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Abstract:

This research aims to propagate buds of Mentha
pulegium and forming callus, then determine the
antifungal activity of ethanol, methanol for both stem
node callus extract, and shoots extract M.pulegium
against Acremonium strictum. The stem nodes
segments of M. pulegium were cut into 0.5-1 ¢cm in
length and cultured on Murashige and Skoog (MS)
solid medium supplemented with 3% sucrose, and
different concentration of benzyl amino purine (BAP)
was added either alone to propagate buds or in
combination with 2,4-Dichlorophenoxyacetic acid
(2;4-D) to form a callus. The MS was gelled with 8%
agar.

Antifungal activity was performed in Petri dishes
(poisoned food). The maximum number of callus
(98.33£1.96%) was obtained on MS medium
supplemented with 0.5mg/l BAP in combination with
1mg/l 2,4-D, and the maximum number of shoots
(20£0.88) was obtained on MS medium supplemented
with 1mg/I of BAP.

The results showed a higher efficiency of ethanol
extracts than those of methanol. Ethanol and
methanol extracts of callus were generally better
than shoots extracts. MIC ( Minimum Inhibition
Concentration) value of the callus extract was 0.02 g
/ ml when using ethanol or methanol as an organic
solvent, but the MIC value of the shoots extract was
0.03g/ml when using ethanol or methanol as an
organic solvent.

Keywords: Mentha pulegium, shoot, callus,
Acremonium strictum, Antifungal activity.

I. INTRODUCTION

Plant tissue culture technology is used to overcome
many difficulties in propagating many species of
plants, mostly medicinal and economic plants [1],
where the genetic diversity of many plants is
threatened as a result of their constant collection to
take the advantages of their products medically and
pharmacologically [2]. Medicinal plants have become

the focus of intense study invalidating their
traditional uses by determining their actual
pharmacological effects[3]. Pharmaceutical
companies have spent a lot of time and money
developing natural products extracted from plants to
produce remedies less cost and more effective,
affordable to the population. The rising incidence in
multidrug resistance amongst pathogenic microbes
has further necessitated the need to search for newer
antibiotic sources [4]. The use of plants for healing
purposes forms the origin of modern medicine, where
many drugs originated from herbal sources [5].
Contrary to synthetic drugs, antimicrobials of plant
origin are not associated with many side effects and
have an enormous therapeutic potential to heal many
infectious diseases ([4], [ 6]). Although hundreds of
plant species have been tested for antimicrobial
properties, the vast majority has not been adequately
evaluated [7]. The genus Mentha includes 25 to 30
species that grow in the temperate regions of Europe,
Asia, Australia, and South Africa[10],[1]. M.
pulegium is an important, medicinal, economical,
wild plant that belongs to the Lamiaceae family and
genus Mentha. It is also a short-lived perennial mint
and one of the native species of Europe, North
Africa, Asia Minor, and the Middle East [8].

M. pulegium has high medical importance, which
is used in the treatment of gastrointestinal pain,
spongy spleen, expectorant for sputum, purifies the
chest, headache, and brain tonic. It is also used in the
preparation of oral disinfectants. It contains an
essential aromatic oil called Polygon, which is used
in the preparation of many pharmaceutical products
[9]. All parts of M. pulegium can be used except
roots.

Plant regeneration via in vitro culture
biotechnologies is regarded as a key factor for the
realization of mass propagation of elite and
standardized plants in the optimized environmental
conditions ([10],[11]).

A. sitrticum belongs to Hypocreales. Hypocreaceae.
The genus Acremonium contains about 150 species,
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most of them are saprobes in soil and pathogens of
plants, insects, and other fungi. Some species are
considered opportunists of humans and other
mammals. ([12], [13]), Infections in humans typically
develop following traumatic inoculation of the
fungus.

A. Strictum is a cause of the keratitis also and has a
more recently significant role in onychomycosis.
([14], [15]).

Crude extracts of callus and in vitro plants are used
in many bioactive experiments as antimicrobial or
antifungal, which have also been used as an
alternative to crude extracts of field plants because
plant tissue culture can be applied at any time of the
year. It can also produce new compounds in calli,
which may not be existed in the original plant ([16],
[17D).

M.pulegium spreads in many regions of the Syrian
coast. It can be found on the sides of rivers, ponds,
and inside the moist sites.

Wild plants are exposed to many bacterial, viral,
and parasitic, affecting their crops. Also, they are
collected randomly for their multiple uses so that
they may be exposed to the danger of disappearance
and due to the serious side effects of chemical
antifungal.

This research is dedicated to propagate M.
Pulegium in vitro and find safe, natural compounds
as an alternative material to wild M. Pulegium.

