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Abstract
Background and Objective: Marchantia polymorpha  L. has been used in traditional medicine of some countries. Harvesting of bryophytes
in nature, including M. polymorpha, is difficult to ensure sufficient biomass for research and treatment purposes. Therefore, cultivation
in vitro  liverwort was conducted to take initiative in collecting biomass. Materials and Methods: Sterilized spores of liverwort were
cultured on modified Gamborg-B5 medium with BA, kinetin or coconut water to form thallus. New thallus was investigated for biomass
growth with different factors including culture mediums (Gamborg-B5, Murashige-Skoog, white), sugar (sucrose, glucose), light types
(fluorescent, blue LED 454 nm, red LED 660 nm), tryptone and cultivation substrates (agar, liquid medium with cotton swabs, with/without
90 rpm shaker). Finally, the "-glucosidase inhibition activity of cultured biomass was investigated. Results: On Gamborg-B5 medium with
BA 0.5 mg LG1, new thallus regenerated on explants with high regeneration rate and a higher number of sheets per explant than the other
treatments. When combined the suitable conditions, the dry biomass was significantly improved and increased by 1.62 times compared
to control-initial culture conditions. Moreover, "-glucosidase inhibition activity of n-hexane, chloroform, ethyl acetate and ethanol extracts
of the liverwort from modified process was stronger than positive control-Acarbose. The n-hexane fraction (IC50 = 11.89 µg mLG1) was
remarkable and stronger than acarbose approximately 44 times. Conclusion: M. polymorpha  biomass can be obtained through in vitro
culture as a raw material source for studies on the biologically active and secondary metabolites. The cultured biomass also shows
potential compounds in "-glucosidase inhibitory activity.
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INTRODUCTION

At  present,  non-vascular  plants  (Bryophytes)  are
divided  into  three  phyla:  liverworts-Marchantiophyta,
hornworts-Anthocerotophyta and moss-Bryophyta1. These
plants are small, lignin-free, without vascular structures and
whole plant is fragile cell layers. They do not have many
mechanical protections as in vascular plants1. However,
bryophytes have special, simple and effective secondary
metabolites to help them survive the effects of the external
environment. As a result, the research of secondary
compounds of non-vascular plants becomes interesting and
highly regarded.

Currently, scientific records show that bryophytes have
been known to use in serving daily activities and treating
some diseases according to folklore experience for a long
time2. For instance, some tribes in China have used moss to
treat heart, eye and skin diseases. In India, liverworts are used
to treat liver-related diseases, inflammation and venomous
snakebites1-3. This evidence suggests that non-vascular plants
could contain the great number of active ingredients that
need to be scientifically and systematically investigated1,4. In
Southeast Asia area, the humid climate is a favorable condition
for growth, especially the liverwort, these species here are
intensely diverse but mixed with many types belonging to the
Lejeuneaceae5. It leads to consume much time for selection to
purify wild collected samples. Another feature related to
development of these plants is slow growth rate in the wild
that is also a difficulty in obtaining uninterrupted amounts of
biomass6. Therefore, bryophytes cultivation is essential to
provide a sufficiently large amount of raw material for serving
the active substance studies and limiting some of the
obstacles of harvesting in the wild (e.g., time, geography,
weather, etc.).

Marchantia polymorpha is one of the largest thalloid
liverworts in the world3,7. This liverwort usually distributes in
high mountainous areas, wet and temperate areas and grows
into dense mats8. In traditional medicine of India, China, some
European countries and Himalayan people, M. polymorpha
has been used to treat diuretic activity and cure cuts, fractures,
snake bites, burns and open wounds2,8. It is found in oil
bodies-a special organelle of this species containing volatile
compounds such as thujopsene, $-chamigrene, etc. and the
specific phenolic compounds of the bis(bibenzyl) group9,10. In
particular, the compounds of the bisbibenzyl group,
represented by the marchantin A, have many remarkable
biological activities such as anti-proliferation of cancer cell
lines, antibacterial, antifungal, muscle relaxant activity, etc.1,3,11.
In addition, the analysis of the active substance also shows a

difference in the composition of marchantin types and their
content in M. polymorpha  growing in different geographical
areas, this shows that the soil and climate conditions have
impacts on the path of metabolism of this geographical
species12. It is essential for the full exploitation of the potential
compounds found in the Marchantia polymorpha, especially
in Vietnam, where the information of biological activities and
compounds of this species is rather limited in both folklore
records and scientific analysis.

This     study     focused     on     increasing     the     biomass
of  M.  polymorpha  by  investigating  the  effects  of  cytokinin
(6-benzyladenine,  kinetin)  or  coconut  water  on  the
morphogenesis of explants from the thallus and then,
culturing in in vitro  conditions.

