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Bryophytes: A hidden treasure of antioxidants
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Abstract

The chemical compounds that can produce free radicals and leads to chain reactions that may damage the cells of organisms
known as the oxidation and the compounds that inhibit the oxidation are known as antioxidants. Many diseases are caused by
free radicals and oxidative stress is the major cause of diseases. It is due to the imbalance between the free radicals and
antioxidants. To overcome this problem body needs antioxidants. These antioxidants either present endogenously or provided
exogenous sources. Antioxidant compounds can be obtained from natural and synthetic sources. However synthetic
antioxidants have been widely used to diminish oxidation, but it is dangerous to mankind. To control these imbalances plants
have their own antioxidant protection system to reduce deleterious effect of ROS and have been used to protect themselves
from many diseases. Therefore, there is a need of search of natural sources of antioxidants. Bryophytes a second largest group
of plants are the good reservoir of different types of phytochemicals especially antioxidant compounds. The aim of the present
review the literature related to the antioxidative property of bryophytes.

Keywords: bryophytes, antioxidant, phenolic compounds, ROS, DPPH

Introduction

Bryophytes are found in moisture rich habitat or damp
habitat of all ecosystems except marine ecosystem which
play ecological roles in any ecosystem are significant ™,
The oldest land plant, bryophytes are rarely show any
microbial attack due to the presence of phytochemical
compounds in these plants. Bryophytes have been studied
for phytochemical constitutes and many biological activities
such as antioxidants, antifungal [, antibacterial @,
cytotoxic, antitumor M and anti-inflammatory response [,
The antioxidant constituents present in bryophytes provide
protection against cancer and many other diseases.
Phytoactive compounds derived from many liverworts and
mosses are major source of antioxidant.

Antioxidants are the compounds that reduce or inhibit the
oxidation of compounds. Oxidation is the chemical reaction
that damage the cells of organism by producing free
radicals. The reactive oxygen species is originated during
the various biological and physiological processes like
respiration, photosynthesis and stress responses. When high
amount of many free radicals and reactive oxygen species
(ROS) are produced in human body, which harms to
biomolecules such as proteins, carbohydrates, lipids and
DNA. Due to this many chronic diseases may occur [,
Antioxidants protect from harm arised by released ROS and
associated protein damage, lipid peroxidation and breakage
of DNA strand [©],

Some Assay Methos used to Evaluate Antooxidants
Activity of Plants

Antioxidants like flavonoids, phenolic acid, terpenoids
(mono-, di-, sesquiterpenes) and tannins, exhibited broad
range of biological activities, including anti-inflammatory,
anticarcinogenic and antiatherosclerotic due to the
antioxidant property (1,

Various types of assays are used to detect the antioxidant
activity such as ferric reducing antioxidant power assay,

total radical trapping antioxidant potential assay, ABTS (2,
2_-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) radical
scavenging method, thiobarbituric acid method, DPPH (1,
1-diphenyl-2-picrylhydrazine) radical scavenging activity,
LPO method, hydroxyl radical scavenging activity, oxygen
radical absorbance capacity assay, superoxide anion
scavenging activity, FTC (Folin—Ciocalteu) method and
reducing power assay [,

Most commonly used methods are ABTS (2, 2"-azinobis (3-
ethylbenzthiazoline-6-sulfonic acid) and DPPH (1, 1-
diphenyl-2-picrylhydrazine) to find out antioxidant
property.

Antioxidative Properties of Bryophytes

Bryophytes are known as remarkable reservoir of natural
products so they have been proven to be a rich source of
antibiotics . These plants have been commonly used in
therapeutics as herbal medicine, especially in India and
China to cure skin disorders and hepatitis [*°, Mosses are
less explored for medicinal utility as compared to liverworts
even though mosses are more diverse than liverworts. A
high amount of secondary metabolites such as flavonoids,
alkaloids, saponin, terpenoids, bibenzyls, fatty acids and
acetophenols etc. have been identified from mosses.
Liverwort plants have indicated high potential as
chemotherapeutic agents. More than 220 aromatic
compounds (naphthalenes, isocoumarins, long-chain alkyl
phenols, phthalides, benzoates, bishibenzyls, cinnamates,
bibenzyls), 700 terpenoids (monoterpenoids,
sesquiterpenoids diterpenoids) and acetogenins are isolated
from liverworts that have been studied for their biological
activities 1212, Liverworts and mosses possess a high level
of antioxidant which can serve as future source for
therapeutically and cosmetically significant compounds 1.
Different bryophytes have been explored to show their
antioxidant activity. Some of these possess various kinds of
flavonoid and phenolic compounds use for free radical
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scavenging while others have more efficient antioxidant
enzyme system. In one such study, due to inhibition of lipid
peroxidation and increasing superoxide dismutase and
catalase activity, extract of Plagiochasma appendiculatum
showed antioxidant activity . In another study on the
moss Sphagnum magellanicum, many phenolic compounds
such as wvanillic, p-coumaric, salicylic acid, gallic,
chlorogenic, caffeic and 3-4 hydrozybenzoic acid have been
reported by using Reverse-phase high-pressure liquid
chromatography 4. Other studies characterised antioxidant
peroxidase enzyme from liverwort Marchantia polymorpha
and reported that peroxidase enzyme of Marchantia
polymorpha and vascular plants was different [51, The
extract of M. linearis (cell suspension cultures) showed
anticancerous activity against colon cancer cell lines due to
presence of flavonoids 161,

