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Abstract:  The Trixis genus (Asteraceae) is involved in traditional medicine from Latinoamerica. In Mexico, 

Trixis michuacana Lex. var. michoacana and T. michuacana var. longifolia are used in the P'urhépecha 

ethnomedicine. The analysis of their volatile compounds by gas chromatography/mass spectrometry (GC-MS) is 

described herein. The sesquiterpene compounds were the main constituents. β-Caryophyllene (10.80%), 

germacrene D (7.93%), β-elemene (7.42%), and γ-elemene (7.37%) highlighted from var. michuacana, while β-

elemene (10.02%), α-copaene (9.91%), β-caryophyllene (8.97%), germacrene D (7.40%), and γ-elemene (6.89%) 

were the major constituents from var. longifolia. A systematic analysis of the chemical components provided an 

approach to the biosynthetic pathway for volatile metabolite production. Antimicrobial assays provided scientific 

support for the traditional use of the plants. In-vitro assays using Escherichia coli (ATCC 25922), E. coli 

(82MR), Klebsiella pneumoniae (ATCC 13883), Pseudomonas aeruginosa (ATCC 27853), Staphylococcus 

aureus (ATCC 29213), S. aureus (23MR), S. epidermidis (ATCC 12228), S. epidermidis, Candida albicans 

(17MR), C. glabrata, and C. tropicalis were achieved. These assays revealed MIC values >2 mg/mL when 

observed bacterial inhibition for both Trixis species, except for var. michuacana against S. epidermidis ATCC 

12228, which was 0.5 mg/mL. These results could partially justify the use of the studied plants in 

ethnomedicine. 
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1. Introduction 

Trixis is an American genus belonging to the Asteraceae family, which comprises around 36 

accepted species [1,2]. Interestingly, the chemical studies aimed to reveal the metabolic preferences of 

these species have been scarcely boarded. In literature, the chemical research of Trixis angustifolia [3-

5], T. antimenorrhoea [6,7], T. divaricata [8,9], T. grisebachii [10], T. inula [11], T. praestans [12], T. 

paradoxa [13], T. pallida [14], T. vauthieri [15-17], and T. wrightii revealed the presence of 

flavonoids and terpenoid compounds, highlighting those sesquiterpenes with trixanolide skeleton [18]. 

Several of these plants are involved in traditional medicine in Latinoamerica, i.e., the Brazilian T. 

divaricata is used to treat inflammatory processes of the ocular conjunctiva, cutaneous wounds, and 

uterine hemorrhages [8]. This species is also used in Argentina as an antidote against the venom of 

snakes from the Bothrops genus [9]. In Mexico, the infusion of fresh roots or aerial parts of T. 

antimenorrhoea is used to treat ophthalmic conditions as well as in case of menorrhagia [6,7], or T. 

angustifolia whose application against rheumatism, wounds, headaches, metabolic disorders, and as an 

antipyretic agent is suggested [4]. 

Other plants from the Trixis genus growing in Mexico are used in current traditional medicine, 

and their use is included in local medicinal plant repositories managed by public universities and the 

government. Other plants are used and supported by oral antecedents. In this sense, T. michuacana 

Lex. var. michoacana, commonly named Árnica de San Cristóbal, is frequently used as an anti-

inflammatory by native populations near Pátzcuaro and Morelia cities; in fact, this plant can be found 

in popular markets. For its part, Trixis michuacana var. longifolia is used as an auxiliary for treatment 

against female infertility and inflammation, and it is commonly known as Teparii by the P'urhépecha 

populations around the P'urhépecha plateau. However, the lack of previous scientific background 

about these vegetal species and approaches to justify their use is advised. 

As known, the secondary metabolites from useful plants for humanity can be responsible for the 

conferred application to the vegetal source. Among these compounds, the essential oil mixtures 

highlighted and their presence in industrial products, including those from the cosmetic, fragrance 

[19], and food sectors, are common [20]. These chemical mixtures are constituted by terpenes or 

phenolic derivatives containing several motifs, including alcohol, aldehyde, ethers, esters, and ketones 

[21]. In many cases, a key role is covered when an essential oil mixture is used as an ingredient; for 

example, the antioxidant [22] or antimicrobial [23] activities are used for preserving functions. 

Furthermore, these natural components could be used in agroindustry as insecticides [24]. Whatever 

the cases, the versatility of using essential oils has also been described since their incorporation in 

films and coating [25] and nanoemulsions [26], among others reported.  

Due to the nature of the essential oil mixtures, chemical variations, including concentration and 

composition, could be affected by several factors [27], including external factors related to 

geographical influence [28-30], and internal factors, including genetic characteristics [31]. The 

extraction process also influences the chemical composition of essential oil [32].  

The present paper describes the chemical study of the volatile compounds mixture in these 

plants for the first time. The chemical characterization of the essential oil from each plant was 

individually achieved by GC-MS analysis. Due to several inflammation complications and hidden 

infertility problems that could be directly associated with microbial infections, the antimicrobial 

activity of each essential oil mixture was individually explored. Herein, Escherichia coli (ATCC 

25922), E. coli (82MR), Klebsiella pneumoniae (ATCC 13883), Pseudomonas aeruginosa (ATCC 

27853), Staphylococcus aureus (ATCC 29213), S. aureus (23MR), S. epidermidis (ATCC 12228), 

Staphylococcus epidermidis, Candida albicans (17MR), Candida glabrata, and Candida tropicalis 

were included in the assays. The results revealed sesquiterpenoids as the major constituents of the 

essential oil of both Trixis species, and these volatile mixtures demonstrated significant growth 

inhibition for K. pneumoniae and Staphylococcus species; thus, contributions to the chemistry of the 

Trixis genus and an approaching to comprise the use of these plants are herein presented. 
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2. Materials and Methods 

2.1. Plant Material 

 

Wild specimens of the two Trixis species were collected in the Michoacán State, Mexico. T. 

michuacana Lex. var. michuacana was collected near km 20 of Morelia-Zacapu state road No. 15, in 

the Capula municipality (N 19.661753, O −101.402990) at 1920 meters above the sea level, while T. 

michuacana var. longifolia was gathered from the San Francisco community in the municipality of 

Peribán (N 19.549431, O −102.405554) at 1640 meters above the sea level. Both species grow in 

grasslands with a temperate sub-humid climate with summer rains and medium humidity. Samples of 

each plant were deposited with voucher numbers EBUM 3640 and EBUM 3656, respectively, at 

Herbario de la Facultad de Biología (EBUM), Universidad Michoacana de San Nicolás de Hidalgo, 

where Prof. Rosa Isabel Fuentes Chávez and Prof. Norma Patricia Reyes Martínez achieved the 

taxonomic identification. The essential oil of fresh aerial parts (leaves and flowers) of T. michuacana 

Lex. var. michuacana (650 g) and T. michuacana var. longifolia (680 g) were extracted by steam 

distillation with a Clevenger apparatus using 1 L distilled water during 2 h. After the process, T. 

michuacana Lex. var. michuacana yielded 1.91 g (0.30%) of yellowish oil, and T. michuacana var. 

longifolia yielded 1.84 g (0.27%) of yellowish oil. 

