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Abstract: One hundred spearmint (Mentha spicata) plantlets were regenerated from apical shoot segments of ten field-
grown donor plants. Although the accumulation of rosmarinic acid and total phenolics in vitro was almost half than in
vivo, regenerants demonstrated a tenfold-higher hydrogen peroxide compared to the donor plants. This finding may have
been associated with the increased activity of hydroxyphenylpyruvate reductase, a key enzyme of the phenolic biosyn-
thetic pathway and the increased production of yet unidentified phenolic compounds in vitro. This process of in vitro cul-
ture associated with a reduction of rosmarinic acid and total phenolics and with an increase of the antioxidant capacity in-
dicated the possible promotion of in vitro-specific biosynthetic pathways.
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INTRODUCTION

Spearmint (Mentha spicata L., Lamiaceae) is a herba-
ceous perennial plant, which is worldwide cultivated for its
leaves, containing essential oils (giving the characteristic
minty aroma when crushed) and phenolic compounds with
antioxidant properties [1]. Among them, rosmarinic acid, o-
O-caffeoyl-3,4-dihydroxyphenyllactic acid, is the most
prominent antioxidant phenolic constituent of the La-
miaceae, Boraginaceae and Apiaceae families [2, 3], with a
plethora of pharmaceutical properties. As a hybrid, spear-
mint is rarely propagated by seeds and as a consequence, is
exclusively propagated by vegetative cuttings and
micropropagation [4-6]. So far, the antioxidant activities of
spearmint have been strictly associated with its rosmarinic
acid content [7], while no study so far has reported the ac-
cumulation of rosmarinic acid, total phenolics and antioxi-
dant properties of spearmint plantlets derived from in vitro
cultures.

Therefore, the aim of the present study was to investigate
the rosmarinic acid and total phenolic content of spearmint
(Mentha spicata L.) plants regenerated in vitro, along with
the antioxidant activity of their methanolic extracts.

MATERIALS AND METHODS
Explant Preparation

One hundred spearmint plantlets were regenerated in vi-
tro from apical shoot segments of ten donor plants, following
a modification of a previously described protocol [8].
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Plantlet Regeneration

For shoot formation, the nodal segments were placed ver-
tically for four weeks in Murashige and Skoog (MS) medium
containing 3 % (w/v) sucrose, 0.8% (w/v) agar, 0.1 % (w/v)
myoinositol and supplemented with 1 mg/L 1-naphtalene
acetic (NAA) and 9 mg/L 6-benzyladenine (BA). The pH
was adjusted to 5.8. The in vitro cultures were subcultured two
times four week intervals and were maintained in a walk-in
growth room with a temperature of 24 + 2°C and light of 16
h daily from cool-white fluorescent lamps at a photosyn-
thetic photon flux density of 80 pmol m™s™.

At the end of the 12-week culture period, regenerated
shoots were separated and individually transferred for four
weeks to growth regulator-free MS medium for rooting.
Rooted plantlets were subsequently transferred to pots con-
taining soil and peat (1:1). In vitro 16 weeks old regenerated
plantlets were subjected to further analysis.

Determination of Total Phenolics and Rosmarinic Acid
Concentration

The determination of total phenolics concentration in the
regenerated plantlets was performed as reported previously
[8]. One hundred pl of each phenolic aliquot was aligned and
a drop of pure rosmarinic acid for identification was spotted
at 1 cm from the low edge of a TLC. The TLC was run in a
system of C4H;,0: CH;COOH: H,0 (3:1:1). After UV iden-
tification, rosmarinic acid was isolated, collected and centri-
fuged at 13000 rpm for 5 min. The supernatant was collected
and the total volume was adjusted to 500 ul. The concentra-
tion of rosmarinic acid was expressed in terms of mg RA
equivalent / g fw at 333 nm on Ultraviolet-Visible (UV-VIS)
and HPLC method was applied to methanolic extracts having
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the best 18 and the worst 10 rosmarinic acid contents and the
correlation among data was studied [9].

