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Nowadays, global health challenges such as the increased risk of diseases
associated with oxidative stress and antibiotic resistance are issues of serious
concern. Oxidative stress is considered the main cause of many modern patholo-
gical conditions, such as neurological disorders, ischemia, cancer, etc. Bryophytes
synthesize a huge number of secondary metabolites that have therapeutic and
nutraceutical potential. We assessed the free radical scavenging ability of the
extracts using a common method, the DPPH radical scavenging assay. Three
moss species showed good antioxidant activity. As the data obtained show,
the lowest half-saturation values were observed in extracts of Dicranum
scoparium — 1Cs0=21.13 ug/mL (78.87% inhibition), in extracts of moss
Thuidium recognitum (Hedw) Lindb 1C50=28.0 ug/mL (72.0%), Brachythecium
salebrosum — 1Cs0=43.75 ug/mL (56.25%). Aqueous extract of moss D. scoparium
had less effect on the growth of Aspergillus flavus and Geotrichum candidum with
inhibition percentages of 50% and 60% respectively; and for the growth of Mucor
plumbeus and Cladosporium herbarum 70% and 75%, respectively. The results
indicate that these plants contain compounds with antifungal potential. Bryophytes
are not damaged by fungi, bacteria and insect larvae, because they contain aromatic
and phenolic substances, oligosaccharides, polysaccharides, sugar alcohols, amino
acids, fatty acids, and aliphatic compounds that protect these organisms, so
bryophytes have the potential for medical, pharmaceutical and agricultural use.
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Introduction. Plant cells synthesize several specialized metabolites that help
them withstand various stresses. These metabolites have biological activity, which
is very important from a medical, pharmacological, and biotechnological point of
view. The study of various types of biological activities of plants is of great scientific
interest since plant extracts are considered potential biopharmaceuticals [1].
Currently, there are several environmental problems associated with the use of
synthetic fungicides in agriculture and medicine. Natural plant products have less
negative impact on the environment and human health. Bryophytes are the closest
modern relatives of the ancestors of the first plants that managed to adapt to life on
land approximately 470-515 million years ago. They have long diversified into the
following three different types: Marchantiophyta (liverworts), Bryophyta (mosses),
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and Anthocerotophyta (hornworts). Bryophytes are found in almost all climate zones
on all continents, where they are an important component of ecosystems. Bryophytes
are small and morphologically simple, but chemically complex plants [2]. They are
rarely eaten by animals, which is likely due to specific chemical constituents
(ricciocarpin, sesquiterpenoid, acetylene oxylipins) that exhibit protective effects.
Bryophytes are a valuable source of biologically active compounds (terpenoids,
flavonoids, phenylpropanoids, bibenzyls) that have antimicrobial, antifungal,
antitumor, and wound healing activity. There are exhibit high biological activity due
to the content of secondary metabolites. There is evidence that bryophyte extracts
can be used as antifungal agents (biopesticides); they are also bioindicators of
environmental pollution. They are more effective than synthetic pesticides,
fungicides, and insecticides, which are dangerous chemical compounds and have a
detrimental effect on the environment [3].

As is known oxidative stress leads to cell damage. Disruption of redox balance
leads to the formation of free radicals and hydrogen peroxide, which damage cells,
including proteins, lipids, and DNA. As a result of oxidative stress, the signal
transduction mechanism is disrupted. Although cells have antioxidant enzymes and
non-enzymatic antioxidants, sometimes these compounds are not sufficient to
counteract oxidative stress. In this case, exogenous antioxidants can restore cell
redox homeostasis [4].

