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Abstract
The present study was aimed to evaluate the antibacterial potential of ethanol, methanol, acetone, and aqueous
extracts of some bryophytes common in Armenia (Mnium spinosum (Voit) Schwaegr, Brachythecium salebrosum
(Web. et Mohr) B.S.G., Thuidiumrecognitum (Hedw) Lindb and Dicranum scoparium (Hedw). Antibacterial activity
was determined using agar-well diffusion method against five bacterial species (Escherichia coli, Bacillus subtilis,
Staphylococcus aureus, Salmonella enterica, and S. typhimirium). The results showed that the bryophytes D.
scoparium and B. salebrosum possessed high antibacterial activity in methanol extracts, whereas M. spinosum has
high antibacterial activity in acetone extract. Antibacterial activity against S. aureus was comparably weaker. Ethanol
extract of T. recognitum had greater antibacterial activity than the extract of M. spinosum. Of all those tested for
antibacterial activity bryophytes in vitro extracts of D. scoparium have yielded the most promising results.
Antibacterial activity might be caused by a high content of flavonoids in bryophytes determined. Thus, the studied
bryophytes might be used to develop new antibacterial agents.
Keywords: agar-well diffusion method; antibacterial activity; bryophytes; flavonoids; plant extracts; solvents.
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Medicinal plants are important components

and rural areas. Therefore, medicinal plants
have become an integral part of health care
system. Ethnobotanical studies are important
to identify the ancient and modern cultures of
plant use in the world and to preserve the
original

knowledge

of medicinal plants.

of both traditional and conventional medical

Moreover, more attention is paid to medicinal

products since ancient times. Most people

plants due to their effectiveness, the cost of

prefer herbal-based medicine over chemically

existing pharmaceutical products and cultural
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preferences. It has been reported that a large

They have an interesting feature – they are not

number of plants have antimicrobial and

attacked by bacteria, fungi or pests. They are a

antioxidant

addition,

potential source for medicine because they

medicinal plants are used as food, human

contain secondary metabolites. Some active

medicinal drugs, veterinary medicine and are

biomolecules, such as terpenoids and phenolic

important for the economy (4).

bibenzyls, have been studied for cytotoxicity

potential

(1-3).

In

Bryophytes or “mosses” are the oldest

against various human cancer cell lines, their

group of terrestrial plants, which include

antibiotic,

liverworts, hornworts and mosses. This group

antiplatelet and neuroprotective activity, and

of non-vascular plants includes between

their

25,000 and 28,000 species, and they grow in

biochemically important enzymes (7). Crude

shady places. Unlike vascular plants, they are

extracts or various bioactive compounds were

herbaceous and absorb water and minerals

isolated from mosses for anticancer efficacy

mainly through leaves (5). Bryophytes are

on cancer cell lines.

used as indicator species for erosion control,
heavy

metal

monitoring

pollution,

of

bioindicators,

detection

radioactivity,
radioactivity

as

antioxidant,

ability

to

inhibit

antithrombin,
a

number

of

The cytotoxic efficacy of bryophytes was

and

reflected in several biochemical markers of the

aquatic

induction of apoptosis and necrosis, such as

as

DNA fragmentation, nuclear condensation,

material for beds of seed, fuel, drugs and food

proteolysis of poly (ADP-ribose) polymerase

sources, pesticides, for nitrogen fixation,

(PARP), activation of caspases (a family of

landscaping with mosses, waste treatment,

cysteine aspartic proteases), inhibition of

construction, clothing, furnishing, packaging,

antiapoptotic nuclear transcriptional factor B,

genetic engineering and for tillage, etc. (6).

activation of p38 (mitogen-activated protein

The active components of bryophytes, found

kinase), etc. Some of these mechanisms

in most of them are used as antibacterial,

actually play a decisive role in the induction of

antifungal,

and

apoptosis (9). Despite numerous reports on the

insecticidal agents in medical and agricultural

biological activity of bryophytes, including

fields.

cytotoxic,

The

antitumor

phytochemical

bryophytes

include

biologically

active

carbohydrates,
polyphenols,

indicators,

a

agents

of

their antibacterial activity, it is necessary to

range

of

clarify the effects of various extracts and to

such

as

determine their chemical compositions. In

steroids,

addition, various species growing in different

wide

compounds,

lipids,

proteins,

terpenoids,

organic

acids,

regions

may

have

a

special

chemical

alcohols, fatty acids, aliphatic compounds,

composition and specific properties, that

acetogenins, phenylquinones, aromatic and

should be studied.

phenolic substances (7, 8).

