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Abstract

Present study aims to evaluate the presence of bioactive
compounds of methanolic extract of whole plant of Riccia melanospora
by Gas Chromatography-Mass Spectrometry (GC-MS) which are
important to pharmaceutical as well as food industries. The Preliminary
phytochemical screening of R. melanospora was carried out qualitatively
following the standard methods of Harbourne, Trease and Evans. GC-
MS analysis was performed by GC-MS-QP 2010 Shimadzu, Japan
equipped with thermal desorption system TD 20. Preliminary
phytochemical analysis revealed the presence of carbohydrates, proteins,
phenols, sterols, flavonoids and terpenoids where as GC-MS analysis
of methanolic extract of whole plant showed the presence of 38 bioactive
phytoconstituents which include mainly N-Methyl-3-piperidine
carboxamide, Azulene, Hexadecanoic acid metyl ester, ), n-Hexadecanoic
acid, 9,12,15-Octadeca-trienoic acid, (Z,Z,2)-, 7-Tetradecenal,(z)-, 6,6-
Dimethyl-1,5-diazabicyclo[3.1.0] hexane, 9,12-Octadecadienoic acid,
methyl ester, and Methyl stearate etc. These phytochemicals are
medicinally important to cure various types of human ailments.

Bryophytes are amphibian plants,
which are found in almost all kinds of habitats
worldwide, from desert to humid rainforest,
from hot tropical area to the cold Arctic and
from sea level to alpine peaks®. Bryophytes
are rarely consumed by insects and herbivores,
not only because bryophytes have low caloric
content but also for the diversity of “chemical
weapons” they produce!” 3L In general,

bryophytes show high tolerance against various
biotic and abiotic stresses®?*,

Bryophytes are the store house of
bioactive components and therefore are used
throughout the World as drugs to cure various
diseases®. They have been proven to be rich
sources of antimicrobials and attempts to find
potent, nontoxic, broad-spectrum active
molecules have been widely undertaken.
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Among the bryophytes liverworts are rich
sources of lipophilic terpenoids and aromatic
compounds, several of which show interesting
biological activities®*. Liverwort extracts with
antimicrobial effects are even sold commer-
cially**. Liverworts contain a large amount of
mono-, sesqui- and diterpenoids, and aromatic
compounds. In particular, they contain
pinguisane-type sesquiterpenoids, sacculatane-
type diterpenoids and bis (bi-benzyl) aromatic
compounds which have not been found in
higher plants®. Although several liverworts
have been used as medicinal plants®, only
10% of the liverworts have yet been studied
systematically?.

The cosmopolitan genus Riccia, family
Ricciaceae (Hepaticae), is a thalloid liverwort.
Thallus dichotomously branched, usually
forming rosettes on moist ground, with a distinct
median furrow Fig. 1. Traditionally the species
of Riccia used to treat ringworm and to cure
cuts and wounds?. But the genus is negligibly
investigated for its bioactive phytochemicals.
With this background the present study was
aimed to identify the bioactive compounds
present in methanolic extract of Riccia
melanospora by preliminary phytochemical
screening and GC-MS analysis which are
important for pharmaceutical as well as food
industries.

Sample collection and extract preparation:

Plant materials were collected in the
rainy season from different localities of
Jodhpur and Bikaner. The collected materials
were brought to the laboratory in polythene
bags. Fresh plant materials were then extensively
washed under running tap water followed by

distilled water to remove attached debris and
then shade dried on filter paper for 15 days at
room temperature in shaded place. Dried thalli
were then coarsely powdered with the help of
a mortar and pestle.

Dried powder (20 g) was soaked in
100 ml of HPLC Grade methanol (1:10 wi/v)
in a beaker for 48 hours with occasional
stirring. The extract was filtered with sterile
muslin cloth followed by Whatmann filter paper
No. 1. Further the filtrate was centrifuged at
2500 rpm for 15 minutes to get clear solution.
The extract thus obtained was evaporated to
dryness on water bath to obtain crude extract.
The extract was preserved in brown bottles
at 4°C till further use'*.

Preliminary phytochemical screening:

Preliminary phytochemical screening
of methanolic crude extract of Riccia
melanospora was carried out using standard
methods™®8 to evaluate presence or absence
of major primary and secondary metabolites
such as Carbohydrates, Protein, alkaloid,
steroid, phenol, Glycosides, terpenoids and
flavonoids etc.

GC-MS analysis :

For GC-MS analysis crude extract
was redissolved in methanol to make stock
solution, from this stock solution, 1l was used
in GC-MS analysis.