 

2.2. Analysis of Essential Oils 

 

The essential oils of T. michuacana Lex. var. michuacana and T. michuacana var. longifolia 

were individually analyzed by gas chromatography-mass spectrometry (GC-MS) using a Thermo 

Scientific GC TRACE 1310 EM ISQLT apparatus, operated in EI mode (70 eV), equipped with 

split/splitless injector (250 ºC), using a TG-SQC Thermo Scientific capillary column [15 m (length) x 

0.25 mm (internal diameter), film thickness: 0.25 μm]. The temperature for the TG-SQC column was 

50 °C (5 min) to 250 °C at a rate of 20 °C/min. Helium was used as a carrier gas at a 1 mL/min flow 

rate. The components were identified by comparing their experimental relative retention index (RRI) 

with those from the literature. Complementarily, the mass spectra were compared with those found in 

NIST MS Search 2.0. (National Institute of Standards and Technology Mass Spectral Database). 

Relative percentage amounts of the identified components were calculated from FID chromatograms. 

According to GC-MS analysis, 91% of the chemical components of T. michuacana Lex. var. 

michuacana were revealed in the mixture. In comparison, 61.5% of the chemical composition of T. 

michuacana var. longifolia was exposed. 

 

2.3. Antifungal and Antibacterial Assays 

 

The antifungal activity of the essential oil of T. michuacana Lex. var. michuacana and T. 

michuacana var. longifolia was individually assayed on Candida glabrata, C. tropicalis, and C. 

albicans 17MR. The cultures were stored at room temperature using potato dextrose agar (Bioxon, 

Mexico State, Mexico). The antibacterial activity assays were achieved using Gram-positive bacteria, 

including Staphylococcus aureus ATCC 29213, S. aureus 23MR, S. epidermidis ATCC 12228, and S. 

epidermidis. Gram-negative bacteria also were considered and included Klebsiella pneumoniae ATCC 

13883, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, and E. coli 82MR. 

The bacterial strains were stored at room temperature on Müeller Hinton agar (Bioxon, Mexico State, 

Mexico). 

C. glabrata and C. tropicalis were acquired from Hospital Angeles Metropolitano, Mexico, 

from clinical cases, while C. albicans 17MR, S. aureus 23MR, and E. coli 82MR were provided by the 

Clinical Analysis Laboratory (CUSI), Facultad de Estudios Superiores Iztacala, UNAM. S. 

epidermidis was acquired from the Microbiology Laboratory at Facultad de Estudios Superiores 

Cuautitlán, UNAM. Staphylococcus aureus ATCC 29213, Klebsiella pneumoniae ATCC 13883, 

Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, and S. epidermidis ATCC 

12228 were acquired from American Type Culture Collection. 
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The screening of antibacterial activity was individually evaluated using the agar diffusion 

method following the guidelines outlined by the Clinical and Laboratory Standard Institute M100 [33]. 

For this purpose, the bacterial culture was grown in Mueller-Hinton broth (BD DIFCO, USA), and 

bacterial suspensions equivalent to McFarland No. 0.5 were spread on the surface of the Mueller-

Hinton agar. Subsequently, sterile 5-mm disks were placed on the agar surface, and 4 µL of essential 

oil samples were applied. The plates were then incubated at 37 °C for 24 h. Following the incubation 

period, the inhibition zones were measured in mm. Chloramphenicol (25 μg/disk, Sophia Zapopan, 

Jalisco, Mexico) was the positive control. 

Microdilution tests were performed to determine the minimum inhibitory concentration (MIC) 

and minimum bactericidal concentration (MBC) values [34]. Essential oil solutions ranging from 2.0 

to 0.031 mg/mL were prepared from Mueller-Hinton Broth. Each concentration (100 μL) was 

transferred to an Eppendorf tube, followed by the addition of 100 μL of the inoculum (105 CFU/mL). 

The Eppendorf tubes were incubated in an Incu-Shaker (Benchmark Scientific) at 37 °C for 24 h. 

After incubation, 50 μL of each treatment was transferred onto the Mueller-Hinton agar Petri dish. 

Subsequently, the plates were incubated at 37 °C for 24 h. Each test was performed in triplicate. 

The antifungal properties of the essential oils against Candida yeast were examined using the 

agar diffusion method, following a similar protocol employed for bacterial testing. A control using 

Nystatin (20.6 μg/disk, Bio-Rad, France) was included in the study, and all experiments were 

performed in triplicate. 

The susceptibility of S. epidermidis ATCC 12228 to the essential oil T. michuacana Lex. var. 

michuacana was observed, which led to its selection for evaluation of its influence on growth kinetics 

by using the methodology outlined by López et al [35]. Concentrations, including ½ MIC, MIC, and 

MBC, were used for the study, whereas the control group was not treated with any chemical agents. 

Survival rates were determined in colony-forming units (CFUs) and quantified as log10 CFU/mL. 

Microsoft Excel software was used for statistical analysis, and the results are presented as the mean ± 

standard error. 

 

3.  Results and Discussion  
 

3.1. Chemical Composition  

 

The essential oil composition from T. michuacana Lex. var. michuacana and T. michuacana 

var. longifolia is enlisted in Table 1, and the formulas of identified constituents are shown in Figure 1. 

The characterized compounds in both plant species were those whose pick with relative intensity was 

≥0.5 of relative intensity in their respective chromatograms (Figure S1-S4). 