MATERIALS AND METHODS

Study area: Marchantia polymorpha  was collected at Nam
Thien  ward,  Dalat  city,  Lam  Dong  province,  Vietnam  from
May, 2017 to June, 2017. The related experiments were
conducted from July, 2017 to February, 2019 at Plant
Biotechnology Laboratory of Department of Plant Physiology,
University of Science, Vietnam National University of Ho Chi
Minh City, Ho Chi Minh City, Vietnam.

Materials: Marchantia polymorpha  samples were identified
and authenticated by Department of Ecology and Evolutionary
Biology, Faculty of Biology, University of Science, National
University-Ho Chi Minh city. Unbroken mature yellow
sporangia of Marchantia polymorpha were obtained and
stored in micro-tubes at cool temperature (4±1EC) for
surface-sterilizing.

Sterilization and primary culture conditions
Sporangia          sterilization:          Surface-sterilization          of
M. polymorpha process was performed with solution
containing sodium hypochlorite 0.2% and Tween 20 0.1% as
described in previous study by Chiyoda et al.13. Sporangium
stored  in  micro-tube  was  washed  with  distilled   water   in
3-5 times and then incubated in sterilization solution for 5 min.
After that, sporangium was washed with 3-5 times with sterile
water using micro-pipette to remove sterilizing solution.

Sporangia were broken in 200 µL sterile water per
sporangium and suspended thoroughly by micropipette.
Spore was cultured at the rate of 50 µL spore  suspension  in
20  mL  liquid  culture  medium,  on  shaker  with  90  rpm.
After 7 days, the cultured spore suspension was spread onto
solid culture medium in a petri dish. Thallus developed from
spores after at least 45 days.
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Culture  conditions:  Culture  medium  referred  from  reports
of   Ishizaki   et   al.14   with   slight   modifications   included:
Half-strength salts and vitamins of Gamborg-B5 medium15

added  10  g  LG1  sucrose,  1  g  LG1  tryptone,  10  g  LG1  agar
(for solid medium), pH adjusted to 5.5±0.1 before autoclaved
at 121EC, 1 atm for 20 min. Liverwort cultured in vitro  was
illuminated at 16 h/day by white fluorescent lamps, with an
illumination intensity of approximately 2000 lux. The
temperature of the culture room was 25±2EC and the
humidity was 70-75%.

Effect   of   cytokinins   and   coconut   water   on   generation
of  explants  from  mature  thallus:  Sheets  of  mature  thalli
(4-5 mm in diameter) removed apical notches were cut into
small explants (thin slices with 1-2 mm in width). Explants
were placed on solid half-strength B5 supplemented with
cytokinins including BA (0.5, 1.0, 3.0 and 5.0 mg LG1) or Kinetin
(0.5, 1.0, 3.0 and 5.0 mg LG1) or coconut water (5 and 10%
(v/v)). Medium without plant growth regulators or coconut
water is negative control treatment. Each petri dish of culture
medium contained 10-11 explants, four replications for each
treatment. After 3 weeks, morphological differences and
survival rate (%) of explants were recorded.

Effects of five independent culture factors on thallus
biomass:  Five experiments were set up for investigation of
five independent culture factors. Firstly, the experiment was
conducted to investigate the effectives of the some medium
such as full, half (1/2), quarter (1/4)-strength of Gamborg-B5 or
Murashige-Skoog or full, half (1/2)-strength of white on the
growth of thallus15-17. Secondly, the experiment was designed
to evaluate the type of sugar (sucrose or glucose) with
concentration ranges (0, 10, 20 and 30 g LG1) added in medium
for increasing the biomass of thallus. Thirdly, the experiment
was carried out with different light types including fluorescent
light, blue LED 454 nm (2300 lux), red LED 660 nm (2300 lux)
and dark. Next, the fourthly experiment was conducted to
evaluate  the  effect  of  different  concentrations  of  tryptone
(0, 0.1, 0.5, 1.0, 1.5 g LG1) in the medium on the biomass
accumulation of thallus. Finally, the experiment of cultivation
substrate types (such as solid medium, liquid medium or in
liquid medium with 90 rpm shaker, liquid medium with cotton
swabs) was organized to select suitable treatments to increase
the fresh and dry biomass of clusters.

In all experiments, the initial samples  were  thallus  with
3-4 sheets of thalli induced for 2 weeks in culture medium
supplemented plant growth regulator which was selected
from investigation of effectives of plant growth regulators

experiment.  Four  to  five  thalli  (0.2-0.3  g  of  fresh  weight)
were placed on a petri dish containing 30 mL medium as a
replication. In investigation of cultivation substrates, the
thallus was placed in 500 mL glass bottles. Each experiment
was performance with three replications. After 6 weeks of
cultivation, the fresh and dry weight (g) per petri dish or bottle
was collected.

