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ABSTRACT

Objective: This study was conducted to investigate the phytochemical contents, the antioxidant and antiproliferative properties of 80% methanol,
ethanol and aqueous extracts of Sphagnum cuspidatum subsp. subrecurvum, Sphagnum cuspidatulum, Sphagnum junghuhniannum, Pogonatum
cirratum subsp. fuscatum and Pogonatum cirratum subsp. macrophyllum.

Methods: The total phenolic and total flavonoid contents were analysed using Folin-Ciocalteu and aluminium chloride colorimetric methods. The
antioxidant properties were evaluated by three different assays, namely, ferric reducing/antioxidant power (FRAP), ABTS and DPPH free radical
scavenging assays. MTT assay was used to study the antiproliferative properties against selected cancer cell lines.

Results: The results showed that the aqueous and ethanol extracts of S. cuspidatum subsp. Subrecurvum has the highest total phenolic and total
flavonoid content with the values of 5.42 + 1.95 mg gallic acid equivalent per g of dry sample and 2.12 * 0.02 mg catechin equivalent per g of dry
sample, respectively. The 80% methanol extracts of S. junghuhnianum has the lowest total phenolic and total flavonoid content with the values of
0.80 + 0.12 mg gallic acid equivalent per g of dry sample and 0.03 + 0.02 mg catechin equivalent per g of dry sample, respectively. None of the
extracts displayed ICso value (concentration that inhibits 50% of free radical) at concentration tested. The 80% methanol extracts of P. cirratum
subsp. Fuscatum induced antiproliferative activity against CaOV3 (ovarian carcinoma) cell line whereas S. cuspidatulum induced antiproliferative
activity against HepG2 (liver cancer) cell line. None of the extracts induce antiproliferative activity against MDA-MB-231 (non-hormone dependent
breast cancer) cell line.

Conclusion: Results obtained indicated that the selected mosses contained considerable amount of phenolics and flavonoids which contribute to
antioxidant properties. P. cirratum subsp. Fuscastum and S. cuspidatulum have the potential to be used in pharmaceutical industry due to the ability

of these two species to induce antiproliferative activity against CaOV3zand HepG2 cancer cell lines.
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INTRODUCTION

Phytochemicals are biologically active compounds that exist
naturally in medicinal plants, fruits, vegetables as well as grains.
Phytochemicals are believed to be effective in disease prevention
due to their antioxidant effect [1]. Antioxidants are any substances
that can delay or retard lipids, proteins and nucleic acids oxidation
[2]. The examples of antioxidants present in plants are carotenoids,
flavonoids, cinnamic acids, benzoic acids, folic acid, ascorbic acid,
tocopherols and tocotrienols[3]. Antioxidants can be classified into
two types known as primary and secondary antioxidants. Primary
and secondary antioxidants are categorized due to their protective
properties at different stages of the oxidation process and their
action by different mechanisms. Primary antioxidants scavenge free
radicals whereas secondary antioxidants inhibit the oxidative
mechanisms that lead to degenerative diseases [4]. Currently, there
has been an upsurge of interest on natural antioxidants in plants to
be used in pharmaceutical industry due to carcinogenic properties of
some synthetic antioxidants such as butylated hydroxyanisole and
butylated hydroxytoluene[5].

Mosses and liverworts, in particular, possess certain biological
activity and effects [6]. They have been widely used by the Chinese,
Europeans, North Americans and Indians as medicine to treat cuts,
burns, bruises and diseases such as pulmonary tuberculosis,
neurasthenia, tonsillitis, bronchitis, tympanitis and skin disease [7-
8]. Bryophytes possess biological compounds that protect them from
bacteria or fungi as well as insects [9]. Today, most studies on
bryophytes are focused on liverworts as they contain cellular oil
bodies, unlike mosses and hornworts. The effects of bryophytes on

microbes were studied intensively, but only a few studies were
conducted on the phytochemical screening and antioxidant
properties of bryophytes. The present paper investigates the
phytochemical contents, antioxidant and antiproliferative properties
of five mosses species, Sphagnum cuspidatum subsp. subrecurvum,
Sphagnum cuspidatulum, Sphagnum junghuhnianum, Pogonatum
cirratum subsp. fuscatum, and Pogonatum cirratum subsp.
Macrophyllum collected in Sabah, Malaysia.

