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Abstract

Bryophytes are the second largest group of land plants after angiosperm and are considered as a
remarkable reservoir of many new, natural products or secondary metabolites, which have shown
interesting biological activity. The full economical potential of bryophytes is not completely explored.
The present study aims to establish an efficient protocol for in vitro culture of one of the species of
moss Hyophillanymaniana(Fleish.) Menzeland to perform phytochemical screening of this moss.
Media content as well as light and temperature were varied to get the optimum condition for spore
germination. Maximum number of spore germinated in 1/4 strength MS containing 1.5% sucrose
and 2% of NaOCI was found to be the best for surface disinfection of sporophyte. Temperature
range of 22+1 C and pH 6 along with light intensity ¢f 2000-4000 lux with alternate day and night
condition of (16/8 hours) was found suitable for the growth of the plant. For phyotochemical
screening the methanolicethanolic and ethyl acetate extract of the moss prepared. Ethanolic extract
showed the presence ofalkaloids, glycosides, steroids and terpenoids.
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Introduction

Bryophytes are the second largest group of higher plants
(comprising hornworts, liverworts and mosses) after lower plants,
with estimated about ([1, 2, 3] 20,000to 25,000 species worldwide.
They are the most exotic and captivating species on earth with a
unique combination of distinguishing characteristics. They are
among oldest land plant devoid of true vascular system and like all
land plants (embryophytes), show ‘alternation of generations’.
Bryophytes especially mosses are the source of many biologically
active novel compounds pertaining to pharmaceutical uses [4, 5, 6,
7 ].They are considered as a ‘remarkable reservoir’ of novel natural
products or secondary metabolites, which have shown interesting
biological activity which could be used in medicine. They possess
compounds such as alkaloids (clavatoxine, clavatine, nicotine,
lycopodine) polyphenolic acids (dihydrocaffeic) and flavonoids
(apigenin, triterpenes, etc.) but only few of the species have yet
been thoroughly studied.

Although, mosses are the source of many biologically active
compounds[8, 9] only few of the species have yet been explored so
far and very less attention has been given in context to / vifro
culture. Despite of easy cultivation and establishment of axenic
culture of mosses in laboratory, there are many discrepancies in
the response of different moss species to the same treatment
under /n vifro culture [10]. Therefore, only a small amount work
has been done in culturing bryophytes in order to make them
available in bulk amount for their potential use and further
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bioprospecting [11].  Recently, Decker and Reski [12] have
established moss bioreactors for improved biopharmaceuticals The
present study aims to establish for the first time stable axenic
culture in /n vifro condition for the moss Hyophilla nymaniana and
to perform phyotochemical screening. Such knowledge is essential
for evaluating therapeutic potential of this moss species.

Material and methods

Plant material and collection site

Healthy, mature sporophytes of H. nymaniana were collected from
the Birla Institute of Technology campus, Mesra, Ranchi, India. The
collected plant materials were identified by Botanical Survey of
India Kolkata and National Botanical Research of India, Lucknow
and voucher specimens was deposited as the plant herbarium in
the department of Bioengineering, BIT Mesra, Ranchi.

Surface disinfection and inoculation of explant

Immature and undehisence capsules of H. nymaniana were
selected and surface disinfected as follows. Capsules were first
washed with distilled water five times to clean off superficial dust,
one minute per time. Then the capsules were disinfected with
different concentration of NaOCI solution (0.5%, 1%, 2% and 4%)
for various time intervals (30s -8min). In order to optimize the
concentration time parameter NaOCI treated capsules were
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washed with sterile distilled water five times to eliminate remaining
NaOClI solution one minute each tern. Spores used for inoculation
were released from surface disinfected mature capsules.

Culture medium and culture conditions

The culture medium used in experiment for spore germination
consisted of MS medium [13] and basal Knop’s medium [14] with
varying sucrose concentration (1g/dl, 1.5g/dl and 3g/dl). Spore
germination rates were evaluated on a variety of conditions,
including nutritive media, light intensity and temperature range. In
order to observe the influence of sucrose and mineral salts on
spore germination of this species, different strength of MS media
and BKP media (Full, 1/2, 1/4, 1/8% and 3/2 strength) with varying
sucrose concentration (0%, 0.5%, 1.5%, 2.0%), were tested.
Spores of H. nymaniana were inoculated aseptically with the help
of sterile needle under laminar air flow cabinet into the above
mentioned combinations of media. After the inoculation, three
replicates of each medium were maintained under controlled and
aseptic condition. Temperature was maintained at 22+1 'C.
Cultures were provided continuous light of 2000-4000 lux as well
as alternate light and dark period of 16 hours and 8 hours
respectively with the help of a combination of fluorescent tubes.
Once the spores have germinated development of primary
protonema observed.

Phyotochemical screening

Chemical tests were carried out on the aqueous extracts of the air-
dried powder of moss, using standard procedures, to identify the
phytochemical constituents. Crude extracts with different solvents
like ethyl acetate , methanol, ethanol of A nymaniana was
prepared and chemical test were carried out for the screening of
various phytochemicals like flavonoids, alkanoids, glycosides,
steroids, terpenoids, tannin, saponin by using protocols of
[15,16]with a view to assess their therapeutic values in
ethnomedicine.

Test for alkaloids

To a 2 ml of plant extract, few drops of Wagner's reagent were
added by the side of the test tube. A reddish — brown precipitate
confirmed the test as positive.