Combination of independent culture factors and evaluation
of biomass increase: The experiment was conducted to
compare the accumulation of thallus biomass of the primary
culture conditions (control) and the modified medium
(combining the independent improved culture factors which
increase  the  largest  biomass).  The  experiment  was  carried
out in 500 mL glass bottles containing 30 mL of medium and
4 thalli in a bottle. The experiment was monitored for 7 weeks,
the fresh and dry weight per a culture bottle was weekly
collected and the curve of growth index (GI) was calculated by
the following formula:

i 0

0

W -WGI =
W

In which, Wi and W0 were biomass (fresh or dry weight) of
all thallus in a bottle at the time of collection and at the
baseline, respectively18.

Extraction      for      "-glucosidase      analysis:      Thallus      of
M. polymorpha  L. were cultured for 7 weeks in the modified
process, which was able to increase the biomass higher than
that of the primary process, harvested, washed several times
with tap water and dried at 48EC to constant volume. Samples
are crushed by grinding and soaked in solvents by maceration
method19. First, the sample was soaked and extracted several
times (24 h/time) with n-hexane until the sample was
extracted to exhaustion. Next, n-hexane is replaced by
solvents in increasing polarity: Chloroform, ethyl acetate and
ethanol as finale. The extract solutions of one solvent was
collected and evaporated under reduced pressure to obtain
four fractional extracts.

"-glucosidase inhibition activity assay: The assay was
performance in 96-well microtiter plate as previously
described  with  slight  modifications20.  Each  well  contained
50 µL of solution of sample diluted in sodium phosphate
buffer  100  mM  (pH  6.8,  5%  DMSO)  and  40  µL  solution  of
"-glucosidase (Sigma) 0.2 U mLG1, the mixture was incubated
at room temperature for 20 min. Then, the mixture was added
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40 µL of p-NPG 5 mM as a substrate and incubated for 20 min.
Finally, 130 µL of Na2CO3 0.2 M was placed in the well to stop
the reaction before measuring OD 405 nm by Perkin Elmer
2030 Elisa reader. The reaction mixture not added enzyme  is
blank. Acarbose was used as a positive control. Buffer used for
dissolving the extracts is negative control. Each sample was
tested with 3 replicates. The percentage of inhibition activity
(%I) was calculated according to the equation:

 S BS

NC BNC

1- OD -OD
I (%) = 100

OD -OD


ODS and ODBS = Optical density of sample and sample
blank

ODNC and ODBNC = Optical density of negative control and
blank of negative control

Statistical analysis: All data were analyzed by SPSS version
16.0 (IBM SPSS Inc.) and Microsoft Excel 2010 (Microsoft
Software). Experimental results were represented as
mean±standard deviation (SD). Differences between means
were evaluated by Duncan’s multiple range tests. The
statistically significant difference was accepted at a level of
p<0.05.

RESULTS AND DISCUSSION

Sterilization and development of spores:  The sporangium
is sterilized to create the initial sample source for culturing
process. The spores developed favorably in liquid medium and
formed protonemata after 7 days of culture (Fig. 1a, b). The
results showed that the sterilization process using sodium
hypochlorite 0.2% for 5 min did not affect spores in the
sporangium.

After 7 days of cultured on shaker, protonemata (Fig. 1c)
were spread onto a solid culture medium to continue
development. Sporeling (Fig. 1d) developed from
protonemata  after  15  days.  After  20  days  from  the
sporeling appear, the immature thallus (Fig. 1e) was formed.
In M. polymorpha  L. liverwort, the sporangia have many
advantages  for  disinfection  of  the  input  material  as  it  has
the  large  number  of  spores  (approximately  1×105

spores/sporangium)13   and   a   coating   that   avoids   the
effect   of   the   sterilization   solutions   on   the   spores.
However, further testing of other sterilization procedures
should be carried out for different materials such as fresh
thalli, gemmae, etc.

