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ABSTRACT: The present study belonged to an unfunded project, KAEIELEES

Gynoxys sancti-antonii

dealing on the systematic description of unprecedented essential
oils (EOs), distilled from 12 species of genus Gynoxys Cuatrec. In
this very case, the aim was the first chemical and enantiomeric
analyses of two volatile fractions, obtained from the leaves of
Gynoxys cuicochensis Cuatrec. and Gynoxys sancti-antonii Cuatrec.
These EOs were analyzed by GC—MS (qualitatively) and GC—
FID (quantitatively), detecting 89 and 60 components from G.
cuicochensis and G. sancti-antonii, respectively. Major components
for G. cuicochensis EO, on a nonpolar and polar stationary phase,
were a-pinene (29.4—29.6%), p-vinylguaiacol (3.3—3.6%), and
germacrene D (20.8—19.9%). In G. sancti-antonii EO, the main
compounds were a-pinene (3.0—2.9%), f-pinene (12.9—12.1%), y-
curcumene (19.7—18.3%), germacrene D (9.0% on the polar phase), ar-curcumene (5.3% on the polar phase), 5-cadinene (4.1—
4.6%), a-muurolol (3.3—2.4%), a-cadinol (3.0% on both columns), and an undetermined compound, of molecular weight 220. In
addition to chemical composition, the enantioselective analysis of the main chiral compounds was carried out on two different chiral
selectors. In G. cuicochensis EO, (1R,SR)-(+)-a-pinene, (S)-(+)-f-phellandrene, (R)-(—)-piperitone, and (S)-(—)-germacrene D
were enantiomerically pure, whereas f-pinene, sabinene, a-phellandrene, limonene, linalool, and terpinen-4-ol were observed as
scalemic mixtures. On the other hand, in G. sancti-antonii EO, the pure enantiomers were (15,5S)-(—)-a-pinene, (1R,SR)-
(+)-sabinene, (R)-(—)-B-phellandrene, (S)-(—)-limonene, (1S,2R,6R,7R,8R)-(+)-a-copaene, (R)-(—)-terpinen-4-ol, and (S)-
(—)-germacrene D, whereas f-pinene, linalool, and a-terpineol were present as scalemic mixtures. The principal component
analysis demonstrated that G. cuicochensis volatile fraction was quite similar to many of the other EOs of the same genus, whereas G.
sancti-antonii produced the most dissimilar EO. Furthermore, the enantioselective analyses showed the usual variable enantiomeric
distribution, with a greater presence of enantiomerically pure compounds in G. sancti-antonii EO.

Landscape of the Province of Loja, Ecuador

1. INTRODUCTION

Ecuador is a South American country, crossed by the
equatorial line, and characterized by four different climatic
regions, whose conditions are almost constantly maintained all
year long. Therefore, a great biodiversity evolved in this region,
producing an incredible number of so far unprecedented
botanical species from a chemical point of view."” This
situation led the United Nations to declare Ecuador as one of
the 17 “megadiverse” countries in the world.’ For these
reasons, our group has been investigating natural products for
about 20 years, with the purpose of enhancing and preserving
the Ecuadorian flora through the knowledge of its
phytochemistry and, possibly, the discovery of pharmacolog-
ically interesting metabolites.”> During the past few years, we
mainly focused on the description of new essential oils (EOs),
with emphasis on their chemical and enantiomeric composi-
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tions, olfactometric profiles, and biological activities.> ™ Being
centered on phytochemistry and chemotaxonomy, high
distillation yields, or agricultural availability are not usually
leading criteria of plant selection for our research. In this
perspective, the present study belonged to un unfunded
project, dealing on the systematic description of new EOs from
12 plants of the genus Gynoxys Cuatrec. (Asteraceae) in the
province of Loja, Ecuador. So far, the EOs obtained from
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Gynoxys miniphylla Cuatrec., Gynoxys rugulosa Muschl,
Gynoxys buxifolia (Kunth) Cass., and Gynoxys laur}'foliu
(Kunth) Cass. have already been studied and published.'*~"*
The composition of Gynoxys szyszylowiczii Hieron. volatile
fraction is ready to be published, whereas Gynoxys
calyculisolvens Hieron., Gynoxys pulchella (Kunth) Cass.,
Gynowxys reinaldii Cuatrec., Gynoxys hallii Hieron., and Gynoxys
azuayensis Cuatrec. are currently under investigation. Finally,
Gynoxys cuicochensis Cuatrec. and Gynoxys sancti-antonii
Cuatrec. are the object of this report. According to botanical
literature, the genus Gynoxys is an Andean endemism,
comprising about 120 species diffused from Argentina and
Bolivia to Venezuela.'"* The diffusion center is Ecuador, where
most of these species are endemic or native."” In this country,
G. cuicochensis is an endemic shrub or tree, growing between
2000 and 3500 m above the sea level, in the provinces of
Azuay, Canar, Loja, and Pichincha.'® On the other hand, G.
sancti-antonii is a native treelet, growing between 2500 and
3500 m above the sea level in the provinces of Azuay, Cafar,
Chimborazo, Loja, and Pichincha.'® No synonyms were
reported for G. cuicochensis, whereas G. sancti-antonii var.
latifolia Cuatrec. is a synonym of G. sancti-antonii."® On the
one hand, from the chemical point of view, G. cuicochensis is a
completely unprecedented species. On the other hand, G.
sancti-antonii has been previously studied about its nonvolatile
metabolites.'”'® The aim of the present research is the
chemical and enantiomeric description of two EOs obtained
from G. cuicochensis and G. sancti-antonii leaves that, to the best
of the authors’ knowledge, are reported here for the first time.
The experimental design is represented in Figure 1.