I1. Materials and Methods:

A. Plant Samplings

The stem nodes were cultured on the MS nutrient
medium supplemented with various concentrations of
the cytokinin BAP. Then the formed shoots were
taken from the best MS medium supplemented with
0.5 mg /L of BAP to be propagated after that;
plantlets were grown on the MS medium without
hormone. The stem nodes were cultured in MS
medium with various concentrations of auxin 2,4-D
in combination with BAP to form a callus.

All cultured incubated at 25C° with 16 hours
photoperiod alternative with 8 hours darkness.
In vitro shoots were collected from the plantlets after
two months. Callus was obtained from the best MS
medium supplemented with 1 mg /L of auxin 2,4-D
combined with 0.5 mg / L of cytokinin BAP.
In vivo, shoots of M. pulegium were collected from
the Btara river in Jabla (Lattakia) before flowering
from June to August 2019. In the lab, samples were
washed by running tap water many times; then they
were dried in the open air and in a shadow place. The
samples were placed in an oven at 40 'C until a
constant weight was attained. Then, they were finely
ground using an electric grinder, and the powder was
kept in tightly sealed containers in a fridge until use.

B. Isolated Acremonium strictum
A. strictum was isolated from the case of
onychomycosis. The isolated fungi were cultured on

a sterilized nutrient medium of potato dextrose agar
PDA, Then they were incubated at 25°C for seven
days. Grown fungi species were isolated and

purified.

The classification was based on morphological and
microscopic criteria according to taxonomy

references [18]. The isolated fungus was stored in PD.
Tubes to be enriched a week again before making
new cultures.

C. Preparing Organic Extracts

45 g of each powder of in vivo shoots and fresh in
vitro shoots were placed in 500ml flasks in which
300ml of ethanol or methanol was added. 10g of
fresh callus was placed in 25ml flasks in which 10ml
of ethanol or methanol was added.

The mixture was vigorously stirred for half an hour
using an electric agitator. The flasks were wrapped
with aluminum foil and left in darkness for 20 days
with keeping shaking from time to time over the
mentioned period.

The extracts were filtered using Whatman paper
NO.1 and porcelain filter. The process was repeated
three times until the plant material was completely
separated from the organic solvent. In order to
thoroughly separate the plant extracts, the plant
residuals were separated from the extracts, and then
they were concentrated using a rotary evaporator at
40°C until cohesive, soft, and dough-like extracts
were obtained. Then, they were kept in tightly sealed
containers at 4°C until use.

4. Antifungal Assay:

The antifungal assay was done using the petri dish
method according to reference [18] with some
suitable modification. The crude extracts were diluted
in water and added to P.D.A. contained in flasks at

concentrations of (0.005, 0.01 ,0.015, 0.02, 0.03)

g/ml. Then the media were poured in 9cm Petri
dishes. After that, a 5mm® cube was taken from the
edge of each 7 days old colony of the studied fungus
and placed in the middle of Petri dishes. Then they
were incubated at 25°C for 7 days. Control Petri
dishes contained free-extract PD. An on which the
study fungus was planted.

Antifungal assay for each concentration of the
extract was performed in triplicates, and the culture
plates of the fungal colonies were measured. Then the
inhibition percentage was calculated.

I11. Results and Discussion

A. Shoots formation and callus induction

Shoots formation and Callus induction were
observed on the stem nodes, which were cultured on
the MS medium supplemented with the various BAP
concentrations alone or in combination with 2,4-D.
Young cultured explants on the MS medium
supplemented with BAP showed a good number of
shoots. The maximum number of shoots formation
was obtained on MS medium supplemented with 1
mg/L of BAP (20+0.88 shoots). (Table I, Fig.1)
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A high percentage of callus showed on the medium
supplemented with 1mg/L of 2,4-D combined with
0.5 or 0.1 mg/l of BAP.

The MS medium supplemented with 1mg/L of 2,4-
D in combination with 0.5mg/L of BAP showed
98.33+1.96 percentage of callus induction, and the
MS medium supplemented with 1mg/L of 2,4-D in
combination with 0.1mg/L of BAP showed 98+2.1
percentage (Table I, Fig.2).

The influence of 2,4-D and BAP on shoots
formation and callus induction was observed by a
number of tissue culture ([19], [20]). In our study, the
best percentage of callus induction was between 98-
98.33% when using 0.1mg/L to 0.5 mg/L of
cytokinin BAP. Our result was directly consonance
with the [21] observation on Mentha spicata; that the
callus induction was 72.2% in 0.5mg/L of BAP and
increased to 84.6% in 1mg/L of BAP in combination
with 2mg/L of 2,4-D.

