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Abstract: This study reports the biotechnological importance of seven Lippia alba specimens collected in 

different places in Brazil, and evaluation of some activities as larvicidal against Aedes spp., antifungal 

against dermatophytes; cytotoxicity against SNB-19 (astrocytoma), HCT-116 (human colon) and PC-3 

(human prostate) cancer cell lines, and inhibition of the enzyme acetylcholinesterase (AChE). The 

essential oils, whose extraction yield was about 1.24 w/w ± 0.9%, showed differences in their chemical 

composition and considered as chemotypes. The essential oils containing neral and geranial as main 

constituents showed better action against HCT-116 cell lines (IC50 value was 9.22 µg/mL), larvicidal 

activity against arbovirus vectors (LC50 value against A. aegypti was 1.59 µg/mL) and inhibition of 

AChE (halo inhibition zone was 1 cm). The essential oils containing mainly monoterpenoids showed 

better antifungal action with MIC values range from 0.15 to 1.25 mg/mL. This chemical and biological 

characterization may be useful for biotechnological applications. 
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Resumen: Este estudio reporta la importancia biotecnológica de siete especímenes de Lippia alba 

recolectados en diferentes lugares de Brasil, y evaluación de algunas actividades como larvicida contra 

Aedes spp., Antifúngico contra dermatofitos; citotoxicidad contra líneas celulares de cáncer SNB-19 

(astrocitoma), HCT-116 (colon humano) y PC-3 (próstata humana), e inhibición de la enzima 

acetilcolinesterasa (AChE). Los aceites esenciales, cuyo rendimiento de extracción fue de 

aproximadamente 1,24 p/p ± 0,9%, mostraron diferencias en su composición química y se consideraron 

quimiotipos. Los aceites esenciales que contienen neral y geranial como constituyentes principales 

mostraron una mejor acción contra las líneas celulares HCT-116 (el valor de CI50 fue de 9.22 µg/mL), 

actividad larvicida contra los vectores de arbovirus (el valor de LC50 contra A. aegypti fue de 1.59 

µg/mL) e inhibición de AChE (la zona de inhibición del halo era de 1 cm). Los aceites esenciales que 

contienen principalmente monoterpenoides mostraron una mejor acción antifúngica con valores de CMI 

en el rango de 0.15 a 1.25 mg/mL. Esta caracterización química y biológica puede ser útil para 

aplicaciones biotecnológicas. 
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INTRODUCTION 

Lippia alba (Mill.) N.E.Br. ex Britton & P. Wilson 

(Verbenaceae family) is a highly branched aromatic 

shrub with height up to 2 m (Hennebelle et al., 2008). 

Popularly known as bushy matgrass, bushy Lippia or 

lemon balm in English language countries, in Brazil 

it is variously called erva cidreira, falsa melissa and 

salvia. It is widely distributed in tropical and 

subtropical regions, with considerable rates of 

endemism (Salimena et al., 2016). 

Previous studies indicate a large use the L. 

alba by the population including indigenous and rural 

communities. Infusions made from leaves and aerial 

parts are used against hypertension, states of 

excitement, nausea, flu, digestive troubles, colds and 

pain, as well as topically to heal wounds, and as a 

syrup against cough and bronchitis (Albuquerque et 

al., 2007; Suárez, 2019).  

Different biological activities, such as 

antibacterial (Porfírio et al., 2017), antifungal (Mesa-

Arango et al., 2009), antiviral (Ocazionez et al., 

2010), antigenotoxic (López et al., 2011), 

antiprotozoal (Escobar et al., 2010), antioxidant 

(Stashenko et al., 2004) and vasorelaxant (Silva et 

al., 2018), have been identified in L. alba essential 

oils.  

The essential oil of L. alba presents varied 

chemical composition, with great chemical diversity, 

prompting classification into different chemotypes, 

such as linalool, carvone, citral, myrcene-camphor, 

myrcene and limonene-carvone (Matos, 1996; 

Yamamoto et al., 2008). 

