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ABSTRACT  

 

The use of essential oils (EOs) is known since long time in traditional medicine and aromatherapy 

for the management of various oxidative stress-related disorders and has been further increased 

recently for their neuroprotective and anti-aging potentials as well as for reducing anxiety and 

stress. 

The purpose of this work was to evaluate, for the first time, the chemical composition of Citrus 

lumia Risso EO and its antioxidant, anti-cholinesterase, and neuroactive properties by cell-free and 

cell-based assays. 

The EO has shown strong antioxidant and free radical scavenging properties, particularly in 

hydrogen atom transfer based assays (β-carotene bleaching and ORAC, IC50 22 μg/mL and 46 

μg/mL, respectively), that can be attributed to the high content of monoterpenes, especially d-

Limonene (48.905%), and Linalool (18.245%). Furthermore, the EO has shown an interesting anti-

acetylcholinesterase activity (IC50 258.25 μg/mL). Data from MTT analysis indicate that the 

cytotoxicity of EO, evaluated on L929 mouse fibroblasts, is very low, with an IC50 higher than 500 

µg/mL at 48h. Rat neuronal networks subjected to EO showed a concentration-dependent inhibition 

of spontaneous electrical activity.  

Results indicate that C. lumia EO could be an important source of natural antioxidants suggesting 

an important preventive role in the onset of oxidative stress-related pathologies. 

 

KEYWORDS: Citrus lumia Risso; Essential oil; Antioxidant properties; Anti-cholinesterase 

activity; Cytotoxicity; Neuroactive effects.  

 

 

*Abstract



1 
 

Essential oil of Citrus lumia Risso: phytochemical profile, antioxidant properties 

and activity on the central nervous system. 

 

Antonella Smeriglio
1
, Susanna Alloisio

2
, Francesco Maria Raimondo

3
, Marcella Denaro

1
, Jianbo 

Xiao
4
, Laura Cornara

5*
 and Domenico Trombetta

1
 

 

1
Department of Chemical, Biological, Pharmaceutical and Environmental Sciences, University of 

Messina, Italy; 

2
ETT Spa, via Sestri 37, 16154 Genova, Italy; 

3
Department of Biological, Chemical and Pharmaceutical Sciences and Technologies,

 
University of 

Palermo, Italy. 

4
Institute of Chinese Medical Sciences, State Key Laboratory of Quality Research in Chinese 

Medicine, University of MacauTaipa, Macau;
 

5
Department of Earth, Environment and Life Sciences, University of Genova, Italy. 

 

 

*Corresponding author 

Prof. Laura Cornara 

Department of Earth, Environment and Life Sciences, University of Genova, Italy 

Corso Europa 26, 16132, Genova -Italy 

Phone: +39 010 209 9364 

Mail: cornara@dipteris.unige.it 

  

 

  

*Manuscript for revision (track changes hidden)
Click here to view linked References

http://ees.elsevier.com/fct/viewRCResults.aspx?pdf=1&docID=33480&rev=1&fileID=1150656&msid={05450D92-FC47-4499-908E-4754063131BF}


2 
 

ABSTRACT  

 

The use of essential oils (EOs) is known since long time in traditional medicine and aromatherapy 

for the management of various oxidative stress-related disorders and has been further increased 

recently for their neuroprotective and anti-aging potentials as well as for reducing anxiety and 

stress. 

The purpose of this work was to evaluate, for the first time, the chemical composition of Citrus 

lumia Risso EO and its antioxidant, anti-cholinesterase, and neuroactive properties by cell-free and 

cell-based assays. 

The EO has shown strong antioxidant and free radical scavenging properties, particularly in 

hydrogen atom transfer based assays (β-carotene bleaching and ORAC, IC50 22 μg/mL and 46 

μg/mL, respectively), that can be attributed to the high content of monoterpenes, especially d-

Limonene (48.905%), and Linalool (18.245%). Furthermore, the EO has shown an interesting anti-

acetylcholinesterase activity (IC50 258.25 μg/mL). Data from MTT analysis indicate that the 

cytotoxicity of EO, evaluated on L929 mouse fibroblasts, is very low, with an IC50 higher than 500 

µg/mL at 48h. Rat neuronal networks subjected to EO showed a concentration-dependent inhibition 

of spontaneous electrical activity.  