The chemical composition of the essential oil from T. michoacana Lex. var. michuacana 

revealed the presence of 24 components representing 91% of the total components of the mixture, 

where the main constituents possess a sesquiterpene skeleton. The major constituents included the 

bicyclic β-caryophyllene (3) (10.8%), an approved food additive (FDA, Code of Federal Regulations/ 

No. 21CFR172.515) and bioactive sesquiterpene [38], the monocyclic germacrene D (14) (7.93%), β-

elemene (4) (7.42%), and γ-elemene (12) (7.37%) which are appreciated by their aroma properties and 

potential anticancer activity [39,40]. Interestingly, 64% of the overall characterized constituents 

possess a saturated or unsaturated hydrocarbon skeleton. In comparison, 27% of components have an 

oxidized grade and included elemol (23) (5.05%), δ-cedrol (28) (3.98%), ingredients widely used in 

cosmetics [41,42], the antinociceptive spathulenol (24) [43] (4.10%), germacrene D-4-ol (26) (3.22%) 

which possesses larvicidal activity [44], cytotoxic viridiflorol (27) [45] (1.79%), the bicyclic and 

unsaturated α-cadinol (29) (4.50%), γ-eudesmol (30) (1.95%), and caryophyllene oxide (25) (2.43%) 

which are commercially offered due to their chemical and biological importance. 
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Table 1. Chemical composition of T. michuacana Lex. var michuacana and T. michuacana var. 

longifolia. 

 RRI RRI range* Compound 

Composition (%) 

T. michuacana 

Lex. var. 

michuacana 

T. michuacana 

var. longifolia  

  1 1322 1322-1381 δ-Elemene 3.32 1.21 

  2 1335 1334-1379 α-Cubebene 0.86  

  3 1387 1384-1430 β-Caryophyllene 10.80 8.97 

  4 1388 1372-1403 β-Elemene 7.42 10.02 

  5 1389 1360-1392 α-Copaene 2.58 9.91 

  6 1391 1370-1394 β-Cubebene 2.62  

  7 1412 1409-1448 β-Gurjunene 3.63  

  8 1423 1413-1463 Aromandendrene  2.66 

  9 1433 1413-1463 Allo-aromandendrene 2.78  

10 1437 1408-1446 β-Copaene  1.27 

11 1444 1438-1451 α-Himachalene 0.47 0.90 

12 1451 1418-1499 γ-Elemene 7.37 6.89 

13 1452 1435-1470 α-Humulene 3.52 1.28 

14 1467 1458-1491 Germacrene D 7.93 7.40  

15 1468 1455-1494 γ-Muurolene  1.04 

16 1469 1467 Isopatchoulane  0.45 

17 1488 1477-1502 α-Muurolene 2.06  

18 1489 1454-1500 α-Ylangene  0.54 

19 1493 1490-1521 γ-Cadinene 2.54  

20 1500 1498-1526 δ-Cadinene 4.05 3.31 

21 1513 1493-1513 β-Curcumene 2.10  

22 1538 1527-1555 β-Calacorene  2.02 

23 1554 1518-1555 Elemol 5.05 0.47 

24 1555 1549-1580 Spathulenol 4.10  

25 1558 1549-1587 Caryophyllene oxide 2.43  

26 1564 1553-1579 Germacrene D-4-ol 3.22  

27 1580 1576-1615 Viridiflorol 1.79  

28 1602 1576-1615 δ-Cedrol 3.98  

29 1618 1612-1642 α-Cadinol 4.50 3.19 

30 1634 1623-1643 γ-Eudesmol 1.95  

*Literature reference [36] for compounds 1-14 and 16-30, while reference [37] for compound 15.  

 

The chemical composition of T. michuacana var. longifolia was identified at 61.5% (Table 1). 

Herein, sesquiterpene compounds also resulted as the main constituents of the mixture. The major 

components were β-elemene (4) (10.02%), the pro-antioxidant α-copaene (5) [46] (9.91%), β-

caryophyllene (3) (8.97%), germacrene D (14) (7.4%), and γ-elemene (12) (6.89%), representing 43% 

of the overall chemical constitution, and α-cadinol (29) (3.19%) and elemol (23) (0.47%) resulted in 

the oxidized constituents from essential oil. These results revealed chemical similarity for the essential 

oil composition, which is expected due to the taxonomic closeness of the studied plants. 
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Figure 1. Formulas of essential oil constituents from T. michuacana Lex. var. michuacana and T. 

michuacana var. longifolia 

 

 

3.2 Biogenetic Correlation of the Essential Oil Constituents  

 

Interestingly, when the biogenetic correlation of essential oil components of Trixis michuacana 

Lex. var. michuacana and T. michoacana var. longifolia was achieved, an instructive panorama about 

the biogenesis of sesquiterpene compounds is revealed. As seen in Figure 2, once the E,E-farnesyl 

cation (I) is formed, a subsequent cyclization allows the trans-humulyl cation (II) or the E,E-

germacradienyl cation (III). If the intermediate II is deprotonated, α-humulene (13) is formed, or if II 

is cyclized, β-caryophyllene (3) is yielded through the caryophyl cation (IV). Further oxidation 

processes could yield caryophyllene oxide (25) [47]. When the biosynthetic cascade follows cation 

III, deprotonation can occur to give germacrene A and germacrene B intermediates (not detected 

experimentally), whose Cope rearrangement yields β-elemene (4) and γ-elemene (12), respectively 

[48]. Oxidation of 12 could yield elemol (23). The formation of 23 from germacradienol (an oxidized 

derivative from III) after the Cope rearrangement processes could also be considered [49]. 

Alternatively, a 2,6-cyclization from germacradienol yields intermediary V, whose chemical 

stabilization provides γ-Eudesmol (30). For its part, the biogenesis of germacrene C and D (14) 

intermediaries is possible by the chemical stabilization of cation IIIa, an isomeric structure of III. 



 

Herrera-Sanabria et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

7 

Cope rearrangement from germacrene C yields δ-Elemene (1) [50]. It is described that elemene-type 

derivatives are formed by thermal degradation from germacrene skeletons possessing E,E-1,5-diene 

configuration, i.e., during GC-MS analysis [51,52]; consequently, germacrene D (14) is the only 

hydrocarbonate compound with germacrene skeleton herein detected, whose oxidation can lead to 

germacrene D-4-ol (26) through the intermediary VI, as detected in T. michuacana Lex. var. 

michuacana. 

