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RESUMEN

PALABRAS CLAVE

El aceite esencial de las flores y hojas de
Minthostachys mollis (Benth.) Griseb recolectada
en la Provincia de Chimborazo, Ecuador, fue
obtenido por hidrodestilacion y su composicion
quimica fue determinada por cromatografia de
gases acoplada a espectrometria de masas
(CG/IEM). Doce componentes fueron
identificados, lo cual representé el 98,86% vy
99,99% del total de los aceites de flores y hojas,
respectivamente. Los compuestos mayoritarios del
aceite esencial de las flores fueron la pulegona
(45,15%), mentona (37,66%) y neomentol
(6,03%), mientras que para el aceite esencial de las
hojas fueron la mentona (46,58%), pulegona
(18,76%), neomentol (12,65%) y acetato de
neomentilo (9,91%). La actividad antioxidante fue
determinada por el método del DPPH (2,-difenil-
1-picrilhidrazilo). La concentracion inhibitoria
media (Clso) fue de 32,73 pg/mL y 15,40 pg/mL
para el aceite esencial de flores y hojas, estos
resultados indican una actividad antioxidante
elevada para ambos aceites.

Minthostachys mollis, aceites esenciales,
pulegona, mentona, DPPH.

ABSTRACT

The essential oil from the flowers and leaves of
Minthostachys mollis (Benth.) Griseb collected in
the Province of Chimborazo, Ecuador was obtained
by hydrodistillation and its composition was
determined by GC and GC/MS. Twelve
components were identified in the flowers and
leaves oil, which represent 98.86% and 99.99% of
the total oil, respectively. The major components of
the flowers oil were pulegone (45.19%), menthone
(37.66%) and neomenthol (6.03%) and the major
components of the leaves oil were, menthone
(46.58%), pulegone (18.76%), neomenthol
(12.65%) and neomenthyl acetate (9.91%). The
antioxidant activity was determined by interaction
with the stable free radical 2,2-diphenyl-1-
picrylhydrazyl. The ICso of the essential oil of
flowers and leaves were 32.73 pg/mL, and 15.40
pg/mL, respectively. These results indicated
powerful antioxidant activity for both oils.
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INTRODUCTION

The genus Minthostachys Griseb. (Lamiaceae)
is found in middle elevations along the Andes, from
Venezuela to Argentina. This genus includes 17
species according to some authors. It is of great
ethnobotanical, pharmacological and commercial
interest because of the essential oils found in the
plants. It does not only find use, as a condiment or
tea, in the traditional cuisine of the Andes, but is
one of the most important plants in the folk
medicine of the area. On the basis of this
observation, it receives growing attention from
modern pharmacology and medicine, as plant
decoctions and extracted essential oils are tested for
pharmacological effects [1-3].

From the early 16" century the folklore
medicinal use of the Minthostachys genus has been
reported for the treatment of several health-
disorders such as headache, cold and flu,
respiratory illnesses (asthma, bronchitis, cough),
digestive disorders (indigestion, carminative,
stomach-ache, diarrhea, colics), muscle spasms,
rheumatism, impotence and amenorrhea. Other
traditional uses of Minthostachys include
biopesticides (antimycotic and antiparasitic,
against flea infestations) and for the protection of
stored potato and oca tubers from aphids and pests.
In recent years, there have been numerous research
studies on Minthostachys oils to provide scientific
evidences on their medicinal properties [4-7].

Minthostachys mollis (Benth.) Griseb is
restricted to the Andes of Ecuador, Venezuela,
Colombia, Pert and Bolivia. It’s known by various
popular names and has diferent medicinal uses. In
Ecuador, M. mollis is known as Mufia and is
prepared as tea and used to treat infectious diseases
of children, as well as for rheumatism.
Traditionally it is used for the treatment of cough,
bronchitis, stomach ulcer, gastritis, stomach and
intestinal spasm, cold, headache, intestinal
parasitism and as digestive. It is important to

highlight that currently the trend of consumers is
inclined to the consumption of foods free of
synthetic products, so it is interesting to study
native plants in this region to recommend its
application as an additive for industrial purposes
[8-10]. In the present study, the composition
chemical and in vitro antioxidant activities of
essentials oils of flowers and leaves of
Minthostachys mollis collected of the Province of
Chimborazo-Ecuador are reported.