Natural products have attracted increasing 

interest by the pharmaceutical industry due to their 

medicinal and pharmacological properties, as 

alternatives to synthetic drugs (Harvey et al., 2015). 

The larvicidal action of natural products has been 

useful in the development of bioproducts for the 

control of arbovirus vectors, such as dengue fever, 

zika fever, chikungunya fever, yellow fever and 

Japanese encephalitis, which are serious public health 

problems in tropical and subtropical regions (Raj et 

al., 2015; Londoño-Renteria et al., 2016). 

The acetylcholinesterase (AChE) inhibitory 

enzyme assay is useful to prospect for molecules with 

pharmacological action for the treatment of 

Alzheimer's disease (Ali-Shtayeh et al., 2018). AChE 

is the major mode of action of most insecticides, such 

as carbamates and organophosphates, and this effect 

may be responsible for the larvicidal activity against 

Aedes aegypti and Aedes albopictus (Gade et al., 

2017; Mesquita et al., 2018). 

This article compares the chemical 

composition of the volatile oils extracted from seven 

L. alba chemotypes, and characterizes some 

biological properties, such as larvicidal against Aedes 

aegypti and A, albopictus, antifungal against 

dermatophytes, and cytotoxicity against SNB-19 

(astrocytoma), HCT-116 (human colon) and PC-3 

(human prostate) cancer cell lines, as well as 

evaluating these essential oils for the inhibition of 

acetylcholinesterase, to provide useful information on 

possible medicinal and other biotechnological 

applications. 

 

MATERIALS AND METHODS 

Plant material 

Aerial parts of L. alba chemotypes (leaf, 

inflorescence and stem) were collected in the 

flowering period in the medicinal plants garden of 

Embrapa Agroindústria Tropical (Agroindustry 

Research Unit), Fortaleza, Ceará, Brazil, in August 

2016 (latitude 3º 45', 47", longitude 38º 31' 23" W, 

altitude 21 m). A voucher specimen (No. EAC59269) 

was deposited in the Prisco Bezerra Herbarium 

(EAC) and authenticated by botanist Dr. Maria 

Iracema Bezerra Loiola of the Department of 

Biology, Federal University of Ceará. The 

chemotypes were coded according to their region of 

origin and culture in Brazil. Embrapa also uses this 

standard of identification. This study involved the use 

of seven L. alba chemotypes from different regions 

of Brazil: LA1, LA2, LA3, LA4, LA5, LA6, LA7, all 

plants grown at Embrapa Tropical Agroindustry 

(Table No. 1). 

 

Extraction and analysis of essential oils 

Fresh aerial parts of L. alba (500 g of each 

chemotype) were submitted to hydrodistillation for 4 

h in a modified Clevenger-type apparatus (Craveiro 

et al., 1976). The oil was dried over anhydrous 

Na2SO4 (~1 g), filtered and preserved in a sealed vial 

at 4ºC prior to further analysis, with different yields 

of 0.2-2% (w/w).  The chemical analysis of the 

essential oil constituents was performed with a 

Shimadzu QP-2010 Ultra instrument employing the 

following conditions: Column: Rtx-5MS (Crossbond, 

5% diphenyl/95% dimethyl polysiloxane) measuring 

30 m x 0.25 mm x 0.25 µm df; carrier gas: He (24.2 

mL/min, in constant linear velocity mode); injector 



 

de Morais et al. Biotechnological potential of Lippia alba essential oil 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 727 

 

 

 

temperature of 250ºC, in split mode (1:100); and 

detector temperature of 250ºC. The column 

temperature was programmed for 35–180ºC at 

4ºC/min, then 180–280ºC at 17ºC/min, and 280ºC for 

10 min. Mass spectra were obtained at electron 

impact of 70 eV. The volume of sample injected was 

1 µL. The components were identified from their GC 

retention times, calculated by linear interpolation 

relative to retention times of main compounds and by 

comparison of their mass spectra with those present 

in the computer data bank and published literature 

(Adams, 2012). 

