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Abstract: Alzheimer’s disease is a global health problem due to the scarcity of acetylcholinesterase
inhibitors, the basis for symptomatic treatment of this disease; this requires new approaches to
drug discovery. In this study, we investigated the chemical composition and anticholinesterase
activity of Eugenia valvata McVaugt (Myrtaceae) collected in southern Ecuador, which was obtained
as an essential oil (EO) with a yield of 0.124 + 0.03% (w/w); as a result of the chemical composi-
tion analysis, a total of 58 organic compounds were identified—representing 95.91% of the total
volatile compounds—using a stationary phase based on 5% phenyl-methylpolysiloxane, as analyzed
via gas chromatography coupled to mass spectrometry (GC-MS) and flame ionization detection
(GC-FID). The main groups were hydrocarbon sesquiterpenes (37.43%), oxygenated sesquiterpenes
(31.08%), hydrocarbon monoterpenes (24.14%), oxygenated monoterpenes (0.20%), and other com-
pounds (3.058%). Samples were characterized by the following compounds: «-pinene (22.70%),
a-humulene (17.20%), (E)-caryophyllene (6.02%), citronellyl pentanoate (5.76%), 7-epi-x-eudesmol
(4.34%) and 5-iso-cedranol (3.64%); this research was complemented with an enantioselective analysis
carried out using 2,3-diethyl-6-tert-butyldimethylsilyl-3-cyclodextrin as a stationary phase chiral
selector. As a result, x-pinene, limonene, and a-cadinene enantiomers were identified; finally, in the
search for new active principles, the EO reported strong anticholinesterase activity with an ICsy of
53.08 £ 1.13 ug/mL, making it a promising candidate for future studies of Alzheimer’s disease.
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1. Introduction

Since ancient times, the medicinal use of plants for the treatment or alleviation of
various diseases has been replaced by pharmaceuticals, and rural populations also claim
that medicinal plant therapy is their preferred method for solving health problems [1,2]. In
addition, traditional medicine is currently very important, as it includes herbal medicines,
which are used by about 80% of the world’s population for primary health care [3,4].
However, health professionals rarely use herbal remedies; their treatments are based on
synthetic pharmaceuticals, even for the treatment of minor illnesses [5].

Ecuador is considered one of the 17 most biodiverse countries in the world, with
18,198 vascular plant species (25% of which are endemic) comprising 91 plant families
distributed across three continents and island regions [6]. One of these families is Myrtaceae,
belonging to the order Myrtales, represented by about 144 genera and 5500 species in the
Neotropics [7].

The Eugenia genus is known for its wide range of chemical compounds and comprises
around 350 native species [8]; it consists of trees and shrubs predominantly distributed
from southern Mexico, Cuba and the Antilles to Uruguay, Argentina, Africa, Southeast Asia
and the Pacific [9-11]. Eugenia offers nutritional and bioactive components; potent antioxi-
dant properties; antimicrobial, anti-inflammatory [12-14], analgesic, and antibacterial [15]
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effects; and cholinesterase activity [16]. On the other hand, various microorganisms and
parasites have been studied to determine the effectiveness of Eugenia genus; these include
pathogenic bacteria as well as viruses such as herpes simplex and hepatitis C. Essential
oils (EOs) not only exhibit antimicrobial, antioxidant, antifungal, and antiviral properties
but also anti-inflammatory, cytotoxic, insect repellent, and anesthetic properties [17]. Fur-
thermore, many Eugenia species contain compounds such as gallic polyphenols, ellagic
acyl derivatives [18,19], tannins [20] and flavonol glycosides [15,21]. Primarily distributed
in tropical and subtropical regions, they are generally subtropical woody plants with per-
sistent foliage and lysigenous secretory cavities containing essences that produce spices
and medicinal substances with biological properties [22]. The species Eugenia valvata is
a shrub or tree species endemic to Ecuador; it is found in the provinces of Cafar, Carchi,
Chimborazo, Imbabura, Loja and Pichincha [23]; in the lowland forests of the Andes; and
in the humid vegetation of the inter-Andean region, between 1000 and 3500 m.a.s.L. [7,23].