Bryophytes are common in Armenia, but

A number of bryophytes has been used in

they have been little studied. About 350

traditional medicine to treat various diseases.

species of mosses were identified in Armenia
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(10), most of them in the forest zone (10, 11),

identified by Dr. A. Poghosyan (Department of

and some of them are highly specialized and

Botany

have a specific ultrastructure (11). For some

University (YSU), Armenia) and deposited in

species

especially

the Takhtadjyan Herbarium of the Department

Pelliaepiphilla,

of Botany and Mycology, YSU (Vouchers no.

grown

Brachythecium
Tortularuralis

in

Armenia,

campestre,
and

others,

the

chemical

and

Mycology,

Yerevan

State

13450, 13451, 13452 and 13453, respectively).

composition and activity of some enzymes
involved in metabolism of purine bases have

2.2. Plant Extraction

been reported (12). This activity depends on
2+

Plant material was carefully collected from

2+

heavy metal ions (Cu , Cd ), polluting the

the soil and washed thoroughly with distilled

environment, therefore it is assumed that these

water to remove the adhering soil or

mosses serve as bioindicators for monitoring

extraneous

the state of the environment. In addition, there

For microbiological studies, green parts of

are some species with a high content of

mosses (without rhizoids) were used, which

secondary

have

were washed with liquid soap and running

antimicrobial activity (7), therefore, mosses

distilled water. Mosses were dried at room

with high antibacterial activity can be used to

temperature. After that, the mosses were

develop antimicrobial drugs. Such a study is of

placed in a flask and extracted with methanol,

considerable interest due to the problem of

ethanol, acetone or water (1 g moss per 20 mL

bacterial resistance to antibiotics (3, 13, 14)

solvent). The extraction was carried out on a

and may be a useful tool to combat this

magnetic stirrer at 18-20 0C for 48 h. After

problem. Plant derived antimicrobials are also

that, the samples were centrifuged at 1500 rpm

considered

for 10 min. The supernatants obtained were

metabolites

safer

that

than

their

may

synthetic

particles

of

dust.

dried at 37 0C. The resulting powder was

counterparts due to their natural origin (12).
In this study, the species of bryophytes

dissolved in 580 μL of dimethyl sulfoxide

common in Armenia were screened for their

(DMSO).

Samples

were

sterilized,

as

antibacterial activity and main phytochemical

described (14). It should be noted that the

components. This study will enable the use of

solvents used are usually applied with various

bryophytes to develop new antibacterial drugs.

mosses (7, 16-18) and other plant extracts (2,
3, 13), and they are also used in folk medicine.

2. Materials and Methods
2.1. Plant Materials
The

bryophytes

2.3. Test Microorganisms
Mnium

spinosum

Antibacterial activity was tested in vitro

Schwaegr, Brachythecium salebrosum B.S.G.,

against Escherichia coli, Bacillus subtilis,

Thuidium recognitum Lindb and Dicranum

Staphylococcus aureus, Salmonella enterica

scoparium were collected in Armenia (at an

and S. typhimirium. The strains E. coli VKPM-

altitude of ∼1450 m). The plants were

M17
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(Russian

National

Collection

of
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Industrial

of

absorbance of the solutions was measured at

Industrial

415 nm wavelength using spectrophotometer

Microorganisms, Moscow, Russia), B. subtilis

GENESYS 10S UV-VIS (Thermo Scientific,

WT-A1 (isolated from a soil sample), St.

Germany). The total flavonoid content was

aureus MDC 5233 (Microbial Depository

calculated from the catechin calibration curve

Center, National Academy of Sciences (NAS),

and expressed as mg catechin equivalent per g

Yerevan, Armenia), S. typhimirium MDC 1759

of dried plant material.

Genetics

Microorganisms,
and

Selection

Institute
of

(wild type), S. enterica K3, isolated from
infected pigs and provided by Dr. M.

2.6. Data Processing

Mkrtchyan (Institute of Molecular Biology,

Data Processing was done using Excel

NAS, Yerevan, Armenia) were used.

2013 Microsoft program. Statistical analysis
was done using one-way analysis of variance

2.4.

Determination of Antibacterial Activity

(ANOVA).

