extracted cannabinoids.

3.3. Terpenes in Medical Cannabis Oils

The analysis of volatile compounds in the three MCOs was performed by means of
HS-SPME coupled with both GC-FID and GC-MS (Figure 3). Identified volatiles were
found in line with data available in the literature for Bedrocan® flos preparations [11,30].
The quantitative data of the MCOs is shown in Table 8.

RT 2381395

100.0 3
9955
99 ﬂ;
98, ‘J—;
%03
9753
9705
965
96 0%
9555
QSUi

8455

94,03
= ; -caryophyllene
9353 Limonene B-caryophy

Relative Intensity

950 Pinene

RT 1052

9257 RT 512
920

9155

910

90 5J

%03
8955
89,03
0853

LMLA LA b MRS AR LAt A ReBaRe R T T T T T T T e T L AL R A A8 b A sk A S LA R bk s T
25 3.0 35 40 45 50 55 6.0 65 7.0 75 8.0 85 9.0 95 10.0 105 1.0 15 120 125 13.0 135

Time (min)

Figure 3. Representative GC/MS chromatograms of the extracts obtained from medical Cannabis.
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Table 8. Terpenes in MCO extracts. Data from ten separate experiments each performed in triplicate. Tukey-Kramer (for One-Way ANOVA) or Dunn (for
Kruskal-Wallis test) post-hoc analyses were applied. Differences were considered significant when p < 0.05 and are indicated with different superscripts letters: in
each line, values with a different letter (a, b or c for mean values; d, e or f for median values) are significantly different (p < 0.05).

c d MCOs MCO-1 MCO-2 MCO-3
ompoun Overall SIFAP CALVI CERFIT
Median Median Median Mean Median F Test Chi2 Test
ug/mL Mean (SD) (Min-Max) Mean (SD) (Min-Max) Mean (SD) (Min-Max) (SD) (Min-Max) p Value * p Value °
s-Pinene 24.82 17.23 14.86 2 15.05 4 17.10° 17.23¢ 4250¢ 4223 f 834.73 23.28
(12.85) (12.60-47.10) (0.88) (12.60-15.90) (1.38) (14.08-18.23) (2.41) (39.00-47.10) 0.0001 0.0001
Limonene 32.98 31.12 17.232 17.174 31.14b 31.12°¢ 50.57 ¢ 50.05 f 1786.70 25.81
(13.96) (16.99-54.39) (0.28) (16.99-17.94) (1.33) (28.58-34.20) (1.69) (48.11-54.39) 0.0001 0.0001
B-Caryophyllene 56.77 60.87 64.362 64.224 60.53 P 60.87 © 4541°¢ 45321 245.76 25.55
yophy (8.55) (41.34-68.25) (1.73) (61.55-68.25) (1.31) (57.09-61.86) (2.74) (41.34-50.20) 0.0001 0.0001
Total mono- di-tri 3998.60 4678.89 1915.38 @ 1914.67 ¢ 467645 4678.89 € 5403.96 5404.39 f 1.8 x 10° 25.81
Terpenes (1528.39) (1914.10-5405.44) (2.09) (1914.09-1921.09) (7.12) (4656.38-4679.95) (1.39) (5401.80-5405.44) 0.0001 0.0001
Total Sesquiterpenes 248.18 274.70 132.6 2 134.11¢ 27427 % 274.70 © 337.65°¢ 338.14 f 1.1 x 10% 25.81
quiterp (87.23) (119.45-341.34) (4.82) (119.45-137.02) (1.63) (269.98-276.04) (1.97) (334.23-341.34) 0.0001 0.0001
. 216.90 214.00
Total oxidized TP NC NC (2.60) (214.00-223.00) NQ NQ NQ NQ NC NC
Total TP 4318.60 4952.00 2264.50 2 2263.50 4 4950.10 ® 4952.00 © 5741.20 ¢ 5741.00 f 1.4 x 10° 25.81
(1513.39) (2257.00-5743.00) (4.40) (2257.00-2273.00) (7.20) (4930.00-4954.00) (1.32) (5739.00-5743.00) 0.0001 0.0001

NC not calculable. NQ: not quantifiable. * p value from One-Way ANOVA ° p value from Kruskal-Wallis test.
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Mono-di-tri terpenes were highly represented in all of the samples, accounting for
84-94% of total identified terpene concentration of each MCO with an increase by two or
three times for MCO-2 and MCO-3, respectively compared to MCO-1 (Figure 4). Quanti-
fied molecules belonging to this chemical class were a-pinene and limonene showing a
significant increasing trend from MCO-1 to MCO-3 (p value < 0.001; Figure 5).