Hydrogen Peroxide and Key Enzymes Activity

The estimation of hydrogen peroxide scavenging ability
of phenolic extracts was done by replacement of titration
method with simple titration using NaS,0; [10]. The enzyme
activity of L-phenylalanine ammonia lyase (PAL) and Hy-
droxyphenylpyruvate reductase (HPPR) in the plant phenolic
biosynthetic pathway was estimated by measuring respec-
tively the production of trans-cinnamic acid and hydroxy-
phenyllactic acid [11, 12]. PAL catalyzes the oxidative de-
samination of phenylalanine, resulting into the formation of
trans-cinnamic acid, while HPPR is responsible for the re-
duction of 4-dihydroxyphenylpyruvate to 4-
dihydroxyphenyllactate [13, 14].

Statistical Analysis

The treatments of each experiment were setup in a com-
pletely randomized design. The mean of two reading for
each sample was registered. Statistical analysis was based on
analysis of variance (ANOVA). Significant differences
(p<0.01) among the means were determined by Duncan’s
multiple range test.

RESULTS AND DISCUSSIONS
Shoot Proliferation, Rooting and Plantlet Production

Ten shoots from each nodal culture were obtained. At the
end of the 12 week culture period, regenerated shoots rooted
at essentially 99% were separated and individually trans-
ferred for four weeks to growth regulator-free MS medium.
Rooted plantlets were subsequently transferred to pots con-
taining soil and peat (1:1). In vitro regeneration and genetic
transformation of Mentha species were also discussed [4].
Other reporters found that BA proved best for shoot regen-
eration and growth responses of some cultivars of nodal ex-
plant culture of Mentha arvensis [8].

Total Phenolic and Rosmarinic Acid Concentration

The average total phenolics and RA concentration in the
field-grown donor spearmint plants was almost double than
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in regenerants (Fig. 1A, B). Considerable variation in total
RA concentration was observed both in the donor plant and
the regenerants. Consequently, regenerants were classified
according to their RA content into high, medium and low
RA accumulators (Table 1). Single factor ANOVA analysis
was done (Table 2) and the differences between means were
tested according to Duncan’s multiple range test (Table 3).

A high positive correlation was observed between total
phenolic and RA concentration in high and medium RA ac-
cumulators (Table 4). Although the process of in vitro cul-
ture was associated with a reduction of RA and total phe-
nolics, the antioxidant capacity was increased, at least as far
as the scavenging activity of hydrogen peroxide is con-
cerned, thus indicating the possible promotion of in vitro-
specific biosynthetic pathways.

On the contrary, the correlation in low RA accumulators
was considerably lower. The correlation between HPLC and
TLC results was highly significant (1°=0.96). As far as in
vitro variation of RA accumulation is concerned, there are
only a few previous reports in the literature. For example, an
observation of a medium-dependent variation of RA accu-
mulation in Ocimum americanum in vitro shoot cultures was
associated with induced genetic variation as revealed by
RAPD (Random Amplification of Polymorphic DNA) analy-
sis [9]. Similar studies were conducted and RA reached 178
pg/g dry weight in Ocimum basilicum [8]. Other reporters
have also reported 1.8% RA equivalent from Salvia offici-
nalis using ethanol-water mixtures [15].

Hydrogen Peroxide and Key Enzymes Activity

The H,0,-scavenging activity of the in vitro regenerants
was ten times higher than that of the donor plants (Fig. 2). It
is important to mention that assaying the inhibition of hy-
drogen peroxide-induced oxidation has been frequently used
for evaluating the antioxidant properties of mint species, as
reviewed previously [16]. It is possible that other antioxidant
assays, such as the measurement of ferrous iron chelation
and the 1, 1-diphenyl-2-picryl-hydrazyl free radical scaveng-
ing activity provide different results regarding the antioxi-
dant efficacy of spearmint extracts, as already reported pre-
viously [17]. Nevertheless, it has been also demonstrated that
there exists a wide degree of variation between different
phenolic compounds in their effectiveness as antioxidants
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Fig. (1). Accumulation of total phenolics (A) and rosmarinic acid (B) in spearmint donor plants and regenerants. Vertical bars correspond to
standard errors. Columns marked with different letters indicate statistically different values (p<0.01).
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Table 1. Phenolic and rosmarinic acid (RA) accumulation in spearmint donors and plantlets (mg/g fw * standard error). Numbers
followed by different letters indicate statistically different values (p<0.01). Each Number is an Average of the number of
plantlets.