 

 

 

Table No. 1 

Variety/chemotype of Lippia alba obtained from the experimental garden of Brazilian Agricultural Research 

Corporation - Embrapa Tropical Agroindustry in Ceará State, Brazil 

Variety/chemotype Municipality/State/Country Yield (%) 

LA1 Atibaia/ São Paulo /Brazil 0.99 

LA2 São Gonçalo do Rio Abaixo/ Minas 

Gerais /Brazil 

1.44 

LA3 Botucatu/ São Paulo/ Brazil 0.72 

LA4 Brasília/ Federal District/ Brazil 0.61 

LA5 Cruzeiro Grande/ Federal District/ 

Brazil 

3.31 

LA6 Embrapa/ Cenargem/ Federal District/ 

Brazil 

1.00 

LA7 Estrutural/ Federal District/ Brazil  0.63 

 

 

Acetylcholinesterase inhibition assay 

The acetylcholinesterase inhibition (AChE inhibition) 

was qualitatively assessed using the method 

described by Ellman et al. (1961), as adapted for 

thin-layer chromatography (TLC) by Rhee et al. 

(2001), and was quantified using a BioTek Elisa 

microplate reader (model ELX 800 with Gen5 

V2.04.11 software) at 405 nm, based on the method 

described by Ellman et al. (1961) and modified by 

Trevisan et al. (2003). This in a very sensitive 

method based on measuring thiocholine production 

from hydrolysis of acetylthiocholine. This is 

accomplished by the continuous reaction of thiol with 

5, 50-dithiobis (2-nitrobenzoic acid). The following 

solutions were used: A. Tris/HCl 50 mM, pH 8; B. 

Tris/HCl 50 mM, pH 8, with 0.1% bovine albumin 

fraction V; and C. Tris/HCl 50 mM, pH 8, with NaCl 

(0.1 M) and MgCl2·6H2O (0.02 M). To each well of a 

96-well microplate, 25 µL of acetylthiocholine iodide 

(15 µM), 125 µL of 5,50-dithiobis in Solution C (3 

µM DTNB or Ellman's reagent), 50 µL of Solution B, 

and 25 µL of compound dissolved in MeOH and 

diluted in Solution A at concentrations ranged from 

1.56 to 400 µg/mL.  

 

Larvicidal assay 

The larvicidal assay against Aedes aeypti was 

performed by the following method: L. alba essential 

oils were placed in beakers and dissolved in 20 mL of 

H2O/DMSO 1.5% (v/v) at concentrations of 50-500 

mg/mL, followed by the addition of 50 A. aegypti and 

A. albopictus larvae of the third instar. Mortality was 

recorded after 24 h of exposure, during which no 

nutritional supplement was added. The experiments 

were carried out at 28 ± 2°C. Each test was 

performed in triplicate. Data were evaluated through 

regression analysis. From the regression line, the 

LC50 values were read, representing the concentration 

causing 50% larval mortality. The insecticide 

Temephos™ was used as positive control and a 

solution of water and 3% DMSO was used as 

negative control (Tabanca et al., 2013; Pereira et al., 

2018). The A. aegypti and A. albopictus larvae of the 

third instar were obtained at the Etymology 

Laboratory of the Vector Group of the Ceará State 

Health Secretariat. 

 

Antifungal activity 

The antifungal activity was determined in accordance 

with guidelines of the Clinical and Laboratory 
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Standards Institute (CLSI, 2008) by the broth 

microdilution method. Two strains of Trichophyton 

rubrum were used. Dermatophytes strains were 

obtained from the fungal collection of the 

Microbiology Laboratory State University of Vale do 

Acaraú. Each strain was recovered and identified 

based on the macromorphology and 

micromorphology of the colonies (De Hoog et al., 

2008). Aliquots of suspensions were prepared in 

potato dextrose agar (Difco, Detroit, MI, USA), and 

then incubated at 28ºC for 5 –10 days (T. rubrum 

strains). The suspensions were diluted to 1:500 for T. 

rubrum, with RPMI 1640 medium supplemented with 

l-glutamine without sodium bicarbonate, and then 

buffered to pH 7.0 with 0.165 M MOPS. L. alba 

chemotypes were tested in concentrations ranging 

from 0.002 to 2.5 mg/mL. The microdilution test was 

performed in 96-well microdilution plates incubated 

at 37ºC, and the results were expressed as minimum 

inhibitory concentration (MIC), while the antifungal 

effect was analyzed visually after 5 days (T. rubrum). 