MATERIALS AND METHODS
Plant materials and sample preparation

S.  cuspidatum  subsp. subrecurvum, S. cuspidatulum, S.
Jjunghuhnianum, P. cirratum subsp. Fuscatum and P. cirratum subsp.
Macrophyllum were collected from Crocker Range, Sabah, Malaysia.
The herbarium voucher specimens were identified and deposited
into BORNEENSIS Herbarium (BORH), Institute for Tropical Biology
and Conservation, University Malaysia Sabah, Sabah, Malaysia. The
samples were carefully cleaned and rinsed by using distilled water
to remove contaminants. Samples were dried in the oven for two
days at 40°C [10]. The dried samples were ground into fine powder
using a dry grinder. The ground samples were kept in zip lock bag
and stored in a freezer (-20°C) for further analysis.

Extraction

A quantity of 0.1 g of sample was mixed with 10 ml of three different
solvents which are 80% methanol, ethanol and aqueous solution and
extracted using magnetic stirrer for 2 h at room temperature. The
mixture was filtered through a Whatman No. 1 filter paper. The
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extracts were directly used for phytochemical determinations and
antioxidant assays.

Determination of total phenolic content

Total phenolic content was determined using Folin-Ciocalteu
reagent with modifications [11]. One hundred microliter of extract
was mixed with 750 pl of Folin-Ciocalteu reagent (previously diluted
10-fold with distilled water), vortex and allowed to stand at room
temperature for 5 min. The mixture was then added with 750 pl of
sodium bicarbonate (60 g/L) solution. After 90 min at room
temperature, absorbance was measured at 725 nm using
spectrophotometer. Standards of gallic acid in the concentration
ranging from 0 to 100pg/ml were run with the test samples. Results
were expressed as mg gallic acid equivalent in 1 g of dried sample

(mg GAE/g).
Determination of total flavonoid content

Total flavonoid was measured according to aluminium chloride
colorimetric method [12]. Briefly, 1 ml of extract was mixed with 4
ml of distilled water and 0.3 ml of 5% sodium nitrite (NaNOz)
solution. After 5 min, 0.3 ml of 10% aluminium chloride hexahydrate
(AICl3.6H20) was added and allowed to stand for 6 min before 2 ml
of 1M sodium hydroxide (NaOH) was added to the mixture.
Absorbance was measured at 510 nm using spectrophotometer.
Standards of catechin in the concentration ranging from 0 to
100pg/ml were run with the test samples. Results were expressed as
mg catechin equivalent in 1 g of dried sample (mg CE/g).

DPPH free-radical scavenging assay

The antioxidant activity of the extracts were measured by using 2,2-
diphenyl-1-pycrylhydrazyl (DPPH) as a free radical model [13]. One
ml of 0.3 mM* methanol solution of 2,2-diphenyl-1-pycrylhydrazyl
(DPPH) was added into 2.5 ml sample or standards. The solution
was mixed vigorously and left to stand at room temperature for 30
min in the dark. The mixture was measured spectrophotometrically
at 518 nm. The antioxidant activity (AA) was calculated as below:

(Absorbance sample—Absorbance empty sample)

AA% = 100-[

1x100

Absorbance control

Empty sample = 1 ml methanol + 2.5 ml extract
Control sample = 1 ml 0.3 mM DPPH + 2.5 ml methanol

The percentage of antioxidant activity of all samples was plotted.
The final results were expressed as an ICso value (the concentration
of sample producing 50% scavenging of the DPPH radical; pg/ml).