Results indicate that C. lumia EO could be an important source of natural antioxidants suggesting 

an important preventive role in the onset of oxidative stress-related pathologies. 

 

KEYWORDS: Citrus lumia Risso; Essential oil; Antioxidant properties; Anti-cholinesterase 

activity; Cytotoxicity; Neuroactive effects.  
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Abbreviations: 

EO, Essential oil; 

MEA, Microelectrode array; 

DPPH, 2,2-diphenyl-1-picrylhydrazyl; 

ABTS, 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); 

EDTA, Ethylendiaminetetracetic acid; 

LM, Light microscopy; 

SEM, Scanning electron microscopy; 

GC-MS, Gas chormatography-mass spectrometry; 

FID, Flame ionization detector; 

MEM, Minimum essential medium; 

RT, Room temperature; 

BHT, Butylated hydroxytoluene; 

TPTZ, 2-4-6-tris(2-piridil)-s-triazina; 

AAPH, 2,2'-Azobis(2-amidinopropane) dihydrochloride; 

ATCI, Acetylthiocholine iodide; 

DTNB, 5,5'-dithiobis(2-nitrobenzoic acid); 

AChE, Acetylcholinesterase; 

BSA, Bovine serum albumin; 
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HBSS, Hank's Balanced Salt Solution; 

NB, Neurobasal medium; 

MFR, mean firing rate; 

MBR, mean burst rate; 

MBD, Mean burst duration; 

MISI_B, Inter spike intervals within a burst; 

IC50, Half-maximal inhibitory concentration; 

MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; 
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Introduction 

Plants that produce essential oils (EOs) represent a large part of natural flora and an important 

resource in various fields such as pharmaceutical, food and cosmetic industries, due to their flavor, 

fragrance and biological activity (Swamy et al., 2016). EOs play a pivotal role in the growth and 

colonization of plants, giving color and scent to reproductive organs, attracting pollinators, favoring 

seed dispersion (Sharifi-Rad et al., 2017), and defending the plant against abiotic (light, 

temperature, etc.) and biotics (herbivores, harmful insects and pathogen microbes) stressors 

(Sharifi-Rad et al., 2017). More than 250 types of essential oils are commercialized annually on the 

international market, some of which are used since ancient times in popular medicines (Jarić et al., 

2015; Mahboubi, 2015), in aromatherapy, and as a therapeutic aid in the treatment of various 

pathologies including cardiovascular and neurological diseases, as well as diabetes and cancer 

(Swamy et al., 2016; Lillehei and Halcon, 2014; Solórzano-Santos and Miranda-Novales, 2012). In 

addition, the antimicrobial properties of essential oils have been validated by several studies (García 

et al., 2010; Jarić et al., 2015), also showing synergistic effects of various constituents against 

different human pathogens (Swamy et al., 2016). .  

The EOs from Citrus fruits are a rich source of biofunctional compounds with various health 

properties, including antioxidant, antimicrobial, anti-inflammatory, and cytoprotective activities 

(Tundis et al., 2012; Amorim et al., 2016; Cirmi et al., 2016).  

We focused our attention on an ancient Mediterranean lumy, Citrus lumia Risso (Rutaceae), that 

was extensively cultivated in ancient times in the Mediterranean area. At present, the cultivation of 

this plant is limited; in Italy it is mostly found in southern regions, especially in Sicily. In the area 

of Agrigento (western Sicily) its cultivation has been widespread and it is mainly used as 

environmental scent, due to its very flourishing and intensely aromatic EO, as a digestive (eaten 

fresh or by preparing a liquor), and for its soothing and relaxing properties. For the history and 

botany of this citrus see Raimondo et al. (2017). 
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The aim of our study was to evaluate the chemical composition of the C. lumia EO and its 

antioxidant, anti-cholinesterase, and neuroactive properties, by using cell-free and cell-based assays. 

