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Abstract

Melatonin (N-acetyl-5-methoxytryptamine), was first isolated in the bovine pineal gland, and then was discovered in
bacteria, algae and higher plants. Melatonin concentrations in plants differ from species to species, among varieties
within the same species and also within different organs or tissues of a given plant as roots, leaves, fruits, flowers, and
seeds. Although the presence of melatonin in plants seems to be a universal trait, there is still lack of information on its
occurrence in several plants, in particular in hemp (Cannabis sativa L.). The aim of this study was to develop a method to
quantitate melatonin in the aerial parts of the plant, constituted of leaves and flower heads, and in the seeds, of four dif-
ferent hemp varieties using liquid chromatography-tandem mass spectrometry (LC-ESI/MS/MS). A sample preparation
procedure with methanol extraction followed by solid-phase clean-up protocol was set up for melatonin extraction and
a LC-ESI/MS/MS method in single reaction monitoring (SRM) was used for its determination. Chromatographic separa-
tion was achieved on a C18 column using a gradient elution with acetonitrile-buffer ammonium formate/formic acid
system. The developed method, validated as per International Conference on Harmonization guidelines, was successfully
applied to analyze hemp samples varieties belonging to fiber-type or drug-type chemotypes. The melatonin was found
to accumulate highly in seeds in the range 13.43-30.40 ng g~' while the content in the aerial parts was assessed in the
range 1.16-4.85 ng g~'. No correlation was found between the melatonin levels detected in aerial parts and seeds in
each hemp variety and the concentration of specific cannabinoids in the same variety.
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1 Introduction

Melatonin (N-acetyl-5-methoxytryptamine) (Fig. 1) is a hor-
mone isolated and identified for the first time in the pineal
gland of vertebrates and later found in many species, such
as bacteria, fungi, plants [1] and different animal species,
including humans. Melatonin biosynthesis in pineal gland
cells was identified by Axelrod [2]: tryptophan acts as the
precursor and is converted into 5-hydroxytryptophan by
the enzyme tryptophan hydroxylase (TPH); by means of
the aromatic amino acid decarboxylase (AAAD) seroto-
nin is next obtained and then converted by the arylalkyl-
amine N-acetyltransferase (AANAT) in N-acetylserotonin,
eventually converted into melatonin by N acetylseroto-
nin methyltransferase (ASMT). Once synthesized, mela-
tonin is not stored in the pineal gland but secreted into
blood capillaries and cerebrospinal fluids [3]. Also owing
to its amphipathic nature, melatonin is able to permeate
all tissues and subcellular compartments. The enzymes
responsible for biosynthesis of melatonin are also present
in human lymphocytes [1] in the retina, skin, bone mar-
row and, in large quantities, in the gastrointestinal tract.
In human, pineal melatonin production has a circadian
rhythm, with high production overnight and low levels
during the day; as the years passed, the pineal gland is
reduced in size and melatonin production decreases.
Melatonin plays a very important role as an antioxidant
against free radicals production either directly or through
the stimulation of antioxidant enzymes (promoting tran-
scription) and by reducing the activity of those pro-oxi-
dants [3]. This substance is involved in the regulation of
the immune system [3-5] and in the glucose metabolism,
as low levels of melatonin increase blood glucose levels
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Fig.1 Chemical structure of melatonin (N-acetyl-5-methoxy-
tryptamine)
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[4, 6]. It also acts as modulator of gastrointestinal motility
[4, 7-9] and protector of fibroblasts and myelin [10, 11].

The first evidence that melatonin exists in plants came
from two independent groups in 1995 [12, 13], and in
subsequent years, melatonin was also detected in roots,
leaves, fruits, flowers, and seeds of a variety of vegeta-
bles, cereals, fruits, as well in medicinal herbs [14, 15]. The
potent free-radical scavenger properties of melatonin and
its broad-spectrum antioxidant activity in animals suggest
that it acts similarly in plants [16].