FRAP (Ferric reducing/antioxidant power) assay

This method was conducted with slight modifications[14]. The
working FRAP reagent was produced by mixing 300 mM acetate
buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution
and 20 mM FeClz.6H20 in a 10:1:1 ratio prior to use in water bath at
37°C. A total of 3 ml FRAP reagent was added to a test tube and a
blank reading was taken at 593 nm using spectrophotometer. A total
of 100 pl of selected plant extracts and 300 pl of distilled water were
added to the test tube. After addition of the sample to the FRAP
reagent, a second reading at 593 nm was performed after 4 min. The
changes in absorbance after 4 min from initial blank reading were
compared with standard curve (FeSO4). A standard of known Fe (II)
concentrations were run using several concentrations ranging from
200 to 1000 pg/ml. A standard curve was plotted. The FRAP value for
the samples was determined by using the standard curve equation.
The final result was expressed as the concentration of antioxidant
having a ferric reducing ability in 1 g of dry sample (mM/g).

ABTS decolorization assay

The 2,2’-azinobis(3-ethylbenzthiazoline)-6-sulphonic acid or ABTS
free radical decolorization assay was carried out with slight
modifications[15]. Working ABTS solution (7 mM*) and 2.45 mM
potassium persulfate (K:S20s) were added into a beaker. The
mixture was allowed to stand for 15 h in the dark at room
temperature. The mixture was diluted with solvents used to obtain
the absorbance of 0.7 + 0.02 units at 734 nm. An aliquot of 200 ul of
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methanolic test solution of each sample was added to 2 ml of ABTS
free radical cation solution. It was then vortex vigorously. The
absorbance was measured spectrophotometrically at 734 nm.
Standards of ascorbic acid in the concentration ranging from 0 to 80
pg/ml were run with the test samples, from which a standard curve
was plotted. The radical scavenging activity was expressed as mg
ascorbic acid equivalent antioxidant capacity in 1 g of dry sample
(mg AEAC/g).

Antiproliferative assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay was based on the ability of mitochondrial
dehydrogenase enzymes from viable cells to cleave the tetrazolium
rings of the pale yellow MTT and form dark blue formazan crystals
which is largely impermeable to cell membranes resulting in its
accumulation in healthy cells[16]. The MCF-7 (hormone dependent
breast cancer), MDA-MB-231 (non-hormone dependent breast
cancer) and CaOV3 (ovary cancer) cell lines were cultured in RPMI
1640 medium with L-glutamine, supplemented with 10% of fetal
bovine serum and 1% penicillin-streptomycin. The cells were
incubated at 37°C under 5% CO: in a humidified atmosphere.
Trypan blue was used to stain the cells for cell counting.
Exponentially growing cells were harvested and counted using
haemocytometer and diluted in culture medium to a density of 1 x
10¢cells/ml. From this cell suspension, 100 ul was pipetted into each
well of a 96-well plate and incubated for 24 h. The old medium was
pipetted out and sample extracts were added into the plate with
highest concentration of 100 pg/ml. The plate was then incubated
for 72 h. MTT reagent (20 pl) was added into each well and the plate
was incubated for 4 h. After that, 100 pl of solubilization solution
was added into each well. Reading was taken at 570 nm wavelength
using microplate reader, from which cytotoxicity was determined by
use of the following formula:

optical density of sample

% cytotoxicity = x 100

optical density of control

The final results were expressed as an ICso value (the concentration
of sample able to inhibit cell proliferation by 50%;ug/ml) that was
calculated graphically for each cell proliferation curve.

Statistical analysis

All determinations were carried out in triplicates in three
independent experiments. Results were expressed as mean #*
standard deviation (SD) using SPSS version 17.0. The data were
statistically analysed by two-way ANOVA. Pearson’s correlation
analysis was carried out to correlate the phytochemicals, antioxidant
and anticancer potential between samples. P-value < 0.05 was
regarded as significant.