Chromatographic separation was
carried out at USIC, AIRF, JNU, New Delhi
with GC-MS-QP 2010 Shimadzu, Japan
equipped with thermal desorption system TD
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20. Helium (99.99%) was used as carrier gas
at a constant flow rate of-Total Flow: 16.3 ml/
min and Column Flow: 1.21 ml/min. The
temperature was programmed at - Column
Oven Temp. : 50.0°C, Injection Temp. : 260.00
°C; lon Source Temp.: 220.00 °C and Interface
Temp.: 270.00 °C respectively. Injection was
performed in the split less mode. Mass spectra
were obtained by electron ionization (EI) at
70 ev. Total running time of GC-MS was 50
minutes. The relative percentage amount of
each component was calculated by comparing
its average peak area to the total areas and
the software adopted to handle mass spectra
and chromatograms was a Turbo-Mass.
Identification of compounds was based on the
interpretation of the Retention time (RT) and
GC-MS spectrum using the database of
National Institute Standard and Technology
(NIST) having more than 62,000 patterns. The
mass spectrum of unknown compounds was
compared with the spectrum of known
compound stored in the NIST library. The
name, molecular formula, molecular weight,
and structure of the components of the test
materials were ascertained.

Preliminary phytochemical screening
reveals the presence of primary and secondary
metabolites. Results of preliminary phytoche-
micals screening are shown in table-1.

The GC-MS chromatogram of
methanolic extract of R. melanospora
revealed the presence of 38 phyto chemicals,
which includes alkaloids, terpens, Fatty acids,
phenols, flavonoids, and essential oils etc.
Among these phytochemicals N-Methyl-3-
piperidinecarboxamide (40.01%) exibits the
highest peak percentage followed by Azulene
(11.03%), Hexadecanoic acid, metyl ester
(10.44), n-Hexadecanoic acid (9.41), 9,12,15-

Octadeca-trienoic acid, (Z,Z,Z)- (5.51), 7-
Tetradecenal,(z)- (5.07), 6,6-Dimethyl-1,5-
diazabicyclo[3.1.0] hexane (4.00), 9,12-
Octadecadienoic acid, methyl ester (1.90),
Methyl stearate (1.25). Lowest peak with
0.05% was reported for 10-Heptadecen-8-
ynoic acid, methyl ester, (E)-. All the
phytoconstituents reported in GC-MS analysis
were given in Table 2 and chromatogram for
the same has been given in Fig. 2.

Natural products are potential sources
for the development of new drugs to use in
treatments®°. The presence of many significant
secondary metabolites shows the potential of
this plant for various therapeutical and
pharmaceutical applications. The present
analysis reveals that the plant contains fatty
acids in abundance along with piperidine
alkaloids and terpenes. These secondary
metabolites help the plants to cope up with the
biotic and abiotic stresses®’. Alkaloids are
generally toxic to man and many of them have
shown physiological activities; hence they are
widely used in medicine®. Phytol is an acyclic
diterpene alcohol that can be used as
precursor of synthetic forms of vitamin E and
vitamin K. It also reported to have anti-
microbial, anti-cancer, anti-inflammatory and
diuretic properties®.

The high fatty acid content found in
R. melanospora indicated that fatty acids are
the common constituent of bryophytes?: 34,
Several studies have also reported that many
bryophytes contain a high abundance of
polyunsaturated fatty acids (PUFA)’. Saruwatari
et al.® indicated that the physiological function
of certain polyunsaturated fatty acids, such as
linolenic acid and eicosapentaenoic acid, might
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Fig. 2. GC- MS Chromatogram of methanolic extract of Riccia melanospora.
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Table-1. Preliminary phytochemical screening of Riccia melanospora

S.No| Phytochemical components Test Methanolic
extract

1 Carbohydrates Molisch’s test ++
Fehling’s test ++

2 Proteins and Amino Acids Ninhydrin test ++
Xanthoproteic test ++

3 Alkaloids Dragendrof’s test ++
Wagner’s test -

4 Phenols Ferric chloride test ++
Lead acetate test ++

5 Flavonoids Shinoda test ++
Alkaline reagent test ++

6 Terpenoids Salkowski test ++

7 Phytosterol Liberman Burchard’s test ++

8 Glycosides Keller-Kilani test -
NaOH test -

9 Saponin Froth test ++
Olive oil test -

10 [Olis and fats Spot test ++

(+) = phytoconstituents present, ( -) = phytoconstituents absent.