2. RESULTS AND DISCUSSION

2.1. Chemical Analysis. The dry leaves of G. cuicochensis
produced an EO with an analytical yield of 0.08 + 0.003% by
weight. A total of eighty-nine compounds were identified and
quantified on at least one of two stationary phases of different

polarity. The gas chromatographic (GC) profiles of both
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Figure 1. Experimental design of the present investigation.

essential oils on the nonpolar and polar stationary phases are
represented in Figures 2 and 3, whereas the complete
qualitative and quantitative analyses are detailed in Table 1.
Major components (>3.0% on at least one column), on the
nonpolar and polar stationary phase, respectively, were as
follows: a-pinene (29.4—29.6%, peak 1), p-vinylguaiacol (3.3—
3.6%, peak 42), and germacrene D (20.8—19.9%, peak 69).
Unlike most of the other Gynoxys EOs, the volatile fraction of
G. cuicochensis was not dominated by sesquiterpenes, being
monoterpene and sesquiterpene fractions almost equal. In fact,
monoterpenes and oxygenated monoterpenoids accounted
together for 41.6—40.9%, whereas sesquiterpenes and oxy-
genated sesquiterpenoids corresponded to 41.2—38.7% as a
sum. About G. sancti-antonii EO, the distillation yield was 0.08
+ 0.014 by weight. In this volatile fraction, 60 components
were identified and quantified on at least one column. Main
compounds were as follows: a-pinene (3.0—2.9%, peak 1), -
pinene (12.9—12.1%, peak 3), y-curcumene (19.7—18.3%, peak
68), germacrene D (9.0% on the polar phase, peak 69), ar-
curcumene (5.3% on the polar phase, peak 70), -cadinene
(4.1-4.6%, peak 79), a-muurolol (3.3—2.4%, peak 92), a-
cadinol (3.0% on both columns, peak 93), and an
undetermined compound of molecular weight 220 (3.1—
4.2%, peak 95). The volatile fraction of G. sancti-antonii was
dominated by sesquiterpenes and oxygenated sesquiterpenoids,
whose joint fractions corresponded to 64.3—59.3% on the
nonpolar and polar stationary phase, respectively. On the other
hand, the sum of monoterpenes and oxygenated monoterpe-
noids corresponded to 18.5—17.3% of the whole oil mass.
Interestingly, the characteristic heavy aliphatic fraction, that we
could observe in other species of this genus, were not so
important in G. cuicochensis and G. sancti-antonii. In fact,
despite these compounds were clearly present, their
quantitative contribution did not exceed 10% of the entire
oil composition in both plants.