It follows that sesquiterpene 14 also can lead to an ionization (VI), which favors a cyclization to 

give the cadinyl cation (VII), the precursor of γ-muurolene (15), α-muurolene (17), γ- (20), δ-cadinene 

(19), and α-cadinol (29) [53-55]. An aromatization process from 17 or 19 yields β-calacorene (22) 

[56]. A 2,7-cyclization process from VII yields the copaenyl/ylangenyl cation (VIII), whose 

alternative deprotonation process favors the formation of the isomers α-copaene (5) and β-copaene 

(10) [57] or α-ylangene (18) [58]. On the other hand, the isomerization of VII by a 1,2-hydrure shift 

can lead to the formation of intermediary VIIa that favors a 1,6-cyclization to yield the cubebenyl 

cation (IX). If neutralization of cation IX occurs by endocyclic or exocyclic deprotonation, α-

cubebene (2) or β-cubebene (6) yield, respectively [59].  

Alternatively, the cyclization of III can lead to the formation of the 10-epi-α-guaiane 

intermediate (X), which, after Wagner Meerwein rearrangements (W-M), isopatchuolane (16) is 

formed [60]. Suppose cation IIIa suffers deprotonation at isopropyl moiety and promotes the 

formation of bicyclogermacrene (XI); then, a subsequent cyclization strives in ledene-type cation 

(XII), whose charge neutralization process can lead to allo-aromadendrene (9), aromadendrene (8), or 

viridiflorol (27) [61,62]. Furthermore, if carbocation from XII has migrated to the cyclopentenyl 

portion by 1,2-hydride shift (XIIa), followed by 1,3-hydride shift (XIIb), the formation of β-

gurjunene (7) can occur [63]. Cation XIIb also could be stabilized with hydroxy moiety to gain 

spathulenol (24) [64]. Otherwise, compound 24 has been related to a possible epoxidation process 

(XIa) of bicyclogermacrene (XI), which activates a cyclization process (XIb), followed by a final 

cation neutralization (XIc) [62]. 

When the E,E-farnesyl cation (I) isomerizes to the nerodyl cation (XIII) to promote the cation 

XIV, a cyclization to yield the cis-humulyl (XV) intermediate is allowed. Subsequent Wagner-

Meervein rearrangement (XVa) followed by 1,6-cyclization (XVb) strives in α-himachalane (11), as 

described [47]; however, if XIV is directed to cyclization to gain bisabolyl cation (XVI) for 

subsequent carbocation migration from C-7 to C-6, the homobisabolyl cation (XVIa) is favored, 

whose deprotonation yields β-curcumene (21) [65]. A 6,10-cyclization from XVIa yields acorenyl 

cation (XVII) whose subsequent 2,11-cyclization promotes the cedrenyl cation (XVIII), which 

oxidizes to δ-cedrol (28) [66]. 

 

3.3 Chemotaxonomic Approach  

 

The essential oil analysis from T. divaricata is the unique precedent in literature [9] about 

essential oil composition in the Trixis genus and also described the presence of sesquiterpenoids as the 

major constituents, as herein found. β-Elemene (4), β-caryophyllene (3), and germacrene D (14) 

resulted as the main components; thus, the biogenesis of sesquiterpenoids seems to be preferred in the 

Trixis genus. In addition, the non-volatile trixanolide and germacrene derivatives [10-14] are included 

in this group of secondary metabolites and considered representative compounds from the genus; 

consequently, our results deeply complement these metabolic preferences. According to the major 

metabolites found in this research, the Germacrene and caryophyllene chemotype could be 

representative for the Trixis genus as the biogenetic correlation discussed above also supports; 

notwithstanding, future studies aimed at the essential oil studies on Trixis species will provide 

certainty about this chemotaxonomical approach. 
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Figure 2. Proposed biogenetic pathways connecting the essential oil components from Trixis species 

 

3.4 Antimicrobial Activity  

 

In traditional medicine, Trixis michuacana var. longifolia (commonly known as Teparii or 

Árnica de Cerro) is considered a remedy to attend hurts, mainly in local populations around 

P'urhépecha plateau (Michoacán, Mexico). Interestingly, local healers from this location whose 
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medicine knowledge is inspired by the P'urhépecha cosmovision also suggest using this plant to 

promote pregnancy “when no apparent injury that avoids such aim”. According to the information 

given to us firsthand by Nana Ilda Gonzales Buenaventura, a prominent healer from this geographical 

zone, this knowledge has been orally shared by generations. For its part, Trixis michuacana Lex. var. 

michuacana (known as Árnica falsa) is used for the population from Morelia city (Michoacán, 

Mexico) and nearby localities, including Capula, Tacícuaro, and Iratzio, to treat general inflammation, 

skin damage, or ear pain. This plant is commercially available in popular markets from the localities 

mentioned above.  

Antifungal and antibacterial assays were achieved since the counteracted health problems by 

using the herein-studied Trixis plants could be associated with microbial factors. Herein, a lack of 

antifungal activity of the essential oil of Trixis michuacana var. longifolia against Candida albicans 

17MR, C. glabrata, and C. tropicalis was determined. When the Gram-negative bacteria Escherichia 

coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae were treated with this essential oil, a 

selective activity against K. pneumoniae was observed (11.30±0.58 mm). The inhibition in Gram-

positive bacteria was observed, where Staphylococcus epidermidis resulted in the most sensible 

bacterial strain (21.67±0.58 mm), followed by Staphylococcus aureus ATCC 29213 (10.00±0.00 mm), 

S. epidermidis ATCC 12228 (9.67±0.58 mm), and S. aureus 23MR (7.67±0.58 mm), as enlisted in 

Table S1. The inhibitory effects of T. michuacana Lex. var. michuacana were observed in all assayed 

Gram-positive strains (see Table S1). S. epidermidis showed an inhibition zone of 10.67±1.15 mm, 

while S. epidermidis ATCC 12228 revealed an inhibitory zone of 8.30±0.58 mm, the same value 

found in S. aureus 23MR. Finally, S. aureus ATCC 29213 showed an inhibition zone of 7.67±0.58 

mm. The lack of antifungal activity of the essential oil of T. michuacana Lex. var. michuacana was 

determined.  