 

Materials and Methods 

Chemicals 

Folin-Ciocalteu phenol reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), potassium peroxydisulfate, 

2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS
•+

), 2-4-6-tris(2-

piridil)-s-triazina (TPTZ), ethylendiaminetetracetic acid (EDTA), iron sulphate heptahydrate, 

ferrozine, sodium phosphate dibasic, potassium phosphate monobasic, sodium acetate, iron(III) 

chloride hexahydrate, iron(II) chloride tetrahydrate, 2,2'-Azobis(2-amidinopropane) dihydrochloride 

(AAPH), fluorescein disodium salt, C7-C40 saturated alkane standard, linalyl anthranilate, 

acetylthiocholine iodide (ATCI), and 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) were purchased 

from Sigma-Aldrich (Milan, Italy). D-Limonene, Linalool, β-Pinene and α-Terpineol were 

purchased from Extrasynthese (Genay, France). Dichloromethane was GC-grade and was purchased 

from Merck (Darmstadt, Germany). All Other chemicals and solvents were of analytical grade.  

 

Botanical identification 

The main distinctive features of C. lumia (Fig. 1 I) are leaves with petioles usually wingless or with 

minor wings (Fig. 1 II); flower with buds tinged purple and white petals (Fig. 1 III); particular fruit 

shape which appears ovoid, mamillate and with a very pronounced umbon (Fig. 1 IV). Another 

distinctive sign is the flesh juice, which is sugary, whereas it is acid in C. limetta.  

 

Plant material and isolation of essential oil  

Ripe C. lumia fruits were harvested on 17 March 2017, by a local farmer in Agrigento (AG, Italy), 

and immediately sent to the laboratory. 
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Fresh fruits were manually peeled off, and 120 g of flavedo were subjected to hydrodistillation 

using a Clevenger-type apparatus, according to the European Pharmacopoeia (Conseil de l’Europe, 

1996), until no significant increase in the volume of the collected EO was observed (3h). The EO 

was dried on Na2SO4 and stored in a dark-sealed vial under N2 until analysis. 

 

Light microscopy 

Frozen fruit of C. lumia was sliced with a hand knife, and the peel was separated from edible parts. 

Small pieces, approximately 1 cm
2
 of peel, were sectioned with a razor blade and fixed in FineFIX 

working solution, (Milestone s.r.l., Bergamo, Italy) with 70% ethanol, and then left overnight at 4 

°C (Chieco et al., 2012). Samples were dehydrated for 1 h through a graded series of ethanol: 80, 

90, 95 and 100%, and then embedded in paraffin. 

Cross sections of 5-10 μm were cut with a rotary microtome (Thermo Scientific® HM 325). 

Paraffin was removed by multiple immersions in Histo-Clear®, followed by immersion in ethanol 

(100% and 75%, 5 min per step), and finally in streaming water.  

Sections mounted on glass slides were stained with toluidine blue in buffer phosphate, pH 4.4 (O 

’Brien and Mc Cully 1981), and then observed by a Leica DM 2000 transmission-light microscope, 

coupled to a computer-driven DFC 320 camera (Leica Microsystems, Wetzlar, Germany). 

 

Scanning electron microscopy (SEM) 

The fruit peel was cut into pieces (1-1.5 cm
2
) and then longitudinal and tangential sections were 

obtained by using a razor blade. Samples were fixed in FineFIX, followed by dehydration through 

ethanol series, as reported above, and then dehydrated in CO2 using a Critical Point Drier processor 

(K850 CPD 2M Strumenti S.r.l., ROMA).  