The minimum fungicidal concentration (MFC) was 

determined by subculturing 100 µL of solution from 

wells without turbidity on potato dextrose, at 28°C, 

and was determined as the lowest concentration 

resulting in no growth of the subculture (Fontenelle et 

al., 2008). 

 

Cytotoxicity assay 

The cytotoxicity of the essential oils was determined 

by the MTT assay, following the protocol described 

in previous studies (Victor et al., 2017; Guedes et al., 

2018). The cytotoxicity was tested against SNB-19 

(astrocytoma), HCT-116 (human colon) and PC-3 

(human prostate) cancer cell lines, obtained from the 

National Cancer Institute, Bethesda (MD, USA). 

Cells were cultured in RPMI-1640 medium 

supplemented with 10% fetal bovine serum, 1% 

penicillin and 1% streptomycin, and incubated at 

37ºC under a 5% CO2 atmosphere. Cells were plated 

in 96-well  plates at concentrations of 1 x 105 cell 

mL-1. After 24 h, all fractions (50 µg/mL) dissolved 

in 1% DMSO were added to each well using a high-

throughput screening system (Biomek 3000 – 

Beckman Coulter, Inc. Fullerton, CA, USA), and the 

cultures were incubated for 72 h. The fractions were 

centrifuged at 3000 × g for 10 min at 25ºC. and the 

supernatant removed. Then 200 µL of a solution of 

MTT (tetrazolium salt) was added and the plates were 

incubated for 3 h at 37ºC. The absorbance was 

measured at 595 nm in a spectrophotometer, after 

dissolution of the precipitate with 150 µL of DMSO. 

The control groups received the same amount of 

DMSO. The positive control used was doxorubicin at 

concentration of 0.3 mg/L.  

In the statistical analysis, all experiments 

were performed in triplicate. One-way ANOVA with 

the Tukey test was performed followed by multiple 

comparison testing where appropriate. IC50 values 

were calculated using the GraphPad Prism 5.0 

software (GraphPad Software, San Diego, CA). 

Significance of difference was accepted at p<0.05. 

 

RESULTS AND DISCUSSION 

The volatile oils extracted from L. alba chemotypes 

ranged from yellow to red, whose extraction yield 

were: 0.99% (LA1), 1.44% (LA2), 0.72% (LA3), 

0.61% (LA4), 3.31% (LA5). 1.0% (LA6), 0.63% 

(LA7). The chemical composition of the essential oil 

chemotypes, including the retention index and the 

relative percentage of each constituent, are shown in 

Table No. 2. For all analyses, more than 90% of the 

total essential oil composition was obtained.  

The chemotypes were characterized by their 

major constituents: camphor (31.76%) and 1,8-

cineole (18.67%) for essential oil LA1; camphor 

(17.36%) and β-caryophyllene (15.75%) for LA2; 

geranial (35.60%) and neral (23.55%) for LA3; 

linalool (96.66%) for LA4; β-caryophyllene (26.08%) 

for LA5; carvone (46.68%) and geranial (15.65%) for 

LA6; and geranial (22.52%) and β-caryophyllene 

(16.50%) for LA7. 

Genotypes of L. alba have been classified as 

phenotypes with the different chemotypes due to 

variation in the concentration of their constituents 

and the aromatic differences, such as citral aroma. 

Matos et al. (1996) described six types L. alba in 

Brazil, with the prevalence between the clones of two 

chemotypes, carvone in three samples and citral 

(geranial + neral) and three other clones. 