B SIFAP B CALVI B CERFIT

5500

4125

2750

pg/ml

1375

Mono-di-tri Terpenes

Sesquiterpenes Oxidized Terpenes

Figure 4. Comparison of terpene classes’ concentrations (ug/mL) obtained with the three different
extraction method.

(=38
[

|
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L

}
|

—4— "¢
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B-caryophyllene limonene a-pinene
[0 siFAP [ CALVI
[ CERFIT

Figure 5. Distribution of concentrations of (3-caryophyllene, limonene and a-pinene in medical
Cannabis oil preparations extracted by three different methods.

Sesquiterpenes were about 6% of the total identified terpenes in each MCO; MCO-3 had
a significantly increased concentration compared to MCO-2 and MCO-1 (p value < 0.001;
Figure 4). Interestingly, MCO-3 and MCO-2 were characterized by a lower presence of
[-caryophyllene (13 and 22%, respectively) than MCO-1 (48%). These data could indicate
a different qualitative volatile profile for the samples MCO-3, obtained with the CERFIT
method (Figure 5).

Oxidized terpenes, usually produced by photo-oxidation of primary terpenes [30],
were only detected in MCO-1 (9.6% of the total terpenes; Figure 4).
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Overall, the three methods showed a similar performance in terms of final quantitative
yield of extracted cannabinoids. On the other hand, samples extracted with CERFIT
methods displayed a distinctive profile highly rich in terpenes and devoid of oxidized
volatile products.

4. Discussion

Here, we compared the concentrations of cannabinoids and terpenes of three MCOs ob-
tained with three different extraction procedures in order to improve the therapeutic profile
of the final product. In particular, quantitative analyses of terpenes were performed while
several studies on MCOs did not investigate cannabis volatile compounds or performed
qualitative or semi-quantitative approaches [31,32].

For the development of the extraction protocol, this work mainly focused on temper-
atures and times of the decarboxylation and following steps. It is well known that the
decarboxylation (pre-heating) of the starting plant material is necessary for the conversion
from acid to neutral cannabinoid forms [34]. In fact, cannabinoid concentrations in the
3 MCOs (all methods including pre-heating of at least 100 °C) were found to be consis-
tent with previous findings and in line with the quantities declared by the manufacturer
(Bedrocan) in the plant material [30-32]. On the other hand, the application of high temper-
atures for a long time increased the risk of thermal volatile evaporation/degradation [35].
Thus, our working hypothesis was that an improved extraction method had to include
a decarboxylation step resulting in high cannabinoid concentration and minimal loss of
terpenes. The innovative CERFIT method decarboxylated Cannabis flos at a moderate tem-
perature (max 100 °C) in a microwave-assisted vacuum (to preserve the preparation from
the external humidity) system: microwave was reported more effective than conventional
extraction [35]. Moreover, we introduced a cyclical variation of the temperature in this
preheating step in order to have rotation between heating (max 100 °C for 10 min) and
cooling (100-25 °C for 25 min) and rest (25 °C for 55 min) reducing the thermal stress of
the phyto-complex. In addition to SIFAP and CALVI procedures, a final step at —25 °C
for 60 min was added to condense the evaporated components with no loss of volatile
compounds. Moreover, it is important to highlight that our method permitted the full
recovery of final MCO (i.e., starting from 5 g of Cannabis flos in 50 mL, we obtained 50 mL
medical cannabis oil): this yield (100%) is given by a constant control of the filtration system
applied before packaging. Finally, we could make a case for the good scalability of CERFIT
method. In fact, we developed the present work starting from 5 g of Cannabis in 50 mL
but we also conducted several experiments (data not shown) with major quantities (up
to 30 g of Cannabis in 300 mL) maintaining the same Cannabis/matrix ratio (1:10) and
the results overlapped both in terms of recovery and quali-quantitative cannabinoid and
terpene profiles.