Dried specimens were mounted on stubs using double stick tape and coated with 10 nm gold. SEM 

analysis was carried out using a Vega3 Tescan LMU (Tescan USA Inc., Cranberry Twp, PA) at an 

accelerating voltage of 20 kV. 
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GC FID and GC/MS analysis 

Gas chromatographic (GC) analysis was performed on an Agilent gas chromatograph, Model 

7890A, equipped with a flame ionization detector (FID) (Agilent Technologies Santa Clara, CA, 

USA). Analytical conditions were HP-5MS capillary column (30 mm, 0.25 mm coated with 5% 

phenyl methyl silicone, 95% dimethyl polysiloxane, 0.25 µm film thickness) and helium as the 

carrier gas (1 mL/min). Injection was done in split mode (50:1), injected volume was 1 µL (10% 

essential oil/CH2Cl2 v/v), and the injector and detector temperature were 250 °C and 280 °C, 

respectively. The oven temperature was held at 60 °C for 6 min, increased to 270 °C at 3 °C/min, 

and held at 270 °C for 4 min. Percentages of compounds were determined from their peak areas in 

the GC-FID profiles. Gas chromatography-mass spectrometry (GC-MS) analysis was carried out on 

the above instrument, coupled with an Agilent 5975C mass detector, with the same column and the 

same operative conditions used for the analytical GC. We adjusted the ionization voltage to 70 eV, 

the electron multiplier to 900 V, and the ion source temperature to 230 °C. Mass Spectra data were 

acquired in the scan mode in a m/z range of 45-450. Detected compounds were identified based on 

the following parameters: GC retention index (relative to C7-C40 n-alkanes on the HP-5MS column), 

values reported in the literature (Adams, 2007), matching of mass spectral data with those of the 

MS library (NIST 08), comparison of MS fragmentation patterns with those reported in literature, 

and, whenever possible, co-injection with standards (D-Limonene, Linalool, Linalyl Anthranilate, 

β-Pinene, α-Terpineol). 

 

Cell viability assay 

L929 mouse fibroblasts were purchased from the Veterinary Medical Research Institute of 

Lombardia and Emilia Romagna (Brescia, Italy). Cells were maintained in Minimum Essential 

Medium (MEM) supplemented with 1% penicillin–streptomycin solution, 1% glutamine and 5% 

fetal bovine serum (FBS) (EuroClone, Wetherley, UK), in a humidified incubator (Cellstar Queue 
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Systems) at 37 °C and 5% CO2. The effect of C. lumia EO on cell viability was determined by the 

MTT assay. This test is based on enzymatic reduction of the tetrazolium dye MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to its insoluble formazan in viable cells 

(Mosmann, 1983). Fibroblasts were settled in 96-well plates and exposed to increasing doses of EO. 

Following the criteria of the United States National Cancer Institute plant screening program (Geran 

et al., 1972), and previous studies on the cytotoxicity of various EOs (Caputo et al., 2016; Aliberti 

et al., 2016), the concentrations of the C. lumia EO used in our experiments were set from 10 to 500 

 g/mL, and the endpoint was set at 48 h. After exposure to EO, cells were incubated with 100 

 L/mL MTT (5mg/mL in PBS) in cell culture medium without serum for 3 h at 37 °C, and then 

with a solution of 1N HCl-isopropanol (1:24, v/v), followed by mixing to dissolve the dark-blue 

formazan crystals formed. Plates were read at 550 nm in a BioTek ELx800 microplate reader, 

equipped with BioTek GEN5.204 software. 

 

Screening of antioxidant and free-radical scavenging properties 

Determination of total phenolic compounds  

The total phenol content of samples was determined according to Smeriglio et al. (2016a). Briefly, 

an aliquot of 50 μL of EO (200-25 µg/mL) was added to Folin-Ciocalteu reagent (500 μL) followed 

by deionized water (450 μL). After 3 min, sodium carbonate (500 μL, 10% w/v) was added; 

samples were left in the dark at room temperature for 1h vortexing every 10 min, and the 

absorbance recorded at 785 nm, using an UV-Vis spectrophotometer (Shimadzu UV-1601, Kyoto, 

Japan). The inhibition (%) of antioxidant activity was calculated by the following equation: 

 

                
     

  
      

 

where A0 is absorbance of the control and As is absorbance of the sample after 60 min incubation. 