Fig. 1(a-e): Spores developed well in the liquid culture medium after the sterilization process, (a) Spores developed after 4 days
of  culture,  (b)  After  7  days,  (c)  Protonemata  developed  from  spores  that  were  observed  under  the  microscope,
(d) Sporeling developed from protonemata after 15 days and (e) 35-days immature thallus derived from sporeling
Bar: a, b, e: 1 cm, c: 200 µm, d: 500 µm
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Table 1: Results of the forming new thallus of explants on medium supplemented cytokinins or coconut water
Cytokinin or Concentration (mg LG1) Ratio of explants created Average number of Area of 
coconut water or (v/v %) new thallus/total explants (%) thalli sheets/explant thalli (cm2)
Control 93.87±6.25ab 12.00±3.00ab 0.15±0.03d

BA-6-Benzyladenine 0.5 97.78±3.85a 16.67±1.53a 0.2±0.03cd

1.0 92.86±12.37ab 13.00±1.73ab 0.2±0.05bcd

3.0 100.00±0.00a 12.33±2.08ab 0.26±0.05bc

5.0 82.41±8.02b 12.67±3.21ab 0.34±0.10a

Kinetin 0.5 95.21±4.18a 14.67±1.53ab 0.28±0.03ab

1.0 94.44±9.62a 14.00±2.65ab 0.25±0.02bc

3.0 92.22±8.39ab 10.67±2.08b 0.24±0.02bc

5.0 100.00±0.00a 11.67±2.08ab 0.24±0.02bc

Coconut water 5% 100.00±0.00a 11.00±2.00ab 0.21±0.01bcd

10% 100.00±0.00a 16.00±7.00ab 0.34±0.01a

Different letters in one column presents significant differences at the level of p<0.05

Morphogenesis of explants from mature thallus on medium
supplemented cytokinin or coconut water: For in vitro
propagation of vascular plants, plant growth regulators as
cytokinin are usually added to the medium to help cultured
samples generating increase the number of shoots, thereby
increasing the number of seedlings21. In the M. polymorpha,
the body is simply composed of thalli sheets. Therefore, the
experiment was conducted to investigate the formation of
new thallus from thin explants cut from mature thallus.

Results  recorded  through  observation  showed  that
most of the explants were survived  and  formed  clusters  of
new sheets of thalli on the medium supplemented cytokinins
or coconut water. Thus, the suitable supplements with
appropriate concentrations were selected based on 3 criteria:
The ratio of the sample explants created new thallus on total
sample/petri dish (%), the number averaged of thalli sheets/1
explant (sheets/explant), area average of thalli (cm2).

The results of the three criteria are presented in Table 1
and Fig. 2. In the criterion of the ratio of explants created new
thallus on total sample (per petri dish), BA (0.5 and 3 mg LG1),
kinetin (0.5, 1 and 5 mg LG1) and coconut water (5 and 10%)
treatments gave better rate than other treatments, the rate
ranged from  94.44-100%  and  no  differences  were
statistically significant. In the number of thalli sheets/explant,
BA 0.5 mg LG1 induced better than other treatments, with the
average number of sheets per explant was 16.67. The largest
average area of thalli (0.34 cm2) belonged to BA 5 mg LG1 and
10% of coconut water treatments.

The results showed that 10% coconut water added to the
culture medium, induced with the highest rate of thallus
formation and the largest area of thalli. The average number
of thalli sheets/slice was 16 and was approximately equal to
that of BA 0.5 mg LG1. In nature, coconut water has lots of
ingredients depending on the type of coconut and the
development  time  of  fruit.  However,  coconut  water  has
been shown to be a suitable material for plant tissue culture
on an industrial scale because it is completely natural, has no

chemical residues, is easy to obtain and is cheaper than
cytokinins. The results confirmed again the effect of coconut
on morphogenesis of explants from mature thallus and
showed that it will be the appropriate choice in using for
industrial production.

However, due to the accuracy of composition and
absolute stability, BA concentration of 0.5 mg LG1 in the
medium was selected for further experiments in this study.
Although BA 5 mg LG1 gave the highest area of thalli, the use
of high concentration of plant hormones could regulates the
instability and mutation of the sample22,23. On the other hand,
in in vitro  culture, BA is more commonly used than Kinetin
because of its higher activity in morphological induction and
lower cost.

Effect of salts and vitamins of some cultured medium on
growth of thallus biomass: After being induced on medium
supplemented with BA 0.5 mg LG1, thallus was investigated for
biomass growth under different culture conditions. Table 2
presents the results of the influence of mineral and vitamin
complexes on fresh and dry biomass of thallus.

The results in Table 2 show that the Gamborg-B5 (B5)
medium group had a higher dry biomass than the Murashige
and Skoog (MS) and White (W) group. In addition, in the B5
group, the fresh biomass of the 1/4 B5 treatments was lower
than the two remaining treatments.