Preliminary studies have shown that essential oils and their chemical constituents have
effects on the central nervous system, including in the treatment of Alzheimer’s disease [24].
This is because the components of EOs are small and lipophilic, which facilitates their
movement across the blood—-brain barrier [25]. In addition, their characteristic volatility
may facilitate their use in inhalation, bypassing the metabolic pathway whose facilitator
denatures the active components [26]. Clinical reports also suggest aromatherapy improves
memory and alleviates psycho-behavioral symptoms in Alzheimer’s patients [27].

To the best of our knowledge, the present study represents the first report of the chem-
ical composition of E. valvata EO and Acetylcholinesterase (AChE) inhibition. Furthermore,
it presents this chemical characterization, which may contribute to the correct identification
of species from this genus; it also presents the first study of its enantiomeric distribution.

The aim of the present study was to extract and characterize the EO present in the
species, and to evaluate the EO from E. valvata in terms of its inhibition of the AChE enzyme,
in order to identify possible species that could represent new sources of cholinesterase
inhibitors for the palliative treatment of Alzheimer’s disease.

2. Results
2.1. Yield and Chemical Composition

The essential oil obtained from E. valvata showed a low yield of 0.124 £ 0.03% (w/w);
a total of 58 constituents were identified, accounting for 95.91% of the total components,
which were identified by GC-MS and GC-FID. The compounds’ identification and their
abundance, as well as the LRI values in order of their elution, are depicted in Table 1.

Table 1. Chemical composition of Eugenia valvata essential oil from Ecuador.

Compounds LRI; ! LRIy 2 % =+ SD 3 MF
Terpenes
«-Pinene 932 939 22.70 £ 1.878 CioHig
f3-Pinene 978 974 0.34 + 0.022 Ci0Hig
Myrcene 990 988 0.21 + 0.010 CioHig
Limonene 1030 1024 0.85 + 0.054 Ci0Hig
a-terpineol 1203 1186 0.20 + 0.003 C1oH150
Cyclosativene 1365 1371 0.27 +0.274 Ci5Hp4
a-cis-Bergamotene 1413 1411 0.25 + 0.003 Ci5Hpg
(E)-Caryophyllene 1419 1417 6.02 + 0.084 Ci5Hpy
a-trans-Bergamotene 1433 1432 0.44 £ 0.005 Ci5Hp4
a-Humulene 1458 1452 17.20 £ 0.25 Ci5Hp4
3-Santalene 1461 1457 0.20 £ 0.030 CisHpy
-Chamigrene 1475 1476 0.15 %+ 0.006 Ci5Hpy
Widdra-2,4(14)-diene 1478 1481 0.29 £0.171 Cq5Hpy
v-Himachalene 1485 1481 0.20 £ 0.074 CisHpy

B-Selinene 1491 1489 220 +0.029 Ci15Hos
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Table 1. Cont.

Compounds LRI; ! LRIy 2 % + SD 3 MF
5-Selinene 1498 1492 1.80 + 0.049 Cq5Hpy
3-Macrocarpene 1503 1499 0.10 £ 0.001 Ci5Hyy
Epizonarene 1505 1501 0.46 + 0.325 Ci5Hpy
{3-Bisabolene 1510 1506 0.58 £ 0.059 Ci5Hp4
o-Alaskene 1512 1512 0.38 £+ 0.296 Ci5Hpy
7-epi-a-Selinene 1516 1520 0.37 £0.321 Ci5Hpy
5-Cadinene 1521 1522 1.84 £+ 0.057 Ci5Hyy
-Sesquiphellandene 1527 1521 0.35 4+ 0.003 Ci5Hyoy
(E)-y-Bisabolene 1529 1529 0.28 + 0.008 Ci5Hoy
Zonarene 1536 1528 0.40 £ 0.008 CisHyy
a-Cadinene 1541 1537 1.71 + 0.026 Ci5Hpy
Selina-3,7(11)-diene 1545 1545  1.71 +0.027 Ci5Hos
«-Calacorene 1548 1544 0.08 £ 0.016 Cy5Hpg

