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Abstract

Aim. To study the elemental and amino acid composition of Cetraria islandica (L.) Ach. thalli batches harvested in Ukraine.
Materials and methods. Seven batches of C. islandica thalli harvested in different regions of Ukraine in late summer/early
fall 2019 were used for the study. The elemental composition of the raw material was studied by atomic absorption spec-
trometry with photographic registration. The component composition of free and bound amino acids in the raw material
was determined by the HPLC method.

Results and discussion. The presence of at least 19 macro-, trace and ultra-trace elements was determined in 7 batches of
the raw material. The predominance of the following elements was found: potassium 190 mg/100 g (batch 6) — 325 mg/100 g
(batch 7); silicon 30 mg/100 g (batch 1) — 115 mg/100 g (batch 4); calcium 37 mg/100 g (batch 6) — 86 mg/100 g (batch 4).
It was determined that the quantitative content of molybdenum and cobalt did not exceed 0.03 mg/100 g, the content of
cadmium, astatine and mercury did not exceed 0.01 mg/100 g. The quantitative content of lead met the requirements of
the monograph of the State Pharmacopoeia of Ukraine (SPhU) 2.0. The total ash content in the batches of the raw material
ranged from 0.61 + 0.02 % to 1.43 + 0.05 %, meeting the requirements of the monograph of the SPhU 2.0. The presence of 7amino
acids was determined; 5 of them were nonessential (aspartic and glutamic acids, serine, arginine, and alanine) and 2 were
essential (threonine and valine). The quantitative content of the total amount of free amino acids was 0.794 ug mg?, the
total amount of bound ones was 3.276 ug mg™.

Conclusions. For the first time, the elemental composition of 7 batches of C. islandica thalli harvested in Ukraine was deter-
mined. In each batch, potassium was the predominant element (from 190 mg/100 g to 325 mg/100 g depending on the batch).
The component composition of free and bound nonessential and essential amino acids was determined (the quantitative
content of the total amount of free amino acids was 0.794 ug mg?, the total amount of bound ones was 3.276 pug mg?); ala-
nine (0.289 pug mg!) was the dominant component among free amino acids, while arginine (0.993 ug mg?) prevailed among
bound ones. The results obtained will be used for further studies of the raw material of C. islandica harvested in Ukraine.
Keywords: Cetraria islandica; thalli; mineral composition; free and bound amino acids
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BMBYEHHA €1eMeHTHOro Ta aMiHOKUC/IOTHOTO CKNapay cepiii cnaHi Cetraria islandica (L.) Ach.,
3aroToBneHUX B YKpaiHi

AHoTauinA

MerTa. [locnigutn enemeHTHUIA Ta aMiHOKUCNOTHUI cKnag, cepint cnadi Cetraria islandica (L.) Ach., 3arotosneHux B YKpaiHi.
Marepianu Ta metogu. [ins gocnigrkeHHa 6yno BuKopuctaHo 7 cepint cnai C. islandica, 3arotoBneHunx y pisHux perioHax
YKpaiHu HanpuKiHui nita —BoceHM 2019 poKy. EneMeHTHUIA CKiag CMPOBUHK A0CANIAXKYBaAIM METOA0M aTOMHO-abcopbLinHoT
cnekTpomeTpii 3 poTorpadiuHoo peectpauieto. KOMNOHEHTHUI CKNag, BibHUX i 3B’A3aHUX aMiHOKUCIOT Y CUPOBUHI BU3Ha-
Yanu metogom BEPX.