 

 

Figure 3. Growth kinetics curve of S. epidermidis ATCC 12228 exposed to the essential oil of T. 

michuacana Lex. var. michuacana at time zero, the essential oil was added to each 

experimental culture at concentrations of 0.250 mg/mL (½ MIC), 0.5 mg/mL (MIC), and 2 

mg/mL (MBC). The control group (CT) did not receive essential oil  

 

The MIC values were >2 mg/mL for the essential oil mixture from both Trixis species when 

bacterial inhibition was observed, except for the essential oil from T. michuacana Lex. var. 

michuacana against S. epidermidis ATCC 12228. Herein, a MIC value of 0.5 mg/mL was determined. 

Consequently, the bacterial survival curve for S. epidermidis ATCC 12228 was explored considering 

the ½MIC, MIC, and MBC concentrations, as shown in Figure 3. The ½MIC and MIC displayed an 

inhibitory effect after 2 h of exposure. In comparison, the MBC revealed an inhibitory effect for 3 h. 

After the period of growth inhibition, the population growth increased.  

Although this research involves solely the essential oil from T. michuacana var. longifolia and 

T. michuacana Lex. var. michuacana, the results match with those traditional uses due to the well-

known relation of Staphylococcus species with skin diseases as well as soft-tissue infections [67]. 
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Furthermore, using T. michuacana var. longifolia in an aqueous hot chocolate drink is traditionally 

recommended, which makes sense since gained lipophilicity is appropriate to diminish essential oil 

volatility. According to recent studies, S. aureus is directly related to most deaths in individuals older 

than 15 years. Together with this strain, K. pneumoniae is included in the list of pathogens promoting 

mortality worldwide [68]. Moreover, Staphylococcal species have been associated with infertility, 

whose direct or through hematogenous routes can invade reproductive tissues, thus promoting 

undesirable health status [69].  

These infectious problems have also been observed in male humans [70]. Consequently, a 

relevant finding for potential infection treatment explorations is described herein. Notwithstanding, 

several non-volatile components from the plant also should be involved in the traditionally conferred 

medicinal effects.  

 

4. Conclusions 
 

The chemical composition of two Mexican Trixis species is described for the first time. The 

presence of sesquiterpene compounds as the main components was found for the two studied species, 

whose biogenetic correlation revealed an instructive pathway for the biogenesis occurring in the Trixis 

genus. The antibacterial activity for the essential oil from Trixis michuacana Lex. var. michuacana 

and Trixis michuacana var. longifolia is herein revealed and depicted important activity against 

Staphylococcus species. The antibacterial activity against Staphylococcus species agreed with those 

ethnomedicinal uses. Chemical composition and biological activity correlated the two species herein 

studied. Since multi-resistant strains were used for antimicrobial assays, these essential oils resulted in 

potential agents for more profound antibiotic studies. Moreover, the chemical constituents from the 

essential oil in both studied Trixis species are of chemical, biological, and industrial interest, thereby 

further potential applications of these essential oil mixtures. 

 

Acknowledgments 

We thank CIC-UMSNH and the UNAM Postdoctoral Program (POSDOC) for financial 

support. L.D.H.S is grateful to CONACYT-Mexico for the scholarship 812436. A.K.V.G. is grateful 

to DGAPA-UNAM for a postdoctoral scholarship.  

 

ORCID  
İD  

Luis D. Herrera-Sanabria: 0000-0001-8736-9246 

Ana K. Villagómez-Guzmán: 0000-0002-9309-5971 

José Herrera-Camacho: 0000-0002-0207-3313 

Edgar A. Estrella-Parra: 0000-0002-7362-0070 

José G. Avila-Acevedo: 0000-0002-0552-5792 

Rosa E. del Río: 0000-0001-8932-552X 

Gabriela Rodríguez-García: 0000-0002-9840-9968 

Tzasna Hernández-Delgado: 0000-0001-5041-6264 

Mario A. Gómez-Hurtado: 0000-0002-2386-4819 

 

References 

[1] R.A.X. Borges and M.M. Saavedra (2010). Trixis forzzae (Compositae: Mutisieae), a new species from 

Minas Gerais, Brazil, Kew Bulletin 65, 65-68. 

[2] L. Katinas (1996). Revisión de las especies sudamericanas del género Trixis (Asteraceae, Mutisieae), 

Darwiniana 34(1-4), 27-108. 

[3] A.C. Sánchez-Chávez, A. Salazar-Gómez, L.G. Zepeda-Vallejo, M.L. Hernández de Jesús, M. Quintos-

Escalante, M.E. Vargas-Díaz and J. Luna-Herrera (2017). Trixis angustifolia hexanic extract displays 

synergistic antibacterial activity against M. tuberculosis, Nat. Prod. Res. 33(10), 1477-1481. 

https://orcid.org/0000-0001-8736-9246
https://orcid.org/0000-0002-9309-5971
https://orcid.org/0000-0002-0207-3313
https://orcid.org/0000-0002-7362-0070
https://orcid.org/0000-0002-0552-5792
https://orcid.org/0000-0001-8932-552X
https://orcid.org/0000-0002-9840-9968
https://orcid.org/0000-0001-5041-6264
https://orcid.org/0000-0002-2386-4819


 

Herrera-Sanabria et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

11 

[4] A. Salazar-Gómez, M.E. Vargas-Díaz and L. Garduño-Siciliano (2019). Hypoglycemic potential of 

Trixis angustifolia aqueous extract in alloxan-induced diabetic mice, Bangladesh J. Pharmacol. 14, 74-

79. 
[5] A. Salazar-Gómez, M.E. Vargas-Díaz, M.E. Meléndez-Camargo and S.S. Pablo-Pérez (2022). 

Antinociceptive activity of the ethanolic extract of Trixis angustifolia DC, Nat. Prod. Res. 36(22), 5813-

5816. 
[6] E.M. Granato, M.M. Granato, M. Gerenutti, M.G. Silva, H.O. Ferraz and M.M. Duarte-Vila (2013). 

Phytochemical screening of plant species Trixis antimenorrhoea (Schrank) Kuntze, Rev. Bras. Farm. 