The biosynthetic pathway of melatonin in plants is
different from that in the pineal gland of vertebrates:
tryptophan is converted to tryptamine by tryptophan
decarboxylase, subsequently a hydroxylase converts into
serotonin; the following steps en route to melatonin are
the same that occur in mammals [17]. In plants, roots could
be a potential site of melatonin biosynthesis but the gen-
erality of this view is unproven. Currently, no melatonin
receptors or binding sites have been identified in plants;
alternatively, since melatonin has similar structure to
auxin, it could possibly interact with the auxin receptor
[18]. Auxin is involved in modulating the development of
roots and leaves, in the interactions between plant and
pathogenic, and seems to protect against senescence.
Melatonin might therefore agonistically mimic the prop-
erties of auxin, acting as a growth hormone. Melatonin can
penetrate all intracellular compartments and protect all
parts of the plant from oxidative stress and cell death, par-
ticularly germ and reproductive tissues [19, 20]. Melatonin
can directly scavenge reactive oxygen species and stimu-
lates the activity of antioxidant enzymes; it is also able
to protect cells from lipid peroxidation and proteins and
DNA from damage [21, 22]. It also acts as cell protector,
modaulator of cytoskeleton, growth promoter and protec-
tor against low and high temperatures as well as drought,
and could also be involved in photosynthesis [19, 22].

From the first detection of melatonin in plant in 1995,
numerous studies have shown the presence of melatonin
in different plant species and tissues, with concentrations
ranging from pg g~ to ug g~ of plant material [20, 23-28].
Melatonin concentrations in the plants differ not only
from species to species but also among varieties within
the same species. Moreover, the melatonin levels also vary
within different organs or tissues of a given plant, and the
highest contents have generally been reported in repro-
ductive organs such as flowers, fruits and the seeds [13,
14].

Although the presence of melatonin seems to be a
common trait of many plants, there is still lack of infor-
mation on its occurrence hemp (Cannabis sativa L.), her-
baceous annual dioecious plant bearing male and female
flowers on separate plants. The taxonomy of hemp has
always been controversial, but there seems now a general
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consensus to view it as a single species, Cannabis sativa L.,
sorted out into several varieties or chemotypes. To date,
more than 480 constituents have been identified from of
Cannabis, out of which almost 150 are classified as can-
nabinoids, enclosed in glandular tricomes of unfertilized
flower heads of the female plant [29]. However, many other
natural product classes besides the cannabinoids been
identified from aerial parts (flowers heads and leaves) of
Cannabis sativa L. including monoterpenes, sesquiterpe-
nes, flavonoids, stilbenes, steroids, fatty acids, and nitrog-
enous compounds [30-33].

Different analytical techniques to detect melatonin in
plants have been reported, including radioimmunoassay
[12], immunoprecipitation [28], HPLC combined with flu-
orescence detection, elettrochemical detection or mass
spectrometry [19, 25, 26]. Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) seems up to now the most
reliable technique to determine melatonin in plants [34,
35]. However the complicated matrix of each selected
plant and tissue extract and its low concentrations always
require the set up of a specific extraction and purification
procedure of endogenous melatonin prior the analysis.

The aim of this study was to develop a simple, reliable
and validate analytical method for the extraction, puri-
fication and quantitation of melatonin in hemp (Canna-
bis sativa L.). The method was applied to investigate the
amount of melatonin in different hemp varieties, belong-
ing to fiber-type and drug-type chemotype. Inside each
hemp variety, melatonin was determined in two organs,
the aerial parts (flower heads and leaves) and the repro-
ductive organ (seeds).

2 Experimental
2.1 Materials and reagents

All solvents and reagents were of analytical or the highest
grade available. Acetonitrile (HPLC grade), methanol (HPLC
grade), formic acid (98% w/w) and sodium sulphate were
purchased from Sigma-Aldrich (Milan, Italy). Water analyti-
cal grade was obtained by ultrafiltration with Elga PureLab
Ultra, (M Medical, Cornaredo, M|, Italy).

