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ABSTRACT

In this study was conducted the in vitro antimicrobial, antibiofilm, antioxidant, antigenotoxic and anti-
cancer activities investigations on the moss Bryum capillare Hedw (BC). Antimicrobial and antibiofilm
activity were tested by MIC and microplate biofilm methods on antibiotic resistant bacteria. While the
antioxidant activity of the extract was evaluated by DPPH, metal chelating, plasma lipid peroxidation
and total phenolic content, the antigenotoxicity and cytotoxicity were established by Comet test and
the WST-1 Cell proliferation assay kit respectively. The MIC values were found to be > 125 pg.mL™!
and a biofilm inhibition of 3-5% against only S. epidermidis was observed. Total phenolic compounds were
determined as 23.26 mg/g. The results of DPPH assay, chelating and plasma lipid peroxidation activity
were found to be 15%, 3% and 4% respectively. The extract was observed to decrease the affect of H,0,
that cause DNA damage. The BC was also determined 60 + 5% anticancer activity against SKBR 3 and
76 + 5% anticancer activity against HelLa cells, where this concentration had only 18 + 5% cytotoxicity
against MCF-12A cells. Also, these results have indicated the potential of Bryum capillare for the first time
in novel natural compounds search.

© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The history of medicinal plants use for the treatment of diseases
is probably dates back to beginning of human life (Altuner, 2011).
Most of the medicines available today are estimated to be origi-
nally derived from plant sources, which can be interpreted as the
accumulation of the knowledge about medicinal plants occurring
over thousands of years (Elibol et al., 2011). Higher plants, mosses,
lichens, ferns, algae, seaweed and fungi are proposed as some of
the sources for natural pharmaceuticals. Although vascular plants
(tracheophytes) are widely used as a source of natural pharmaceu-
ticals, only minute amount of the bryophytes have screened in
terms of their anti-infective properties until now (Onbasli et al.,
2011; Onbasli et al., 2019).
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Bryophytes are non-vascular plants (Hallingback and Hodgetts,
2000) and they have a very simple structure compare to the higher
plants. They occur in nearly every ecosystem on the Earth and are
important especially in biogeochemical cycles (Vanderpoorten and
Goffinet, 2009). Bryophytes are known to be a good source of
metabolites, which have good biological activity (Krzaczkowski
et al., 2009). As a result of this, they are good candidates for novel
active pharmaceutical compound researches (Asakawa, 2000).
There are several studies in the literature presenting the anti-
infective potential of bryophytes against viruses, microfungi and
bacteria, and antitumor activity against some cancer cells. In addi-
tion to those, they were successfully used as inhibitors of some
enzymes important in metabolic pathways causing diseases and
some other properties such as anti-platelet, antioxidant were also
presented (Singh et al., 2006; Cheng et al., 2012).

The attention about investigation of the medicinal properties
especially originated from plants is growing in last few decades.
Even though several studies are present in the literature especially
about the antibacterial and antifungal activities of bryophyte sam-
ples, very few reports on a wide range of therapeutic effects of
bryophytes were published until now. The aim of this study is to
determine several in vitro activities, such as anticancer, antigeno-
toxic, antibiofilm, antioxidant and antimicrobial, of a bryophyte,
namely Bryum capillare (BC). To the best of our knowledge, these
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results present the first demonstration about the wide range of
activities of this bryophyte sample collected from Turkey.

2. Materials and methods
2.1. Moss samples

Bryum capillare Hedw. (BC) samples were collected from Ilgaz
Mountain, Catéren, Kastamonu, Turkey.

2.2. Extraction procedure

Extraction procedure defined previously by Canli et al. was used
(Canli et al., 2016) and ground BC samples and active compounds
dissolved in extraction solvent (ethanol, Merck, Germany) were
seprated by a filtration process (Whatman No. 1). Extraction sol-
vent was then evaporated at 30 °C after attaching the extract to
a rotary evaporator (Heidolph). The remaining solution was lyophi-
lized (Christ Alpha 1-2 LD) and residues were used for further
analysis.

2.3. Microorganisms

Candida albicans ATCC 10231, Staphylococcus epidermidis ATCC
12,228 and Staphylococcus aureus ATCC 25,923 were used in the
study. Test microorganisms were cultured as it was mentioned
before (Canli et al., 2017).