Terpenoids and Oxygenated Terpenes
(E)-Nerolidol 1567 1561 0.75 £ 0.020 C15Hp60O
Maaliol 1571 1566 0.08 £ 0.004 C15Hp60
Caryophyllene oxide 1589 1582 2.32 +0.110 C15Hp40
Gleenol 1594 1589 0.08 £ 0.006 C15Hp60
Guaiol 1602 1600 0.09 £ 0.020 C15Hp60
Geranyl 2-methyl butanoate 1607 1601 0.87 £+ 0.029 C15Hp60n
trans-p-Elemenone 1614 1602 0.08 +0.114 C15HO
Citronellyl pentanoate 1620 1625 5.76 + 0.361 Ci15Hy50,
Eremoligenol 1627 1629 0.59 + 0.041 C15Hp60O
v-Eudesmol 1635 1630 0.16 + 0.067 C15Hy60
Cubenol 1637 1645 0.82 £ 0.028 C15Hp60
Agarospirol 1642 1646 1.56 + 0.091 C15Hp60O
Himachalol 1645 1652 2.71 + 0.154 C15H60
Cedr-8(15)-en-10-0l 1649 1650 0.72 £ 0.042 C15Hp40
Selin-11-en-4-«-o0l 1650 1658 0.01 £ 0.017 C15Hp60
Valerianol 1654 1656 1.12 £+ 0.297 C15Hp60
a-Cadinol 1656 1652 0.08 £0.129 C15Hp60
cis-Guaia-3,9-dien-11-o0l 1660 1648 1.38 + 0.072 Ci5Hp40
7-epi-a-Eudesmol 1667 1662 4.34 +0.487 Ci15Hy60O
Intermedeol 1671 1665 2.66 + 0.152 Ci5Hp6O
5-iso-Cedranol 1684 1672 3.64 +0.256 C15Hp60O
5-neo-Cedranol 1694 1684 0.45 + 0.088 C15Hy60O
cis-Thujopsenal 1710 1708 0.62 £+ 0.079 Ci5HO
(E)-Apritone 1716 1708 0.07 £0.24 Ci5Hp40O
Other compounds
2-Heptyl acetate 1041 1038 0.23 £ 0.006 CoH150;
Methyl octanoate 1129 1123 0.60 + 0.020 CoH;150,
Heptyl isobutanoate 1216 1246 0.66 + 0.005 C11H2,0,
n-Tetradecane 1403 1400 0.56 + 0.008 C14Hjzp

Occidentalol acetate 1678 1681 0.58 + 0.045 C17H60,
Longiborneol acetate (=Juniperol acetate) 1680 1684 0.40 + 0.072 C17Ho50,

Hydrocarbon monoterpenes 24.14%

Oxygenated monoterpene 0.20%

Hydrocarbon sesquiterpenes 37.43%

Oxygenated sesquiterpenes 31.08%

Other 3.06%

Total identified 95.91%

1 LRI.,: Calculated linear retention index; 2 LRIj;;: Linear retention index from Adams [28]; 3 SD: mean standard de-
viation over 3 determinations; %: mean percentage content in the EO over 3 determinations; MF: molecular formula.

From the data obtained, the EO showed a complex mixture of several components,
predominated by hydrocarbon sesquiterpenes (37.43%) followed by oxygenated sesquiter-
penes (31.08%), hydrocarbon monoterpenes (24.14%) and to a lesser extent oxygenated
monoterpene (0.20%). Furthermore, the major compounds were (a) o-pinene (22.70%),
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(b) a-humulene (17.20%), (c) (E)-caryophyllene (6.02%), (d) citronellyl pentanoate (5.76%),
(e) 7-epi-a-eudesmol (4.34%) and (f) 5-iso-cedranol (3.64%), as shown in Figures 1 and 2.