.

Fig. 1: shoots formation on MS medium supplemented with
1 mg/I of BAP ( a: stem nodes, b, c: shoots formation )

Fig.2: callus formation on MS medium supplemented with
1mg/l of 2,4-D in combination with 0.5 mg/l of BAP.

Table I: Influence of 2.4D and BAP on callus induction and
shoots formation from the stem nods segments of Mentha
pulegium.

MS medium + plant Mean percentage Mean number
growth regulator (mg/l) of shoots
- Of. callus formation +

2,4-D BAP induction + SE. SE -

0 0 0 3+0.55

0 0.5 - 12+0.33

0 1 - 20+0.88

0 2 - 14+66

0 3 - 10+0.55

0 4 9+0.66

1 0.1 98+2.1 -

3 0.1 50.33+1.24 -

5 0.1 26.33+1.24 -

7 0.1 18.66+1.24 -

1 0.5 98.33+1.96 -

3 0.5 64+0.81 -

5 0.5 51.66+1.24 -

7 0.5 19+0.81 -

B. Isolating and Identifying of A .strictum:

A. strictum grown readily at 25°C on PDA, the
mycelium appeared of approximately 50mm in
size in 7 days. Colonies are flat, with a smooth,
wet, velvety texture, sometimes resembling thin
cottony mounds, and the color of mycelia ranges
widely from light pink to orange Fig.1(A). The
filaments are bound together into ropes; conidia
grow as wet clusters or dry chains Fig.3 (B, D).
The conidia appear ellipsoidal to cylindrical
Fig.1(C).

Fig.3: Acremonium strictum
A: colony, B, D: filaments, C: conidia

C. Antifungal assay:

The results of antifungal screening tests of stem
nodes extracts and in vivo or in vitro shoot extracts of
M. pulegium in the different solvent; ethanol,
methanol against A. strictum are depicted in Table I,
I11. It was obvious from the findings that ethanol and
methanol extracts of M.pulegium revealed
antifungal activity against A. strictum in different
rates due to the source of plant material, the type of
solvent, and the extract concentration.

All extracts exhibited antifungal activity at
different concentrations, as shown in Table IL
Several studies have shown that the extract of an
aromatic plant, such as Mentha arvensis, Rosemary,
and Thymus vulgaris showed good antifungal activity
against a number of pathogenic fungi ([15], [22]).

Antifungal potential depends on the source of the
plant part, where EtOH extract of callus was the most
effective in comparison to EtOH extracts of in vitro
and in vivo shoots. So the diameter of A. strictum
colony was Ocm at a concentration of 0.02 g/ml, with
an inhibitory rate of 100 %, while at the same extract
concentration, it was 0.2740.33cm, and the rate of
inhibition was 94.16% when treated with EtOH
extract of in vivo shoots, and it was 0.46+0.31cm, and
the rate of inhibition was 89.91% when treated with
EtOH extract of in vitro shoots.. (Fig4, Fig5, Tab
1.
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Table I1: Colony Diameters (cm) of A. strictum at Different
Concentrations of EtOH Extracts of M. pulegium on the 7"
Days Incubation.

Table III: Colony Diameters (cm) of A. strictum at Different
Concentrations of MeOH Extracts of M. pulegium on the 7" Days
Incubation.

Extracts Plant parts Extracts Plant parts
Concentration In vitro In vivo Concentration In vitro In vivo
g/ml callus shoots shoots g/ml callus shoots shoots
Control=0 4.6£0.07 4.56+0.11 4.63+0.11 Control=0 4.6+0.12 4.640.12 4.6+0.12
0.005 2.5+0.18 3.16+0.15 3.164£0.11 0.005 3.16+£0.11 3.56+0.15 3.6+0.37
0.01 1.46+0.11 2+0.07 1.3+0.07 0.01 1.3+0.07 1.86+0.11 2.34£0.35
0.015 0.66+ 0.41 1.23+0.17 0.73+£0.45 0.015 0.86+0.14 0.940.07 1.03+0.11
0.02 0 0.46+0.31 0.2740.33 0.02 0 0.66+0.11 0.6+0.32
0.03 0 0 0 0.03 0 0 0

Fig. 4:colony diameters of A. strictum at 0.02g/ml of EtOH
extracts (a: control, b: EtOH in vitro shoots extract,c: EtOH in
vivo shoots extract, d: EtOH callus extract ).