2.4. Antimicrobial activity

A concentration range of 1-500 pg.mL™! extracts were obtained
and MIC values were determined as it was mentioned previously
(Altuner et al., 2011).

2.5. Antibiofilm activity

50, 100 and 150 uL.mL~" of extracts were used to test antibio-
film activity and the growth conditions, biofilm formation, screen-
ing and calculation of biofilm inhibition were done according to
prevous studies (Stepanovic et al., 2011; Saharkhiz et al., 2012).

2.6. Antioxidant activity

The antioxidant activity of 0.25, 0.50 and 1.00 mg.mL~! of
extracts were determined and calculated by DPPH radical scaveng-
ing assay (Blois, 1958), metal chelating activity on ferrous ions
(Fe*?) (Oke et al., 2009) and plasma lipid peroxidation inhibitory
assay (Rodriguez-Martinez and Ruiz-Torres, 1992). Total phenolic
compounds (TPC) were determined by gallic acid equivalence
(GAE) method (Rodriguez-Martinez and Ruiz-Torres, 1992;
Singleton et al., 1999; Oke et al., 2009) and the vitamin content
was analysed by HPLC.

2.7. Genotoxic activity

Extracts of 250 and 500 pg.mL~! were used in Comet assay [19],
and 500 and 1000 pg.mL~' of extracts were used for testing
antigenotoxic activity on human lymphocytes and image analysis
of comet assay measurements were conducted as mentioned by
previous researchers (Noroozi et al., 2009).

2.8. Cytotoxic activity

Human breast epithelial cells (MCF-12A, ATCC CRL-10782)
(Vorster et al, 2012) human breast cancer cells (SKBR 3, ATCC
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HTB-30) (Quirantes-Piné et al, 2013) and human cervix cancer cells
(HeLa, ATCC CCL-2) (Lu et al, 2010) were used for cytotoxicity tests
and the cytotoxicity of 500 and 1000 pg.mL' of extracts were
determined according to the protocol provided by WST-1 Cell pro-
liferation assay kit (Cayman).

2.9. Statistics

All test was conducted in triplicates and to determine the signif-
icance of difference ANOVA test was used (p < 0.05).

3. Results
3.1. Antimicrobial activity

In this study, antimicrobial activity of the extracts was identi-
fied by determining the minimum inhibitory concentrations
(MICs). A concentration range of 1, 2, 4, 8, 16, 32, 63, 125, 250,
500 pg.mL~' was established against each microorganism and
MIC values identified for each microorganism were given in Table 1.
According to the results all MIC values of the extracts against three
strains were > 125 yg.mL™".

3.2. Antibiofilm activity

Biofilm formation capacities of tested strains and biofilm inhibi-
tion percentages of the extract against these three test strains are
given in Table 2 and 3 respectively. According to the results given
in Table 3 the extract presented 3% and 5% antibiofilm activity for
50 pL.mL~! and 100 uL.mL™" of the extract respectively against S.
epidermidis (strong biofilm formation).

3.3. Antioxidant activity

Antioxidant activity of extract and positive control was deter-
mined by DPPH assay for a concentration range of 0.25-1.00 mg.
mL~" (Fig. 1). Inhibition percentage of DPPH scavenging ability
by the extract was found to be changing between 2% and 15%,
where the highest inhibition was observed for 1.00 mg.mL™' con-
centration. The ICsq values, which are the concentiration inhibit-
ting 50% of the extract and BHA are compared by DPPH assay
and shown in Table 4. The ICsq value of BC extract (8.41 £ 0.12 m
g.mL 1) presented not very high scavenging activity in DPPH assay.
On the other hand, Table 4 shows the extract’s percentage of metal
chelating activity. Our extract exhibited weak chelating ability
with a ICsq value of 49.67 + 0.32 mg.mL™'. However, EDTA, which
was used a positive control showed very good chelating activity,
which is about 94% for the concentrations tested Also the capacity
of the extract to inhibit lipid peroxidation was determined in our
study too. The generation of malondialdehyde (MDA) was substan-
tially controlled by the extract. The extract exhibited in high inhi-
bition activity (33.56 + 1.12%) against plasma lipid peroxidation
(Table 4).