94(2), 120-135. 
[7] E.M. Maldonado, E. Salamanca, A. Giménez, G. Saavedra and O. Sterner (2014). Antileishmanial 

metabolites from Trixis antimenorrhoea, Phytochem. Lett. 10, 281-286. 
[8] F.H. Pereira, L.A.F. Guimaraes, S.M. Cerutti, R.F.O. Rodrigues and C.E.P. Araujo (2005). Preliminary 

anti-ulcerogenic and chemical analysis of the aerial parts of Trixis dicarivata Sprengel, Acta Farm. 

Bonaer. 24(1), 80-84. 

[9] A.M. Torres, F. Camargo, G. Ricciardi, B.R. Verrastro and E. Dellacassa (2021). Relevance of Trixis 

divaricata essential oil in the inhibition of the coagulant activity of Bothrops diporus venom, J. Essent. 

Oil-Bear. Plants 24(5), 1192-1199. 

[10] E.C. de Riscala, C.A.N. Catalán, P.R. Legname, A.B. Gutiérrez and W. Herz (1989). Trixanolide and 

germacratriene derivatives from Trixis grisebachii, Phytochemistry 28(8), 2155-2161. 

[11] F. Bohlmann and C. Zdero (1979). Über eine neue gruppe von sesquiterpenlactonen aus der gattung 

Trixis, Chem. Ber. 112, 435-444. 

[12] E.C. de Riscala, C.A.N. Catalán, V.E. Sosa, A.B. Gutiérrez and W. Herz (1988). Trixane derivatives 

from Trixis praestans, Phytochemistry 27(7), 2343-2346. 

[13] J. Bermejo-Barrerra (2000). La farmacia moderna está en los productos naturales, Rev. Acad. Colomb. 

Cienc. 24(92), 441-447. 

[14] C. Katowicz, L.R. Hernández, C.M. Cerda-García-Rojas, M.B. Villecco, C.A.N. Catalán and P. 

Josepeh-Nathan (2001). Absolute configuration of trixanolides from Trixis pallida, J. Nat. Prod. 64(10), 

1326-1331. 

[15] A. Ribeiro, D. Piló-Veloso, A.J. Romanha and C.L. Zani (1997). Trypanocidal flavonoids from Trixis 

vauthieri, J. Nat. Prod. 60(8), 836-838. 

[16] A. Ribeiro, D. Piló-Veloso, O. Howarth and C.L. Zani (1999). A new cyclohexadecane derivate from 

Trixis vauthieri DC (Asteraceae), Org. Lett. 1(12), 1897-1900.  

[17] P.A. Sales Jr, C.L. Zani, E.P. de Siqueira, M. Kohlhofff, F.R. Marques, A.S.P. Calderia, B.B. Cota, 

D.N.B. Maia, L.G. Tunes, S.M.F. Murta, et.al (2019). Trypanocidal trixikingolides from Trixis 

vauthieri, Nat. Prod. Res. 36(16), 2691-2699. 

[18] F. Bohlmann, A. Suwita, J. Jukupovic, R.M. King and H. Robinson (1981). Trixikingolides and 

germacrene derivates from Trixis species, Phytochemistry 20(7), 1649-1659.  

[19] N.J. Sadgrove, G.F. Padilla-González and M. Phumthum (2022). Fundamental chemistry of essential 

oils and volatile organic compounds, methods of analysis and authentication, Plants 11(6), 789.  

[20] H. Falleh, M.B. Jemaa, M. Saada and R. Ksouri (2020). Essential oils: A promising eco-friendly food 

preservative, Food Chem. 330, 127268.  

[21] D.P. de Sousa, R.O.S. Damasceno, R. Amorati, H.A. Elshabrawy, R.D. de Castro, D.P. Bezerra, V.R.V. 

Nunes, R.C. Gomes and T.C. Lima (2023). Essential oils: Chemistry and pharmacological activities. 

Biomolecules 13(7), 1144.  

[22] D.M. Tit and S.G. Bungau (2023). Antioxidant activity of essential oils. Antioxidants 12(2), 383.  

[23] J.B. Gurtler and C.M. Garner (2022). A review of essential oils as antimicrobials in foods with special 

emphasis on fresh produce. J. Food Prot. 85(9), 1300-1319.  

[24] T. Ainane, F.M. Abdoul-Latif, A. Baghouz, Z. El Montassir, W. Attahar, A. Ainane and A.M. Giuffrè 

(2023). Essential oils rich in pulegone for insecticide purpose against legume bruchus species: Case of 

Ziziphora hispanica L. and Mentha pulegium L.[J]. AIMS Agric. Food 8(1), 105-118.  

[25] J. Cai, J. Xiao, X. Chen and H. Liu (2020). Essential oil loaded edible films prepared by continuous 

casting method: Effects of casting cycle and loading position on the release properties, Food Packaging 

and Shelf. 26, 100555.  

[26] R. Pathania, H. Khan, R. Kaushik and M.A. Khan (2018). Essential oil nanoemulsions and their 

antimicrobial and food applications, Curr. Res. Nutr. Food Sci. 6(3), 626-643.  

[27] M. Moghaddam and L. Mehdizadeh (2017). Chapter 13 - Chemistry of essential oils and factors 

influencing their constituents, In: Handbook of Food Bioengineering, Soft Chemistry and Food 

Fermentation, ed: A.M. Grumezescu and A.M. Holban, Academic Press, Cambridge, Massachusetts, 

pp.379-419.  



 

Essential oils of T. michuacana var. longifolia and T. michuacana Lex. var. michuacana 

 

12 

[28] N. Sharma, B. Singh, M.S. Wani, R.C. Gupta and T.H. Habeeb (2021). Determination of the volatile 

composition in essential oil of Azadirachta indica A. Juss from different areas of north indian plains by 

gas chromatography/mass spectrometry (GC/MS), Anal. Chem. Lett. 11(1), 73-82.  

[29] J.C.F.S. Filho, D.A.C. Nizio, A.M.S. de Oliveira, M.F. Alves, R.C. de Oliveira, J.M.Q. Luz, P.C.L. 

Nogueira, M.F. Arrigoni-Blank and A.F. Blank (2022). Geographic location and seasonality affect the 

chemical composition of essential oils of Lippia alba accessions, Ind. Crops Prod. 188(A), 115602.  