The

validity

of

differences

Antibacterial activity was determined by

between different series of experiments (n=5)

the agar well diffusion method (19). Plant

was evaluated by Student P-test: the value

extracts were tested for antibacterial activity

P<0.05 was considered, as valid.

through an agar platе previously infected with
microorganisms, 5µL of the studied extracts of

3. Results and Discussion

moss

3.1. Antibacterial Activity of Moss Extracts

were

instilled

in

the

wells.

Dimethylsulfoxide (DMSO) was used as a
control.

All

plates

were

kept

at

The results on the antimicrobial activity of

low

plant extracts (Figures 1-4) showed that

temperature for 1-1.5 h for sample diffusion,

antibacterial activity of the bryophyte M.

0

and then incubated at 37 C for 24 h. After

spinosum (Figure 1) against B. subtilis and E.

incubation, bactericidal and

coli was greater in acetone extract, forming an

bacteriostatic

zones were visible on the agar plate.

inhibition zone of 2.2 cm, while the aqueous
and methanol extracts had a zone of 2.0 cm.

2.5.

Determination

of

Total

Flavonoids

Antibacterial activity against St. aureus was

Content

comparatively weaker, and ethanol extract had

Total flavonoid content in ethanol extract

almost no antimicrobial effect. Then, the

of mosses was evaluated by the AlCl3 method,

bryophytes B. salebrosum (Figure 2) and D.

as described by Andreeva and Kalinkina (20).

scoparium (Figure 4) have high antibacterial

500 µL of plant extract was taken into a test

activity in methanol extracts. Moreover, the

tube, 100 µL of 10% AlCl3 was introduced,

bryophyte T. recognitum had

then 100 µL of 1 M CH3COONa was added,

antibacterial activity in ethanol extract (Figure

then 2800 µL of distilled H2O was also added.

3) than M. spinosum. Particulalry, methanol

The tubes were incubated at room temperature

extracts of D. scoparium possessed high

for 30 min to complete the reaction. The

antimicrobial activity against E. coli, forming

34

a

higher
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a zone of 3.4 cm, and acetone, ethanol and

It should also be noted that among

aqueous extracts gave zones of 2.1, 2.5 and 2.7

microorganisms, Gram-negative bacteria (E.

cm, respectively (Figure 4). In case of S.

coli, Erwinia chrysanthemi, Pseudomonas

enterica, St. aureus and B. subtilis the activity

aeruginosa, S. enterica) were more sensitive to

of extracts of D. scoparium was low. The

bryophytes; but this activity also depended on

methanol extracts of bryophyte B. salebrosum

solvents (16, 17).

exhibited strong antibacterial activity against

Thus, it can be concluded that the

E. coli forming a zone of 3.0 cm (Figure 2).

bryophytes extracts have high antibacterial

No marked inhibition zones were determined

activity, and this activity of bryophyte extracts

with DMSO, as control (Figures 1-4, wells in

depends on solvent used.

the centers of plates).
Some

interesting

reports

have

been

3.2. Phytochemical Screening and Total

reviewed to compare data obtained for mosses

Flavonoids Content

grown in Armenia with the results recorded for
various

bryophytes

other

regions,

antimicrobials has increased dramatically due

of

different

to the emergence of multidrug resistance (3,

solvents used. Specifically, there is an

13, 14). The identification of plant based

interesting report on the high antibacterial

antioxidants is another aspect that has gained

effects of acetone extract of Polytrichum

tremendous importance in protecting cells /

juniperinum and methanol extract of Tortella

tissues from damage caused by free radicals

tortuosa (16). Different antibacterial effects

(20). The phenolic compounds present in

were

of

plants act as powerful antioxidants that can

Rhynchostegium vagans A. Jaeger moss:

protect cellular structures and mechanisms

ethanol extract of R. vagans was the most

from free radicals by acting as hydrogen

potent with the lowest minimum inhibitory

donors and radical scavengers. Antioxidants

including

the

from

The search for potential plant based

effectiveness

obtained

with

extracts

-1

concentration (MIC) (3.91 to 61.25 µg mL )

act as free radical scavengers, and thus they

and

help to mitigate the effect of oxidative stress in

minimum

bactericidal/fungicidal

concentration (MB/FC) (3.91 to 500 µg mL-1)

various

(17). Importantly, ethanol extracts were found

demonstrated

to

used

derived products as a good source of

(chloramphenicol and fluconazole) (17). Other

antioxidants against various diseases caused

results showed that bryophytes Asterella

by reactive oxygen species (21). Several

angusta had greater antibacterial activity in

studies

methanol

Targionoa

compounds, such as flavonoids and phenolic

hyphophylla and Plagochasma articulate the

acids present in plants, are responsible for their

antibacterial activity was greater in ethanol

antioxidant nature (18, 21).