be involved in the freezing-tolerant phenomenon.
However, the dominant fatty acids and their
derivatives detected in our samples are among
the saturated and monounsaturated fatty acids,
it showed that the ecological condition such
as altitude, substrate and microclimate have
an important role in metabolic production in
bryophytes. Besides coping up with environ-
mental stress fatty acids and derivatives are
also reported to have various bioactivities.
n-Hexadecanoic acid have been reported to
possess anti-inflammatory, hypocholeste-
rolemic, antioxidant, 5-o reductase inhibitor,
antiandrogenic®?, antibacterial and antifungal

properties’. Hexadecanoic acid methyl ester,
reported to have antioxidant, hypocholeste-
rolemic, pesticide and haemolytic 5-a-reductase
inhibitor® %, antibacterial and antifungal°.
9, 12 Octadecadienoic acid (z, z)-, methy! ester
have been reported to possess antifungal,
antioxidant?®® and anticancerous property®.
9-Octadecenoic acid possesses anti-inflamma-
tory, antitumor, immunostimulatory, antialopecic,
anemiagenic, antiandrogenic, 5-a-reductase
inhibitory, lipoxygenase inhibitory, and
hypocholesterolemic properties °. Bioactivity
of some significant compounds with their
chemical nature is listed in Table-3.
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Table-2. Phytochemical compounds identified in methanolic extract of
Riccia melanospora by GC-MS analysis

S. |R. Compound Name Molecular | Molecular | Area%

No.|[ Time formula weight

1. [11.064 | Azulene CH, 128 11.03

2. 11329 | N-Methyl-3-piperidinecarboxamide C.H N, | 142 40.01

3. [ 11898 | 6,6-Dimethyl-1,5-diazabicyclo CH,N, 112 4.00
[3.1.0]hexane

4. [13.933 | 4(1H)-Pyrimidinone, 1-methyl- C,HN,, 110 0.46

5. |14.082 | 2H-Azepin-2-one, C,H,NO [ 127 0.69
hexahydro-1-methyl-

6. |14.493 | Piperidine, 3-isopropyl C,H,,N 127 0.29

7. 15.002 | 5-Amino-1H-1,2,4-triazole-3- C,HN,O [ 142 0.34
carbohydrazide

8. [15.110 | 5-Amino-1H-1,2,4-triazole-3- C,HN,O [ 142 0.60
carbohydrazide

9. |17.919 | Tridecanoic acid, methyl ester C,H,O0, | 228 0.18

10. | 18.332 | 9-Octadecenoic acid (z)- C,H,,0, | 282 0.32

11. [ 18.540 | 1-Tridecanol C.,H,;0 200 0.36

12. 1 19.004 | Tetradecanoic acid, 12-methyl-, C,H,,0, | 256 0.42
methy| ester, (s)-

13. 1 19.092 | 9-Octadecenoic acid (z)- C,H,0, | 282 0.59

14.119.196 | 2-Pentadecanone, 6,10,14-trimethyl C,H,0 268 0.29

15. 1 19.393 | 9-Octadecenoic acid (z)- C,H,,0, | 282 0.59

16. | 19.764 | 9,12,15-Octadecatrienoic acid, C,H,,0, | 292 0.63
methyl ester, (z,z,2)

17.119.924 | Cyclopropanedodecanoic acid, c,H,O, | 366 0.27
2-octyl-, methyl ester