Environmental factors are probably the main 

determinants for the formation of chemotypes. Also, 

cytogenetic differences in the number of 

chromosomes in two chemotypes were found, and 

may be related to the speciation processes (Tavares et 

al., 2005). The chemotype LA4 basically presented 

one constituent, linalool, a monoterpene of great 

commercial importance in the perfume and cosmetics 

industry and in pharmacology due to its medicinal 

properties (Julião et al., 2003; Camargo & 
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Vasconcelos, 2015). 

 

 

Table No. 2 

Comparative chemical composition (%) of the Lippia alba essential oils obtained from different places 

Constituents KIa Peak area (%) 

  LA1 LA2 LA3 LA4 LA5 LA6 LA7 

α-Pinene 940 14.41 17.33 - - - - - 

Camphene 954 3.07 2.11 - - - - - 

β-Pinene 979 - 0.96 - - - - - 

6-Methyl-hepten-2-one 984 - - 4.38 - - 2.48 4.72 

Myrcene 988 0.66 1.02 6.07 - - - 2.73 

α-Terpinene 1016 0.64 0.81 - - - - - 

p-Cymene 1024 6.48 13.63 - - - - - 

o-Cymene 1022 - - - - - 2.28 - 

Limonene 1026 3.74 3.92 7.83 - - 11.94 - 

1,8-Cineole (eucalyptol) 1031 18.67 15.07 - - - -  

γ-Terpinene 1057 1.73 0.64 - - - - - 

Linalool 1099 - - 3.62 96.66 - 1.58 2.86 

Camphor 1146 31.76 17.36 - - - - - 

Terpinen-4-ol 1177 0.95 0.65 - - - - - 

Myrtenol 1201 - - - - - - 1.14 

Nerol 1235 - - 1.75 - - - 3.61 

Neral 1249 - - 23.55 - - 11.60 14.20 

Carvone 1252 - - 3.20 - - 46.68 - 

Geraniol 1263 - - 1.74 - - - 4.10 

Geranial 1280 - - 35.60 - - 15.65 22.52 

α-Copaene 1377     1.43   

β-Elemene 1381 - - - - 10.96 - - 

β-Caryophyllene 1427 7.70 15.75 2.47 - 26.08 - 16.50 

Allo-aromadendrene 1428 3.02 2.72 - - - - - 

α-Humulene 1486 - - - - 7.20 - - 

D-Germacrene 1500 - - - - 9.60 1.80 1.84 

γ-Cadinene 1514     4.38   

δ-Cadinene 1523     9.52   

α-Cadinene 1538     3.46   

Elemol 1550      4.89  

β-Germacrene 1562 - - - - 6.92 - - 

Nerolidol 1570 - - 1.12 - - - 1.93 

Spathulenol 1678 - - - - 2.92 - - 

Caryophyllene oxide 1583 0.93 2.71 1.04 0.84 3.35 - 2.04 

Globulol 1585 - - 4.73 - - - 8.67 

Viridiflorol 1591 0.64 - - - - - - 

Epi-α-cadinol 1640 0.93 - - - 4.28 - - 

α- Muurolol 1646 - - - - 0.76 - - 

α-Cadinol 1654 - - - - 4.22 - 1.35 

2Z, 6E-Farnesol 1694 - - - - 0.37 - - 

Totarene 1885 - - - - - - 3.93 

Total identified  97.41 94.68 97.10 100.00 95.45 98.90 92.14 
aKI refers to the retention index of the column Rtx-5MS and were estimated by linear regression of retention 

times of main compounds in the chromatograms and respective Kovats index from the literature 
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Table No. 3 shows the results of the AChE 

inhibition by qualitative (inhibition zone – cm) and 

quantitative (inhibition – µg/mL) assays. The 

formation of a white halo around the TLC spots is 

indicative of AChE inhibition. All samples presented 

results close to or greater than those found for 

physostigmine, used as a positive control. However, 

the LA7 chemotype showed a stronger positive result 

(1.0 cm) than that of physostigmine in the qualitative 

assay. 