Fungal diseases or mycoses are numerous and varied. They are classified as
contagious and infectious diseases. Infection occurs through the smallest spores that
land on nails, hair, and skin. In addition, fungi can multiply in the soil and on the
surface of food products. Mucor also white mold are widespread in the topsoil and
develop on organic food residues. Some species cause diseases (mucormycosis) in
humans and animals, and others are used to create antibiotics or as starter cultures
are very dangerous because they disrupt the healthy microflora of the body and form
mycotoxins. The mycelium is not divided by partitions and is represented by one
giant multinucleate branched cell. Clodosporium — develops on food products, if
sanitary and hygienic conditions for keeping food in the refrigerator are not observed
[5]. It leads to food spoilage at 4-9, that is, when the growth of other types of mold
stops or slows down. Clodosporium forms black stains, which penetrate deep into
food. Mold, together with food products, penetrates the gastrointestinal tract,
releasing toxins that cause poisoning in the form of mycotoxicosis, as well as allergic
reactions. The mold Geotrichum candidum is part of the human microbiome,
especially associated with saliva and feces. It is the causative agent of trichiasis in
humans, as well as sour rot in plants, which affects citrus fruits, tomatoes, and other
vegetables [6]. Aspergillus fungi are the most common in nature and resistant to
environmental influences. They belong to the class of marsupial fungi, their natural
habitat is soil, and they are aerobic [7]. They are often found on bread (if storage
conditions are not met), and on the walls of dark and damp rooms, black rot is also
known, a pulmonary form of aspergillosis can develop, as well as aspergillus
meningitis. The body becomes susceptible to bacteria and viruses, creating favorable
conditions for the development of tumors. Therefore, finding natural remedies to
combat fungi is very important [8].
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Some compounds of bryophytes can directly antagonize and reduce ROS [1].
For example, compounds that have phenolic groups in their structure (flavonoids,
phenols) act as hydrogen donors for free radicals, stabilizing the excess electron on
the aromatic ring through resonance. Other compounds such as flavanols act
indirectly by chelating metal ions that can change the redox balance in cells
(e.g., zinc and copper). In addition, they are involved in the activation of antioxidant
responses in cells. Compounds such as polyphenols, bibenzyls, and terpenoids
induce activation of the antioxidant system, leading to increased expression of
antioxidant-cytoprotective proteins (e.g., glutathione-S-transferase, glutathione
reductase, gamma-glutamylcysteine; NAD(P)H: quinone oxidoreductase, super-
oxide dismutase, catalase) provide long-term protection against oxidative stress.
Violation of redox homeostasis leads to the emergence of various pathological
conditions. Antibiotics have been used for decades for both therapeutic purposes and
preventive purposes against human diseases, as well as in agriculture and animals.
As a consequence, several strains resistant to antibiotics began to spread, and
bacterial infections again became a threat. Bryophytes, rich in secondary metabolites
exhibiting multiple biological activities, may be a valuable source for the
development of new drugs that will help address both the prevention of diseases
associated with oxidative stress and the problems of antibiotic resistance [9].
Unlike numerous medicinal plants that have antioxidant properties, it is very
important to study the properties of bryophytes, the distinctive feature of which is
resistance to adverse environmental conditions (drought, UV), and the effects of
chemical agents, they can be used as natural antioxidants and antifungal agents [3].

The purpose of this work was to study the antioxidant and antifungal
properties of mosses collected in Armenia.

Materials and Methods.

Plant Materials. The bryophytes viz Amblystegiaceae, Dicranum scoparium
(Hedw) Warnist., Brachytheciaceae, Brachythecium salebrosum (Web et Mohr),
Thuidiaceae, Thuidium recognitum (Hedw) Lindb, were collected from Armenia
(at a height of ~1450 m). The plants were deposited in the Takhtadjyan
Herbarium of the Chair of Botany and Mycology, YSU (Vouchers no. 13450,
13451, 13456, respectively).

Plant material was carefully collected from the soil and washed thoroughly
with distilled water to remove the adhering soil or extraneous particles of dust.
For microbiological studies, green parts of mosses (without rhizoids) were used,
which were washed with liquid soap and running distilled water. Mosses were dried
at room temperature. After that, the mosses were placed in a flask and extracted with
methanol, ethanol, acetone or water (1 g moss per 20 mL solvent). The extraction
was carried out on a magnetic stirrer at 18-20°C for 48 h. After that, the samples
were centrifuged at 1500 rpm for 10 min. The supernatants obtained were dried at
37°C. The resulting powder was dissolved in 580 uL of of dimethyl sulfoxide (DMSO).