MATERIALS AND METHODS

Plant material: Flowers and leaves of
Minthostachys mollis (Benth.) Griseb were
collected in January 2018 at Llucud in the Province
of Chimborazo, Ecuador, at 3200 m above sea
level, 1°43"22"S, and 78°33’15” W. A voucher
specimen was deposited in the Herbarium
Chimborazo Higher Polytechnic School. The
botanical identification was made by Biologist
Ricardo Zambrano from Faculty of Biological
Sciences of the Central University of Ecuador.

Extraction and analysis of the essential oil:
The fresh plant materials were separated into
flowers (474.0 g) and leaves (788.0 g) cut into
small pieces and submitted to hydrodistillation for
3 h using a Clevenger-type apparatus. A volume of
045 mL and 0.75 mL of essential oil were
obtained, respectively. The composition of the
essential oils was determined by comparing of the
mass spectrum of each compound with Wiley
GC/MS library data and also from retention index
(RI) data.

Gas chromatography (GC): GC analyses
were performed using a Perkin-Elmer Autosystem
gas chromatograph equipped with a FID detector
and data-handling system. A 5%
phenylmethylpolysiloxane fused-silica capillary
column was used (30 m x 0.25 mm i.d., film
thickness 0.25 m; HP-5, Hewlett-Packard, CA,
USA). The oven temperature was programmed
from 60°C to 260°C at 4°C/min. The injector and
detector temperatures were 200°C and 280°C,
respectively. The carrier gas was helium at
0.8 mL/min. The sample (1.0 pL) was injected
using a split ratio of 10:1. Retention indices were
calculated with reference to C8-C24 n-alkanes.
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The percentage composition of the oil was
calculated by the normalization method from the
GC peak areas.

Gas chromatography—-mass spectrometry
(GC-MS): GC-MS analyses were carried out on a
Model 5973 Hewlett-Packard GC-MS system
fitted with a HP- 5MS fused silica column (30 m x
0.25 mm i.d., film thickness 0.25 pm, Hewlett-
Packard). The oven temperature program was the
same as that used for the HP-5 column for GC
analysis; the transfer line temperature was
programmed from 150°C to 180°C; source
temperature, 230°C; quadrupole temperature
150°C; carrier gas, helium adjusted to a linear
velocity of 34 cm/s; ionization energy, 70 eV; scan
range, 40 to 500 amu; 3.9 scans/s. A simple
(1.0 pL) was injected using a Hewlett-Packard
ALS injector with a split ratio of 50:1. The identity
of the oil components was established from their
GC retention indices, by comparing of their mass
and those of standard components available in the
laboratory, and through library search (Nist 05 and
Wiley MS Data Library, 61 edn) [11,12].

Free radical scavenging activity: Free radical
scavenging activity of essential oils were
determined by using a stable free radical, namely
DPPH (2,2-diphenyl-1-picrylhydrazyl), according
to a slightly modified method of Blois, 1958.
Indeed, since DPPH has an unpaired electron its
delocalization, by reaction with an antioxidant
substance gives a violet color to the DPPH
solution. By donating a hydrogen radical, DPPH is
stabilized producing a decrease in absorbance [13].
DPPH solution was prepared at the concentration
of 6 x 102 mM of DPPH in ethanol. During assays,
1 mL of the essential oil (1000 pg/mL) was mixed
with 3 mL DPPH solution. Simultaneously, a
control (ascorbic acid) was prepared without
essential oil. The mixture was incubated at room
temperature for 30 min and further reading on a
Spectronic Genesystm 10 Bio reader plate at
517 nm. The percentages of inhibition of the DPPH
radical, as a function of the effect extracted
fractions, were calculated using the following
equation, where Aco: the absorbance of the control
at t=0; Aat: the absorbance of the samples at t = 30
min.

The ICso value was calculated based on the
percentage of inhibition of each concentration,

namely 500, 250, 125, 62.5, 31.25 and 15.62
ug/mL. The percentage of inhibition (y) from each
concentration (x), the points (x and y) are plotted
on the coordinate plane then the line equation
y =ax + b is determined by calculation using linear
regression where a and b are constants, x is the
concentration sample (ppm), and y is the
percentage of inhibition (%). Antioxidant activity
is expressed by ICso, namely the sample's
concentration that can reduce 50% of DPPH
radicals [14, 15].

