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ABSTRACT ARTICLE HISTORY

A limited number of mosses have been studied regarding antioxi- Received 21 February 2021
dant activity and enzyme inhibition effects. In the present study, Accepted 9 April 2021
the phytochemical content, antioxidant, and enzyme inhibition
properties of the ether extracts from T.J.Kop.. were investigated as
promising bryophyte sources. The ether extracts of P. ellipticum
had the highest flavonoid content (52.41+0.52, Rutin equivalent),
and A. cdlifornica had the highest total phenolic content
(25.84+£0.23, Gallic acid equivalent). While the P. ellipticum had
the highest ABTS (mg TE/g extract) 6.60+0.4); A. californica
showed the highest metal chelating capacity (mg EDTA/g extract)
with the values of 51.46+0.26. In the enzyme activity tests,
almost all values of the species were closed the each other, but P.
ellipticum was exhibited higher tyrosinase activity (mg/KAE/g
extract) with 48.64+1.02. The results have indicated for the first
time the potential importance of the selected mosses.
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1. Introduction

Bryophytes are the second largest group in the plant kingdom with 25,000 species,
separated into three classes as mosses (Bryophyta), liverworts (Marchantiophyta), and
hornworts (Anthocerotophyta) (Asakawa et al. 2013). The bryophytes are recognised as
the oldest terrestrial plants but were not used in nutrition for humans. However, the
bryophytes have been used for medicinal purposes in many countries (Karim et al.
2014; Klavina et al. 2015; Glime 2017). On the other hand, the chemistry of bryophytes
is little known due to the difficulties in their process (Adebiyi et al. 2012). Mosses (or
Musci ~ 8000 species) from Bryophyta mostly grown in the Northern Hemisphere as
the second-largest division, are small non-woody, and the simplest land plants
(Asakawa et al. 2013). Also, liverworts and mosses have a great interest as a source of
medicinal and cosmetic use, due to their antioxidant properties (Pejin et al. 2013;
Aslanbaba et al. 2017). In the present study, the phytochemical contents (total phen-
olic and flavonoid content), was investigated of the selected mosses which are widely
growing in the southwestern side of Turkey. The antioxidant capacity [the free radical
scavenging (DPPH, ABTS), reducing power (FRAP, CUPRAC), phosphomolybdenum
(total antioxidant capacity), and metal chelating (ferrous ion chelation)] and the pos-
sible enzyme inhibition capacity of all the concentrates against acetylcholinesterase
(AChE), butyrylcholinesterase (BChE), tyrosinase, and a-amylase were investigated utilis-
ing earlier standard in vitro bio-assays on two moss species, called Plagiomnium ellipti-
cum (Brid.) T.J.Kop.and Antitrichia californica Sull. in Lesq. Therefore, this study aimed
to give the first detailed investigation on these moss species and our findings could
open new windows on the utilisation of these mosses.