RESULTS AND DISCUSSION
Total phenolic and total flavonoid content

Result obtained in the present study showed that the aqueous
extract of S. cuspidatum subsp. subrecurvum has the highest amount
of total phenolic as compared to 80% methanol and ethanol extracts
(Table 1, 2 & 3). Polarity of solvents plays an important role in
extraction in which the higher the polarity, the better the solubility
of phenolic compounds [17]. A study conducted on the
phytochemicals of Ocimum gratssimum supported that different
solvents used in extraction yield different types of phytochemicals in
plants since the result showed anthraquinones were detected only in
the aqueous extract while alkaloids were detected only in the
methanol extracts[1]. Another study conducted on polyherbal
formulation also showed that only aqueous extracts revealed the
presence of proteins while ethanol extract did not display the
presence of proteins [18]. The result of this study is similar to a
study on Shiitake mushroom (Lentinus edodes) and straw mushroom
(Volvariella volvacea) in which the water extract of V. volvacea had
higher phenolic content than the methanol extract [19]. On the other
hand, the ethanol extract of S. cuspidatum subsp. subrecurvum has
the highest total flavonoid contents as compared to aqueous and
80% methanol extracts (Table 1,2&3). S. junghuhnianum has the
lowest total phenolic contents for all extracts.
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Phenolic compounds are suggested to contribute to antioxidant well as their dimmers [22]. In the present study, S. cuspidatum
properties due to their ability to scavenge free radicals and reactive subsp. subrecurvum has high amount of total phenolic contents and
oxygen species that might be explained by hydroxyl groups of total flavonoid contents. The result of this study is in agreement with
phenolics [20-21]. It has been reported that mosses usually contain a study on gingers in which the higher the total phenolic contents,
flavonoids, apigenin, luteolin, kaempferol and orobol glycosides as the higher the total flavonoid contents [3].

Table 1: The total phenolic and total flavonoid contents of 80% methanol extracts of selected mosses

Species Total phenolic content! Total flavonoid content?
S. cuspidatum subsp. subrecurvum 1.45 + 0.342 0.55+0.312

P. cirratum subsp. macrophyllum 1.38 £ 0.252P 0.10 £ 0.05be

S. cuspidatulum 1.28 £ 0.232b 0.17 £ 0.11ae

P. cirratum subsp. fuscatum 1.22 £ 0.122b 0.08 £ 0.04¢¢

S. junghuhnianum 0.80 £ 0.12b 0.03 £ 0.02de

Values are expressed as mean + SD (n=9) which with different alphabets (within column) indicate significant difference (p < 0.05).

1Total phenolic content was expressed as mg gallic acid equivalent in 1 g of dry sample (mg GAE/g).

2Total flavonoid content was expressed as mg catechin equivalent in 1 g of dry sample (mg CE/g).

Table 2: The total phenolic and total flavonoid contents of ethanol extracts of selected mosses

Species Total phenolic content! Total flavonoid content?
S. cuspidatum subsp. subrecurvum 2.87 £0.352 2.12£0.02

P. cirratum subsp. fuscatum 2.13 £ 0.43ab 1.27 £ 0.13bcd

P. cirratum subsp. macrophyllum 1.53 £ 0.21bcd 1.18 + 0.35¢cde

S. cuspidatulum 1.12 + 0.41cd 0.79 + 0.04¢

S. junghuhnianum 0.99 +0.074 0.88 + 0.03de

Values are expressed as mean + SD (n=9) which with different alphabets (within column) indicate significant difference (p < 0.05).

1Total phenolic content was expressed as mg gallic acid equivalent in 1 g of dry sample (mg GAE/g).

2Total flavonoid content was expressed as mg catechin equivalent in 1 g of dry sample (mg CE/g).

Table 3: The total phenolic and total flavonoid contents of aqueous extracts of selected mosses

Species Total phenolic content! Total flavonoid content?
S. cuspidatum subsp. subrecurvum 5.42 +1.952 0.28 + 0.12bcde

P. cirratum subsp. fuscatum 4.87 £0.622 0.62 +0.062

P. cirratum subsp. macrophyllum 1.95 + 0.15b<d 0.21 + 0.13cde

S. cuspidatulum 1.35 + 0.14cd 0.13 + 0.05de

S. junghuhnianum 0.99+0.124 0.04 + 0.04¢

Values are expressed as mean + SD (n=9) which with different alphabets (within column) indicate significant difference (p < 0.05).

1Total phenolic content was expressed as mg gallic acid equivalent in 1 g of dry sample (mg GAE/g).