Pe3ynbTatu Ta iX 06roBopeHHsA. BM3HauYeHO HaABHICTb Y 7 Cepisix CUPOBUHM WoOHaMeHLWwe 19 MaKpo-, MiKpo- Ta yabTpami-
KpoenemeHTis. Cepen, eneMeHTiB BUABEHO nepesakaHHA Kanito: 190 mr/100 r (cepia 6) — 325 mr/100 r (cepisa 7); cuniujio:
30 mr/100 r (cepia 1) — 115 mr/100 r (cepin 4); Kanbuito: 37 mr/100 r (cepia 6) — 86 mr/100 r (cepia 4). BusHaueHo, Lio
KiNIbKiCHUI BMICT monibaeHy Ta KobanbTy He nepesuitysas 0,03 mr/100 r, BMICT Kaamito, actaTy Ta PTyTi He nepesuLlyBaB
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0,01 mr/100 r. KinbkicHni BMmicT natombymy Bignosiaas sumoram moHorpaodii [lepskasHoi dapmakonei Ykpaitu (AdY) 2.0.
BmicT 3arasibHOi 30711 B cepisix cupoBuHM cTaHoBuMB Big, 0,61 + 0,02 % g0 1,43 + 0,05 %, wo Bignosigae Bumoram moHorpaoii
O®Y 2.0. BU3HayeHO HaABHICTb 7 aMiHOKMC/IOT, 3 SIKUX 5 3amiHHI (acnapariHoBa i ryTamiHOBa KUCNOTW, CEPUH, apriHiH Ta
anaHiH) Ta 2 He3aMiHHi (TpeoHiH i BaniH). KinbKiCHWI BMICT CyMW BiNbHUX amiHOKMCAOT ctaHoBMB 0,794 MKr mr?, cymu
38’A3aHUX — 3,276 MKr mrt.

BUCHOBKMU. Yneplue BU3HAYEHO eleMeHTHUIN cknag 7 cepiit cnadi C. islandica, 3arotoBneHnx B YKpaiHi. Y KOXKHil cepii go-
MiHaHTHUM efiemeHToM 6yB Kaniit (Big 190 mr/100 r oo 325 mr/100 r 3aneHO Bif cepii). BU3Ha4eHO KOMMOHEHTHUIA CKas
BiZIbHMX i 3B’A3aHMX 3aMiHHWUX i HE3AMIHHMX aMiHOKMCNOT (KiNbKICHUI BMICT CyMM BiNbHUX amiHOKMCNOT — 0,794 mKr mr?,
CYyMM 3B’A3aHUX — 3,276 MKI M), LOMIHAHTHUM KOMMNOHEHTOM cepes, BilbHUX amMiHOKMCNOT 6yB anaHiH (0,289 mKr mr?), ce-
pen 38’A3aHux — apridiH (0,993 mkr mrt). OTpumaHi pesynbtatv 6yayTb BUKOPUCTaHI 414 NoAaiblunX A0CNIAXKEHD CUPOBUHM

C. islandica, 3aroToBneHoi B YKpaiHi.

Knruoei cnoea: Cetraria islandica; cnaHb; miHepanbHWIA CKNaa,; BiNbHI Ta 38’A3aHi aMiHOKUC/I0TH
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B Introduction

Cetraria islandica (L.) Ach. is a foliose lichen
of the Parmeliaceae family, which has been used
in the European and Asian folk medicine for cen-
turies, in particular for the respiratory and di-
gestive diseases [1]. Due to the content of many
groups of biologically active substances (BAS) in
the raw material and a wide spectrum of their
pharmacological activity, including antibacteri-
al, expectorant, antioxidant and anti-inflamma-
tory, the study of the raw material of C. islandi-
ca does not lose its relevance nowadays [2, 3].

As of May 2022, the raw material of C. islan-
dica is a component of 5 medicinal products pre-
sented at the pharmaceutical market of Ukraine,
such as Pectolvan phyto Iceland moss (JSC Far-
mak, Ukraine); pastilles Isla-Moos and Isla-Mint
(Engelhard Arzneimittel GmbH& Co. KG, Ger-
many), Herbion Iceland moss syrup (KRKA, Slo-
venia) and Complex expectorant extract (Phyto-
pharm Klenka SA, Poland) [4]. It is also contained
in dietary supplements in the form of tablets, pas-
tilles, syrups and herbal teas, which are used for
the inflammatory processes of the respiratory sys-
tem treatment and help to regulate the respira-
tory function [5].

The pharmacological action of lichens is due
to the ability of myco- and photobiont to form pri-
mary and secondary metabolites belonging to dif-
ferent groups of BAS [6]. A comprehensive study
of their component composition is important for
the systematic study of the raw material and
for the search for optimal ways of their complex
processing as well [3]. Lichens have a high ability

to absorb mineral substances from the lichen sub-
strate, air, and precipitation [7]. Mineral substan-
ces accumulated by the mycobiont can form com-
plex compounds with such primary lichen meta-
bolites as amino acids, proteins, polysaccharides,
vitamins [8].