2. Results and discussion

Bryophytes are traditionally used for many health problems (Singh et al. 2011) due to
important phytochemicals (Aruna and Krishnappa 2015, 2018). In Malaysia and Egypt,
the mosses have been used as a medicinal tea for treating colds (Glime 2017); in
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Germany as a remedy for fungal infections of horses besides anti-leukemic and anti-
cancer effects (Aslanbaba et al. 2017; Glime 2017); in China for the treatment of fever,
hemostatic, uterine prolapse, and lymphocytic leukemia (Cheng et al. 2012). Moreover,
there are previous studies conducted on the antimicrobial and antifungal activities
(Dulger et al. 2005; Wang et al. 2005; Sabovljevic et al. 2006; Singh et al. 2007; Singh
et al. 2011; Cheng et al. 2012), besides cytotoxic (Wei et al. 2015) and antiproliferative
effects (Vollar et al. 2018). In addition, to prove the uses of the mosses as traditional
plant, the fatty acid content had been investigated in some mosses that also can help
to treat cardiovascular diseases (Pejin et al. 2012a), besides the sugar composition was
determined as may use natural sweetener (Pejin et al. 2012b). Since some mosses
(exp: Rhodobryum sp.) have been suggested to treat cardiovascular diseases as a medi-
cinal tea in Traditional Chinese Medicine, a study has been conducted to determine
the heavy metals aiming for safe use (Pejin et al. 2012c). However, the determination
of the phenolic level is an important parameter in managing oxidative stress and
related disorders (Rani 2017), and to evaluate the quality of plant extracts. In the pre-
sent study, the total phenolic and flavonoid contents of two mosses were determined
by colorimetric methods, and the results are shown in supplemental material Table S1.
A. californica (25.84 mg GAE/g) had a higher level of total phenolics when compared
with P. elliptcium (18.36 mg GAE/g). However, the total flavonoid level of P. ellipticum
(52.41 mg RE/g) was higher than A. californica (25.80 mg RE/g). These contradictory
results could be explained by the limitations of the spectrophotometric methods
(Sanchez-Rangel et al. 2013; Margraf et al. 2015; Granato et al. 2018). In this context,
the antioxidant abilities of the moss species were investigated by different chemical
assays, including radical quenching (ABTS and DPPH), reducing power (CUPRAC and
FRAP), metal chelating and total antioxidant (phosphomolybdenum) assays. The results
are given in supplemental material Table S2. In DPPH radical scavenging assay, the
moss extracts exhibited similar abilities, but A. californica was not active on ABTS rad-
ical. The results could be linked with the nature of these radicals, and similar findings
were also reported in earlier studies (Kim et al. 2002). CUPRAC and FRAP assays were
performed to detect the electron-donating abilities of the tested extracts. As can be
seen in supplemental material Table S2, P. ellipticum exhibited the highest activity in
CUPRAC assay while A. californica was more active than P. ellipticum in FRAP assay.
Obtained results from reducing power assays could be linked with the structure of
phenolics in the extracts. The reducing abilities of phenolics could be affected by the
presence of hydroxyl group numbers or their positions in the phenolic rings (Chen
et al. 2020). Chelation of transition metal is one important mechanism, and thus, the
hydroxyl radicals formation in the Fenton reaction could be prevented (Santos et al.
2017). In the present study, the metal chelation ability was investigated by the ferro-
zine method. A. californica (51.46 mg EDTAE/g) had a higher metal chelation capacity
than P. ellipticum (38.34 mg EDTAE/g). Phosphomolybdenum assay reflects the reduc-
tion of Mo (VI) to Mo (V) by antioxidant compounds in acidic pH, and this method is
known as the total antioxidant method. In the study, the moss extracts exhibited simi-
lar abilities in phosphomolybdenum assay. The prevalence of diseases arising from oxi-
dative stress is increasing by the day and should be taken with urgent precautions
(Rauf and Jehan 2017). In this sense, several therapeutic strategies have been
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developed including enzyme inhibition theory (Alagesan et al. 2012; Sharma 2019;
Zolghadri et al. 2019). In the present study, the enzyme inhibitory properties of the
mosses were detected against cholinesterases (AChE and BChE), tyrosinase, and
a-amylase. The results are depicted in supplemental material Table S3. Regarding cho-
linesterase inhibition, the best AChE inhibition was provided by P. ellipticum, while A.
californica exhibited stronger BChE inhibition ability than P. ellipticum. P. ellipticum was
also more active on tyrosinase than A. californica. In the amylase inhibition assay, the
moss extracts exhibited similar actions. To the best of our knowledge, the current
work is the first report on the moss samples and thus, our findings could light to
design novel products from moss species.

3. Experimental

The experimental sections were given as supplemental material.

4. Conclusion

This work is a preliminary screening on antioxidant, and enzyme inhibition of the
moss extracts obtained from P. ellipticum and A. californica. The extracts exhibited
appropriate effects correlated with the phytochemical profile. The results from the pre-
sent work provided a new framework for the utilisation of the P. ellipticum and A cali-
fornica as a natural source of bioactive agents, such as antioxidants and
enzyme inhibitors.
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