(1) 
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DPPH assay  

The DPPH free radical scavenging activity was evaluated according to Smeriglio et al., (2017a). 

Briefly, freshly DPPH methanol solution (10
-4

 M), was mixed with 37.5 µL of sample solution 

(range 250-31.25 µg/mL) and the mixture was vortexed for 10 s at room temperature (RT). The 

decrease in absorption at 517 nm, against blank, was measured after 20 min using an UV/VIS 

spectrophotometer (Shimadzu UV-1601, Kyoto, Japan). The inhibition (%) of radical scavenging 

activity was calculated using Equation (1). 

 

Trolox equivalent antioxidant capacity (TEAC) assay  

The antioxidant activity against ABTS
•+ 

radical was carried out according to Smeriglio et al. 

(2016b) Briefly, the reaction mixture (4.3 mM potassium persulfate and 1.7 mM ABTS
•+

 solution 

1:5, v/v) was incubated for 12-16 h in the dark at room temperature, and was diluted, before use, 

with phosphate buffer (pH 7.4) in order to obtain an absorbance at 735 nm of 0.7 ± 0.02. An aliquot 

of 50 µL of sample solution (range 500-62.5 μg/mL) was added to 1 mL of reaction mixture and 

incubated in the dark at RT for 6 min; the absorbance was then recorded at 734 nm using an UV-

VIS Spectrophotometer (Shimadzu UV-1601). The inhibition (%) of radical scavenging activity 

was calculated using Equation (1). 

 

Ferric reducing antioxidant power (FRAP) 

The free-radical scavenging capacity against TPTZ radical was performed according to Smeriglio et 

al. (2016b). An aliquot of 25 µL of sample solution (range 500-62.5 μg/mL) was added to 1.5 mL 

of daily fresh FRAP reagent pre-warmed at 37 °C, incubated for 4 min at 20 °C, and absorbance 

recorded at 593 nm by an UV-VIS spectrophotometer (Shimadzu UV-1601), using FRAP reagent as 

blank. The inhibition (%) of radical scavenging activity was calculated using Equation (1).  
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Chelating capacity on Fe
2+

 

Fe
2+

 chelating capacity was evaluated as described by Smeriglio et al. (2017b) with some 

modifications. Briefly, an aliquot of 25 µL of FeCl2∙4H2O solution (1.8 mM) was added to 50 µL of 

sample solution (range 500-62.5 μg/mL) and incubated at RT for 5 min. Thereafter, an aliquot of 50 

µL of ferrozine solution (4mM) was added to the reaction mixture, and the sample volume was 

diluted to 1.5 µL with deionized water, mixed, and incubated for 10 min at RT. The absorbance was 

read at 562 nm using an UV-VIS Spectrophotometer (Shimadzu UV-1601). The inhibition (%) of 

Fe
2+ 

chelating capacity was calculated using Equation (1). 

 

β-Carotene bleaching  

The β-Carotene Bleaching assay was performed using an emulsion prepared according to Smeriglio 

et al. (2017b). Aliquots of this emulsion (7.0 mL) were mixed with 0.28 mL of sample solution (in 

the concentration range 40-15 μg/mL). An emulsion without β-Carotene was used as control. The 

reaction mixture was initially recorded at the starting time (t=0) at 470 nm and then incubated at 50 

°C in the water bath for 120 min, with the absorbance recorded every 20 min. Butylated 

hydroxytoluene (BHT) was used as reference compound and the results were expressed as 

inhibition (%) of β-Carotene bleaching using Equation (1).  

 

Oxygen radical absorbance capacity (ORAC) assay 

The oxygen radical absorbance capacity was evaluated according to Barreca et al. (2016). Briefly, 

20 µL of sample water solution (in the concentration range 120-15 μg/mL) diluted in 75 mM 

phosphate buffer solution (pH 7.4) was mixed with 120 µL of 117 nM fluorescein solution 

(prepared fresh daily). After a pre-incubation time of 15 min at 37 °C, 60 µL of AAPH solution (40 

mM, prepared fresh daily) was added. The fluorescence was monitored every 30 s for 90 min (λex 

485; λem 520) using a fluorescence plate reader (Fluostar Omega, BMG Labtech, Ortenberg, 
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Germany). A blank, using phosphate buffer instead of sample and trolox standard solutions (10–100 

µM), was also included in each assay. Results were expressed as inhibition (%) of fluorescence 

decay using Equation (1). 