The study of the elemental composition of the
raw material not only allows to prevent the use
of the raw material which can be exposed to en-
vironmental pollution, but it is also important
for determining the influence of elements on the
pharmacological effect of the drugs based on this
raw material [8, 9].

The monographs on C. islandica are includ-
ed in the pharmacopoeias of many countries,
including the State Pharmacopoeia of Ukraine
(SPhU) 2.0 [10]. The monograph “Cetraria islan-
dica” of the SPhU 2.0 does not contain a national
part and does not regulate the quantitative con-
tent of BAS in the raw material. In the “Tests”
section of the monograph of the SPhU 2.0, it is
specified that the content of lead in the raw ma-
terial of C. islandica must not exceed 0.0010%
(10.0 ppm) [10].

In one of the first studies of the elemental com-
position of C. islandica thalli, Finnish scientists
(Airaksinen et al., 1986) studied the toxicity of the
raw material of lichens C. islandica and Clado-
nia rangiferina. It has been traditionally used in
this region in the food industry, as emergency food
and as livestock fodder. In the study, a high con-
tent of heavy metals, in particular lead, was deter-
mined, and the necessity of additional processing
of the raw material for further safe application
was shown [11].
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The results of the elemental analysis of the
raw material of C. islandica of Italian origin
(Meli et al., 2017) demonstrate a high content of
calcium, silicon, and potassium in the raw mate-
rial [12]. Similar data on the elemental composi-
tion of C. islandica thalli were obtained for the
raw material harvested in the South-Eastern Si-
beria, the Pre-Urals, Karelia and other regions
of the boreal forest and tundra (Vershinina et al.,
2010), as well as on the Taymyr Peninsula (Kai-
ser et al., 2020) where the dominance of potas-
sium and calcium was noted [13—14]. Ukrainian
scientists (Viadymyrova et al., 2019) also found
the predominance of potassium, silicon, and cal-
cium in the raw material of C. islandica when
studying the elemental composition of the raw
material of various medicinal plants in thyroid
gland diseases [15]. The analysis of the raw ma-
terial of C. islandica and medicines and food
supplements on its basis represented at the Eu-
ropean market showed the absence of a strong
correlations between the origin of the raw mate-
rial and its elemental composition (Giordani et
al., 2017) [16].

Recent data on the study of the amino acid
composition of C. islandica thalli are mainly de-
voted to the research of the raw material har-
vested in different regions of the boreal forest
and tundra. Their results demonstrate the pres-
ence of 14 to 16 amino acids in the raw material,
including a high content of glutamine, phenyla-
lanine, and valine (Kaiser et al., 2020); alanine,
ornithine (Tabalenkova et al., 2017); aspartic and
glutamic acids, alanine, lysine, and leucine (Ver-
shinina et al., 2010) [13, 14, 17].

An earlier study conducted by Serbian scien-
tists (Grujic-Injac, 1976) demonstrated the presen-
ce of 17 amino acids in the raw material of C. is-
landica, among which aspartic and glutamic ac-
ids, alanine and leucine predominated [18].

Therefore, in the literature sources available
to us no data on the elemental and amino acid
composition of C. islandica thalli harvested in
Ukraine were found. For this reason, the aim of
the current work was to determine the elemen-
tal and amino acid composition of C. islandica
(L.) Ach thalli batches harvested in Ukraine.

B Materials and methods

For the study, 7 batches of the raw material of
C. islandica harvested in late summer/early fall
2019 were used (batch 1 — Volyn region; batch 2 —
Zakarpattia region; batch 3 — Zakarpattia region;

batch 4 — Zakarpattia region; batch 5 — Ivano-
Frankivsk region; batch 6 — Chernivtsi region;
batch 7 — Rivne region).

The total ash content in the batches of the
raw material was determined according to the
requirements of the monograph 2.4.16 “Total ash”
of the SPhU 2.0 [19].

The elemental composition of the raw mate-
rial was studied by atomic absorption spectro-
metry with photographic registration according
to the generally accepted method [20]. The research
was conducted in the SSI “Institute of Single Cry-
stals” of the National Academy of Sciences of
Ukraine (Kharkiv).