2Total flavonoid content was expressed as mg catechin equivalent in 1 g of dry sample (mg CE/g).
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Fig. 1: DPPH radical scavenging activity of 80% methanol extracts of selected mosses

Scavenging activity on 2,2-diphenyl-1-picrylhydrazyl radical the observation of changes in DPPH colour when reacts with radical
There are few mechanisms to study the antioxidant activities. One of scavengers. The higher the level of colour transparency indicates
the mechanisms to study the radical scavenging effect is based on higher level of antioxidants. For DPPH assay, none of the extracts of
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mosses species displayed scavenging of DPPH free radicals at
concentration tested. There is no previous report regarding the
antioxidant activity of these species. However, based on the result, it

is suggested that the antioxidants of the selected mosses exist in
considerable amount. In the present study, none of the extracts
displayed ICso value at concentration tested (Figure 1, 2 & 3).
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Fig. 2: DPPH radical scavenging activity of ethanol extracts of selected mosses
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Fig. 3: DPPH radical scavenging activity of aqueous extracts of selected mosses

Table 4: Ferric reducing ability of extracts of selected mosses

Solvent FRAP assay!
P. cirratum subs p. S. cuspidatulum S. junghuhnianum S. cuspidatum P. cirratum subs p.
fuscatum subsp. macrophyllum
subrecurvum
80% methanol  13.74 + 1.742 10.21 + 2.54abc 7.46 £ 0.67bcd 7.10 £ 0.71cd 5.63 £0.634
Ethanol 9.02 £ 0.792 5.16 £ 1.01bc 4.85 +1.08¢ 6.94 + 0.552bc 7.41 £ 0.502
Aqueous 20.74 + 2.102 2.19 £ 0.55¢ 3.83 £ 0.22¢cde 2.35 £ 0.43de 6.13 £ 1.67b¢

Values are presented as mean * SD (n=9) which with different alphabets (within row) indicate significant difference (p < 0.05).

1FRAP was expressed as mM ferric reduction to ferrous in 1 g of dry sample.

Ferric reduction based on FRAP assay compounds which have ABTS scavenging activity did not display
DPPH scavenging activity[24]. Numerous studies found that
antioxidant activity is linearly proportional to the phenolic contents
which appear to be the trend in many plant species [4, 25]. However,

in the present study, there was no correlation between

The antioxidant potential was also estimated from the ability of both
species to reduce TPTZ-Fe (III) complex to TPTZ-Fe (II). The
reducing ability is due to the compounds in each species breaking

the free radical chain by donating hydrogen. Higher reducing power
for methanol extracts was in line with the study on commercial
mushroom [23]. The reducing ability of aqueous extract of P. cirratum
subsp. Fuscatum was the highest followed by 80% methanol and ethanol
extracts. P. cirratum subsp. Fuscatum displayed higher reducing ability as
compared to other moss species. The reducing ability of S. cuspidatulum
was poor compared to other extracts (Table 4).

ABTS scavenging assay

Another mechanism used in this study to study the antioxidant
activity was ABTS radical scavenging activity. Results of this study
were almost similar with a study on sage (Salvia officinalis) where

phytochemical contents and antioxidant activities. The result
showed that aqueous extracts displayed higher scavenging activity
as compared to 80% methanol and ethanol extracts. The same pattern
was observed for the scavenging activity of P. cirratum subsp.
Fuscatum for ABTS assay. The aqueous extract of P. cirratum subsp.
fuscatum displayed the highest scavenging activity (Table 5).

Antiproliferative assay

Antiproliferative assay has been done for 80% methanol extracts of
selected bryophytes species. This method is based on the cleavage of
yellow tetrazolium salt MTT to purple formazan crystal that occurs
in the mitochondria. The changes of yellow colour to purple indicate
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of living cells. The result showed that P. cirratum subsp. Fuscatum
induced strong antiproliferative activity against CaOVs (ovarian
carcinoma) cell line. S. cuspidatulum also induced antiproliferative
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activity against HepG2 (liver cancer) cell line. However, none of the
extract induces antiproliferative activity against MDA-MB-231 (non-
hormone dependent breast cancer) (Table 6).