The comparison through principal component analysis
(PCA) among the main constituents of the EOs from the
species G. miniphylla, G. rugulosa, G. buxifolia, G. laurifolia, G.
cuicochensis, and G. sancti-antonii (see Figure 4), permitted to
determine the relative closeness of the Gynoxys spp. so far
studied for their volatile fraction compositions. In this
statistical analysis, only major components were considered.
On the one hand, G. miniphylla, G. cuicochensis, G. buxifolia,
and G. laurifolia appeared to belong for similarity to the same
group, whereas G. szyszylowiczii and G. rugulosa generated a
different cluster. On the other hand, G. sancti-antonii was quite
far from all the other plants of this family. These results were
peculiarly counterintuitive since all these taxa, except G.
buxifolia, apparently presented a quite similar chemical profile.
In this sense, a-pinene and germacrene D were major
components in practically all volatile fractions, whereas f-
pinene, p-vinylguaiacol, (E)-f-caryophyllene, a-humulene, -
cadinene, and a-cadinol were constantly present in all EOs,
despite not always as major constituents.'””"? Finally, p-
vinylguaiacol did not appear in G. buxifolia EO just because it
was quantitatively dissolved in the hydrolate.'* Occasionally, a
specific metabolite was a major component of a particular EO.
This was for instance the case of 6-3-carene and trans-myrtanol
acetate for G. miniphylla, and y-curcumene for G. sancti-antonii.
Furthermore, a series of heavy aliphatic compounds (mainly
long-chained aldehydes, alkenes, and alkanes) was a character-
istic pattern in the final part of many GC profiles.'”'""
Finally, a special consideration must be given to G. buxifolia
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Figure 2. GC—MS profile of G. cuicochensis (black) and G. sancti-antonii (red) EOs on a 5%-phenyl-methylpolysiloxane stationary phase. The peak
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(red) EOs on a polyethylene glycol stationary phase. The peak numbers

EO, whose chemical composition was completely different
from all the other species, the major compounds being the very
rare furanoeremophilane and bakkenolide A."?

2.2. Enantioselective Analysis. The enantioselective
analyses permitted to identify four enantiomerically pure
compounds in G. cuicochensis EO and seven in G. sancti-antonii
volatile fraction. They were (1R,SR)-(+)-a-pinene, (S)-(+)-f-
phellandrene, (R)-(—)-piperitone, and (S)-(—)-germacrene D
for the first plant, whereas (15,5S)-(—)-a-pinene, (1R,SR)-
(+)-sabinene, (R)-(—)-f-phellandrene, (S)-(—)-limonene,
(1S,2R,6R,7R,8R)-(+)-a-copaene, (R)-(—)-terpinen-4-ol, and
(S)-(—)-germacrene D were the ones of the second plant. All
the other analyzed chiral compounds were present as scalemic
mixtures in both EOs. Unlike the chemical compositions, the
enantiomeric distributions of all the known Gynoxys EOs did
not apparently present a common pattern.'””"* The detailed
results of the enantioselective analyses on G. sancti-antonii and
G. cuicochensis EOs are shown in Table 2, where two chiral
selectors (2,3-diacetyl-6-tert-butyldimethylsilyl-f-cyclodextrin

25904

and 2,3-diethyl-6-tert-butyldimethylsilyl-f-cyclodextrin) were
used in order to ensure the best enantiomeric separations. As
usual, the variable enantiomeric distribution of the same chiral
metabolites, within a botanical genus or even the same species,
is the result of different biological functions and properties,
that two optical isomers can exert in a living organism.””"%

3. CONCLUSIONS

The dry leaves of G. cuicochensis and G. sancti-antonii produced,
by steam-distillation, two EOs with the same yield of about
0.08% by weight. The yield was therefore a little higher than
the one of most of the other Gynoxys EOs (about 0.02%), but
lower than the one of G. buxifolia (about 0.1%). The PCA
demonstrated that G. cuicochensis volatile fraction was quite
similar to most of the other EOs of the same genus, whereas G.
sancti-antonii produced the most dissimilar EO. Furthermore,
the heavy aliphatic fraction that characterizes many Gynoxys
EOs was much less important in these two species. Finally, the
enantioselective analyses showed the usual variable enantio-
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Table 1. continued

polyethylene glycol

5%-phenyl-methylpolysiloxane

compounds

no.

reference

G. sancti-antonii

G. cuicochensis

LRI b

a

LRI

reference

G. sancti-antonii

G. cuicochensis

LRI®

LRI*

%
12.4

%
7.7

%
12.2

%
9.5

oxygenated sesquiterpenes

13.7
93.0

14.2

10.8

11.7

others
total

93.8

93.6

94.5

4Calculated linear retention index (LRI). "Reference LRI; % = percent by weight of EO; ¢ = standard deviation; §

components in at least one EO are reported in bold.

identification by mass spectrometer (MS) only; and trace = <0.01%. “Major

meric distribution, with a greater presence of enantiomerically
pure compounds in G. sancti-antonii EO. A more exhaustive
statistical analysis of the chemical compositions and enantio-
meric distributions will be conducted once the investigation on
the genus is complete. Furthermore, after preparative
distillation, this EO is suitable to be evaluated for possible
biological activities.