Morphological observations show that, in treatments B5
and 1/2 B5, the clusters of M. polymorpha  developed well
with   wide   thallus   and   many   gemmae-cups.   Meanwhile,
1/4 B5   treatment   had   biomass   equivalent   to   the   above
2 treatments, but the thallus did not develop well with the
yellowish-brown edge of thalli sheets (Fig. 3). In the MS and
White  medium  group,  thallus  was  unfavorable  and
clustered. In particular, the White medium with low nutrient
content caused the stressed clusters to exhibit signs of
developmental instability, small area and large yellow surface
of thalli sheets.
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Fig. 2(a-e): Slices were induced on different mediums after 3 weeks of culture,  (a)  Control  and  (b-e)  Medium  supplemented
BA  with  a  concentration  of  0.5,  1,  3,  5  mg  LG1,  (f-i)  Medium  supplemented  Kinetin  with  a  concentration  of
0.5, 1, 3, 5 mg LG1 and (j-k) Medium supplemented coconut water at 5, 10% (v/v)
Bars: 1 cm

Fig. 3(a-h): Development of thallus on different salts and vitamin complexes of cultivation mediums, (a-c) Gamborg’s B5 medium
with full, a half and a quarter of salts and vitamins, (d-f) Murashige and Skoog medium with full, a half and a quarter
of salts and vitamins and (g-h) White medium with full and a half of salts and vitamins
Bars: 2 cm
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Fig. 4(a-b): Thallus developed on cultured medium (a) Without sugar (0), (b-d) Sucrose (S) and (e-g) Glucose (G) supplementation
with concentrations of 10, 20 and 30 g LG1
Bar: 5 cm

Table 2: Effect of different mineral and vitamin complexes of cultivation medium
on the biomass of Marchantia polymorpha  L.

Mineral and vitamin Fresh weight Dry
complexes of medium of biomass (g) weight (g)
B5 (Gamborg’s B5) 9.74±0.41a 0.29±0.01a

1/2B5 10.86±1.46a 0.29±0.03a

1/4B5 7.96±0.72b 0.29±0.03a

MS (Murashige and Skoog) 3.75±0.54c 0.22±0.03b

1/2MS 3.69±0.17c 0.21±0.01b

1/4MS 3.80±0.10c 0.20±0.02b

W (White) 2.38±0.41de 0.14±0.02cd

1/2W 2.95±0.36d 0.15±0.02c

Different letters in one column presents significant differences at the level of
p<0.05

Table 3: Fresh and dry biomass of M. polymorpha L. for different types of sugar
and concentrations

Type-concentration (g LG1) Fresh weight (g) Dry weight (g)
0 1.11±0.10e 0.03±0.00d

Sucrose-10 7.41±0.28cd 0.27±0.01c

Sucrose-20 11.40±1.12a 0.50±0.04a

Sucrose-30 8.18±1.04bc 0.37±0.04b

Glucose-10 6.54±1.26cd 0.24±0.03c

Glucose-20 9.27±1.51b 0.38±0.06b

Glucose-30 5.85±0.56d 0.30±0.02c

Different letters in one column presents significant differences at the level of
p<0.05

The M. polymorpha  liverwort developed well in culture
medium with high NO3G concentration24. In this experiment,
MS and B5 were two groups of medium with high NO3G level
with corresponding content of 39.4 mM and 25.0 mM,
respectively. In addition, the ratio of NO3G/NH4+ is a factor to
be considered, which reflects the type of nitrogen-containing
ion that the plant prefers to absorb21,25,26. The B5 group
medium have a much higher NO3G/NH4+ ratio than the MS
medium, with 12.5 of B5 and 1.91 of MS. In addition, this rate

does not change between B5 and 1/2 B5. The biomass results
showed no difference between B5 and 1/2 B5 treatments. In
addition, the vitamin content of the B5 medium group was
also higher than that of the other medium15,21. These
characteristics may make the thallus biomass in this group
higher than the MS and White treatments. Half-strength B5
was selected because of its reduced mineral and vitamin
content but increases the biomass and promotes growth of
thallus (Fig. 4).

Effect of type and concentration of sugar in medium: Sugar
is added to the culture medium that supports growth and
carbohydrate synthesis of in vitro  plants. Each type of plant is
capable of absorbing and using sugars with different demands
and types. Therefore, the experiment was carried out to
investigate and select the appropriate sugar types and
concentrations   for   the   biomass   increase   of   the   in   vitro
M.   polymorpha.   Results   showed   that   sucrose
supplemented with  20  g  LG1  culture medium was the
suitable condition for in vitro  culture of M. polymorpha  to
obtain biomass.