Table 5: ABTS scavenging activity of selected mosses

Solvent ABTS assay!
P. cirratum subsp. S. S. P. cirratumsubsp. S. cuspidatum subsp.
fuscatum junghuhnianum _ cuspidatulum  macrophyllum subrecurvum

80% 0.12 £ 0.002 0.11 £ 0.002 0.10 £ 0.032 0.04 £ 0.02bc 0.01 £0.01¢

methanol

Ethanol 0.08 £0.012 0.09 £0.022 0.07 £ 0.022¢ 0.06 £ 0.01bc 0.04 £0.01¢

Aqueous 0.16 +0.002 0.16 + 0.012b 0.14 + 0.00> 0.09 £ 0.004 0.10 + 0.01¢d

Values are presented as mean * SD (n=9) which with different alphabets (within row) indicate significant difference (p < 0.05).

1ABTS free radical scavenging activity was expressed as mg ascorbic acid equivalent antioxidant capacity (AEAC) in 1 g of dry sample.

Table 6: Antiproliferative activities of <100 pg/ml of 80% methanol extracts of selected mosses tested against CaOV3 (ovarian
carcinoma), HepG2 (liver cancer) andMDA-MB-231 (non-hormone dependent breast cancer)cell lines by using MTT assay

Species Ca0V3 HepG2 MDA-MB-231
P. cirratumsubsp. fuscatum 31.83+5.01 N.D N.D
P. cirratumsubsp. macrophyllum N.D N.D N.D
S. cuspidatumsubsp. subrecurvum N.D N.D N.D
S. cuspidatulum N.D 93.00 + 4.24 N.D
S. junghuhnianum N.D N.D N.D

Data are presented in mean * SD., N. D = not detected in concentration less than or equal to 100 pg/ml.

CONCLUSION

In conclusion, the results of this study suggest that phenolics and
flavonoids are important components in plants that contribute to
antioxidant activity. Two selected bryophytes species namely, P.
cirratum subsp. Fuscatum and S. cuspidatulum, should be further
studied as they have the potential to be used as anticancer agents.

ACKNOWLEDGMENTS

The authors acknowledge the financial support provided by the
Ministry of Higher Education of Malaysia (MOHE) under Exploratory
Research Grant Scheme, ERGS (Project No. ERGS0028-STWN-1/2012) as
well as Universiti Malaysia Sabah under UMS Research Grant Scheme,
SGPUMS (Project No. SBK0019-STWN-1/2011). The authors would also
like to acknowledge Sabah Parks for the permission to enter the study
site areas for the purpose of sampling (Ref No. S/PTD/5/4 Jid. 46 (63)).
The authors are grateful to the Institute for Tropical Biology and
Conservation and Seaweed Research Unit of University Malaysia Sabah,
Malaysia and Nutrition Laboratory of Faculty of Medicine and Health
Science of Universiti Putra Malaysia for the use of the laboratory facilities
and technical assistance.

CONFLICTS OF INTEREST
The authors declare no conflict of interest.
REFERENCES

1. Akinmoladun AC, Ibukun EO, Obuotor EM, Farombi EO.
Phytochemical constituent and antioxidant activity of extract from
the leaves of Ocimum gratissimum. Sci Res Essays 2007;2(5):163-6.

2. Zheng W, Wang SY. Antioxidant activity and phenolic
compounds in selected herbs. ] Agricul Food Chem
2001;49:5165-70.

3. Ghasemzadeh A, Jaafar HZE, Rahmat A. Antioxidant activities,
total phenolics and flavonoids content in two varieties of
Malaysia young ginger (Zingiber officinale Roscoe). Molecules
2010;15:4324-33.

4.  FulL, Xu BT, Xu XR, Gan RY, Zhang Y, Xia EQ, et al. Antioxidant
capacities and total phenolic contents of 62 fruits. Food Chem
2011;129:345-50.

5. Pejin B, Bogdanovi¢-Pristov J. ABTS cation scavenging activity
and total phenolic content of three moss species. Hem Ind
2012;66(5):723-6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Asakawa Y. Biologically active compounds from bryophytes.
Pure Appl Chem 2007;79(4):557-80.