DPPH Radical Scavenging Activity. The antioxidant activity was determined
by using 2,2-diphenyl-picryl hydrazine (DPPH) radical scavenging activity (free
radical method). Experimental samples contained moss extracts at concentrations
of 10 ug/mL, 50 ug/mL, 100 ug/mL, 500 ug/mL and 1000 ug/mL, respectively, and
125 uL of DPPH. Control samples contained 750 L of ethanol and 125 mL of DPPH.
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Catechin was used as a positive control. Samples were incubated at room tempe-
rature, and the absorption spectrum of solutions was measured by GENESYS 10S
UV-VIS (“Thermo Scientific”, Germany). The percentage of inhibition activity was
calculated using the following equation:

% Inhibition = (Ac — As/Ac) x100,

where Ac is the absorbance of the control and As is the absorbance of the
extract/standard. The free radical scavenging activity of samples was expressed as
ICso value, which represented the effective concentration of extract/standard
required to scavenge 50% of DPPH radicals [10].

Determination of Antifungal Activity. For creation of associations strains
of the studied fungi were cultivated in modified MRS broth (10 g-L* meat extract,
10 g-L ! poly-peptone, 5 g-L* yeast extract, 20 g-L* glucose, 2 g-L™* ammonium
citrate, 0.2 gL MgSOs4, 0.05 g-L'*! MnSO4, 1 gL Tween 80, 0.8% agar,
sterilization at 1 atm, 15 min) at 37°C during 24 h.

The antifungal properties of moss extracts were determined by the method of
total diffusion into agar. It should be mentioned, that all experiments were carried
out using mod MRS media. Various species of molds were used as test organisms:
Mucor plumbeus, Geotrichum candidum LMA GEO 317 (sir-dom.ru, Russia),
Cladosporium herbarum (isolated from spoiled food and provided by Biopolymers
interaction assemble, function and interaction of proteins laboratory (FIPL),
INRA) [11], Aspergillus flavus (isolated from spoiled food and provided by
Dr. K. Grigoryan, YSU, Armenia). Using diffusion into agar, 250 uL of each
overnight cultural liquid was added to Petri dishes and covered by modified MRS
agar. The suspension of fungal/mold spores (the amount was 104 per mL) was
dropwise applied on the surface of the media after 48 h cultivation. The suspensions
of fungal spores were prepared according to Bazukyan et al. [12]. The antifungal
activity was detected in the absence of fungal/mold growth on the surface of the
medium. The antifungal activity was compared with the results of the initial strains.

We investigated the effect of water extract of moss Dicranum scoparium (D.
scoparium) on the life cycle of mold fungi Mucor plumbeus, Geotrichium candidum,
Cladosporum herbarum, and Aspergillus flavus. The antifungal activity of the
aqueous extract of moss D. scoparium was determined by the method of complete
diffusion on agar in the Czapek-Dox medium. 100 xL (0.5-10.0 mg/mL) of moss
extract was poured into Petri dishes, Czapek-Dox medium was added, then 200 uL
of a suspension of spores of the tested fungi was added, where the final number of
spores was 1x10* Fungal spores were collected in advance in physiological solution
and their quantity was calculated in Goryaev’s camera. Fungal growth in vitro was
assessed every 24 h for 10 days by measuring the diameter of the radial growth of
the mycelium for comparison with the control group. Then the Petri dishes were
incubated at 25°C. The presence of antifungal activity becomes clear after 10 days
when no fungal growth is observed on the surface of the Petri dishes. Petri dishes
containing no moss extract were used as a control. To determine the percentage of
inhibition, the following formula was used

% Inhibition=(DCC-DCT)/DCCx100,
where DCC is control colony diameter, DCT is diameter of treatment colony [13].
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Statistical Analysis. Statistical analysis was done using one-way analysis of
variance (ANOVA). The validity of differences between different series (n = 5)
was evaluated by the Student’s p-test: the value p < 0.05 was considered significant.

Results and Discussion. Reactive oxygen species (ROS) are a group of
molecules that are formed under the influence of oxidases in mitochondria or other
cellular compartments. ROS are highly reactive because they have unpaired
electrons that can interact with oxidizable substrates through redox reactions.
The main ROS involved in biological systems: are superoxide anion, hydroxyl
radical, hydroperoxyl and peroxyl radical, nitric oxide, and other species such as
hydrogen peroxide, singlet oxygen, and hypochlorous acid [4]. Balance between
oxidants and antioxidants (redox balance) is necessary to maintain healthy cellular
microenvironments. Oxidative stress is caused by a change in the balance between
the production of ROS and the effectiveness of the antioxidant defense of cells.
Cells and tissues are constantly exposed to free radicals generated as a result of
metabolism or external factors, such as pollution, germs, allergens, radiation,
cigarettes, food processing, etc. Some in vivo studies conducted in the 80s and 90s
identified some health risks associated with the consumption of synthetic
antioxidants [1].