Ao — A
Inhibition = —>—2%% 100

co

RESULTS AND DISCUSSION

In this study the chemical composition of the
essential oil of flowers and leaves of M. mollis
collected in the Province of Chimborazo-Ecuador
are reported. Hydrodistillation from the flowers of
M. mollis produced a 0.45 mL yellow oil with a
yield of 0.09%, while the leaves produced a
0.75 mL vyielded 0.10% of oil. GC-MS analysis
showed the presence of 12 components which were
identified in the oil of the flowers and leaves, they
represent 98.86 % and 99.99%, of the total oil,
respectively. These compounds with their retention
indices (R1) and relative percentage concentrations
are listed in Table 1, according to the elution order
on HP-5 column. The major components of the
flowers oil were pulegone (45.19%), menthone
(37.66%) and neomenthol (6.03%) and the major
components of the leaves oil were pulegone
(18.76%), menthone (46.58%), a-neomenthol
(12.65%) and neomentil acetate (9.91%) and
menthyl acetate (4.19%). The identified products
may be divided into four different groups:
hydrocarbons monoterpenes (1.58% flowers;
2.10% leaves), oxygenated monoterpenes (95.81%
flowers; 96.71% leaves), sesquiterpenes (1.47%
flowers; 1.18% leaves).

The essential oil of M. mollis obtained from
plants collected at different places has been
described. In the Venezuelan Andes the essential
oils of M. mollis from leaves contain pulegone as
their major component. However, the essential oil
of M. mollis from seeds obtained in Ecuador
contains menthol derivatives as their major
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compounds. The analysis of the oil from plants
raised at Carroll Co, Indiana, from seeds purchased
in Quito, Ecuador, showed the presence of
neomenthol (29.3%), menthol (20.6%), menthone

(24.0%) and piperitone (9.0%); those collected at
Zaruma (Province of El Oro, Ecuador) contained
menthone (16.0%), carvacryl acetate (10.0%),
pulegone (10.0%) and carvacrol (9.0%) [16-19].

TABLE 1.
Percentage composition of the essential oil from flowers and leaves of Minthostachys mollis.

Serial N° Compounds Flowers oil Leaves oil RI
1 a-terpinolene 1.58 2.10 1099
2 menthone 37.66 46.58 1159
3 neomenthol 6.03 12.65 1167
4 menthol 0.77 2.55 1174
5 pulegone 45.19 18.76 1246
6 piperitone 1.04 1.18 1261
7 neomenthyl acetate 2.48 9.91 1282
8 menthyl acetate 1.00 4.19 1300
9 piperitenone 0.78 0.29 1347
10 eugenol 0.86 0.60 1361
11 p-caryophyllene 0.71 0.59 1419
12 bicyclo-germacrene 0.76 0.59 1495

Total Identified 98.86% 99.99%

RI: Retention index this work.

All of them have been previously reported as
characteristic components of different chemotypes
of M. mollis from Argentina, these findings suggest
large genetic diversity in M. mollis from Ecuador
with regard to the main essential oil components
which appears to be divided into two chemotypes:
carvacryl acetate-carvacrol and predominantly
pulegone-menthone [20, 21]. Many studies show
that the chemical composition of essential oils
varies noticeably according to numerous factors,
including environmental geobotanical conditions,
cultivation technique, plant age, harvest period,
among others [22].

The antioxidant mechanism is mostly known as
radical scavenging; this assay is based on
measuring the reducing ability of antioxidants
toward DPPH. This method is an In Vitro method
that is often chosen for antioxidant activity because
it is simple, easy, fast, sensitive, and requires a
small sample. This method only requires DPPH

without adding a substrate because free radicals are
available directly to touch the substrate. The ability
can be evaluated by electron spin resonance or by
measuring the decrease of its absorbance [23]. The
results can be observed by changing the solution
from purple to yellow. Color changes indicate that
DPPH has been reduced by the hydrogen or
electron  donation process of antioxidant
compounds. The absorption decreases gradually as
much as the concentration of antioxidant
compounds. This method uses I1Cso as a parameter
to determine the concentration of antioxidant
compounds that can inhibit 50% oxidation [23].
Table 2 showed that the 1Cso of the essential oil
of flowers and leaves of M. mollis were
32.73 pg/mL, and 15.40 pg/mL, respectively.
These results indicated powerful antioxidant
activity for both oils. The category as antioxidant
based on DPPH assay divided into; powerful,
strong, medium, and weak with the 1Cso <50, 50-
100, 100-250, 250-500 pg/mL, respectively [23].
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TABLE 2.