be

superior

extract,

over

and

antibiotics

in

extract (18).
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diseases.

have

the

Many

studies

effectiveness

reported

that

of

have
plant

phenolic
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Phytochemical screening indicated the

potential candidates for the fight against

presence of secondary metabolites, such as

multidrug-resistance (22).

flavonoids, in mosses (Figure 5). The data

The antibacterial activity of flavonoids

showed that flavonoids were found in varying

depends on the structures, namely on the

amounts in the investigated mosses. The

substitutions on the aromatic rings. With the

largest number of flavonoids was contained in

plant extracts possessing antibacterial activity

M. spinosum, T. recognitum (Figure 5).

increasingly being found, more and more

Probably, the antibacterial activity of mosses'

flavonoids have proven to be antibacterial

extracts

agents,

was

caused

by the

flavonoids

especially

with

hydrophobic

contained. This suggestion seems likely, since

substituents, such as prenyl groups. Flavones

it is known that flavonoids are synthesized by

have been widely investigated for their

plants in response to bacterial infection, which

antibacterial activity (23); two di-prenylated

means that they can be effective antibacterial

flavones cuvanon C and moruzin isolated from

substances against various microorganisms

medicinal plants, were evaluated for their

(16).

antimicrobial

Among

broth

microdilution methods. They showed strong

compounds of natural origin, flavonoids are

activity against Gram-negative bacteria (E.

known to play an important role in medicine

coli, S. typhimurium) and only limited activity

and pharmacology. Flavonoids are biologically

against Gram-positive bacteria (S. epidermis,

active secondary plant compounds. There are

St. aureus). Yin and coworkers (24) also

numerous studies suggesting their beneficial

isolated a mono-prenylated flavon called

effects on human health. Particularly, these

corylifol C from Psoralea corylifolia seeds

compounds are tested as supportive or

and found to be ineffective for inhibiting the

alternative therapies for diseases such as

growth of St. aureus and S. epidermidis in

cancer

oral

vitro. These results indicate the importance of

administration, they interact with digestive

the degree of prenylation for antibacterial

enzymes and sugar carriers in the small

activity.

intestine. Flavonoid glycosides as well as

sometimes reacts with the adjective hydroxyl

some aglycones have been reported to reduce

group to form a six-member heterocycle,

postprandial hyperglycemia in patients with

which probably reduces its activity (25).

diabetes through interactions with glucose

However, further study is required.

type-II

various

using

phytochemical

or

the

activity

diabetes.

After

The

substitutive

prenyl

group

carriers in the apical membranes of enterocytes
(22). It has been also shown that many

4. Conclusion

flavonoids interfere with ATP-dependent drug-

In this study, all mosses' extracts from

efflux transporters which are involved in the

bryophytes grown in Armenia demonstrated

resistance of cancer cells against various

the ability to inhibit the development of

cytostatic drugs, and therefore may be

bacteria (the diameters of inhibition zone
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varied from 0.3 to 3.4 cm)., Antibacterial
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Figures:

Figure 1. Antibacterial activity of acetone, methanol, ethanol and water extracts of M. spinosum. The zones of
lack of growth of the tested microorganism under the influence of various extracts of moss M. spinosum are
shown. All data are expressed as mean ±SEM of five independent experiments (p< 0.05). For the others, see
“Material and methods”.

Figure 2. Antibacterial activity of acetone, methanol, ethanol, water extracts of B. salebrosum. For details, see
the legends to Fig. 1.
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Figure 3. Antibacterial activity of acetone, methanol, ethanol and water extracts of T. recognitum. For details,
see the legends to Fig. 1.

Figure 4. Antibacterial activity of acetone, methanol, ethanol and water extracts of D. scoparium. For details,
see the legends to Fig. 1.
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Figure 5. Total flavonoid content in ethanol extracts of different mosses studied. The total flavonoid content
was quantified by the standard curve of catechin (mg g-1). For details, see «Materials and methods».
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