[30] A. Åžanli and T. KaradoÄŸan (2016). Geographical impact on essential oil composition of endemic 

Kundmannia anatolica Hub.-Mor. (Apiaceae). AJTCAM 14(1), 131-137.  

[31] G. Gioffrè, D. Ursino, M.L.C. Labate and A.M. Giuffrè, (2020). The peel essential oil composition of 

bergamot fruit (Citrus bergamia, Risso) of Reggio Calabria (Italy): a review, EJFA 32(11), 835.  

[32] J. de Araujo, W.P. Silvestre, G.F. Pauletti and L.A.R. Muniz (2023). Influence of the absolute pressure 

of the extraction system on the yield and composition of Corymbia citriodora (Hook.) K.D.Hill and 

L.A.S. Johnson leaf essential oil extracted by steam distillation. ChemEngineering 7(4), 67.  

[33] CLSI (2018). Clinical and Laboratory Standard Institute. Performance standards for antimicrobial disk 

susceptibility test: Approved standard: National Committee for Clinical and Laboratory Standards. 

38(4), 1-72. 

[34] CLSI (2018). Clinical and Laboratory Standard Institute. Performance standards for antimicrobial 

susceptibility testing: Approved standard: National Committee for Clinical and Laboratory Standards. 

1-258. 

[35] E.I.C. López, M.F.H. Balcázar, J.M.R. Mendoza, A.D.R. Ortiz, M.T.O. Melo, R.S. Parrales and T.H. 

Delgado (2017). Antimicrobial activity of essential oil of Zingiber officinale Roscoe (Zingiberaceae), 

Am. J. Plant Sci. 8(7), 1511-1524.  

[36] V.I. Babushok, P.J. Linstrom and I.G. Zenkevich (2011). Retention indices for frequently reports 

compounds of plant essential oils. J. Phys. Chem. Ref. Data 40(4), 1-47.  

[37] X. Xu, Z. Tang and Y. Liang (2010). Comparative analysis of plant essential oils by GC-MS coupled 

with integrated chemometric resolution methods, Anal. methods. 2(4), 359-367.  

[38] G.L.S. Oliveira, B.V. da Silva, A.P.S.C.L. da Silva and L.S. Lopes (2023). Chapter 37 - Safety and 

toxicology of the dietary cannabinoid β-caryophyllene, In: Neurobiology and Physiology of the 

Endocannabinoid System, ed: V.B. Patel, V.R. Preedy and C.R. Martin, Academic Press, Cambridge, 

Massachusetts, pp.481-492.  

[39] S. Casiglia, M. Bramucci, L. Quassinti, G. Lupidi, D. Fiorini and F. Maggi (2017). Kundmannia sicula 

(L.) DC: a rich source of germacrene D. J. Essent. Oil Res. 29(6), 437-442.  

[40] Z. Jiang, J.A. Jacob, D.S. Loganathachetti, P. Nainangu and B. Chen (2017). β-Elemene: Mechanistic 

studies on cancer cell interaction and its chemosensitization effect. Front. Pharmacol. 8, 105.  

[41] S.P. Bhatia, C.S. Letizia and A.M. Api (2008). Fragrance material review on elemol. Food Chem. 

Toxicol. 46(1), S147-S148.  

[42] S.P. Bhatia, C.S. Letizia and A.M. Api (2008). Fragrance material review on cedrol. Food Chem. 

Toxicol. 46(11), S100-S102.  

[43] E. dos Santos, J.A.S. Radai, K.F. do Nascimento, A.S.N. Formagio, N.M. Balsalobre, E.B. Ziff, E.C. 

Konkiewitz and C.A.L. Kassuya (2020). Contribution of spathulenol to the anti-nociceptive effects of 

Psidium guineense. Nutr. Neurosci. 25(4), 812-822.  

[44] B.N.L. Albuquerque, M.F.R. da Silva, P.C.B. da Silva, C.S.L. Pimentel, S.K.L. da Rocha, J.C.R.O.F de 

Aguiar, A.C.A. Neto, P.M.G. Paiva, M.G.M. Gomes, E.F. da Silva-Júnior, et.al (2022). Oviposition 

deterrence, larvicidal activity and docking of β-germacrene-D-4-ol obtained from leaves of Piper 

corcovadensis (Piperaceae) against Aedes aegypti. Ind. Crops Prod. 182, 114830.  

[45] M.A. Akiel, O.Y. Alshehri, S.A. Aljihani, A. Almuaysib, A. Bader, A.I. Al-Asmari, H.S. Alamri, B.M. 

Alrfaei and M.A. Halwani (2022). Viridiflorol induces anti-neoplastic effects on breast, lung, and brain 

cancer cells through apoptosis. Saudi J. Biol. Sci. 29(2), 816-821.  

[46] H. Türkez, K. Çelik and B. Toğar (2014). Effects of copaene, a tricyclic sesquiterpene, on human 

lymphocytes cells in vitro. Cytotechnology 66, 597-603.  

[47] P.M. Dewik (2009). The mevalonate and methylerythritol phosphate pathways: terpenoids and steroids, 

In: Medicinal Natural Products: A Biosynthetic Approach, ed: P.M. Dewick, Wiley, John Wiley & Sons 

Ltd, Chichester, United Kingdom, pp.210-223. 

[48] A. Quintana, J. Reinhard, R. Faure, P. Uva, A.G Bagnéres, G. Massiot and L.J. Clément (2003). 

Interspecific variation in terpenoid composition of defense secretions of European Reticulitermes 

termites, J. Chem. Ecol. 29(3), 639-652.  

[49] B. Blerot., L. Martinelli, C. Prunier, D. Saint-Marcoux, S. Legrand, A. Bony, L. Sarrabère, F. Gros, N. 

Boyer, J.C. Caissard, et.al (2018). Functional analysis of four terpene synthases in rose-scented 



 

Herrera-Sanabria et.al., Rec. Nat. Prod. (202X) X:X XX-XX 

 

13 

Pelargonium vultivars (Pelargonium x hybridum) and evolution of scent in the Pelargonium genus, 

Front. Plant Sci. 9, 1435.  

[50] W.N. Setzer (2008). Ab initio analysis of the Cope rearrangement of germacrene sesquiterpenoids, J. 

Mol. Model. 14(5), 335-342.  