Antioxidant activity of the essential oil of flowers and leaves of M. mollis.

. Inhibition 1Cs
Sample Concentrations
(%) (ng/mL)
125 20.67
25 37.09
Ascorbic acid 35.20
. 50 69.02
positive control
75 96.36
100 97.08
15. 62 46.61
o 31.25 50.36
Essential oil of 625 5497 3273
flowers . -
M. mollis -
250 63.82
500 71.88
15.62 49.87
ol oil of 31.25 51.57
Essential oil o 625 5393
Leaves 15.40
. 125 55.69
M. mollis
250 59.39
500 65.75

1Cso: Concentration that can reduce 50% of DPPH radicals

The antioxidant activity of essentials oils
depends on the presence of bioactive components
that can quench peroxyl radicals or inhibit the
oxidation reaction of the organic materials. Their
antioxidative effects have been attributed to the
presence of various terpenes and phenolic
compounds. Terpenes, especially from the
aromatic such as linalool, eucalyptol, citral,
citronellal, isomenthone, menthone, a-terpinene,
[-terpinene, and a-terpinolene, have been widely
applied as additives in food supplements for
preventing  oxidative  stress.  Additionally,
antioxidant activities have also been associated
with specific alcohols, ethers, aldehydes, and
ketones [24-28]. It is important to highlight that
some studies have reported that the radical
scavenging activity of peppermint essential oils is
associated with the presence of menthol and
menthone [29-31].

Previous  studies have reported that
monoterpenes without a = bond, for example,
menthol, do not exert free radical scavenging
activity in the DPPHe assay. When one double
bond appears in the molecule, the DPPHe
scavenging ability increases, as, for example, with

menthone. Compounds with two double bonds, as
already explained, quickly terminate radical chain
reaction and can be considered as potent free
radical scavengers, for example, pulegone [32].
However, it must be considered that, natural
essential oils are a mixture of different types of
antioxidants or oxidizable terpenoids compounds.
Depending on the composition and experimental
conditions, synergistic or antagonistic interaction
can occur and play an important role in the efficacy
of the antioxidant action. Care should be taken
before assuming that the antioxidant potential of
essential oils is simply because of a specific terpene
[33].

The essential oil of the leaves of M. mollis
presented an ICso of 15.40 pg/mL while the
essential oil of the leaves was 32.73 pg/mL. It
seems plausible that menthone and pulegone play a
significant role in the antioxidant activity of the
essential oils of M. mollis. It is observed that the
antioxidant activity was higher in the oil of the
leaves, this can be attributed to the synergistic
effect of neomenthyl acetate and menthyl acetate,
they are found in greater proportion in said oil and
have double bonds in their structures (Fig 1).




Toaquiza-Aguagallo y cols. / Rev Fac Farm. 2022; 64(1): 3-10

Pulegone Menthone

H;C CHjy

Neomenthyl acetate

CH; CH;

) )

PN N

H;C CHjy

Menthyl acetate

Fig. 1 Major compounds with double bonds of the essential oil of the of M. mollis leaves.

CONCLUSIONS

The chemical composition of essential oils of
fresh flowers and leaves of M. mollis collected in
the Province of Chimborazo were evaluated in the
present investigation. The main components of the
oil found in the flowers and leaves were pulegone
(45.19%) and menthone (46.58%), respectively.
The antioxidant test showed the essential oil of
flowers and leaves of M. mollis had powerful
antioxidant activity with 1Cso values of 32.73
pHg/mL and 15.40 pg/mL, respectively. The results
of these studies provide scientific evidence of
natural compounds with the potential to act as
antioxidants again diseases in the human body.
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