A significant increasing trend resulted in the total terpene concentrations of the MCOs
extracted with the three methods (SIFAP < CALVI < CERFIT). This finding could be also
determined by the utilized extraction technique: ultrasound-assisted extraction was re-
ported more effective than conventional procedures [36]. Moreover, in the CALVI method,
ultrasounds were applied for 30 min at the water bath containing the flask with inflores-
cences in MCT oil. CERFIT method used a probe sonicator inside the flask maintained in a
refrigerated water bath. At the end of the extraction the water baths had a T of about 45 °C
and 21 °C, respectively, and this difference could explain the major efficacy of CERFIT
method since lower temperatures were reported to enhance the cavitation and consequently
the yield of the extracted bioactive compounds [37].

Interestingly, total sesquiterpenes increased in MCO extracted with CERFIT method
while -caryophyllene concentration decreased. Thus, the extraction method appeared to
influence the qualitative composition of the final oil product as well as the quantitative
profile of volatile compounds.

Remarkably, the final composition of MCO-2 and MCO-3 was further varied. In par-
ticular, they were deprived of oxidized terpenes, thus free of secondary thermal oxidation’s
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products as aldehydes and ketones [30,38]. The formation of these compounds could
significantly affect the quality of a product being a marker of aging [38]. For example, the
presence of oxidized terpenes in essential oils has been associated with shifting colors,
unpleasant smell, unpalatable taste, and consistency alterations [39]. Terpene oxidation
may produce skin sensitizers causing hazardous allergic reactions in sensitive individu-
als [40-42]. Generally, the toxicity of terpenes and their oxidized derivatives is attributed to
their pro-oxidant power originating reactive oxygen species (ROS) formation via lipid per-
oxidation [43]. For example, limonene acute toxicity is reported associated with its oxidized
product that is limonene hydroperoxide [44]. Thus, the absence of oxidized components in
MCOs is an important requisite both for the quality control of the product and the safety of
the patients [38].

Finally, evidence results on the synergic role of Cannabis terpenes and cannabinoids
to date were conflicting [45], but no studies investigated the effects of medical Cannabis
preparations rich in hydrocarbon terpenes with no oxidant compounds, potentially harmful
constituents [46,47].

In our opinion, the new extract is very promising for both the biological activity of
the individual terpenes and the related entourage effect [48]. In fact, the most impor-
tant Cannabis terpenes (limonene, pinene, myrcene, 3-caryophyllene and linalool) were
reported to be individually responsible for the anti-inflammatory, analgesic, antinoci-
ceptive, anxiolytic, and multi-target effects [49]. Concurrently, the synergistic effect be-
tween the phytocannabinoids [49,50] and terpenes and phytocannabinoids [51] was shown.
In this context, a differential cannabinoid receptor activity [52] and the inhibition of p-
glycoprotein [52,53] by terpenes were investigated. Moreover, several studies showed
terpene enhancer activity on the absorption of active substances [54,55], as in the case of
analgesics and anti-inflammatories [56,57]. For example, limonene and bisabolol were
studied as enhancers in the percutaneous absorption of sumatriptan [58] and naproxen
skin absorption was increased by linalool [59]. Furthermore, a cannabis preparation con-
taining the most important terpenes could exert a multi-target synergy [60]. In fact, each
component of the phyto-complex could have low therapeutic potency but their simultane-
ous pharmacological action was often shown to be highly effective with significantly low
toxicity [61]. Thus, it is important to obtain concentrated cannabis oil preparations and
maintain their terpene content.

5. Conclusions

CEREFIT extraction protocol was able to obtain a MCO composition increased in total
mono-di-tri terpenes and sesquiterpene concentrations and with no oxidized terpenes. This
rich bioactive compound product has the full potential to show important therapeutic
improvements in essential future clinical investigations.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/pharmaceutics14020298/s1, Figure S1: Calibration curve for quantification of 3-caryophyllene,
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cation of x-pinene, Table S1: Analytical standards used for the quantitative analyses of terpenes.
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