Abundance
8x108 a-Pinene

7x108
6x108
5x108
4x108 a-Humulene

3x108

2x108 5-iso-cedranol

7-epi-a-Eudesmol

(E)-Caryophyllene citronellyl pentanoate

1x108

0x108 [ | AN A
2.5 7.5 12.5 17.5 225 27.5 325 37.5 425 RT (min)

Figure 1. Chromatogram of EO of Eugenia valvata on DB5 column.

A

i

Figure 2. Chemical constituents of Eugenia valvata essential oil; (a) x-pinene, (b) x-humulene
(c) (E)-caryophyllene, (d) citronellyl pentanoate, (e) 7-epi-a-eudesmol and (f) 5-iso-cedranol.
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2.2. Enantiomeric Distribution

The enantiomeric distribution was analyzed for the first time on a chiral stationary
phase, considering the retention time of each separated enantiomer using pure standards.
Furthermore, hydrocarbon monoterpenes such as «-pinene and limonene, as well as
sesquiterpenes such as x-cadinene, were successfully identified. the enantiomeric dis-
tribution and enantiomeric excess—which describe how optically pure a mixture is by
calculating the purity of the major enantiomer—were assessed, and the results are shown
in Table 2.

Table 2. Enantiomeric distribution of Eugenia valvata essential oil from Ecuador.

Compound RT LRI ED (%) e.e (%)
a-(+)-Pinene 4.238 939 58.77 17.53
a-(—)-Pinene 4.282 941 41.23
(+)-Limonene 8.503 1057 34.23 31.53
(—)-Limonene 8.701 1062 65.77
a-(+)-Cadinene 37.569 1558 21.63 56.73
a-(—)-Cadinene 37.599 1559 78.37

RT: retention time; LRI: linear retention index; ED: ennatiomeric distribution; e.e.: enantiomeric excess.

2.3. Cholinesterase Activity

The AChE inhibitory activity of E. valvata EO was assessed using a spectrophotometric
method. The E. valvata EO was assayed for its anticholinesterase potential by measuring the
rate against three different concentrations; it showed a moderate inhibitory activity with an
ICsp value of 53.08 & 1.13 pg/mL (Figure 3). Furthermore, donepezil hydrochloride was
used as a positive control with an ICsj value of 12.3 £ 1.35 ug/mL.

150

100-9 |C50 =53.08 +1.12

Normalized response
Vo (mM/min)

ng/mL Log [inhibitor]

Figure 3. Inhibitory effect plot of Eugenia valvata essential oil, against acetylcholinesterase. Data were

analyzedy, by the non linear regression model, n = 9.

3. Discussion

Our essential oil yield was significantly lower than that from other species of the same
genus. For example, E. egensis, E. flavescens, E. polystachya and E. patrisii presented values of
2.5%, 1.0%, 1.0% and 0.7%, respectively [29]; it is important to note that these plants were
air-dried, and the yield was similar to that of E. uniflora L. (0.13%) [30]. According to the
literature, the yield may be related to the influence of variables such as genetic factors, the
developmental stage and phenological cycle of seasonal changes, the type of plant material,
and other conditions such as geographical distribution [31].