Antioxidants, which are natural, such as total phenols, toco-
pherols and ascorbic acid were found to be in the ethanolic extract

Table 1
The minimum inhibitory concentration (MIC pg.
mL™!) values of BC extract against test
microorganism.

Strains MIC (ug.mL™")

S. aureus ATCC 25,923 >125

S. epidermidis ATCC 12,228 >125

C. albicans ATCC 10,231 >125

Values are expressed as mean + standart deviation.
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Table 2
Biofilm formation of tested strains.

Strains Biofilm formation

+
+++

S. aureus ATCC 25,923
S. epidermidis ATCC 12,228

C. albicans ATCC 10,231 ++

+: weak, ++: moderate, +++: strong.
Values are expressed as mean # standart deviation.

Table 3
Biofilm inhibition percentages.

Strains BC extract concentration
50 pL.mL~! 100 pL.mL~! 150 pyL.mL~!
S. aureus ATCC 25,923 0 0 X
S. epidermidis ATCC 12,228 3% 5% X
C. albicans ATCC 10,231 0 0 X

0: No antibiofilm activity observed.
x: No growth was observed since the concentration showed antimicrobial activity.
Values are expressed as mean + standart deviation.
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Fig. 1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of the BC
extract. Data are mean #* SD values for triplicate experiments. BHA, butylated
hydroxyl anisole; BC, Bryum capillare ethanol extract.

Table 4
Antioxidant activities of BC extract.

ICso (mg.mL™") Plasma lipid peroxidation (%)

Material DPPH Metal chelating
BC 8.41+0.12 49.67 + 0.32 33.56 + 1.12
BHA 03 +0.1 NS NS

9Data are average + SD values for triplicate experiments. Values in the same column
with different superscript upper case letters are significantly (p < 0.0.05) different.
ICs0, 50% inhibitory concentration.

NS, Not studied.

DPPH, 2,2-diphenyl-1-picrylhydrazyl

BHA (Buthylated hydroxyl anisole), Synthetic antioxidant.

of BC in our study. However, folic acid was not detected. The TPC
determined for the extract was 23.26 mg GAE.g~'. The extract
was analysed by HPLC for their vitamin content (ascorbic acid, o-
tocopherol and folic acid) and the total phenolic content which
could cause the antioxidant activity. The data obtained from this
analysis were given in Table 5. Ascorbic acid and a-tocopherol
were found in lower amounts (1.87 and < 0.5 pg.g ™! respectively)
in the extract.

3.4. Antigenotoxic and anticancer activities

The activity of BC extracts in terms of their genotoxicity was
expressed in two points of views. Table 6 states, whether BC
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Table 5
The total phenolic content (mg GAE.g™!), ascorbic acid, o - tocopherol and folic acid
content (pg.mL™") of BC extract.

Compound Content
Total phenolic content 23,26
Ascorbic acid 1.87

o - tocopherol <0.5
Folic acid ND

Values are expressed as mean + standart deviation.
ND, not determined.

extracts presents genotoxic activity for human lymphocytes and
Table 7 points out antigenotoxic activity results for BC extracts,
which states the activity of the BC extract to inhibit the genotoxic
activity of H,0,. According to Table 6, while 500 pg.mL™! of BC
extract caused no tail DNA damage, 1000 pg.mL~' of BC extract
presented only 0.05% of tail DNA damage, where positive control
was the cause of 54% of tail DNA damage. On the other hand,
according to Table 7, 500 pg.mL~! and 1000 pg.mL~! of BC extract
inhibited the genotoxic activity of 50 uM H,0, as 39% and 55%
respectively. Also, BC extract presented ~ 30% decrease in tail
length for 500 pg.mL~! of the extract and ~ 45% decrease in tail
length for 1000 pg.mL™! (Fig. 2).