From the point of view of chemical structure and biological properties,
exogenous antioxidants represent a very large and diverse group, which can be
divided into three subgroups: polyphenols, vitamins and derivatives, and antioxidant
minerals [14]. Polyphenols — flavonoids and phenolic acids — are the most common
natural antioxidants. Flavonoids can be divided into several groups: flavanols,
flavanones, flavones, catechins, anthocyanins, and isoflavones. Polyphenols are
usually secondary metabolites involved in protection against UV radiation and
pathogens. They are found in all plant foods such as fruits, vegetables, juices, tea,
and wine, and they provide color, taste, smell, and oxidative stability. Numerous
epidemiological studies have suggested that polyphenols provide some protection
against the development of diseases such as diabetes, infections, cancer, cardio-
vascular disease, asthma, and osteoporaosis [3]. In the modern world, the human body
is significantly exposed to external sources of free radicals. Consequently, the body’s
antioxidant defense system may not be sufficient to completely prevent oxidative
damage. In this regard, antioxidant supplements or foods containing antioxidants can
aid the body’s defense system and help reduce or neutralize oxidative damage [15].

The antioxidant activity of moss extracts was assessed by the free radical
method using DPPH. The DPPH assay is based on the assumption that an antioxidant
serves as a hydrogen donor and thus reduces (decolorizes) DPPH free radicals
(the color turns from purple to yellow). This assay is well-known as a basic, quick
tool to evaluate the antioxidant activity of putative antioxidants. Thus, the anti-
oxidant potency of a compound is relative to the loss of DPPH free radicals (DPPH
scavenging) that can be quantified through a decrease in the maximum absorption of
DPPH at 570 nm.

The data indicate that ethanol extracts of the studied mosses have antiradical
activity (see Table).

The data showed, the lowest half-saturation values were observed in extracts
of D. scoparium — ICso = 21.13 ug/mL (78.87% inhibition), in extracts of moss
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B. salebrosum — ICso = 43.75 ug/mL, T. recognitum — I1Cso = 28.0 ug/mL.
According to literature data [7], 67.1% inhibition of DPPH was observed in
50 ug/mL ethanol extracts of the moss R. murale, which is inferior to our data.

The antiradical activity of the extracts of the mosses (% inhibition of DPPH, n=5, p<0.05)

Extract % Inhibition of DPPH

COI’\(;(;I’\/tr:’]aLtIOH, B. salebrosum T. recognitum D. scoparium
1000 63.80+1.4 9230+ 1.4 9744+ 1.4
500 56.70 £ 2.3 76.50 £2.3 80.30+1.3
100 44.40+0.2 53.10+0.2 56.30 +£0.2
50 41.0+£1.2 4920+1.2 51.0+1.2
10 28.30+0.4 41.70+0.4 45.0+0.4

ICso 43.75 28.0 21.13

For survival, an increasing number of resistance phenomena are emerging,
which makes the struggle for new and effective bioactive compounds more urgent,
and the adverse effects of synthetic drugs on the environment and human health are
also well documented.

The most commonly commercialized synthetic pesticides, fungicides, and
insecticides due to their indiscriminate use have increased the need to provide new
natural products as alternatives to hazardous chemicals [3].

Bryophytes have an extensive chemical arsenal, numbering more than 3000
different metabolites, including terpenoids, phenolic compounds (several hundred),
and other molecules such as saccharides, lipids, nitrogen- and sulfur-containing
compounds. For decades, targeted research has been conducted on bryophytes in
which antifungal compounds have been discovered. The fungicidal/fungistatic effect
of bryophytes is highly dependent on the balsam period, as well as on seasonal,
territorial (latitude, altitude, and substrate composition), and climatic changes, which
specifically affect the phytochemical composition of plant tissues and, in turn,
determine their pharmacological potential. As a result of the use of bioinformatics
methods and non-targeted liquid chromatography moss extracts, secondary
metabolites were discovered that have antimicrobial and antifungal properties, also
apigenins, lunularic acid, lunularin, various marchantins, and other compounds
belonging to the classes methoxyphenols, neolignans, anthocyanins, lactones which
active against fungal pathogens. Antifungal agents such as derivatives of benzoic,
caffeic, and coumaric acids have also been discovered [3].