Isolute SPE columns C18 1 g, 6 mL (Biotage) were pur-
chased from Step Bio (Bologna, Italy) and were used on a
Waters extraction vacuum manifold (Waters, Milford, USA).
Syringe filters (nylon 0.22 um) were purchased from Waters
(Milford, USA)

Analytical standard melatonin (N-acetyl-5-methoxy-
tryptamine) (> 98% w/w) was supplied from Effegilab s.r.I.
(Trento, Italy).

Standard stock solutions of melatonin (1 mg mL™")
were prepared in methanol and kept in refrigerator for no

more than 1 month. Freshly intermediated stock solutions
(100 ng mL™") were made by diluting properly the stand-
ard stock solution using methanol. All working standard
solution were prepared daily prior to use.

2.2 Plant materials

Different varieties of Cannabis sativa L. belonging to
fiber-type or drug-type chemotypes were obtained from
outdoor cultivations at CREA-CIN (Rovigo, Italy). Most of
them are registered at the CPVO (Community Plant Vari-
ety Office). The aerial parts (leaves and flower heads) of
Ermes variety—CBD chemotype (Grant No. 16304), Carma
variety-CBG chemotype (Grant No. 16305), Ermo variety—
no cannabinoids chemotype (Grant No. 33448) and G170
strain THC chemotype varieties were harvested at their
optimum maturity during 2013 year, Carma-CBG chemo-
type varietie was harvested also during year 2012. Seed
of Ermes-CBD chemotype, Codimono-CBD chemotype,
Carma-CBG chemotype, Ermo-no cannabinoids chemo-
type and G170-THC chemotypes varieties were collected
in 2012. The CREA-CIN has received from the Ministry of
Health's authorization to growth all Cannabis chemotypes.
The license is no. 62237-SP192 of the 2012.

All samples were dried at 40 °C for 2 days and then
grinded using a home type grinder prior to extraction.

2.3 Sample preparation

3.0 g of dried and powdered aerial parts samples were
extracted with 330 mL methanol in three step under stir-
ring for 1 h each. After filtration and washing of the plant
residue, the pooled filtrates were evaporated to dryness
under vacuum with rotavapor. The final residue was re-
dissolved in 5 ml of methanol and further purified accord-
ing the solid-phase clean-up protocol set up for melatonin
extraction. An aliquot of the extract reconstituted (1 mL)
was introduced into a glass flask-tube and water/methanol
(9:1, v/v 4 mL) mixture was added. The sample mixture was
loaded (flow rate 1 mL min~") onto the SPE column that
has been previously conditioned with 5 mL of methanol
and 5 mL of water. A clean up followed with 5 mL of water
and 5 mL of water/methanol (95:5, v/v) mixture. Column
drying was performed under reduced pressure by vacuum
application and N, flow. Elution of the analytes was per-
formed with acetonitrile (3 mL); the extracts after drying
on magnesium sulphate were evaporated under reduced
pressure and the residues were reconstituted with 1 mL of
methanol. Blank samples and melatonin standard solution
of 5.0, 10.0, 100.0 ng mL~" were treated in the same way
onto SPE column procedure.

The seeds samples extraction was accomplished by the
same procedure descripted for the aerial parts but, before
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the methanolic extraction, it was necessary defatted the
seeds with a prior extraction with 30 mL of hexane under
stirring for 30 min.

2.4 LC-MS/MS condition

Chromatographic separation was performed using a
Surveyor LC coupled with an LCQ DECA XP Plus (Thermo
Finnigan, San José&, USA) lon Trap mass spectrometer. The
LC system was equipped with binary capillary pump (Sur-
veyor MS pump) and autosampler (Surveyor AS). Separa-
tions were performed on an analytical column Synergi
Hydro 4 um C18 reverse phase, 150 mm x 2.0 mm (Phe-
nomenex, Torrance, CA) protected with a C18 Security
Guard cartridge, 4 mm x 2.0 mm (Phenomenex) and main-
tained at 37 °C. The injection volume was 5 pL. The binary
mobile phase consisted of buffer ammonium formate/for-
mic acid 10 mM pH 5.65 (A) and acetonitrile (B) delivered
at 0.3 mL min~'; melatonin was eluted according to the
following linear gradient: A: B (70:30 v/v) for 6 min, then A:
B (0:100 v/v) over 11 min. A return to the initial condition
was accomplished in 5 min and held for additional 8 min
to achieve column stabilization before next run (total run
time 30 min).