 

 

 

Table No. 3 

Acetylcholinesterase (AChE) inhibition assays (by TLC and ELISA) of the Lippia alba essential oils obtained 

from different chemotypes 

L. alba chemotypes AChE Inhibition 

Zone (cm) 

AChE Inhibition 

(µg/mL) 

LA1 0.8b±0.01 13.20c±0.88 

LA2 0.7a±0.04 35.26e±0.71 

LA3 0.9c±0.02 11.49b±0.04 

LA4 0.8b±0.04 40.50f±0.04 

LA5 0.7a±0.02 48.64g±0.35 

LA6 0.8b± 0.04 49.06g±0.13 

LA7 1.0d±0.02 32.00d±0.10 

Physostigmine 0.9c±0.04 1.15a±0,05 

Potassium dichromate 

(K2Cr2O7) 

- - 

Different letters mean significant differences between samples. ANOVA and Tukey’s Multiple Comparison 

tests were used at p<0.05. (-) test not performed 

 

 

 

For quantitative evaluation, this inhibition 

was determined by the enzyme-linked 

immunosorbent assay (ELISA), whose the order of 

AChE inhibition showed that the highest action 

occurred in LA3 (11.49 ± 0.04 µg/mL), followed by 

LA1 (13.20 ± 0.88 µg/mL), which contained geranial 

and neral, camphor and 1,8-cineole as major 

constituents, respectively. Bioactive molecules that 

inhibit AChE have therapeutic benefits due to the 

ability to penetrate the blood-brain barrier, increasing 

the levels of endogenous acetylcholine, a useful 

property in therapy for Alzheimer's disease (Morais 

et al., 2017). 

According to Jukic et al. (2007), 

monoterpenes like thymol, carvacrol and linalool are 

weak inhibitors of AChE. This may explain the weak 

activity found for the LA4 chemotype, which is rich 

in linalool. However, 1,8-cineole and limonene are 

monoterpenes with potent AChE inhibitory activity 

(Abdelgaleil et al., 2009), which may explain the 

activity in the LA1 chemotype. Essential oils are 

complex mixtures of aromatic compounds whose 

production depends on abiotic factors, and synergism 

between their constituents can modulate the 

inhibition of AChE. 

The larvicidal assay was carried out to 

determine the median lethal concentration (LC50) 

against instar III larvae of Aedes aegypti and A. 

albopictus. The results are shown in Table No. 4. As 

positive control, Temephos™ (O,O’-(thiodi-4,1-

phenylene)bis(O,O-dimethyl phosphorothioate) was 

used, whose LC50 value was 1.5 ± 0.2 µg/mL. 

Compounds with LC50 values of up to 100 

µg/mL are considered good larvicidal agents (Cheng 
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et al., 2003). The strongest larvicidal activities 

expressed by LC50 and LC90 were for the LA7 

chemotype against the larval stages of A. aegypti. 

This oil is rich in neral and geranial and showed an 

LC50 value of 1.59 ± 0.66 µg/mL. Among essential 

oils with insecticidal activity against larvae of A. 

aegypti, the oil from Cymbopogon flexuosus (Nees ex 

Steud.) W. Watson, with citral (geranial + neral) as 

main component, showed the highest larvicidal 

activity (LC50 = 17.1 µg/mL) (Vera et al., 2014). The 

carvone chemotype LA6 also showed good action, 

with LC50 of 62.98 ± 1.08. A previous study indicated 

a LC50 value of 43.8 µg/mL for carvone alone (Simas 

et al., 2004). 