To the best of our knowledge, this is the first report into the essential oil of E. valvata,
though there are reports on other species of Eugenia. This is the case for E. flavescens,
where 0il extraction was performed upon the dried leaves and thin stems, obtaining
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three isomers of bisabolene as a majority: (E)-y-bisabolene (35.0%), 3-bisabolene (34.7%)
and (E)-iso-y-bisabolene (5.1%). In the species E. egensis, the main components were
5-hydroxy-cis-calemenene (35.8%), 3-caryophyllene (8.9%), trans-cadin-1,4-diene (6.3%),
trans-calamenene (6.1%), trans-muurola-3,5-diene (5.9%) and ledol (5.0%) [29]. The EOs
of Eugenia protenta from Brazil presented three chemical profiles mainly composed of
sesquiterpenes such as selin-11-en-4«-ol (14.4-18.3%) and [(-elemene (12.3-18.3%) for
profile I; germacrene D (15.1-15.6%), bicyclogermacrene (5.8-11.8%), 6-elemene (8.5%) and
(-elemene (9.2-12.8%) for profile II; and dimethylxanthoxylin (73.2-83.0%) for profile 3 [32].
Compounds found in E. umbelliflora oil—such as viridiflorol (17.7%), B-pinene (13.2%),
a-pinene (11.2%), aromadendrene (6.9%) and ledol (4.7%) [33]—and in another EOs from
E. umbelliflora from southern Brazil—a«-pinene and f3-pinene—were the main compounds
(24.7% and 23.5%, respectively) [34], the only oils similar to our study. Sesquiterpenes
predominate in the leaf oil of other Eugenia species, and the variability of the compounds is
due to the geographical location and genetics of each species, because these factors modify
their chemical composition [35].

The main compound in the EO was «-Pinene, a monoterpene of great interest for
medical use but also of high industrial and commercial value; it is a bicyclic hydrocarbon
consisting of two isoprene units, giving the total formula C19Hj¢ [36]. a-Pinene is the major
secondary metabolite in many coniferous essential oils [37]; it has volatile and hydrophobic
properties, a fresh pine scent, and a woody flavor [38].

The biological properties of  -pinene have been extensively studied. However, there
is a lack of data regarding the biological effects of its enantiomers. The role of enantioselec-
tivity in determining biological activity is crucial and may explain the conflicting results
in the literature [36]. It is generally accepted that the enantiomeric forms have different
biological activities. Therefore, careful monitoring of the enantiomeric distribution of
(£)-«-pinene in natural products intended for pharmaceutical or other biological purposes
is necessary. The biological activities of x-pinene have been extensively studied. However,
there is a lack of data regarding the biological effects of the enantiomers. Enantioselectivity
plays an important role in the determination of biological activity and may be the reason for
the conflicting data in the literature [36]. Enantiomeric forms are known to have different
biological activities. Therefore, the enantiomeric distribution of (£)-x-pinene should be
monitored in natural products for pharmaceutical or biological use.

The enantiomer (+) a-pinene has been biologically studied and has shown antibacte-
rial [36,39,40], antifungal [36,40,41], antimalarial [42], anti-inflammatory, chondroprotec-
tive [43] and neuroprotective [44] activities; on the other hand, (—) x-pinene presents antivi-
ral [42] and neuroprotective [45] activities, which can be contrasted with the cholinesterase
effect that the E. valvata essential oil possesses due to the presence of these enantiomers.
Both enantiomers (with ICsy values of 0.40 and 0.44 mM, respectively) have the potential to
act as antagonists of acetylcholinesterase and could be of interest in the field of Alzheimer’s
disease treatment [44]. Further research is needed to explore the importance of the enan-
tioselectivity of x-pinene, especially in biological activity, as this would help predict its
potential therapeutic applications.