The mass spectrometer was an LCQ DECA XP Plus
(Thermo Finnigan, San José, USA) lon Trap mass spec-
trometer equipped with an ESI source and controlled by
Xcalibur® 1.3 software (Thermo Finnigan, San Jose, USA).
To optimize the ESI source, flow injection analyses (FIA)
with melatonin standard solution (5 ug mL™") at different
nebulizer and dryer gas flow and temperature were tested.
The optimized parameters resulted the follow: source volt-
age 5 kV, capillary voltage 13V, sheath gas flow (N,) 50
arbitrary unit at 350 °C. Data were acquired in positive
MS total ion scan (mass scan range m/z 100-2000) mode
and in positive MS/MS mode. The normalized condition
energy (nce %) was optimized for the melatonin precursor
ion selected m/z 233 at 30%.

LC-ESI-MS/MS in single reaction monitoring (SRM)
modality was applied to the selected precursor ion, fol-
lowing the condition set during the infusion analysis.

The parent/daughter ion transitions m/z233 —216 and
m/z 233 — 174 were selected for the identification and
quantification of melatonin. Concentration of melatonin
was calculated by means of external calibration curve cov-
ering the range between 1.0 and 100.0 ng mL™"

3 Results and discussion

The aim of this study was to develop a method to
quantify melatonin in different hemp (Cannabis sativa
L.) varieties and organs. A simple methanol extraction
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from vegetal matrices with SPE clean-up protocol was
set up, followed by the LC-ESI-MS/MS method where
the proper selection of the chromatographic conditions
(column, mobile phase) and the acquisition mode (MS/
MS) prevent matrix interferences.

The validated method was applied to analyse aerial
parts and seeds of different hemp varieties belonging
to fiber-type or drug-type chemotypes.

3.1 Development of LC-MS/MS method

To obtain MS-based information, direct flow injection
experiments of reference compounds were initially per-
formed, injecting standard methanolic solutions of mela-
tonin into the ESI source with a syringe pump at a flow
rate of 5.0 pl min~'. The ESI-MS full scan spectra of the
melatonin were acquired over a m/z range of 10-1000
amu in positive polarity. Positive mass spectra of mela-
tonin showed the main peak at m/z 233 corresponding
to the pseudomolecular ion [M + H]* (Fig. 2a). ESI-MS/
MS spectra were performed to optimize the SRM assay.
The pseudomolecular ion [M+H]* at m/z 233, used as
the precursor ion, generated the product ions at m/z 174
and 216 in the ESI-MS/MS spectra (Fig. 2b). The major
fragment ion (base peak) at m/z 174 corresponded to the
direct loss of a NH,COCH; molecule (- 59 Da) from the
pseudomolecular ion [M + H]*. The minor fragment ion
at m/z 216 corresponded to the loss of a NH; molecule
(=17 Da) from m/z 233, following the rearrangement of
the pseudomolecular ion [35]. Thus, the SRM transitions
m/z 233 — 216 and m/z 233 — 174 were selected for the
identification and quantification of melatonin.

The LC_C18 column using acetonitrile-buffer ammo-
nium formate/formic acid system was effective for the
analysis of samples containing melatonin. Different
mobile phase proportions (60:40, 65:35, 70:30 v/v) were
also tested and evaluated. Finally, the binary solvent
system consisting of acetonitrile—gradient elution was
effective for the analysis of melatonin in hemp products.
The conditions were chosen to obtain the best sepa-
ration of melatonin at retention time (Rt) 3.80 min as
reported in Fig. 4a.

3.2 Analytical method validation

The method was validated according to the guidelines
of the International Conference on Harmonization (ICH,
Q2R1) by determining linearity, limit of detection (LOD),
limit of quantitation (LOQ), precision, accuracy and solu-
tion stability.