The component composition of free and bound
amino acids in the raw material was determined
by the HPLC method in batch 2 of the raw mate-
rial. The chromatographic separation was per-
formed on an Agilent 1200 liquid chromatograph
(Agilent technologies, USA). A Zorbax AAA co-
lumn, 150 mm long, with a 4.6 mm internal dia-
meter and 3 pm sorbent grain diameter was used.
The mobile phase A was 40 mM Na,HPO, with
pH 7.8; B— MeCN/MeOH/H,0 (45:45:10, v/v/v).
The separation mode was gradient with a con-
stant flow rate of 1.5 mL min:

Chro.matogr.‘aphy Mobile phase A Mobile phase B
time, min
0:00 100 0
2:00 100 0
18:00 43 57
19:00 0 100
23:00 0 100
26:00 100 0

The temperature of the thermostat column
was 40 °C. The pre-column derivatization was
performed in the automatic programmed mode
with the FMOC reagent (Agilent 5061-3337) and
the OPA reagent (Agilent 5061-3335). The deri-
vatized amino acids was detected with a fluores-
cent detector [21].

Sample preparation

For the extraction of free amino acids, a por-
tion of the sample of the raw material ground to
a powdery state was placed in a vial, 2 mL of 1N
hydrochloric acid was added, and the vial was
kept in an ultrasonic bath at 50°C for 3 hours.
For the extraction of general amino acids, a por-
tion of the sample of the raw material ground to
a powdery state was placed in a vial, 2 mL of 6N
hydrochloric acid was added, and the vial was
placed in a thermostat at 110 °C. Hydrolysis was
carried out for 24 hours.
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Then 0.5 mL of the centrifuged extract was
evaporated on a rotary evaporator, and the resi-
due was washed with three portions of distilled
water to eliminate hydrochloric acid. The extract
was re-suspended in 0.5 mL of distilled water
and filtered through regenerated cellulose mem-
brane filters with 0.2 pm pores. The fluorescent
derivatives were obtained in an automatic pro-
grammed mode before the sample injection into
the chromatographic column.

The identification of amino acids was perfor-
med by comparing retention times with a mixtu-
re of amino acid standards (Agilent 5061-3334).
The quantitative content of amino acids was cal-
culated from the value of the peak area of the
amino acids comparing to that one of the ami-
no acid standards. The quantitative content of
bound amino acids was determined by subtract-
ing the value of the quantitative content of free
amino acids from the value of their total quanti-
tative content [22].

B Results and discussion

The results of the determination of the total
ash content (%) in the batches of the raw mate-
rial are shown in Figure 1. The total ash content
was ranged from 0.61 + 0.02% (batch 5) to 1.43 +
0.05% (batch 4) and did not exceed 3% specified
in the monograph of the SPhU 2.0 [10].

The presence of at least 19 macro-, trace, and
ultra-trace elements was determined in the bat-
ches of the raw material. The results of the de-
termination of the macroelemental composition
of the batches of the raw material of C. islandi-
ca harvested in Ukraine are shown in Figure 2.
The quantitative content of macroelements, such

as potassium, calcium, silicon, magnesium, sodium,
and phosphorus was determined. The potassium
content was the highest among the macronutri-
ents in all batches and ranged from 190 mg/100 g
(batch 6) to 325 mg/100 g (batch 7). There was a suf-
ficiently high content of silicon — from 30 mg/100 g
(batch 1) to 115 mg/100 g (batch 4) and calcium —
from 37 mg/100 g (batch 6) to 86 mg/100 g (batch 4)
(Figure 2).

The results of determining the trace elemen-
tal composition of the batches of the raw mate-
rial are shown in Figure 3. Among the trace ele-
ments the quantitative content of zinc, aluminum,
manganese, iron, strontium, copper, and molyb-
denum was determined.

Compared to other trace elements, a signifi-
cant part was occupied by zinc — from 5.4 mg/100 g
(batch 7) to 28.6 mg/100 g (batch 4) and alumi-
num — from 4.6 mg/100 g (batch 6) to 12.2 mg/100 g
(batch 5).