RA accumulators Number of plantlets Phenolics Rosmarinic Acid
Donor 10 5.05+0.44° 0.72 +0.41°
Regenerant™ 100 2.58+0.17°¢ 0.39+0.03°
High 20 643+0.48"° 0.93+0.23°
Medium 60 236+043° 032+0.14°
Low 20 0.56 £0.07 ° 0.05+0.04 ¢

*High, medium and low RA accumulators together.

Table2. Single factor ANOVA table of rosmarinic acid accumulator extracts (donor and regenerants).

Source of Variation SS df MS F P-value F crit
Between groups 6.88 3 2.29 46.04 2.08E™ 4.37
Within groups 1.79 36 0.05
Total 8.68 39
Table3. Duncan’s multiple range test table. Total phenolic accumulation in donor plants and regenerants (expressed as equivalent
rosmarinic acid concentration (mg/g fw £ standard error).
Regenerant
Phenolics Donor
High Medium Low
Mean + SE 5.05+0.44 6.43 £0.48 2.36+0.43 0.56 +£0.07
LSR 1.23 1.35 0.098 0.20
SSR 9.0 3.01

[18, 19]. Although some researchers have reported a positive
correlation between free radical-scavenging activity and total
phenolic compounds in a number of plant species [20, 21], it
is possible that the individual phenolic constituents may ex-
hibit different antioxidant properties. This hypothesis was
further supported by the observed activities of PAL and
HPPR in the plant phenolic biosynthetic pathway. Spearmint
regenerants demonstrated a higher activity of both enzymes
compared to the donor plants, indicating the possibility of an
altered regulation of the phenolic biosynthetic pathway in
vitro (Fig. 3). Although the activity of HPPR is closely re-
lated with rosmarinic acid accumulation, its overexpression
may lead to the inhibition of rosmarinic acid biosynthesis
[13]. This mechanism could provide an explanation for the
reduction of the concentration of rosmarinic acid in the in
vitro regenerants, while the observed changes in the phenolic
biosynthetic pathway could be associated with the increased
formation of constituents with H,O,—scavenging properties.
In addition, leaves of non-acclimatized regenerants (such as
those investigated in the present study) may possess a less-
than-complete photosynthetic apparatus; consequently, they
may have a less-than-optimal oxidative pentose phosphate

pathway, which in turn will have affected secondary metabo-
lite synthesis in a negative way [22].

Determination coefficient (r2) between total phenolic
and rosmarinic acid (RA) concentration in rosma-
rinic acid accumulators (p<0.01).

Table 4.

Total Phenolic & RA Concentration R’ value

Total Phenolic & High RA accumulator 0.91
Total Phenolic & Medium RA accumulator 0.94

Total Phenolic & Low RA accumulator 0.38

CONCLUSION

In conclusion, the results of the present study suggest that
in vitro culture may affect phenolic metabolic pathways in
Mentha spicata. Further research in our group is aimed to-
wards the identification of minor phenolic constituents
formed in vitro as well as the molecular dissection of the
respective biosynthetic pathways.
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Fig. (2). Hydrogen peroxide-scavenging activity (expressed as
equivalent ascorbic acid concentration) of spearmint donor plants
and regenerants. Vertical bars correspond to standard errors. Col-
umns marked with different letters indicate statistically different
values (p<0.01).
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Fig. (3). L-phenylalanine ammonia lyase (PAL) activity (A) (ex-
pressed as trans-cinnamic acid concentration) and hydroxyphen-
ylpyruvate reductase (HPPR) activity (B) (expressed as hydroxy-
phenyllactic acid concentration) of spearmint donor plants (black
columns) and regenerants (black columns). Vertical bars correspond
to standard errors. Columns marked with different letters indicate
statistically different values (p<0.01).
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ABBREVIATIONS
BA = 6-benzyladenine
HPPR = Hydroxyphenylpyruvate reductase (EC 1.1.1.237)

MS = Murashige and Skoog (1962) medium

NAA = 1-naphthaleneacetic acid

PAL = L-phenylalanine ammonia lyase (EC 4.1.3.5)
RA
TLC = Thin Layer Chromatography

Rosmarinic acid
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