Currently, there are several environmental problems associated with the use
of synthetic fungicides in agriculture and medicine. Natural fungicides of plant
origin have less impact on the environment and human health. Pathogenic fungi are
the main infectious agents of plants, causing changes in development stages,
including the post-harvest period, affecting nutritional value and limiting shelf life
[12]. In some cases, mushrooms are responsible for allergic or toxic disorders among
consumers due to the production of mycotoxins or allergens. Phytopathogenic fungi
are typically controlled with synthetic fungicides, but their use is increasingly limited
due to the harmful effects of pesticides on human health and the environment [16].
Increasing requirements for the production and regulation of agrochemicals, as well
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as the emergence of pathogens resistant to the products used, justify the search for
new bioactive compounds and new control strategies.

Molds are widespread in the top layer of soil, they also develop on food
products, also in the refrigerator, where storage rules are not followed, and in organic
residues. Some species cause diseases in animals and humans, others are used to
produce antibiotics or starter cultures (since some mucous membrane fungi have
high enzymatic activity).

We investigated the effect of water exstract of moss D. scoparium, because
this type of moss had high antioxidant activity.
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Inhibition of mycelial growth, aqueous extract of moss D. scoparium (10 ug/mL, n =5, p < 0.05).

The results (see Figure) indicate that the aqueous extract of moss
D. scoparium can inhibit the growth of the tested mold fungi, influence the formation
and growth of fungal mycelium, and prevent intensive sporulation.

The importance of plant pesticides and fungicides in particular is due to their
effectiveness, biodegradability, variety of modes of action, low toxicity, and
availability of starting materials.

Conclusion. This paper presents the results of a study of extracts of three
mosses. Bryophytes synthesize secondary metabolites that can limit biotic stressors,
are relatively unaffected by microbial diseases, and are capable of producing
constitutive or inducible small molecules that have antimicrobial, antioxidant, and
antifungal properties.

All extracts demonstrated antioxidant activity. Significant antioxidant activity
was found in the D. scoparium species. Climate is the most important environmental
factor that forms antioxidants in plants. Antioxidants from mosses can be used to
produce new and more effective compounds that improve cellular activity and protect
against oxidative stress. Based on the results, it is suggested that D. scoparium moss
extract can be used as a readily available source of natural antioxidant for treatment.
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Inhibition of the growth of colonies of mycelium of the fungi Mucor
plumbeus, Geotrichum candidum LMA GEO 317, Cladosporium herbarum was
observed under the influence of an aqueous extract of moss D. scoparium, compared
to the control. Distinct morphological changes, abnormalities in the hyphae, a flaccid
cell wall, and the presence of granular cytoplasm were also observed.

The results of our experiments can be used in medicine, pharmacology, and
agriculture.
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and Mycology, YSU, Armenia) for identifying mosses.
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Geotrichum candidum-h wth Ypw hwdwyuunuuuowbwpup 50% U 60%
wpgbpuiwd mnynubtipny, huly Mucor plumbeus-h . Cladosporium herbarum-h
wbh hudwp hwdwyunmuwupiwbwpwnp 70% W 75%: Wpyynibpltipp gnyg G
wnwjhu, np wyu pnyubpp wupnibwmd &b hwuudluyhtt Gbpnid nibbignn
dhwgnipynibbitip: Ppphndhnbtipp ¢bb Jowuygnid ubilytiph, puyumbphwbtph W
dhownbiiph pepeniptitinh Ynnihg, pwth np jhbuwpwimptt wjumphy dhwgni -
pynLubbtpn, htwyhuhp G tbpjpuhbindp, wpndwnmhly b $tbnuyhtt Gyniebpn,
olhgnuwpwphnbtipp, wnjhuwpiwphnbtipp, wpwpuyhlt uwyhpubtipp, wdhw-
PrenLitinp, wpuwuwpeenibtpn b whduwwnmhl] Thwugnipmibbtpp wyuyumuubinid
b wyu pnyubipp: Nrunh dwdninbitipp Juipnn G ogliugnpoyty pdjujub,
ntinugnpdwui L gyninumbnbuwljub nnpunbtipniy:
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AHTHUOKCUJIAHTHBIE 1 ITPOTUBOI'PUBKOBBIE CBONMCTBA MXOB,
PACIIPOCTPAHEHHBIX B APMEHNU