The pattern of accumulation of the elements
for the each batch of the raw material studied
was as follows:

* batch1: K>Ca>Si>Mg>Na>P>7n

> Al > Mn > Fe > Sr > Cu > Mo;

* batch2: K>Ca>Si>Mg>P>Na>7n

> Al > Fe > Mn > Sr > Cu > Mo;

* batch3: K>Si>Ca>Mg>Na>P>7n

> Fe > Al > Mn > Sr > Cu > Mo;

* batch4: K>Si>Ca>Mg>Na>P>7n

> Al > Mn > Fe > Sr > Cu > Mo;

* batch 5: K> Si> Ca>Na>Mg>P > Al

>7mn > Fe > Mn > Cu > Sr > Mo;

* batch6: K>Si>Ca>Mg>Na>P>7n

> Al > Fe > Mn > Sr > Cu > Mo;

* batch 7: K> Ca > Si> Mg > P > Na > Al

>7n > Fe > Mn > Sr > Cu > Mo.

1.6

1.43+0.05

1.4
1.156+0.03

1.2

0.96 +0.03

0.93+0.02

1

08 0672002

0.61+0.02 0.66 £0.03

06 —
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02 —
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Figure 1. The total ash content (%) in the batches of the raw material of C. islandica harvested in Ukraine
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Figure 2. The macroelemental composition of the batches of the raw material of C. islandica (mg/100 g)

In all batches of the raw material the quanti-
tative content of molybdenum and cobalt was less
than 0.03 mg/100 g, the content of cadmium, as-
tatine and mercury was less than 0.01 mg/100 g.
The quantitative content of nickel did not exceed
0.128 mg/100 g.

It is important to note that the quantita-
tive content of lead in the raw material ranged

from 0.067 mg/100 g or 0.67 ppm (batch 1) to
0.18 mg/100 g or 1.8 ppm (batch 4), which did
not exceed 10.0 ppm specified in the monograph
of the SPhU.2.0 [10].

The results of determination of the compo-
nent composition of free and bound nonessential
and essential amino acids by the HPL.C method
are shown in Table 1 and Figure 4.
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Batch 1 Batch 2 Batch 3

Batch 4 Batch 5 Batch 6

W-Zn; I -A; B -Mn, B-Fe; B -Sr; B -Cu

Figure 3. The trace element composition of the batches of the raw material of C. islandica (mg/100 g)
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Figure 4. The HPLC chromatogram of free (A) and bound (B) amino acids in the raw material of C. islandica
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Table 1. The quantitative content of amino acids in the raw
material of C. islandica

Free, ug mg? | Bound, pg mg*
Nonessential amino acids
Aspartic acid 0.075 0.326
Glutamic acid 0.115 0.029
Serine 0.043 0.550
Glycine —Lal -
Arginine 0.175 0.993
Alanine 0.289 0.556
Tyrosine - -
Proline - -
Essential amino acids
Threonine 0.050 0.304
Valine 0.047 0.518
Methionine - -
Histidine - -
Phenylalanine - -
Isoleucine - -
Leucine - -
Lysine - -
In total 0.794 3.276
Note: [a] “—” means that a component was not found

The presence of at least 7 amino acids was
determined in the raw material studied, 5 of
them were nonessential (aspartic acid, glu-
tamic acid, serine, arginine, and alanine) and

The quantitative content of the total amount
of free nonessential amino acids in the raw
material was 0.697 pg mg, the bound ones —
2.454 ng mg'. The quantitative content of the
total amount of free essential amino acids was
0.097 pg mg!, the bound ones — 0.822 pg mg™.
The total quantitative content of the total amount
of free amino acids in the raw material of C. is-
landica was 0.794 pg mg?, the total amount of
bound amino acids was 3.276 pg mg.

B Conclusions

For the first time, the elemental composition
of 7 batches of C. islandica thalli harvested in
Ukraine was determined. In each batch, potassium
was the predominant element (from 190 mg/100 g
to 325 mg/100 g depending on the batch). The com-
ponent composition of free and bound nonessen-
tial and essential amino acids was determined
(the quantitative content of the total amount of
free amino acids was 0.794 pg mg, the total
amount of bound ones was 3.276 pg mg?). Alanine
(0.289 ng mg') was the dominant component among
free amino acids, while arginine (0.993 pg mg)
prevailed among bound ones. The results obtained
will be used for further studies of the raw mate-

2 acids were essential (threonine and valine). rial of C. islandica harvested in Ukraine.
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