SN Applied Sciences (2019) 1:720 | https://doi.org/10.1007/542452-019-0759-y

Research Article

M+HJ" 233.1

100
(@)

50 —
%)
3
=
]
E 234.1
2 64.0 1°4f 232,
p 0 : ’ * T742
L7 9.4
z 10 7
= 0
E M+H-NH,COCH;J* (b)

50 — M+H-NH;]"

216.1
191.0
233.0
0 T T — . ! l
60 100 140 180 220

m/z

Fig.2 (4) ESI-MS spectrum of melatonin (a); (+) ESI-MS/MS product ion mass spectrum of the pseudomolecular ion [M+H]* at m/z 233 (b)

3.2.1 Linearity, LOD and LOQ

The stability over the time of melatonin standard solu-
tions and of extracted samples were evaluated by LC-MS/
MS analysis of the same sample stored at 4 -C and weekly
performed. A RSD below 6% was obtained confirming the
stability.

Linearity of the method was evaluated at five concen-
tration levels (1.0, 10.0, 20.0, 50.0, 100.0 ng mL™") for mela-
tonin diluting the standard stock solutions. The calibration
curve was obtained by analyzing in triplicate each of these
solutions. The analytical curve was expressed by mathe-
matical model of the type y=ax+ b, where y is the analyti-
cal response, x is the concentration of analyte in ng mL~",
a the slope of the curve and b the intercept. Calculations
were performed on the peak areas and the calibration
curve equation and the R-square or coefficient of deter-
mination were determined. The LOD was first calculated
from three replicate injections at the lowest detectable
concentration level, via the formula: LOD (ng/mL) =3 xRSD
x concentration. From this calculated value, the LOD was
determined experimentally on signal to noise ratio by
establishing the minimum concentration at which the
analyte was characterized to have at least a signal to noise
ratio (S/N) 3:1. For melatonin the LOD was determined by
injecting lower concentration solutions of melatonin and

visualizing the S/N ratio of the peak in the corresponding
chromatograms.

The estimated LOQ was calculated from three repli-
cate injections, via the formula: LOD (ng mL™")=10xRSD
x concentration. From this calculated value, the LOQ was
determined experimentally on signal to noise ratio by
establishing the minimum concentration at which the
analyte was characterized to have at least a signal to noise
ratio (5/N) 10:1. For melatonin the LOQ was determined by
injecting lower concentration solutions of melatonin and
visualizing the S/N ratio of the peak in the corresponding
chromatograms.

The calibration curve showed a good linearity
(y=77356x+35351) in the range of 1.0-100.0 ng mL"™"
with the coefficient of determination R?=0.9984 (Fig. 3).
The LOD was found to be 0.10 ng mL™" and LOQ found to
be 0.35ng mL™

3.2.2 Precision and recovery

Intra-day and inter-day reference compound varia-
tions were chosen to determine the precision of the
developed method. The intra-day and the inter-day
precision were investigated using two sample solu-
tions formulated at two different concentrations of 10
and 20 ng mL™" of melatonin standard. For the intra-
day repeatability each solution was analyzed with six
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Fig. 3 Calibration curve of melatonin

replicates performed during the same day and the
peak areas obtained were used to calculate the means
and the RSD values (n=6). For the inter-day precision,
each sample solution was checked on three different
days with three replicates performed each day, and the
means and RSD were calculated from peak areas of the
reference compound (n=9). Good results were obtained
for method precision with the RSD values for intra-day
repeatability and inter-day precision lower than 3.1 and
3.5%, respectively (Table 1).

The accuracy of the method was examined by the
standard addition method for recovery study at three
concentration levels. Hemp samples of Ermo aerial parts
and seeds were spiked with three different amounts of
melatonin standard to add a final concentration of 100
and 150 and 200% of the initial melatonin amount. The
spiked samples were extracted with methanol and SPE
following the same procedures as previously described
for the samples. Then the obtained spiked extracts were
analyzed in triplicate using the LC-MS/MS method
described. Quantitative amounts were calculated using
the melatonin calibration curves and recoveries were cal-
culated on the basis of AOAC methods [36]. Satisfactory
percentage recoveries were obtained for the three levels,
ranging from 87 to 96%, with a mean recovery of 91%
for aerial parts and ranging from 82 to 91%, with a mean
recovery of 87% for seeds samples (Table 2).