The AChE inhibitory activity of E. valvata EO has not been reported to date and shows
a moderate AChE inhibitory effect with an ICsg of 53.08 £ 1.13 pug/mL; this result is better
than that of the extract of Eugenia dysenterica ex. DC Mart. [16]; the evaluated aqueous
extract of E. dysenterica showed a moderate inhibitory effect on AChE at a concentration of
100 pg/mL, with an ICsg value of 155.20 & 2.09 ug/mL. In contrast to our study, one study
aimed at evaluating the anticholinesterase effects of six Eugenia species from Brazil: neither
the methanol extracts nor ethyl acetate fractions of E. handroana, E. stigmatosa and E. candol-
leana were able to significantly inhibit AChE activity; however, in the case of E. brevistyla,
E. catharinae and E. mattosii, the methanol extract and ethyl acetate fraction (at 200 ug/mL)
were able to significantly inhibit AChE activity (by up to 83%) [46]. It is worth noting that
studies have demonstrated the anticholinesterase activity of phenolic compounds, which
are abundant in the genus Eugenia [47,48], and to which this activity could be attributed.
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Researchers have already examined several Eugenia species to determine their potential
as anti-AChE agents. Other studies on the Eugenia species have shown, for example,
that the essential oil of E. sucata, which is rich in (E)-caryophyllene (24.6%), shows anti-
acetylcholinesterase activity (ICsp 4.66 ug/mL) [49]. Furthermore, the oil of E. verticillata
(syn. E. riedeliana), which is rich in valerianol (28.1%), shows an ICsq of 67.3 ug/mL [50],
and the oil of E. brasiliensis with x-pinene (1.77-15.94%), 3-pinene (2.98-11.24%), spathu-
lenol (8.10-18.17%), 1-epi-cubenol (4.83-7.46%) and t-cadinol (10.38-15.30%) shows low
antiacetylcholinesterase activity (ICs5p > 1000 ng/mL) [51]. The sesquiterpene a-humulene,
another of the major compounds of E. valvata EOs, has been reported to have low AChE
inhibition effects (>15 mM) [52].

According to a study by Miyazawa et al. (1997), the terpene hydrocarbon compounds
show similar inhibitory activity on AChE to the terpene alcohols [53]. In addition, Aazza
et al. (2011) found that the presence of a double bond in the molecular structure of bicyclic
monoterpene hydrocarbons resulted in a strong inhibition of AChE activity [54]. On the
other hand, Miyazawa et al. (2001) found that the presence of oxygenated groups, especially
in ketones, improved the inhibitory effect of sesquiterpenes [55].

Although AChE inhibition may be of great interest in studies of the treatment or
slowing of Alzheimer’s disease and other neurodegenerative diseases, and cholinesterase
activity could be attributed to the main compounds, it seems more reasonable to attribute
the anticholinesterase activity of E. valvata EO to an undefined interaction of the enzyme
with different components of the oil, and synergistic and antagonistic relationships should
be considered.

4. Materials and Methods
4.1. Plant Material

The leaves of Eugenia valvata in flowering stage were collected in the Chuquiribamba
sector of the Loja province (latitude 3°56'06” S and longitude 79°16'20” W), on November
2021, as shown in Figure 4. The leaves were cleaned and stored at 0 °C until EO extraction.
The identification was conducted by Dr. Nixon Cumbicus, botanist of the Universidad
Técnica Particular de Loja (UTPL) and deposited in the herbarium HUTPL with the voucher
code 14551; finally, the plant collection was authorized by the government of Ecuador with
code MAE-DBN-2016-048.

680000 685000 690000 695000 700000

GUALEL N
CHUQUIRIBAMBA

%L CISNE
%&C\SNE

SAN LUCAS

SANTIAGO

9575000
9575000

JIMBILLA

9570000
9570000

TAQUIL (MIGUEL RIOFRIO)

9565000
9565000

CATAMAYO (LATOMA)

9560000
9560000

9555000
9555000

EL TAMBO

0 20 40 80 120 160

680000 685000 690000 695000 700000

Figure 4. Map of the collection of Eugenia valvata; province of Loja, from Ecuador.
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4.2. Essential Oil Isolation

The essential oil was obtained from 2.09 kg of fresh leaves, which were chopped
manually and subjected immediately to steam distillation for 3 h at atmospheric pressure,
in a Clevenger apparatus. The essential oil obtained was dried over anhydrous sodium
sulfate and refrigerated (below —4 °C) until the GC analysis; this process was carried out
in triplicate [31].

4.3. Identification and Quantification of Essential Oil

Gas chromatography coupled to mass spectrometry (GC-MS) and flame ionization
detection (GC-FID) were performed, and the composition of the EO of Eugenia valvata and
the linear retention indices (LRI) were calculated on the basis of the hydrocarbon standards
and via comparison of the mass spectra. Samples were prepared using a ratio of 1:100,
with 10 pL of E. valvata EO and 990 pL of dichloromethane (HPLC grade, Thermo Fisher
Scientific, Waltham, MA, USA).