Results of fresh and dry biomass in Table 3 showed that
sucrose at the concentration of 20 mg LG1 gave the highest
biomass  in  the  treatments,  with  fresh  and  dry  biomass  of
11.4 and 0.5 g, respectively. At the same concentration, the
fresh  and  dried  biomass  in  the  sucrose  supplementation
was higher than that of glucose, suggesting that the plant
absorbed and metabolized sucrose for biomass accumulation
better than glucose. When marking 14C for sucrose molecules
and observing their transport in the M. polymorpha, Rota and
Maravolo27 found that sucrose moves between cells, specially
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Fig. 5(a-d): In vitro Marchantia polymorpha L. developed
under different lighting conditions including (a)
White fluorescent (HQ), (b) Red-LED (Lo), (c) Blue-
LED (LX) and (d) Dark (T)
Bar: 5 cm

Table 4: Biomass of Marchantia polymorpha  L. in different lighting conditions
Type of lighting Fresh weight (g) Dry weight (g)
White fluorescent 4.83±0.48a 0.19±0.00b

Red-LED (660 nm) 3.79±0.18b 0.18±0.00b

Blue-LED (454 nm) 4.91±0.40a 0.21±0.02a

In dark 0.15±0.01c 0.02±0.00c

Different letters in one column presents significant differences at the level of
p<0.05

Table 5: Fresh and dry biomass of the thallus on the culture medium
supplemented tryptone with different concentrations

Tryptone concentration (g LG1) Fresh weight (g) Dry weight (g)
0 2.09±0.48c 0.05±0.02d

0.1 2.88±0.60c 0.08c±0.02c

0.5 4.49±0.62b 0.12±0.01b

1.0 3.88±0.05b 0.11±0.00b

1.5 5.88±0.29a 0.16±0.01a

Different letters in one column presents significant differences at the level of
p<0.05

concentrated in midrib regions. Apical notches and immature
tissue regions mobilize more sucrose than mature tissue
regions, but still ensure the balance of sucrose density in
tissue regions. The evidence suggests that the M. polymorpha
can also absorb, transport and metabolize sucrose for the
development process similar to the vascular plants.

Effect of lighting conditions in cultivation:  The biomass of
M. polymorpha in different lighting conditions and the
morphology was shown in Table 4 and Fig. 5. In fresh biomass,

fluorescent light and blue LED showed no statistically
significant difference, greater than red LED with average
biomass of 4.83 and 4.91 g, respectively. The results of the dry
biomass of the blue LED were greatest in the treatments, with
a mass of 0.21 g. Morphological observations shown that, in
lighting treatments, the thallus developed well with extended
scattering and spreading. In red LED, the thallus was more
yellowish brown than that of other treatments. Meanwhile, in
the dark, the thallus developed into long, narrow, thin with
light green and had the lowest biomass. Obviously, light is
essential for the growth and development of this liverwort.

Each type of light has different effects on the morphology
and development of plants28. Red light (660 nm) is able to
stimulate plant growth, accelerate cell division and stimulate
spores. In addition, exposure to red light for too long will
cause chlorophyll degradation, which explains the color of the
thallus when cultured under red LED light29,30. Meanwhile, blue
light (450~455 nm) has other effects on plants such as
affecting  the  opening  of  the  stomata  to  impact  indirectly
the respiration of the plant, helping absorb the mineral and
nutrient and stimulating the total increase proteins, pigments
and soluble organic compounds31,32. Phytochrome-receptors
for red light in M. polymorpha have been reported by
Nishihama et al.33. Reports of blue light receptors in this
species have not been found. However, the zeaxanthin
pigment, a type of blue-light absorbing molecule, has been
shown in the chemical composition of this species34. The
results show that blue light from LEDs has a good effect on the
biomass of M. polymorpha. Therefore, blue LED light is the
chosen factor to complement in the modified culture process.

Effect  of  tryptone  concentration:  The  biomass  and
morphological  results  of  the  thallus  were  presented  in
Table 5 and Fig. 6. The experiment was conducted to
investigate the effect of tryptone on the biomass increase of
M. polymorpha. The results in Table 5 show that the increase
in tryptone concentration in the medium led to the biomass
accumulation   of   thallus.   The   tryptone   concentration   of
1.5 g LG1 gave the highest fresh and dry biomass accumulation
of 5.88 and 0.16 g, respectively. Moreover, in 1 and 1.5 g LG1

tryptone of culture medium treatments, the thallus developed
better and greener than the other. In the non-supplemented
tryptone treatment, the thallus clusters were yellowish and
poorly developed.