Asakawa Y. Liverworts-Potential source of
compounds. Medici Aromatic Plants 2012;1:3.
Manoj GS, Murugan K. Phenolic profiles, antimicrobial and
antioxidant potentiality of methanolic extract of a liverwort,
Plagiochiabeddomei Steph. Indian ] Nat Prod Resour
2012;3(2):173-83.

Kumar P, Chaudhary BL. Antibacterial activity of moss
Endotodonmyurus (Hook) Hamp. against some pathogenic
bacteria. Bioscan 2010;5(4):605-8.

Wang D, Zhu RL, Qu L. Antibacterial activity in extracts of
Cylindrocolearecurvifolia (Cephaloziellaceae, Marchantiophyta)
and Pleuroziasubinflata (Pleuroziaceae, Marchantiophyta)
Cryptogamie. Bryologie 2006;27(3):343-8.

Velioglu YS, Mazza G, Gao L, Oomah BD. Antioxidant activity
and total phenolics in selected fruits, vegetables and grain
products. ] Agricultural Food Chem 1998;46(10):4113-7.
Zhishen ], Mencheng T, Jianming W. The determination of
flavonoid contents in mulberry and their scavenging effect on
superoxide radicals. Food Chem 1999;64:555-9.

Mensor LI, Menezes FS, Leitao GG, Reis AS, Santos TD, Coube
CS, et al. Screening of Brazilian plant extracts for antioxidant
activity by the use of DPPH free radical method. Phytotheraphy
Res 2001;15:127-30.

Benzie IF, Strain J]. The ferric reducing ability of plasma(FRAP)
as a measure of “antioxidant power”: The FRAP Assay. Anal
Biochem 1996;239:70-6.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C. Antioxidant activity applying an improved ABTS
radical cationdecolorisation assay. Free Radical Bio Med
1999;26:231-1237.

Mossman BT, Light W, Wei ET. Asbestos: mechanisms of
toxicity and carcinogenicity in the respiratory tract. Ann Rev
Pharmacol Toxicol 1983;23:595-615.

TomsoneL, Kruma Z, Galoburda R. Comparison of different
solvents and extraction methods for isolation of phenolic
compounds from horseradish roots (Armoracia rusticana).
World Academy Sci Eng Technol 2012;64:903-8.

Alam S, Mohiuddin M, Swamy KL, Baig A, Reddy MV, Gupta RK,
Diwakar S. Evaluation of antiulcer and antioxidant activity of

medicinal

296



19.

20.

21.

Karim et al.

polyherbal formulation in wistar rats. Pharm
Phytopharmacol 2013;2(6):400-6.

Cheung LM, Cheung PCK, Ooi VEC. Antioxidant activity and total
phenolics of edible mushroom extracts. Food Chem
2003;81:249-55.

Adedapo AA, Jimoh FO, Afolayan A], Masika PJ. Antioxidant
properties of the methanol extracts of the leaves and stems of
Celtisafricana. Rec Nat Prod 2009;3(1):23-31.

Bhattarai HD, Paudel B, Lee HS, Lee YK, Yim JH. Antioxidant
activity of Sanioniauncinata, a polar moss species from King
George Island, Antartica. Phytotherapy Res 2008;22:1635-9.

Int ]

22.

23.

24.

25.

Int ] Pharm Pharm Sci, Vol 6, Issue 10, 292-297

Chobot V, Kubicova L, Nabbout S, Jahodar L, Hadacek F.
Evaluation of antioxidant activity of some common mosses.
Zeitschriftfiir Naturforschung. C A ] Biosci 2008;63(11):476.
Yang JH, Lin HC, Mau JL. Antioxidant properties of several
commercial mushrooms. Food Chem 2002;77:229-35.

Wang M, Li |, Rangarajan M, Shao Y, LaVoie E], Huang TC, Ho
CT. Antioxidative phenolic compounds from sage (Salvia
officinalis). ] Agricultural Food Chem 1998;46(12):4869-73.
Dalar A, Tiirker M, Konczakl. Antioxidant capacity and phenolic
constituents of Malvaneglecta Wallr. And Planta golanceolata L.
from Eastern Anatolia Region of Turkey. ] Herbal Medici
2012;2:42-51.

297