For the qualitative analysis, a Thermo Scientific gas chromatograph (Trace 1310)
coupled to mass spectrometry (ISQ7000) (Thermo Fisher Scientific, Waltham, MA, USA)
was performed to determine the chemical composition of the EO. A non-polar DB-5ms
based on a 5% phenyl-methylpolysiloxane column (30 m x 0.25 mm, 0.25 um film thickness)
(J & W Scientific, Folsom, CA, USA) was used. Each sample was injected in triplicate in split
mode (40:1). The instrument was operated in electronic ionization mode (70 eV), helium
gas was used as the carrier gas (1 mL/min) in constant flow, and the furnace operating
conditions were as follows: for the first 5 min, the furnace was maintained at an initial
temperature of 60 °C; then, an initial temperature ramp of 4 °C/min was applied until
230 °C was reached, and a second temperature ramp of 15 °C/min was applied until a final
temperature of 250 °C was reached; this was maintained for 5 min. Both the oil samples
and alkanes were injected under the same conditions.

For the quantitative analysis, the same column, DB-5ms (5% phenyl-methylpolysiloxane),
was used. The analysis was performed on the same equipment but using a flame ionization
detector (FID). Injection conditions were exactly the same as for GC-MS.

For the identification, each EO component was identified by comparing the mass
spectrum and the linear retention indices (LRI) against literature results. The LRIs were
calculated using a mixture of n-alkanes C9—C24 (ChemService, West Chester, PA, USA),
and peaks were identified by comparison with mass spectra and retention indices with the
NIST 2020 library and ADAMS [28].

4.4. Enantiomeric Analysis

Enantiomeric analysis of the essential oil from Eugenia valvata was performed for the
first time, using GC-MS in a capillary column based on cyclodextrin (2,3-diethyl-6-tert-
butyldimethylsilyl-3-cyclodextrin); the injection conditions of both samples and alkanes
were the same as for the GC-MS analysis, except for the oven conditions, which were 60 °C
for 5 min and a 2 °C/min ramp up to 220 °C; the run time was 90 min.

4.5. Cholinesterase Assay

The acetylcholinesterase inhibitory activity for in vitro E. valvata EO was evaluated
according to Calva et al. [56] using the spectrophotometric method in accordance with the
method developed by Ellman et al. [57]. For this, the AChE enzyme from electrophorus
electricus (Sigma Aldrich, San Luis, MO, USA) was used in the experiment. In addition,
measurements were performed in a microplate spectrophotometer (wavelength: 412 nm)
(EPOCH 2, BioTek, Winooski, VT, USA). Anticholinesterase activity was expressed as ICs,
which represents the concentration of EO required for 50% inhibition. The reference ChE
inhibitor donepezil, purchased from Sigma-Aldrich (San Luis, MO, USA), was used as
a false positive. ICsp values were calculated from the progression curves using Graph
Pad Prism software (non-linear regression analysis, PRISM 8.0.1, GraphPad, San Diego,
CA, USA). Finally, any increase in absorbance due to spontaneous hydrolysis of ATCh
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was corrected by subtracting the absorbance at the end of the pre-incubation from the
absorbance measured after addition of the enzyme.

5. Conclusions

The chemical and enantiomeric composition and AChE inhibitory activity of the
essential oil of the endemic Ecuadorian plant Eugenia valvata were reported for the first time.
The potent ability of E. valvata essential oil to inhibit AChE highlights the importance of
further investigation into the chemical and biological properties of this plant. The essential
oil was characterized by a predominance of sesquiterpenoids; it showed good cholinesterase
activity. This activity cannot be specifically attributed to the main constituents, therefore it
can be said that our knowledge is insufficient to explain the activity of a specific compound,
and further studies on AChE inhibition by monoterpenoids and sesquiterpenoids, as well
as their synergistic and antagonistic effects, should be considered.
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