4. METHODS

4.1. Plant Material. The leaves of both wild plants were
collected on March 6, 2021, from different shrubs of each
species located within the radius of about 200 m around two
reference points. For G. cuicochensis, the point coordinates
were 03°39’57”S and 79°15'15"W, at the altitude of 2950 m
above the sea level. For G. sancti-antonii, the collection point
was located at 03°34'24”S and 79°11'10"W, whose altitude
was 2973 m above the sea level. Both sites corresponded to the
Province of Loja, Ecuador. The botanical identification was
carried out by one of the authors (N.C.), and it was based on
the original specimens conserved at the Missouri Botanical
Garden Herbarium (St. Louis, MO, USA), with codes
05035975 (G. cuicochensis) and 2810342 (G. sancti-antonii).
A reference botanical voucher for each collected species was
also deposited at the herbarium of the Universidad Técnica
Particular de Loja (UTPL), with codes 14273 and 14677 for G.
cuicochensis and G. sancti-antonii, respectively. The plant
materials were submitted to gentle drying the same day of
collection, at 35 °C for 48 h, before being stored in a fresh dark
place until use. Both investigation and collection were
conducted under permission of the Ministry of Environment,
Water and Ecological Transition of Ecuador, with MAATE
registry number MAE-DNB-CM-2016-0048.

4.2. Distillation and Sample Preparation. The dry
leaves of both plants were analytically steam-distilled in a
modified Dean—Stark apparatus, as previously described in
literature."" Each species was distilled in four repetitions, for 4
h each. Each distillation was based on 80.6 g of dry plant
material for G. cuicochensis, and 81.0 g for G. sancti-antonii.
Each time, the volatile fraction was condensed over 2 mL of
cyclohexane, containing n-nonane as internal standard (0.7
mg/mL). The obtained EO solutions in cyclohexane were
stored at —15 °C and they were directly injectable in GC. Both
cyclohexane and n-nonane were analytical grade and they were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

4.3. Qualitative (GC—MS) Chemical Analyses. The
qualitative analyses were carried out with a Thermo Fisher
Scientific GC, model Trace 1310, coupled to an ISQ 7000 MS
from the same provider (Waltham, MA, USA). The instrument
was equipped with two capillary columns, both 30 m long, 0.25
mm internal diameter, and 0.25 gm film thickness (Agilent
Technology, Santa Clara, CA, USA). The stationary phases
were nonpolar (DB-S ms) and polar (HP-INNOWax) based
on 5%-phenyl-methylpolysiloxane and polyethylene glycol,
respectively. The injector was operated in the split mode (1
uL sample volume injected at 40:1 split ratio), set at the
temperature of 230 °C. Helium was the carrier gas used at the
constant flow of 1 mL/min (Indura S.A., Guayaquil, Ecuador).
The GC oven was programmed, with both columns, according
to the following thermal program: 40 °C for 10 min, a first
gradient of 3 °C/min until 100 °C, a second gradient of 5 °C/
min until 200 °C, and a third gradient of 10 °C/min until 230
°C, which were maintained for 20 min. The GC—MS transfer
line and the electron ionization ion source (70 eV) were set at
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Figure 4. PCA plot of major components identified in the EOs of G. miniphylla, G. rugulosa, G. buxifolia, G. laurifolia, G. cuicochensis, and G. sancti-

antonii.

Table 2. Enantioselective Analysis of Some Chiral Terpenes from G. cuicochensis and G. sancti-antonii EOs®

enantiomers LRI G. cuicochensis G. sancti-antonii

distribution (%) ee (%) distribution (%) ee (%)