18. | 20.044 | Hexadecanoic acid, methyl ester C,,H,0, | 270 10.44

19. | 20.217 C,H,0 210 0.68

20. | 20.449 | n-Hexadecanoic acid C,H,,0, | 256 9.41

21.(21.024 | Palmitic acid C,H,,0, | 256 0.19

22.121.106 | 9-Octadecenoic acid (z)- C,H,0, | 282 0.18

23. 1 21.678 | 9,12-Octadecadienoic acid, C..H,O 294 1.90

190 34~ 2
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methyl ester
24.1 21.739 | 9,12,15-Octadecatrienoic acid, C,H,,0, | 292 551
methyl ester, (z,z,2)
25.| 21.838 | Phytol C,,H,,0 296 0.58
26.] 21.970 | Methyl stearate C,H,0, | 298 125
27.] 22.122 | 7-Tetradecenal, (z)- C, H,0 210 5.07
28.] 22.314 | Octadecanoic acid C,H, O, | 284 0.71
29.] 22.638 | Heptadecane C,,H,, 240 0.15
30.] 23.162 | 5,8,11,14-Eicosatetraenoic acid, C,H,0, |318 0.54
methy! ester, (all-z)
31.] 23.283 | Methyl 5,11,14-eicosatrienoate C,H, 0, |[320 0.21
32.| 23.347 | Methyl(2)-5,11,14,17¢icosatetraenoate  |C, H,,O, | 318 0.45
33.] 23.485 | 9,12-Octadecadienoic acid, C,H,,0, | 294 0.22
methyl ester
34.] 23.546 | 11,14,17-Eicosatrienoic acid, methyl ester| C, H, O, | 320 0.25
35.| 23.743 | 2-Ethylhexyl (2E)-3-(4-Methoxyphenyl)- | C H,.O, 290 0.14
2-Propenoate
36.| 24.344 | Nonadecane CH,, 268 0.17
37.] 24.837 | 10-Heptadecen-8-ynoic acid, methyl C,H,,0, | 278 0.05
ester, (E)-
38.| 25.434 | Di-n-octyl phthalate C,H,0, |39 0.82
Table-3. Major phytochemical compounds identified in methanolic extract of
Riccia melanospora and their biological activities
S. |Compound Compound Biological activity Refe-
No. [name class rences
1 |Azulene Aromatic Antiinflammatory, antibacterial, hormetic, [16],[33]
hydrocarbon uv-protective, and antispasmodic
2. |Hexadecanoic Fatty acid antioxidant, antibacterial, hypocholestero- [91, [27]
acid, methyl ester lemic, pesticide and haemolytic
ester 5-a-reductase inhibitor [25,26].
3. |n-Hexadec- Fatty acid Antioxidant, anti-inflammatory, 5-o [1], [12]
anoic acid reductase inhibitor, hypercholestrolemic,

antiandrogenic, antibacterial, and antifungal.
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4. 1912,15 Fatty acid ester | Antifungal activity [29],[35]
Octadecatri-
enoic acid,
methylester, (z,2,z)-
5 | 7-Tetradecenal,(z) Aldehyde Pesticide [12]
6. 19,12-Octadecadie{ Fatty acid ester| Antioxdant, antifungal, and anticancerous [29],[35]
noic acid , methyl properties.
ester
7. |Methyl stearate | Fatty acid ester| Antidiarrheal, cytotoxic, and antiproliferative |[25], [26]
8 |5-Amino-1H- Heterocyclic Synthesis of energetic salts [36]
1,2 ,4-triazole-3- compound
carbohydrazide
9. |Phytol Diterpene Antimicrobial, anticancer, anti-inflammatory | [22]
properties
10. |9-Octadecenoic | Fatty acid anti-inflammatory, antitumour, immunostim- | [9]
acid (z)- ulatory, anti-leucotriene-D4, antialopecic,
5-a-reductase inhibitory, anemiagenic,
antiandrogenic, lipoxygenase inhibitory, and
hypocholesterolemic properties

The preliminary phytochemical
screening and GC-MS analysis of Riccia
melanospora showed the presence of various
types of high value bioactive compounds from
different chemical groups such as fatty acids
and their derivatives, alkaloids, triterpene, and
phenols with important medicinal properties
and other uses in food industries. Further,
studies are needed to isolate active principle
of the extract as well as to elucidate their
extract mechanism of action in various
disorders to prove these claims. This is the
first report of the identification of active
constituents from this liverwort and hence
proves its therapeutic potential.

Conflict of interests :

Authors confirm that there is no

conflict of interest.

Authors are thankful to the University
Grants Commission, New Delhi for providing
financial assistance in the form of CAS program
in the Department of Botany, Jai Narain Was
University, Jodhpur, Rajasthan (India).

References :

1. Agoramoorthy, G., M. Chandrasekaran,
V. Venkatesalu, and M.J. Hsu (2007).
Brazilian Journal of Microbiology.
38(4): 739-742.

2. Asakawa, Y. (2012). Liverworts-potential
source of medicinal compounds. Medicinal
Aromatic Plants. vol. 1, p. 3.

3. Asakawa, Y. (2017). Natural Product
Communications. 12: 1335-1349.



10.

11.

12.

13.

477)

Asakawa, Y., A. Ludwiczuk, and F.
Nagashima (2013). Chemical Constituents
of Bryophytes. Bio- and Chemical Diversity,
BiologicalActivity, and Chemosystematics.
In: In Progress in the Chemistry of
Organic Natural Products. 95: 1-796.

. Asakawa, Y., M. Toyota, F. Nagashima,

T. Hashimoto, and L.E. Hassane (2001)
Heterocycles. 54: 1057-1093.
Australian National Botanic Gardens
Habitats-Ecology-Bryophytes. (accessed
on 23 October 2018) Available
online:https://www.anbg.gov.au/bryophyte/
ecology-habitats.html.

Beike, A. K., C. Jaeger, F. Zink, E. L.
Decker, and R. Reski (2014). Plant Cell
Reports. 33(2): 245-254.

Bodade, R.G., P.S. Borkar, M.S. Arfeen,
and C.N. Khobragade (2018). J. Med.
Plants. 7: 23-28.