Three different cell lines, MCF-12A (human breast epithelial
cells), SKBR 3 (human breast cancer cells) and HeLa (human cervix
cancer cells), with two different concentrations (500 pg.mL~"' and
1000 pg.mL ') were used in the study. Cytotoxicity test results in
terms of cell viability (%) are given in Fig. 3. According to Fig. 3 sur-
vival rate for a mammalian cell, human breast epithelial cells
(MCF-12A) was 100% and 82% after incubation with 500 pg.mL™!
and 1000 pg.mL~! BC extracts respectively. But for human breast
cancer cells (SKBR 3) the survival rate was decreased to 69% and
40% after incubation with 500 pg.mL~! and 1000 pg.mL~' BC
extracts respectively. These rates were much lower in human cer-
vix cancer cells (HeLa) such as 67% and 24% after incubation with
500 pg.mL~! and 1000 pg.mL~! BC extracts respectively. Further-
more, cytotoxicity results given in Fig. 3 presented that the extract
of 500 ug.mL™! is also safe, since the cytotoxicity rate of this
extract was 0% on MCF-12A cells. Instead, as it was stated in Table 6
the extract of 1000 ug.mL™! caused only 0.05% of DNA damage and
the cytotoxicity rate of this concentration was 18 + 5% on MCF-12A
cells (Fig. 3). According to the results it can be concluded that BC
extract presented notable anticancer activity against SKBR 3 and
Hela cells, while having relatively very low cytotoxic activity
against MCF-12A cells.

4. Discussion

Plants have the ability to synthesize aromatic substances such
as phenolic and nitrogen containing compounds vitamins, ter-
penoids and some other endogenous metabolites, which are active
against herbivores, insects, bacteria and fungi (Bharathi et al,
2011). It is known that as a result of extensive use and in addition
misuse of antibiotic and antifungal agents led to multi drug resis-
tance (MDR). Thus, there is a need to discover novel antibacterial
and antifungal agents from different sources and plants are one
of them (Karaman et al., 2003). It was previously proposed that
bryophytes are good candidates to discover potential active com-
pounds (Zhu et al., 2006). Some bryophytes have ethnobotanical
uses against several diseases, such as skin infections (Veljic,
et al., 2009). There are several results regarding the antibacterial
and antifungal activities of bryofite extracts in the literature
(Singt and Rawat, 2006; Vidal et al., 2012; Bukvicki et al., 2012;
Onbasli et al.,, 2019). In this study, antimicrobial activity of the
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Table 6
Genotoxic activity of BC extracts for human lymphocytes.
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Sample Concentration Tail Length (um) Tail Moment (um) Tail DNA Damage (%)
Negative Control - 28.8 +0.02 0.00 + 0.00 0.00

Positive Control (H,05) 50 pM 74.0 £ 1.95 18.00 + 0.001 54

BC extract 500 pg.mL™" 28.96 + 0.27 0.00 + 0.00 0.00

BC extract 1000 pg.mL~! 29.46 + 4.30 0.26 + 0.06 0.05

Values are expressed as mean * standart deviation.

Table 7
Antigenotoxic activity of BC extracts for human lymphocytes.

Tail Moment (pm) Tail DNA Damage (%) Inhibiton (%)

Sample Concentration Tail Length (um)
Negative Control - 28.8 £ 0.02
Positive Control (H,0;) 50 uM 74.0 £ 1.95

BC extract + H,0, 500 pg.mL~! 52.05 £ 0.27

BC extract + H,0, 1000 pg.mL™! 41.03 £3.30

0.00 £ 0.00 0.00 .
18.00 + 0.001 54.0 -
11.00 + 0.00 33.00 39
8.26 + 0.00 25.05 55

Values are expressed as mean + standart deviation.

Fig. 2. A. Negative control: Healthy human lymphocytes, B. Positive control: Human lymphocytes incubated with 50 uM H,0,, C. Human lymphocytes incubated with BC