   

 

 

Table No. 4 

Larvicidal activity of essential oils of Lippia alba obtained from different chemotypes against third-instar 

larvae of Aedes aegypti and Aedes albopictus after 24 h of exposure 

L. alba 

chemotypes 

Aedes aegypti Aedes albopictus 

 LC50 (µg/mL) LC90 

(µg/mL) 

LC50 

(µg/mL) 

LC90 

(µg/mL) 

LA1 92.13c±1.18 220.35d± 

1.09 

164.2c± 

1.65 

446.7d± 

3.74 

LA2 190.5f±3.79 457.32f± 

3.36 

205.6d± 

9.55 

538.3e± 

39.31 

LA3 96.49c±3.82 237.27e± 

4.84 

- - 

LA4 148.56e±3.32 503.50g± 

5.66 

450.6f± 2,0 3043.6g± 

6.09 

LA5 113.99d± 1.31 210.92d± 

6.05 

275.1e± 

6.95 

1100.0f± 

5.14 

LA6 62.98b± 1.08 158.18c± 

2.63 

113.4b± 

0.92 

286.8b± 

0.19 

LA7 1.59a± 0.66 74.73b± 1.23 169.2c± 1.0 396.2c± 

3.64 

Temephos™ 1.5a± 0.2 3.27a± 0.17 0.01a± 0.20 1.78a± 

0.10 

Different letters mean significant differences between samples. ANOVA and Tukey’s Multiple Comparison 

tests were used at p<0.05. (-) test not performed 

 

 

 

LA7 showed the best larvicidal action against 

A. aegypti of all investigated L. alba chemotypes, 

with LC50 value of 1.59 ± 0.66 µg/mL, a result very 

close to that of Temephos™ (positive control). This 

action is due to the synergism of its major 

constituents geranial, β-caryophyllene and neral. A 

previous study of Cymbopogon citratus (DC.) Stapf 

essential oil, whose main chemical constituents were 

geranial (60.3%) and neral (39.7%), showed 

larvicidal action with LC50 value of 69 µg/mL against 

A. aegypti (Cavalcanti et al., 2004). 

The larvicidal action described for LA7 can 

be related to the AChE inhibitory activity, due to the 

presence of many larvicidal substances that inhibit 

the action of acetylcholinesterase, by inhibiting the 

hydrolysis of the neurotransmitter acetylcholine into 

acetate and choline (Colovic et al., 2013). 

Regarding the antifungal activity against 

pathogenic fungal strains, shown in Table No. 5, the 

chemotypes LA1, LA2, LA3 and LA6 showed the 

highest antifungal activity against T. rubrum strains 

compared to the other chemotypes. These antifungal 

essential oils contain mainly monoterpenoids, such as 

α-pinene, camphor, 1,8-cineole, neral and geranial. A 
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previous study identified antifungal activity against 

yeasts and filamentous fungi of the citral and carvone 

chemotypes of L. alba (Mesa-Arango et al., 2009). 

The chemical composition of a commercial sample of 

essential oil from Eucalyptus smithii R.T. containing 

1,8-cineole as the main constituent was reported to be 

active against several strains of Microsporum and 

Trichophyton (Baptista et al., 2015). Our data 

corroborate the previous findings of the better 

antifungal action of oils containing these constituents. 

 

Table No. 5 

Minimum inhibitory concentration of the Lippia alba essential oils obtained from different chemotypes 

against T. rubrum 

 

Strains 

MIC/MFC (mg/mL)       

LA1 LA2 LA3 LA4 LA5 LA6 LA7 KTC 

T. rubrum 

LABMIC 

0208 

0.62/1.2

5 

1.25/2.5 0.62/1.25 1.25/2.5 NI 0.62/1.2

5 

1.25/2.5 0.25 

T. rubrum 

LABMIC 

0209 

0.62/1.2

5 

0.15/0.31 0.62/1.25 1.25/2.5 NI 0.62/1.2

5 

1.25/2.5 0.25 

Geometric 

mean 

0.62/1.2

5 

0.43/0.88 0.62/1.25 1.25/2.5 NI 0.62/1.2

5 

1.25/2.5 0.25 

NI: no inhibition; KTC: ketoconazole; MIC: minimum inhibitory concentration;  

MFC: minimum fungicidal concentration 

 

 

The cytotoxicity activity was determined by 

the MTT assay, which is a well-established 

colorimetric assay based on the enzymatic reduction 

of the tetrazolium salt MTT in living, metabolically 

active cells, but not in dead cells (Macêdo et al., 

2018). The inhibition percentage of cell growth was 

high (75–100%) to moderate (51–74%) (ISO 10993-

5: 2009). All the chemotypes showed high cytotoxic 

activity against the cancer cell lines used in this 

study, except LA5, whose inhibition percentage 

ranged from 31.70-73.94 (Table No. 6). 