Several factors like tissue type, altitude and seasons
influenced antioxidant activity of bryophytes 7. The
extracts of Eurhynchium striatum, Oxyteguste nuirostris and
Rhynchostegium murale have antioxidant property which
was determined by ecological factor i.e., climate €1, High
level of free radical scavenging activity showed by
Eurhynchium striatulum and Homalothecium sericeum [,
and likewise, in Bryum billardieri . Some secondary
metabolites are produced by Sanionia uncinate (alpine
moss) shows different kind of antioxidant activities such as
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superoxide radical scavenging activity, free radical
scavenging activity and reducing power and also protect the
plant from environmental stresses like high temperature,
drought and UV radiations 24,

Other studies also disclosed that mosses have less content of
total flavonoids as compared to liverworts. The high amount
of this compound was found in epiphytic bryophytes than
aquatic bryophytes 22, Similarly, high antioxidant activities
shown by the plant Thuidium tamariscellum due to the
presence of considerable level of terpenoids [23,

P. appendiculatum had higher catalase and Guaiacol
peroxidase activity than Pellia endivaefolia, but lower
amount of total phenols, ascorbic acid, glutathione, proline
and superoxide dismutase found in P. appendiculatum than
P. endivaefolia 4. For another study of antioxidant
property in bryophytes, active compounds are isolated from
ethyl acetate and ethanolic extract of M. polymorpha for
screening of antioxidant property by using ABTS and DPPH
assay. Ethyl acetate extract show higher antioxidant activity
than ethanolic extract and these extracts contained luteolin
as an important antioxidant compound. The methanolic
extract of Lepidozia bornensis was used to study its
antioxidant property and found that this has potential to
induce apoptosis and cell cycle arrest in hormone dependent
cells of breast cancer 1%,

Table 1: Bryophytes showing antioxidant activity and antioxidant compounds.

S. No. Name of plant Antioxidant compound Extract References
Atrichum undulatum, Polytrichum formosum Three- and Tetra-oxygenated
coumarin glucosides [25]
1. . . Apigeni_n, a}pigenin-7_- . Ethanol [26]
Pleurozium schreberi, rhamnoglucoside; acetylenic acids 27
and lipids

Thuidium tamariscinum Triterpenes and lipids
2. Barbula javanica Total Phenolic content Ethanol (28]
3. Bryum billardieri Total phenolic compound- 38.18 Ethanol [20]

gallic acid equivalence
4, Bryum moravicum Phenolics Aqueous [29]
5. Ceratodon purpureus Biflavonoids Methanol [30]

Ceratodon purpureus, Dicranum polysetum, D.
6. scoparium, Lucobryum glaucum, Mnium Total phenolics Ethanol [31]
marginatum

7. Cinclidotus fontinaloide, Palustriella commutata Phenolic compound Ethanol, DI water [32]

Phenolic compound, derivative of

appendiculatum

[33]

8 Cryphaea heteromalla benzoic, caffeic, coumaric acids Aqueous
9. Cyathodium tuberosum Phenolics Methanol [34]
10. Diplophyllum albicans, D. Taxifolium Diplophylline - [
1 Eurhynchium striatum, Oxytegus tenuirostris ) Ethanol, chloroform, [18]

' and Rhynchostegium murale methanol, aqueous
12. Frullania muscicola ent-labdane diterpenoids Ether extract (3]
(muscicolone)
13, Funaria hygrometrica and Polytrichum Flavonoids Methanol [36]
commune

Homalothecium sericeum, Hypnum sericeum, . [19]

14. Eurhynchium striatulum Phenolics Ethanol
15. Hypnum plumaeforme Antioxidant enzyme - [37]
16. Lepidozia borneensis Phenolics, flavanoids Methanolic extract [10]
17. Leptodictyum riparium - Acetone [38]
18.  |Leucobryum uduncum and Campylopus schmidii Phenolics Methanol [39]
Marchantia linearis, M. paleacea, Total phenol, [40]

19. Conocephalum conicum flavonoid and o-dihydric phenol Methanol
Marchantia polymorpha, Hypnum Phenolic acids (Rosamarinic acid, [41]

20. - . S Methanol

cupressiforme, Neckera complanata Quercetin, 4- hydroxy benzoic acid)

21 Pellia endivaefolia and Plagiochasma Phenolics Methanol [24]
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22. Philonotis hastata Flavonoids Methanolic [+2]
23. Plagiochasma appendiculatum Flavonoids, saponins, sesquiterpenes - (23]
24, Plagiochia beddomei Phenols and flavonoids Methanol [43]
25. Plagiomnium ?:ﬁ%i%g;nd Antitrichia Total phenol and flavonoids content Ether [44]
. . Benzonaphthoxanthenones
26. Polytrichastrum alpinum (ohioepnsins F and G) Methanol [43]
27. Pseudoscleropodium purum Glutathione - [46]
Sphagnum cuspidatulum, S. cuspidatum, S. . . Methanol, aqueous,
28. F}unggzajhuhnianﬁum, Pogonatumpcirratum Phenolic and flavonoid ethan(()]I "
29. Sanionia uncinata Total phenol content Ethanol [19]
30. Sphagnum magellanicum Phenolic compound Ethanol (14]
Petroleum
31 Thuidium tamariscellum Terpenoids ether, Chloroform, Ethyl 23]
acetate, Methanol
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