Previously, according to Ono et al.35 casamino acid was
used in the cell suspension culture process of Marchantia
polymorpha  L. In this study, casamino acid was replaced with
tryptone. Both of tryptone and casamino acid are products of
casein hydrolysis, when added to the medium that will
provide   the   amino   acids   as   an  organic  nitrogen  source.
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Fig. 6(a-e): Thallus developed in medium with different levels of tryptone concentrations (g LG1), Corresponds to, (a) 0, (b) 0.1,
(c) 0.5, (d) 1 and (e) 1.5 g LG1
Bar: 1 cm

Fig. 7(a-d): Cultured  thallus  clusters  on  (a)  Solid  medium,
(b) Liquid medium, (c) Liquid medium with shaker
and (d) Cotton swabs
Bars: 1 cm

Besides providing amino acids, the addition of tryptone made
thallus to be greener, grow favorable and accumulate
biomass. In addition, some studies have shown that the
addition of amino acid sources help plants restrict the use of

ATP for the conversion of NH4+ to amino acids18,21,36. Therefore,
the presence of amino acids in the environment may help the
plant to save number of ATPs.

Effect of types of substrate in cultivation: Water plays an
important role in the life of plants. In particular, because the
body structure is thin and lacking in cuticle layers, mosses
need a lot of water and moisture to help them survive and
develop under dehydration. Types of cultivation are also
involved in the uptake of water and nutrients in in vitro  plant
culture. Therefore, this experiment was conducted to evaluate
the effects of cultivation types on the biomass accumulation
of M. polymorpha.

The data in Table 6 shows that the fresh weight of all
treatments was not significantly different. The highest dry
biomass yield was 0.18 g obtained from the cultivation on
cotton swabs and in liquid medium with shaker, which were
significantly higher than that of agar. Indeed, the type of
culture influences the development of M. polymorpha
liverwort. The morphological observations show that the
thallus cultured in liquid medium and on cotton swabs grown
better than culture on the solid medium (added agar). Water
flexibility and nutrient uptake of the solid medium were not
fluent compared to the other treatments. Meanwhile, on the
cotton swab, thallus had more stable growth than the culture
in liquid medium with shaker (Fig. 7).  Thus,  in  the  laboratory
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Fig. 8(a-b): Time courses of the Marchantia polymorpha  L.
growth in original conditions and in modified
conditions by the growth index GI for (a) Fresh
weight and (b) Dry weight during the 49 day
survey

Table 6: Fresh and dry biomass of liverwort thallus after 6 weeks cultured under
different substrate types

Types of cultivation Fresh weight (g) Dry weight (g)
Agar (solid medium) 3.81±0.92a 0.08±0.02b

Cotton swabs 5.17±1.66a 0.18±0.05a

In liquid medium 4.46±1.25a 0.11±0.04ab

In liquid medium (with shaker) 6.46±3.03a 0.18±0.03a

Different letters in one column presents significant differences at the level of
p<0.05

scale,  M.  polymorpha  liverwort  was  cultured  on  cotton
swabs. In industrial scales, culture in liquid without shaker is
recommended because of the cost savings and convenience
of sample collection.

Effect of combination of independent culture factors on
increasing of thallus biomass: Following the results obtained
from the independent survey of culture factors, the selected
conditions included mineral and vitamin B5 reductions in half
(this condition unchanged from the original culture), sucrose

at a concentration of 20 g LG1 blue LED  light 454  nm  with
2300 lux, tryptone added to the medium at 1.5 mg LG1

cultured on cotton swabs. Modified process was established
by combining selected elements and replacing the same
conditions in the original culture process. Growth curve of two
processes according to the GI index is shown in Fig. 8.

According to the GI curve of fresh weight (Fig. 8), at the
original process, the adaptive phase lasted for the first 3 weeks
of  culturing,  the  growth  phase  started  from  day  21-28.
Then, stable phase continued with GI index ranging from
27.62-34.56 (highest GI index of original culture process).
Meanwhile, in the modified process, the adaptive phase was
shorter, in the first 2 weeks of culturing. The growth phase
started from week 2-5 with the final GI of 42.73. After that, the
GI dropped to 35.56 at the end of the survey period.

In the dry biomass index, the GI continued to rise at day
35 until the end of the survey period. This result shows that
the thallus continued to accumulate biomass. This is quite
different from the case of fresh biomass. In particular, the GI of
the modified medium was significantly higher than that of the
original culture medium. At the end of the survey, the GI of the
modified  process  was  68.74  (with  dry  biomass  obtained
0.54 g), higher than that of the original process (with GI of
42.40 and dry biomass of 0.33 g) with significant difference.

The morphology of the samples at day 49 (Fig. 9) showed
the difference between the two treatments. In the original
process, the thallus clusters were small in diameter size and
the thalli edges were yellow. Appearing brown thalli, indicated
that the sample did not develop well at the end of the survey
cycle. Meanwhile, in the modified process, the clusters are still
developing favorably with expanded thalli, the phenomenon
of yellow edges of the thalli only appeared very little.