 

Acetylcholinesterase inhibition assay 

The Acetylcholinesterase (AChE) inhibitory activity was tested according to Cai-Pen Xiang et al., 

(2017). Briefly, the AChE enzyme was dissolved in PBS buffer solution (pH 8.0) at 1000 U/mL,  

diluted to 4 U/mL, kept at -40 °C, and then diluted to 0.4 U/mL. ATCI (0.6 mmol/L) and DTNB 

(0.6 mmol/L) solutions were freshly prepared and kept in a dark place. The EO was dissolved in 

MeOH (concentration range of 400-100 µg/mL). The experiment was carried out including a blank 

control, a blank, a test, and a test control, each in triplicate. In the test group, 400 µl of PBS buffer 

pH 8.0, 100 µl of EO methanol solution, 100 µl of 0.4 U/mL AChE and 200 µl of DTNB were 

incubated for 10 min at 37 °C. An aliquot of 200 µl of ATCI was added to the reaction mixture, 

incubated for 30 min, and an aliquot of 500 µl of anhydrous EtOH was added to stop the reaction. 

In the test control group, 100 µl of buffer pH 8.0 was used instead of AChE solution. In the blank 

group, MeOH was used instead of sample. In the blank control group, 100 µl of MeOH and 100 µl 

of buffer, pH 8.0, were used instead of sample and AChE solution, respectively. Galanthamine was 

used as a positive control (range 200-25 µg/mL). AChE activity was evaluated by measuring the 

absorbance at 412 nm, using an UV-VIS Spectrophotometer (Shimadzu UV-1601), and the 

inhibition percentage was calculated according to the following formula:  

 

                                    ) - (                    ] × 100 

where Abg,  Abcg, Atg and Atcg  are the absorbance of the blank group, blank control group, test group, 

and test control group, respectively. 
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Primary neuronal cultures 

Embryonic rat cortical neuronal cultures were prepared from fetal day 17 Wistar SPF rats according 

to previously described procedures (Novellino et al., 2011). Briefly, the cortex was dissociated 

through enzymatic and mechanical dissociation (0.125% Trypsin–DNAse I 50 U/mL–0.3% BSA 

solution in HBSS without calcium and magnesium), then the cells were seeded as 30 μl droplets 

(50.000-60.000 cells/ chip) on the center of 60-electrode MEA chips with internal reference 

(60MEA200/30iR-Ti-gr; Multi Channel Systems, MCS GmbH, Reutlingen, Germany), pre-coated 

with double layer of poly-D-lysine (100 μg/mL) and laminin (0.02 mg/mL). Cultures were 

maintained in Neurobasal medium (NB) supplemented with 2% B27 and 1% Glutamax-I, and half 

volume of the medium was exchanged three times a week. All chemicals used for the preparation of 

cultures were obtained from Thermo Fisher Scientific. Cells were maintained in a humidified 

incubator at 37 °C in a 5% CO2 enriched atmosphere and experiments were carried out from 4 to 6 

weeks in vitro. The EO was tested at least three times, using networks from different neuronal 

isolations. 

Data recordings, signal processing and data analysis 

The spontaneous electrical activity was recorded by the USB MEA 120 INV 2 BC System (MCS). 

The MEA chips were placed into the MEA Amplifier (Gain 1000×) and data were recorded by the 

MC_Rack software (MCS, Version 4.4.1.0) at a sampling rate of 10 kHz. A band pass digital filter 

(60–4000 Hz) was applied to the raw signal in order to remove electrical background noise. Only 

the electric signal overcomes the spike detection threshold (i.e. 5.5 times the standard deviation of 

the mean square root noise) was identified and recorded. The system also included a temperature 

controller (TC02, MCS GmbH) that maintained the cell culture at 37 °C during experimentation.  