. Chandrasekaran, M., A. Senthilkumar,

and V. Venkatesalu, (2011). Eur. Rev.
Med. Pharmcol. Sci. 15: 775-780.
Chen, Y., Zhou, D. Qi, Z. Gao, J. Xie,
and Y. Luo, (2014). Frontiers in micro-
biology., 8: 2704.

Das, K., R.K. Tiwari, D.K. Shrivastava,
(2010). Journal of medicinal plants
research 4(2): 104-11.

Duke’s Phytochemical and Ethanobotanical
Databases, U.S. Department of Agriculture,
Agricultural Research Service, (1992-2016),
Home page, http://phytochem.nal.usda.gov/
http://dx.doi.org/10.15482/USDA.ADC/
1239279

Evans, W.C . Trease and Evans (2000).
Pharmacognosy. 14th ed., London; W.B.
Saunders Company Ltd. 19-20.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Frahn, J.P. (2004). Bryologist 107: 277-
283.

Glime, J. M. (2007). Bryophyte Ecology.
Volume 5: Uses. Michigan Technological
University and the International Association
of Bryologists.

Guarrera, M., L. Turbino, and A. Rebora,
(2001). Journal of the European
Academy of Dermatology and Venereo-
logy. 15 (5): 486-487.

Haines, W.P. and J.A.A. Renwick (2009).
Entomol. Exp. Appl. 133: 296-306.
Harborne, J.B. (1984). Phytochemical
Methods: A guide to modern techniques
of plant analysis. Champman and Hall,
London. 1-36.

Harbourne, J.B. (1973). Phytochemical
methods of Analysis. Jackmann and Hall,
London, 64-90.

He, X., Y. Sun, R.L.R.-L. Zhu (2013).
CRC Crit. Rev. Plant Sci. 32: 293-302.
Isah, T. (2019). Stress and defense
responses in plant secondary metabolites
production. Biological research. 52 (1):
39 doi : 10. 1186/s40659-019-0246-3.
Islam, M.T., M.V. deAlencer, da
Conceicao K. Machado, (2015). Chemico
Biological interactions. 240 : 60-73.
Klavina, L. (2018) Composition of Mosses,
Their Metabolites and Environmental
Stress Impacts. Ph.D. Thesis,University
of Latvia, Riga, Latvia.

Kour, A. (2017). Int. J. Pharm. Sci. Rev.
Res. 45(1): 21-27.

Mulyono, N., B.W. Lay, L. Ocktreya, and
S. Rahayu, (2013). American Journal
of Microbiology. 4 (1): 1-6.

. Nascimento, A.M.D, R. Conti, I.C. Turatti,



27.

28.

29.

30.

31

(478)

B. C. Cavalcanti, L. V. Costa-Lotufo, C.
Pessoa, M.O.D. Moraes, V. Manfrim,
J.S. Toledo, A. K. Cruz, and M. T. Pupo
(2012). Revista Brasileira de Farma-
cognosia. 22 (6): 1276-1281.

Omotoso, A.E., E. Kenneth and K.1. Mkparu
(2014). J. Med. Plants Res. 2 (1): 6-12.
Ozturk, M., and K. R. Hakeem (Eds.).
(2018). Plant and Human Health, Volume
1: Ethnobotany and Physiology. Springer.
Pinto, M.F,, S.G. Araujo, M.1. Morais, N.P.
S4, C.M. Lima, and C.A. Rosa (2017).
Anais da Academia Brasileira de Ciéncias
89 (3): 1671-1681.

Rates, S.M.K. (2001). Toxicon, 39: 603—
13.

Sabovljevie, M.S., A.D. Sabovljevic,

32.

33.

34.

35.

36.

N.K.K. Ikram, A. Peramuna, H. Bae, and
H.T. Simonsen (2016). Plant Genet.
Resour. 14: 314-327.

Saruwatari, M., S. Takio, and K. Ono
(1999) Phytochemistry. 52(3): 367-372.
Ueki, J.1., A. Shimada, H. Sakagami, and
H. Wakabayashi (2011). In Vivo. 25 (1):
41-48.

Xie, C.F. and H. X. Lou (2009). Chemistry
& biodiversity. 6(3): 303-312.

Yu, F.R., X.Z. Lian, H.Y. Guo, P.M.
McGuire, R.D. Li, R. Wang, and F.H. Yu
(2005). J. Pharm Sci. 8 (3): 528-35.
Zhang, G, Y. Chen, L. Liao, H. Lu, Z.
Zhang, Q. Ma, and G. Fan (2018). Dalton
Transactions. 47(38): 13391-13401.