 

Table No. 6 

Cell proliferation inhibition (%) of the Lippia alba essential oils obtained from different chemotypes 

determined by MTT assay at the concentration of 50 mg/mL 

Chemotype Cell proliferation inhibition (%) IC50 (µg/mL) 

 HCT-116 PC-3 SNB-19 HCT-116 

LA1 
89.69c± 1.01 82.41c± 1.37 79.50c± 1.11 24.89 

LA2 
91.02c± 0.32 84.20c± 1.26 64.90d± 1.20 33.81 

LA3 
95.28b± 0.64 97.37a± 0.97 89.83b± 0.72 5.49 

LA4 
88.41c± 1.08 82.27c± 1.49 49.44e± 1.59 42.76 

LA5 
73.94d± 1.18 47.83d± 1.99 31.70f± 1.11 > 100 

LA6 
93.15b± 0.93 87.80b± 1.21 87.41b± 0.11 > 100 

LA7 
93.07b± 1.80 91.02b± 1.43 89.23b± 1.48 9.22 

Doxorubicin 
99.99a± 0.01 99.99a± 0.01 99.99a± 0.01 0.21 

Different letters mean significant differences between samples. ANOVA and Tukey’s Multiple Comparison tests were 

used at p < 0.05. (-) test not performed 
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Previous studies have determined the 

cytotoxic potential of L. alba essential oil, rich in 

geraniol (18.9%) and citral (15.9%), against CHO-

Chinese hamster ovary cells (Tofiño-Rivera et al., 

2016) and K562-leukemia cells (García et al., 2017). 

These results are in line withthose of present study, 

according to which L. alba demonstrated good 

antiproliferative effect (Figure No. 1), due to the 

content of oxygenated monoterpenoids in the oils. 

There also may be a synergistic effect, by modifying 

the response to the various investigated chemotypes. 

 

 
Figure No. 1 

Cell proliferation inhibition (%) of the Lippia alba essential oils obtained from different chemotypes 

 

 

Among all the cancer cell lines tested, HCT-

116 presented the highest cell proliferation inhibitory 

effect at the concentration of 50 μg/mL in all the 

tested chemotypes. Thus, the IC50 was determined, 

whose values ranged from 5.49-42.76 μg/mL (Table 

No. 7). The LA5 and LA6 chemotypes only had weak 

antiproliferative action, with IC50 of more than 100 

μg/mL. However, the LA3 and LA7 chemotypes 

were able to reduce cell viability of HCT-116 in low 

concentrations, approaching the results obtained for 

the standard drug, doxorubicin.  

β‐caryophyllene and β‐caryophyllene oxide 

are present in a large number of plants worldwide. 

Both compounds possess significant anticancer 

activities, affecting growth and proliferation of 

numerous cancer cell lines (Fidyt et al., 2016). The 

aldehydes geranial and neral demonstrated cytotoxic 

and antitumor effect against the HeLa cell line 

(Mesa-Arango et al., 2009). Citral (geranial + neral) 

and β‐caryophyllene was major constituents found in 

some chemotypes, like LA3 and LA7, which could 

explain their better anticancer activity. 

 

CONCLUSIONS 

The chemical diversity allowed the identification of 

different chemotypes, whose medicinal properties 

were investigated, revealing a biotechnological 

potential of this plant. The results presented here 

indicate the main constituents of each chemotype, as 

well as the biological activities, which include 

antioxidant, antiacetylcholinesterase, antifungal and 

larvicidal activities, along with cytotoxicity against 

cancer cells. The chemical composition of the 

essential oils undergoes changes due to 

environmental factors and the circadian cycle. In 

addition, major constituents may influence on the 

biological action, then there is a need to study the 

constituents separately through in silico and in vitro 

assays. 
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