(1R,5R)-(+)-a-pinene 924 100.0 100.0

(18,55)-(~)-a-pinene 926° 100.0 100.0

(1R,5R)-(+)-p-pinene 949 44.7 10.6 19.3 61.3

(18,5S)-(—)-p-pinene 959“ 55.3 80.7

(1R,SR)-(+)-sabinene 1008” 682 36.4 100.0 100.0

(18,5S)-(—)-sabinene 1014° 31.8

(R)-(=)-a-phellandrene 1019“ 4.7 90.7

(S)-(+)a-phellandrene 1022 95.3

(R)-(=)-p-phellandrene 1051“ 100.0 100.0

(8)-(=)-limonene 10587 97.5 95.0 100.0 100.0

(R)-(+)-limonene 1074 2.5

(S)-(+)-p-phellandrene 1075% 100.0 100.0

(R)-(—)-linalool 1179 56.3 12.5 47.8 4.5

(8)-(+)-linalool 1189 43.7 522

(R)-(—)-piperitone 1294 100.0 100.0

(S)-(+)-a-terpineol 1300 84.7 69.5

(R)-(—)-a-terpineol 1313 153

(1S2R,6R,7R,8R)-(+)-a-copaene 1322¢ 100.0 100.0

(R)-(—)-terpinen-4-ol 1339 40.7 18.6 100.0 100.0

(S)-(+)-terpinen-4-ol 1376" 59.3

(S)-(—)-germacrene D 1465 100.0 100.0 100.0 100.0

2,3-diacetyl-6-tert-butyldimethylsilyl-B-cyclodextrin. “2,3-diethyl-6-tert-butyldimethylsilyl-f-cyclodextrin column. “Linear retention indice

calculated LRI; ee = enantiomeric excess.

230 °C. The MS, equipped with a single quadrupole analyzer,
was operated in the SCAN mode and programmed for 40—400
m/z mass range. A mixture of n-alkane Cy—C,4 purchased
from Sigma-Aldrich, was also injected in the same conditions
as the EOs. The components of the volatile fractions were
identified by comparing the linear retention indices (LRIs),
calculated according to Van den Dool and Kratz,'*" and mass
spectra with data from literature (see Table 1).

4.4. Quantitative (GC—FID) Chemical Analyses. The
quantitative chemical analyses were conducted on the same
GC, columns, ad instrument configuration, as the qualitative
ones, except for the use of a flame ionization detector (FID)

25909

instead of MS. The FID temperature was set at 230 °C,
whereas the injector was operated at the split ratio of 10:1. All
the EO constituents were quantified with external calibration,
using n-nonane as internal standard and isopropyl caproate as
calibration standard. The internal standard was purchased from
Sigma-Aldrich, whereas the calibration standard was synthe-
tized in one of the authors’ laboratories and purified to 98.8%
(GC—FID purity). A six-point calibration curve was traced for
each column, as previously described in literature,'*” obtaining
a correlation coeflicient of 0.997 in both cases. A relative
response factor was calculated for each EO component versus
isopropyl caproate, according to combustion enthalpy, as

https://doi.org/10.1021/acsomega.4c00391
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described in literature.'®'** The percent results were obtained
as a mean value and standard deviation over four repetitions,
relating the amount of each compound to the whole mass of
the distilled EO, analytically calculated.

4.5. PCA of Some Gynoxys spp. EOs. The PCA was
carried out on SIMCA software, purchased from Sartorius
(Géttingen, Germany). The analysis was conducted only on
major constituents, accounting for at least 1% in at least one
EO. The compounds included in the analysis were as follows:
a-pinene, f-pinene, 5-3-carene, fS-phellandrene, trans-myrtanol
acetate, p-vinylguiacol, (E)-f-caryophyllene, a-humulene, y-
curcumene, germacrene D, ar-curcumene, byciclogermacrene,
6-cadinene, a-muurolol, @-cadinol, furanoeremophilane, bak-
kenolide A, n-heneicosane, 1-docosene, 1-tricosene, n-
tricosane, 1-tetracosene, n-pentacosane, 1-hexacosene, and n-
heptacosane. The quantitative data submitted to PCA were the
mean values of each component on both nonpolar and polar
columns. The analysis included data from G. szyszylowiczii that,
despite being still unpublished, are currently partially available.

4.6. Enantioselective Analyses. The enantioselective
analyses were carried out in the same GC—MS instrument as
the qualitative ones. Two enantioselective capillary columns
were used: one based on a 2,3-diacetyl-6-tert-butyldimethylsil-
yl-B-cyclodextrin chiral selector and the other one based on a
2,3-diethyl-6-tert-butyldimethylsilyl-f-cyclodextrin stationary
phase. The columns were 25 m long, 250 pm internal
diameter and 0.25 ym phase thickness, both purchased from
MEGA Sl (Legnano, MJ, Italy). The enantiomers were
identified according to mass spectra and injection of
enantiomerically pure standards, that were purchased from
Sigma-Aldrich. The GC oven was programmed according to
the following thermal program: 50 °C for 1 min, a thermal
gradient of 2 °C/min until 220 °C, finally maintained for 10
min. As usual, the enantiomer identification was limited by
standard availability.
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