120
100
80
60
40
20

5 Ta13 12T 10 °

Hinvivo shoots | 100 |94.16(84.23(71.92/31.47] 0

‘minvitro shootsdr 100 |89.91(73.03 56.14~h30.? [ 0

# callus | 100 | 100 [85.65/68.28/45.65 0

Fig.5: Inhibition% of A. strictum at Different Concentration
of M. pulegium EtOH Extracts. (TO=0 g/ml, T1=0.01g/ml,
T2= 0.015 g/ml, T3=0.02g/ml, T4= 0.03 g/ml, T5= 0.04g/ml.

Table III shows the average growth rates of A.
strictum after 7 days of incubation at 25 ° C in
different concentrations of MeOH extracts. All
concentrations of extracts have affected the growth of
A. strictum, and the stem nodes callus extracts were
the most effective in comparison to the in vitro or in
vivo shoots extracts. So the diameter of A. strictum
was Ocm at a concentration of 0.02 g/ml, with an
inhibitory rate of 100% when treated with callus
extracts, while at the same concentration, it was
0.66+0.11cm, and the rate of inhibition was 86.56%
when treated with MeOH in vitro shoots extracts, and
diameter of the colony was 0.6+0.32cm, and the rate
of inhibition zone was 86.95% when it was treated
with MeOH in vivo shoots extracts (Tab III, Fig: 6,
Fig7).

c
Fig.6:colony diameters of A. strictum at 0.02g/ml of MeOH
extracts (a: control, b: MeOH in vivo shoots extract,c: MeOH
in vitro shoots extract d: MeOH callus extract).

]

TS T4 T3] T2 11 T0

Invivoshoots | 100 |86.95 77.6 | 50 (2173 0
m In vitro shoots | 100 | 85.65|80.43/59.56 22.6 | 0
u callus 100 | 100 | 813 [71.73/3261| 0

Fig.7: Inhibition% of A. strictum at Different Concentration
of M. pulegium MeOH Extracts.

(TO= 0 g/ml, T1=0.005g/ml, T2= 0.01 g/ml, T3= 0.015g/ml, T4=
0.02 g/ml, T5=0.03g/ml.)

The MIC value of the ethanol or methanol callus
extracts was at 0.02 g/ml and was at 0.03g/ml for the
shoots extracts in ethanol or methanol solvent.

Our study was similar to several studies in which the
extract of the fresh callus extracts of M. arvensis or
extracts of M. pulegium showed good antimicrobial
or antifungal activity against many species of
pathogenic organisms [13] or those studies showed
antifungal activity of aromatic plants against
Acremonium sp. [23]. While this research is the first
to describe the antifungal activity of callus and in
vitro shoots extracts of M. pulegium against A.

strictum.
Several studies indicated that the aromatic plants
were a good source of potential material.
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Phytochemical constituents such as tannins, saponins,
flavonoids, alkaloids, and several other aromatic and
regenerated potential compounds are secondary
metabolites of plants that serve as defense
mechanisms ~ against ~ predation by  many
microorganisms, insects, and other herbivores ([24],
[25]).

The efficacy of the callus extract may be due to
containing an active substance, which is formed
when the mutations occur in callus cell, which leads
to producing proteins, which play an important role
in stimulating the formation of metabolic compounds
not present in the mother plant [26].

It has been found in Tab. II, II; Fig 5,7 that the
effect of the callus extracts was better than the effect
of in vitro and in vivo shoots extracts in most
concentrations. Many studies have shown the
effectiveness of the genus Mentha in different types
against most microorganisms, including fungi.

This activity is because Mentha contains flavonoids
and various types of essential oils, especially
Menthon, Menthol, Menthe acetate.  Also,
M.pulegium contains the volatile Minton and polygon
oils that have antifungal activity( [21], [22]).

Antifungal activity of M.pulegium against A.
strictum may be due to the use of raw extracts (a
mixture of compounds) which contain a combination
of active compounds rather than a specific substance.
Recent research has indicated that the use of new raw
compounds of tissue culture has a greater benefit in
terms of the integrated effect on microorganisms.

The use of crude extracts, especially callus extract,
reduces the resistance to these organisms, which
occurs when resistant strains are found by the
repetitive use of chemical pesticides or chemical
drugs [27].

IV. Conclusion
1. The MS medium supplemented with 1mg/l of BAP
was the best medium to propagate the buds of
M .pulegium.
2. The MS medium supplemented with 1mg/L of
2,4-D in combination with 0.5 or 0.1 mg/L of BAP
was the best to form the callus of M. Pulegium.
3. Ethanol extract of M. pulegium callus exhibits the
highest inhibitory activation against A. strictum.
4. The study findings suggested to use M. pulegium
crud extracts to control the spread of A. strictum.
5. The study findings suggested modifying the new
compounds which are in M. pulegium callus extract
to control the spread of A. strictum.
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