extracts.
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Fig. 3. Cytotoxic effect of the BC extract in MCF12A, SKBR3 and HELA cells
pretreated with the extract at different concentrations (500 ug.mL~' and 1000 pg.
mL~1) for 48 h. Each value represents the mean = SD for triplicate experiments.
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extracts was identified by determining the minimum inhibitory
concentrations (MIC) and MIC values identified for each microor-
ganism were > 125 pg.mL™!. Previously the antibacterial and anti-
fungal activity of BC methanol extract were tested against Bacillus
megaterium, Shigella flexneri, Salmonella enterica serotype Typhimir-
ium SL 1344, Escherichia coli ETEC LM 63,083 and Candida albicans
ATCC 26,555 by MIC. They were found that the methanol extract of
this bryophyte was active against S. flexneri and B. megaterium and
the MIC values were 20 mg.mL™! for both microorganism. How-
ever, the ethanol extract of Cratoneuron filicinum presented
antibacterial activity against six bacteria with a MIC value ranging
between 1.56 and 3.12 ng.mL~! and antifungal activity with a MIC
value of 3.12 pg.mL~" (Singt and Rawat, 2006). In addition, ethano-
lic extract of Octoblepharum albidum was previously tested for its
antibacterial activity against six microorganisms by MIC test and
an activity against Klebsiella pneumoniae ATCC 33,018 and E. coli
ATCC 25,922 was observed with a MIC value of 512 pg.mL™!
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(Vidal et al., 2012). Onbasli et al. (2019) were tested Hypnum andoi
extracts against skin pathogens, because bryophytes have ethnob-
otanical uses against several diseases, such as skin infections
(Bukvicki et al., 2012). Antimicrobial activity of BC is higher than
Hypnum andoi. Our study is supported by the studies present in
the literature.

Biofilms have been reported by several researchers that they
involve in several types of infections mostly related with some per-
menant indwelling devices such as heart valves, joint prostheses
and catheters, but also found to cause endocarditis, dental plaque
formation, middle-ear infections and urinary tract infections
(Parsek and Singh, 2003). As a reason of this, scientists are trying
to determine compounds those would inhibit the formation of bio-
films. There are no studys in the literature either about the antibio-
film activity of BC or detailed studies regarding the antibiofilm
activity of mosses. Thus, it is not possible to compare our results
with any other bryophyte sample. Biofilm formation capacities of
tested strains and biofilm inhibition percentages of the extract
against these three test strains were highest found 3% and 5% anti-
biofilm activity for 50 pL.mL~' and 100 pL.mL! of the extract
respectively against S. epidermidis. It is known that biofilms are
also form on biotic surfaces such as human skin (Karatan and
Watnick, 2009) and S. epidermidis is one of the microorganisms,
which are responsible for biofilm formation on skin. All microor-
ganisms used in this study have capability of causing formation
of biofilms on human skin (Nostro et al., 2007; Sudjana et al,,
2012; Onbasli et al., 2019). The biofilm inhibition percentages of
the extracts were found to be very low, when compared to other
plant extracts, such as Boswellia papyrifera oils, which presented
71% to 99% inhibition against S. epidermidis with concentrations
between 217 pg.mL™! and 6.8 pg.mL~! (Schillaci et al., 2008). But
the results regarding BC extract are very promising, since increas-
ing concentration would possibly increase the biofilm inhibition
percentages against S. epidermidis.

Today it is known that free radicals often damage biomolecules
leading to cellular senescence, cancer and even cell death (Mantle
et al., 1998). The best way to reduce the amount of free radicals is
using compounds presenting antioxidant activities (Souri et al.,
2008). Exogenous and endogenous antioxidants can be used to pre-
vent free radical formation (Cesquini et al., 2003). As a reason of
this, studies about novel antioxidants from natural origins are
under investigation. Plants are one of the sources for natural
antioxidants. Although no reports have been published about
antioxidant acitivities of BC, several studies regarding the antioxi-
dant activity of other bryophytes are available (Dey and De, 2012;
Onbasli et al., 2019). Antioxidants, which are natural, such as total
phenols, tocopherols and ascorbic acid were found to be in the
ethanolic extract of BC in our study. However, folic acid was not
detected. Ascorbic acid and o-tocopherol were found in lower
amounts (1.87 and < 0.5 pg.g ™! respectively) in the extract. Thus,
the antioxidant activity can be related to the total phenols. The
TPC value is higher than some of the mosses which were analysed
by Chobot et al. (2006), Pejin and Bogdanovic-Pristov (2012) and
Mukhopadhyay et al. (2013). But when the ICsq values for antioxi-
dant activity were analysed by comparing the results published by
previous studies, it is obvious that ICsq values were quite high for
BC extract. For example, ICsq values were previously found to be
between 0.170 = 0.001 mg.mL~! and 0.487 + 0.001 mg.mL~! for
M. marginatum, L. glaucum, D. scoparium, D. polysetum and C. pur-
pureus by DPPH assay (Chobot et al., 2006), where in our study this
value is 8.41 mg.mL . The main question which can be posed here
for the extract could be about its relatively low antioxidant activity
with having a relatively average TPC content. Chobot et al. (2006)
has also observed such a case and concluded that there is no signif-
icant correlation with TPC concentration and antioxidant activity
(o0 = 0.05). As a result, they pointed out that antioxidant activity
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can be modulated by several components having antagonistic or
synergistic activities. Our results also supported this observation.