According to morphological observations and growth
index results, the modified culture procedure helped the
thallus of M. polymorpha  to increase biomass better than the
original (improved 1.62 times dry biomass) as well as thalli
favorable development. At the end of the survey period, dry
biomass may continue to accumulate. Thus, the procedure
with modified conditions was used to culture this liverwort for
obtaining biomass and serving subsequent biological activity
tests. In addition, investigations on the culture process should
be continued to select the optimal process.

"-Glucosidase inhibition activity of in vitro cultured thallus:
The four fraction extracts, including n-hexane, chloroform,
ethyl acetate and ethanol, were prepared from the dry
biomass of the in vitro  cultured thallus with modified process
in 7 weeks. The extracts were examined for "-glucosidase
inhibition  activity.  At  a  concentration  of  1  mg  mLG1,  all  of
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Table 7: IC50 (µg mLG1) of acarbose and four fraction extracts in "-glucosidase inhibition activity
Sample Acarbose n-hexane Chloroform Ethyl acetate Ethanol
IC50 (µg mLG1) 530.88±140.20a 11.89±2.01e 20.39±2.93d 84.25±27.46c 361.40±77.30b

Different letters in one row presents significant differences at the level of p<0.05

Fig. 9(a-b): Marchantia  polymorpha  L.  Cultured  at  day  49
(end of survey period) in (a) Original process (B5-0)
and (b) Modified process (KH)
Bars: 1 cm

extracts gave the percentage of inhibition greater than or
equal to 100%. In addition, to compare the activity of extracts,
IC50 was determined by setting the extract concentration
ranges decreasing from 1-0 mg mLG1. The results are
presented in Table 7.

The data in Table 7 shows that the IC50 values of four
extracts were lower than that of Acarbose-positive control,
suggesting that the "-glucosidase inhibition activity of four
extracts were stronger than that of positive control. Moreover,
the n-hexane fraction was found to be the most active fraction
with an average IC50 value of 11.89 µg mLG1, about 44 times
lower than that of Acarbose.

Inhibition of "-glucosidase activity is an important factor
in  assessing  the  potential  application  of  a  substance  for
type-2 diabetes treatment.  Besides,  the inhibitory activity of
"-glucosidase is also closely associated with the anti-obesity1.
Currently, Acarbose is the "-glucosidase inhibitor widely used
in the treatment of type-2 diabetes37. Besides, studies on the
active substance that inhibits this enzyme often focus on
vascular plants38,39. Meanwhile, studies on "-glucosidase
inhibitory activity from non-vascular plants are very limited.
One of the biggest obstacles in the research process is the
source of biomass from wild habitat, which makes it difficult
to investigate the several activities with many different
species. According to the reports of Harinantenaina and
Asakawa40 among bis(benzyls) found in liverworts, Marchantin
C is the most potent inhibitor of this enzyme. This is the first
report of "-glucosidase inhibition from non-vascular plants. In
this experiment, the results showed that the in vitro  cultured
M. polymorpha  also contained potential inhibitors for this
enzyme.  Strong  active  compounds  concentrated  in  the
non-polarization    to    weak    polarization    phase,    including
n-hexane and chloroform fractions. These extracts are going
to be investigated and separated to find compounds that
could be used in the treatment of type-2 diabetes.

CONCLUSION

This study shows that the biomass of Marchantia
polymorpha L. liverwort can be obtained through in vitro
culture as a raw material source for studies on the biologically
active and secondary metabolites. Through experiments, the
culture  conditions  were  suitable  for  the  biomass  increase
of M. polymorpha including: half-strength B5 medium
supplemented with 20 g LG1 sucrose, 1.5 g LG1 tryptone and
this liverwort was culturing on cotton swabs with liquid
medium, under blue LED light (454 nm). When improved
factors  were  combined,  in  vitro  dry  biomass  increased  by
1.62 times compared to the primary culture conditions.

SIGNIFICANCE STATEMENT

This study discovered the culture factors including
complexes of salts and vitamins of medium, sugar, light,
cultivation substrates and tryptone, all influenced the in vitro
biomass growth of Marchantia polymorpha  L. Thereby, these
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results will support the process to expand the culture scale of
this species, it can be beneficial to provide a sufficiently large
amount of stable material for serving the active substance
studies. Moreover, the results of the "-glucosidase inhibitory
activity survey also show the biological activity potential of
this material. This study will help the researchers to uncover
the critical areas of Marchantia polymorpha  liverwort cultured
in vitro that many researchers were not able to explore. Thus
a new insight on this species may be arrived at.
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