Table 1 Precision data for melatonin

Analyte Intraday precision Interday precision

melatonin

(ng mL™") Mean+SD  RSD % Mean+SD RSD % (n=9)
(n=6)

10 9.41+0.26 2.77 9.24+£0.22 235

20 18.81+0.58 3.07 17.13£0.60 3.50

Mean =mean of calculated concentration (ng mL™")
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Table2 Recovery data from Cannabis sativa L. aerial parts and
seeds extracts spiked with different amounts of melatonin

Original mela- Spiked %  Recovery % (RSD %)
tonin ng 3.00g™"
Aerial parts  9.24 100 87 (3.01)
150 89 (3.05)
200 96 (2.84)
Seeds 91.20 100 82 (2.55)
150 91 (3.41)
200 88(3.20)

3.3 Quantitative analysis of samples

The validated method was applied to the quantification
of melatonin in aerial parts and seeds of hemp varieties
samples belonging to fiber-type or drug-type chemotypes.

In Fig. 4b the LC-MS/MS chromatogram of hemp aerial
parts sample (CBD chemotype) is reported.

In Table 3 the melatonin content of the aerial parts-
leaves and flower heads—of hemp varieties harvested at
the maturity phase are reported. Melatonin concentrations
of aerial parts ranged from 1.16 to 4.85 ng g~'—medium
value of a 3.10 ng g~'—, with the CBD chemotype pre-
senting the highest melatonin concentration (4.85ng g™")
and THC chemotype showing the lowest one (1.16 ng g™").
Moderate variability is observed when comparing the data
from the two harvests, 2012 and 2013, of CBG chemotype-
Carma variety: climatic conditions could have a clear effect
on melatonin concentration since the analyzed samples
were grown in similar condition each harvest.

The melatonin content of aerial parts of hemp varieties
under study is within the range of plants like Olea euro-
paea L. and Laurus nobilis L. [17, 28].

In Fig. 4c the LC-MS/MS chromatogram of hemp seeds
sample (Ermo variety) is reported. Table 3 shows the mel-
atonin concentration determined in hemp seeds and.
Melatonin concentrations in seeds ranged from 13.43 to
30.40 ng g~' (mean value: 19.74 ng g7'), with a variety
devoid of cannabinoids showing the highest melatonin
concentration (30.40 ng g~') and CBD chemotype showing
the lowest melatonin concentration (13.43 ng g‘1). Seeds
contain the highest amount of melatonin in hemp. The
high amount of melatonin detected in seeds is in accord
with its essential function in protecting germ and repro-
ductive tissues of plants [17, 19] and is within the content
of plants like Lupinus albus L. [20, 23].

No correlation was found between the melatonin lev-
els detected in aerial parts and seeds in each hemp vari-
ety and the concentration of specific cannabinoids. Any-
way he highest level of melatonin detected in the hemp
seeds of the variety [37] devoid of these compounds,
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Fig.4 LC-ESI-MS/MS chroma- 100 — 3,05
tograms of melatonin standard
solution (a) aerial parts extract
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Table 3 Melatonin mean

content (ng g-') in different Car?nqbis sativa L. Chemotype Melatonin in!iaves and Melatonin in seeds?
organs of hemp varieties varieties f,JAoev;/f]r‘FhSeSds " Mean+SD
harvested in 2013 and 2012 _
Ermes CBD 4.85+0.167 17.91+£0.47
Carma CBG 3.77+£0.057 14.66+0.74
Carma CBG 2.65+0.05°
Ermo No cannabinoids 3.08+0.057 30.40+0.64
Thc THC 1.16+£0.019 22.30+0.03
Codimono CBD 13.43+0.48
#Harvested in 2013
PHarvested in 2012
suggest that this could be a valuable food suitable to References
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