Most people believe that pharmaceutical plants are harmless
when compared to the synthetic drugs (Celik, 2017), but scientists
proved that most of the plants having enthnopharmalogical uses
have a potential of being cytotoxic, genotoxic and carcinogenic
(Ferreira-Machado et al., 2004). In this context, any natural product
presenting anticancer properties should be tested for their toxicity
potential. Anticancer properties of mosses have been studied by sev-
eral researchers (Onbasli et al., 2019; Yaghoglu et al., 2017); how-
ever no detailed reports have been published until now either
about the toxicity of BC or the toxicity of other mosses in the litera-
ture. For this reason, the positive anticancer properties of mosses
published until now include false-positive potentials and in addition
these studies are lack of toxicity information (Cos et al., 2006).
Antigenotoxic activity of natural products has been increasingly
interested in by researchers in last few decades (Hayder et al.,
2004) because such products are thought to be beneficial against
some mutation-related diseases and cancer (De Flora, 1998). There
are several studies regarding antigenotoxic properties of some
plants, but all of them are for higher plants. Marques et al. (2011)
analysed the antigenotoxic activity of Ginkgo biloba leaf extract in
Saccharomyces cerevisiae. Hayder et al. (2004) studied the antigeno-
toxic activity of Myrtus communis in E. coli PQ37 and Leite-Silva et al.
(2007) used Fucus vesiculosus to observe its antigenotoxic activity in
human lymphocytes. Marques et al. (2011) observed ~85% decrease
in tail length compared to positive control (10 mM H,0,) after incu-
bating yeast cells by a mixture of H,O, and G. biloba extract. BC
extract presented ~ 30% decrease in tail length for 500 pg.mL™! of
the extract and ~ 45% decrease in tail length for 1000 pg.mL™'. The
extract is also observed to lower the affect of H,0, on human lym-
phocytes that cause DNA damage. As a conclusion it is possible to
propose further in vivo tests to be conducted especially for 500 nug.
mL~! of the extract. Hayder et al. (2004) found up to 99% inhibition
of genotoxicity by Myrtus communis extracts depending on the con-
centration and solvent used for extraction. The inhibition of geno-
toxicity by the extract was 39% for 500 ug.mL~' and 55% for
1000 pug.mL~'. Onbasli et al. (2019) used Hypnum andoi to observe
its antigenotoxic activity in human lymphocytes. The inhibition of
genotoxicity by the extract was 35% for 500 pg.mL™' and 53% for
1000 pg.mL~!. According to the results it is obvious that BC extract
has some antigenotoxic and anticancer potentials. Although the
results are still promising, according to the genotoxicity and cyto-
toxicity tests it is possible to propose an increase in the concentra-
tion up to 5 folds for better anti-infective activity. It is known that
S. epidermis has a potential of causing skin infections. It is possible
to recommend that with an increase in the concentration, BC extract
can be used in cosmetics that could have a potential of inhibiting
skin infections caused by biofilm formed by S. epidermis. According
to the results it can be concluded that BC extract presented notable
anticancer activity against SKBR 3 and HeLa cells, while having rel-
atively very low cytotoxic activity against MCF-12A cells. The
extract is also observed to lower the affect of H,0, on human lym-
phocytes that cause DNA damage. As a conclusion it is possible to
propose further in vivo tests to be conducted especially for 500 ng.
mL~! of the extract (Fig. 2).

5. Conclusions

Our data for the first time, demonstrated the promising antimi-
crobial, antibiofilm, antioxidant, antigenotoxic and anticancer
activities of Bryum capillare, a bryophyte sample in searching for
novel therapeutic agents. It may be used as alternative natural
sources applications in agriculture, cosmetic and drug industries.
However, further phytochemical, experimental and clinical investi-
gations will show more of its medicinal potentials.
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