Ceroans riobansHble TPOOIEMBI 3IPaBOOXPAHEHUS, TAKHE KaK TOBBIIICHHBIH
pHCK 3a00JI€BaHUM, CBSI3aHHBIX C OKUCIUTEIbHBIM CTPECCOM M YCTOWYHMBOCTBIO K
AQHTHOMOTHKAM, BBI3BIBAIOT CEPHE3HYIO0 03a004eHHOCTh. OKHUCIHUTENBHBIA CTpecc
CUMTAETCS] OCHOBHOM IIPUYMHOM MHOTMX COBPEMEHHBIX ITATOJIOTHYECKUX COCTOSTHUM,
TaKMX KaK HEBPOJIOTUYECKUE PACCTPOMCTBa, MILEMHS, paK U Ip. Moxoobpa3Hble
CHHTE3UPYIOT OIPOMHOE KOJMYECTBO BTOPHUYHBIX META0OJIMTOB, O0JaNarOIIUX
TEpaneBTHYECKUM M HYTPUIIEBTUIECKUM MTOTEHIIHATIOM. MBI OIICHUIIN CITIOCOOHOCTD
9KCTPAKTOB K YJABIMBAHHIO CBOOOIHBIX PaIUKAIOB, HCIIONB3YysS OOIIUI METOI —
aHanu3 ynaBinuBaHus paaukanoB DPPH. Tpu Buaa MXOB mokazaiau XOpPOLIYIO
AQHTHOKCHJIAHTHYIO aKTHBHOCTh. KakK MOKa3bIBalOT IMOJYYECHHBIC JaHHBIE, CaMble
HHU3KHE 3HAYCHUS IMOJYHACHIIIEHUS HAOII0maNuch y SKcTpakToB D. scoparium —
1C50=21,13 mre/mn (uurubuposanue 78,87%), y okcTpakToB Mxa T. recognitum
(Hedw) Lindb ICso= 28,0 mxelmn (72,0%), B. salebrosum — 1Cs0=43,75 mxelun
(56,25%). OHu sBisAIOTCS OOTaThiM HMCTOYHHKOM MPOTHBOTPUOKOBBIX OMOJIOTH-
YEeCKH aKTUBHBIX BEIIECTB, KOTOPBIE MOYKHO MCIOJIBH30BATh MPOTHUB MAaTOTCHOB KaK
4eJIoBeKa, TaK M pacTeHuit. BoHblii sxcTpakT Mxa D. scoparium okaspiBai MeHbIee
iusiHue Ha poct Aspergillus flavus u Geotrichum candidum ¢ mporenToM
unruoupoBanus 50% u 60% coorBercTBeHHO; a Ha poct Mucor Plumbeus u
Cladosporium Herbarum —70% u 75% cooTBeTcTBEHHO. Pe3ynbTaThl M0Ka3bIBatoOT,
YTO 3TH PACTEHUs COAEPXKAT COCAMHEHHsI C MPOTUBOTPUOKOBBIM IHOTEHLIUAJIOM.
Mox000pa3HbIe He TOBPEKIAOTCS TprOaMu, OaKTEpUSIMU U IMIMHKAMH HACEKOMBIX,
MIOCKOJIBKY TaKue OMOJIOTHYECKHE COEANHEHHUS, KaK (PCHUIIXUHOH, apOMaTH4YeCKue
U (heHONBbHBIE BEIECTBA, OJIMIOCAXAPHUIBI, IOJIMCAXAPUABI, CaxapHbIE CIHUPTBHI,
AMHHOKHUCIIOTBI, JKHPHBIE KHCIOTHI U alu(aTH4YecCKue COCIAWHEHHS B COCTaBE
MOX000pa3HBIX 3alIMIIAIOT 3TH OPraHU3MBI, MO3TOMY MOXOOOpa3HbIE HMEIOT
NOTEHIHAN JUII MEIULMHCKOTo, (apManeBTUUYECKOTO U CEIbCKOXO3SIMCTBEHHOTO
UCTIOJIb30BaHHUS.