[51] L. Pazouki, H.R. Memari, A. Kännaste, R. Bichele and Ü. Niinements (2015). Germacrene A synthase 

in yarrow (Achillea millefolium) is an enzyme with mixed substrate specificity: gene cloning, functional 

characterization and expression analysis, Front. Plant Sci. 6, 111. 

[52] J. Rinkel and J.S. Dickschat (2019). Addressing the chemistry of germacrene A by isotope labeling 

experiments, Org. Lett. 27(7), 2426-2429.  

[53] H. Zhou, Y.L. Yang, J. Zeng, L. Zhang, Z.H. Ding and Y. Zeng (2016). Identification and 

characterization of a δ-cadinol synthase potentially involved in the formation of boreovibrins in 

Boreostereum vibrans of basidiomycota, Nat. Prod. Bioprospect. 6, 167-171.  

[54] A.M. Abd-ElGawad, A.E.N.G. El Gendy, A.M. Assaeed, S.L. Al-Rowaily, E.A. Omer, B.A. Dar, W.A. 

Al-Taisan and A.I. Elshamy (2020). Essential oil enriched with oxygenated constituents from invasive 

plant Argemone ochroleuca exhibited potent phytotoxic effects, Plants 9(8), 998.  

[55] Y. Sun, S. Wu, X. Fu, C. Lai and D. Guo (2022). De novo biosynthesis of τ-cadinol in engineered 

Escherichia coli, Bioresour. Bioprocess. 9(1), 1-8.  

[56] S. Dutta, R.C. Mehrotra, S. Paul, R.P. Tiwari, S. Bhattacharya, G. Srivastava, V.Z. Ralte and C. 

Zoramthara (2017). Remarkable preservation of terpenoids and record of volatile signaling in plant-

animal interactions from Miocene amber, Sci. Rep. 7 (1) 1-6.  

[57] Z. Li, K. Howell, Z. Fang and P. Zhang (2020). Sesquiterpenes in grapes and wines: Occurrence, 

biosynthesis, functionality, and influence of winemaking processes, Compr. Rev. Food Sci. Saf. 19(1), 

247-281.  

[58] P.P. Könen and M. Wüst (2019). Analysis of sesquiterpene hydrocarbons in grape berry exocarp (Vitis 

vinifera L.) using in vivo-labeling and comprehensive two-dimensional gas chromatography-mass 

spectrometry (GC× GC-MS), Beilstein J. Org. Chem. 15(1), 1945-1961.  
[59] E.M. Davis and R. Croteau, (2000). Cyclization enzymes in the biosynthesis of monoterpenes, 

sesquiterpenes, and diterpenes. In: Biosynthesis: aromatic polyketides, isoprenoids, alkaloids, ed: J. 

Lepper and J.C. Vederas, Springer, Berlin, Heidelberg, 209, pp.72-82.  

[60] W. Herz, H. Grisebach and G.W. Kirby (1976). Progress in the chemistry of organic natural products, 

Springer, Berlin, Heidelberg. 

[61] Y.J. Hong and D.J. Tantillo (2011). How many secondary carbocations are involved in the biosynthesis 

of avermitilol?, Org. Lett. 13(6), 1294-1297.  

[62] D.N. Tran and N. Cramer (2014). Biomimetic synthesis of (+)-ledene, (+)-viridiflorol, (+)-palustrol, 

(+)-spathulenol, and psiguadial A, C, and D via the platform terpene (+)-bicyclogermacrene, Chem. 

Eur. J. 20(34), 10654-10660. 

[63] J. Wu, X. Yang, Y. Duan, P. Wang, J. Qi, J.M. Gao and C. Liu (2022). Biosynthesis of sesquiterpenes 

in basidiomycetes: A review, J. Fungi. 8(9), 913.  

[64] K.F. do Nascimento, F.M.F. Moreora, J.A. Santos, C.A.L. Kassuya, J.H.R. Croda, C.A.L. Cardoso, 

M.C. Vieira, A.L.T. Góis-Ruíz, M.A. Foglio, J.E. de Carvalho et.al (2018). Antioxidant, anti-

inflammatory, antiproliferative and antimycobacterial activities of the essential oil of Psidium guineense 

Sw. and spathulenol, J. Ethnopharmacol. 210, 351-358.  

[65] I.C. Barreto, A.S. de Almeida and J.G.S. Filho (2021). Taxonomic insights and its type cyclization 

correlation of volatile sesquiterpenes in Vitex species and potential source insecticidal compounds: A 

review, Molecules 26(21), 6405.  
[66] Y.J. Hong and D.J. Tantillo (2009). Consequences of conformational preorganization in sesquiterpene 

biosynthesis: theoretical studies on the formation of the bisabolene, curcumene, acoradiene, zizaene, 

cedrene, duprezianene, and sesquithuriferol sesquiterpenes, J. Am. Chem. Soc. 131(23), 7999-8015.  

[67] M.S. Linz, A. Mattappallil, D. Finkel and D. Parker (2023). Clinical impact of Staphylococcus aureus 

skin and soft tissue infections, Antibiotics 12(557), 1-27. 

[68] K.S. Ikuta, L.R. Swetschinski, G.R. Aguilar, F. Sharara, T. Mestrovic, A.P. Gray, N.D. Weaver, E.E. 

Wool, C. Han, A.G. Hayoon, et.al (2022). Global mortality associated with 33 bacterial pathogens in 

2019: A systematic analysis for the Global Burden of Disease Study 2019, The Lancet 400(10369), 

2221-2248. 

[69] S. Dutta, P. Sengupta, E. Izuka, I. Menuba, R. Jegasothy and U. Nwagha (2020). Staphylococcal 

infections and infertility: mechanisms and management, Mol. Cell. Biochem. 474, 57-72. 

 



 

Essential oils of T. michuacana var. longifolia and T. michuacana Lex. var. michuacana 

 

14 

[70] A. Esmailkhani, M.T. Akhi, J. Sadeghi, B. Niknafs, A.Z. Bialvaei, L. Farzadi and N. Safadel (2018). 

Assessing the prevalence of Staphylococcus aureus in infertile male patients in Tabriz, northwest Iran, 

Int. J. Reprod. Biomed. 16(7), 469-474. 

 
 

 
© 2024 ACG Publications 

 

 

 

 


	References