Test for flavonoids (Alkaline reagent test)

2 ml of the plant extract was mixed with 2ml of 2% solution of
NaOH. An intense yellow colour was formed which turned
colourless on addition of few drops of diluted acid which indicated
the presence of flavonoids.

Test for phenols and tannins

To 2 ml of the plant extract was mixed with 1ml of 2% solution of
FeCls. A blue-green or black coloration indicated the presence of
phenols and tannins.

Test for glycosides

2 ml of the plant extract was mixed with 2ml of chloroform. Then
2ml of concentrated H,SO, was added carefully and shaken
gently. A reddish brown colour indicated the presence of steroidal
ring, i.e., glycone portion of the glycoside.

Test for saponin

(Foam test)

2 ml of the plant extract was mixed with 5ml of distilled water in a
test tube and it was shaken vigorously. No stable foam formation
took place indicated for the absence of saponin.

Test for terpenoids

2 ml of the plant extract was dissolve in 2ml of chloroform and
evaporated to dryness. To this, 2ml of concentrated H,SO4 was
added and heated for about 2 minutes. A greyish colour indicated
the presence of terpenoids.

Stastical analysis

Stastical analyses were performed to find out the variance among
the results and Standard error / Standard deviation were calculated
and placed on the graph. The calculations were performed in Excel
in Microsoft word 2007.

Results and discussion

This is the first report regarding successful establishment of/in vifro
culture of the moss H. nymaniana. The best outcome with
reference to surface disinfection resulted from application of 2%
sodium hypochlorite solution for (60 s) which leads to lesser
contamination without damaging the spores. Almost 90% of the
spore germination could be achieved at 2% NaOCI concentration
as disinfectant. Although in higher sodium hypochlorite
concentration (3% and 4 %) sterilizing efficiency was high but
percentage of gametophyte shoot survival was low (Figure 1).
Therefore, 2% NaOC| was the best concentration for /n vitro
culture. However, for the other species of moss like
Dicranumscoparium Hedw. surface disinfection of sporophyte was
effective at much higher concentration, 7% of NaOCI solution for 5
minutes [17].
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Figure 1: Survival of gametophyte of A. nymaniana after treatment with different concentration of NaOCI

Media composition has a key role in modulating the spore
germination and protonema development. Maximum spores
germination was observed in 1/4t strength MS with 1.5% of
sucrose than % strength and full strength medium with varying
sucrose concentration (Figure 2). Schoefieled, 1981[18] reported
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that most of the bryophyte’s spores germinated within 7-30 days
after exposure to the favorable condition but in
Plagiochasmaappendiculatum_ehm. &Lindenb. spores germinated
after 10-12 days of inoculation [19]. However, in A. nymaniana
spore germination occurred bit early (3-4 days) after inoculation.
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Figure 2: Effect of different combinations of media used for spore germination with varying sucrose concentration.

Temperature and pH also affects significantly the spore
germination process. Spores were allowed to germinate at different
temperature range from 15-35 C and pH range 4.0-6.5 with
continuous light intensity range of 2000-4000 lux at 16/8 hours light

condition. Maximum spores germinated at temperature range of 22
+1 C (Fig. 3) and at pH 6 in continuous light of 2000-4000lux with
alternate 16/8 dark conditions.
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Figure 3: Effect of temperature and pH on spore germination of A, nymaniana

Spore germinated within 3-4 days of inoculation (Fig. 4). Primary
protonema cells developed rapidly during 10- 15 days of
inoculation and chloronemata and caulonemata cells were visible
(Fig. 4). Dense protonema appeared like filamentous growth.
Regular subculturing was performed to avoid dryness of the
medium and the growth of secondary protonema was observed at
regular interval. The fully developed gametophyte was observed
after 35 days of inoculation.

The results of the qualitative phytochemical screening of the moss
H. nymaniana showed some positive response as reported in some
other bryophyte species. Out of the three extract prepared, the
ethanolic extract of the moss showed positive test for alkaloids,
terpenoids, steroids and glycosides while the test for tannin and
saponin was negative. All the results of the phyotochemical
screening of the moss is summarized in Tables 1.Theseresult
suggests that the moss plants can be used as potential source of
useful drugs in treatment of ailments.

Table 1: Phytochemical screening of A, nymanianain different extract

Test Ethanolic Ethyl acetate Methanolic
Alkaloids +
Flavnoids
Tannin
Saponin
Glycosides +
Steroids +
Terpenoids +
Phenols
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Figure 4: Different stages of /i vitro culture of Hyophillanymaniana(Fleish.)
Menzel (A) Mature spore of H. nymaniana. (B) Germinated spore with young protonema 3-4 days old culture. (C) Protonema stage (8 days old culture). (D)

Young protonema showing chloronema and caulonema cells. (E) Dense filamentous growth of protonema (25 days of spore germination). (F)Fully developed
gametophyte after subculturing on 1/4% strength MS medium with 1.5% of sucrose.
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Conclusion

The present study on 7/ witro culture and phyotochemical
screening of the moss H. nymaniana revealed some biological
importance of this species. This is the first successful culture of
H.nymaniana. Optimization of the culture parameters like culture
medium, light intensity, pH and temperature was achieved.
Successful protonema culture was established in 1/4" strength MS
containing 1.5% of sucrose. Cultured protonema converted into
fully developed plant after 35 days of /7 viro culture. The results of
phytochemical screening of cultured moss revealed the presence
of some secondary metabolite. But more studies are required to
investigate its full therapeutic potential.
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