The analysis was conducted with NeuroExplorer software (Nex Technologies) and considered the 

following parameters: mean firing rate (MFR; number of spikes/s), mean burst rate (MBR; number 

of bursts/min), percentage of spikes in burst (% Spikes_B), mean burst duration (MBD; s) and 
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interspike intervals within a burst (MISI_B; s). In particular, the following burst definition 

parameters were set: bin size = 1 s; maximum interval of starting a burst = 0.01 s; maximum 

interval of ending a burst = 0.075 s; minimum burst interval = 0.1 s; minimum burst duration = 0.02 

s; minimum number of spikes in a burst = 4. Only channels with >2 bursts/min were included in the 

analysis.  

To obtain the estimated IC50 values (half-maximal inhibitory concentration), the normalized 

concentration–response curves of single treatments were interpolated by a four-parameter logistic 

function using SigmaPlot 8 (Jandel Scientific): 

 

f(x)=Max+(Min−Max)/(1+(ε/x)β) 

 

where the variable x is the concentration of the compound; the parameter Min is the minimum 

effect; the parameter Max is the maximum effect; the parameter ɛ is the concentration at the 

inflection point of the concentration–response curve, i.e. the concentration at which the effect is 

reduced by 50% (IC50); β is a parameter related to the maximum slope of the curve, which occurs at 

concentration ɛ. 

Statistical analysis 

Results were expressed as mean ± standard deviation (S.D.) of three independent experiments in 

triplicate (n = 3) and analyzed by one-way analysis of variance (ANOVA). The significance of the 

difference between each experimental test condition and its control was assayed by using Tukey’s 

test for each paired experiment, and two-tailed Dunnett's t-test to evaluate the neuronal spontaneous 

electrical activity using a SigmaPlot 12.0 software. Statistical significance was considered at p < 

0.05.  

Results and discussion 

Micromorphological studies 
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The C. lumia peel consists of a colored outer layer containing secretory cavities, called flavedo, and 

an inner white spongy layer, called albedo. In the flavedo, the secretory cavities are formed early 

during fruit development and enlarge, with an increase of oil accumulation, as the peels matured. 

Several layers of specialized epithelial cells form the secretory cavities. 

There are different opinions among researchers about the schizogenous, lysigenous or 

schizolysigenous process of development of the secretory cavities in the peel of different Citrus 

species (Knight et al., 2001; Fahn, 1990; Liang et al., 2006). Turner et al. (1998) in their study on 

the peel of C. limon (L.) Burm reported that the lysigenous appearance of secretory cavities is the 

result of fixation artifacts, causing a false impression that the epithelial cells undergo autolysis 

during their development. These authors, comparing different standard fixation methods, verified 

that C. limon secretory cavities develop schizogenously and that their epithelial cells remain alive 

long after maturation. Therefore, they suggest that lysigeny could be a false category of gland 

development, representing misinterpretation of artifacts. 

In our M.O. and SEM observations, the presence of epithelial cells lining the secretory cavities of 

the C. lumia peel at different stages of development has been observed (Fig. 2A and 2B).  

In agreement with data of Turner et al. (1998), our findings can be related to the use of a new 

fixation method based on alcoholic FineFIX.  

Citrus secretory cavities contain volatile oil rich in monoterpenes (Sinclair 1984), making the 

essential oil obtained from the peel an important value-added product. The process of monoterpene 

formation, transport, and storage in Citrus sp.pl. has been well described by several studies 

(Yamasaki and Akimitsu, 2007; Voo et al., 2012; Turner and Lange, 2015). 

 

Characterization of the volatile fraction of the essential oil of C. lumia  

The C. lumia EO yield was 1.75% (v/w), which is perfectly within the Citrus genus range (0.5-5%) 

(Palazzolo et al., 2013). However, the quality and quantity of EO in the flavedo depends on many 
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factors, such as the nature of the fruit, its origin, genotype, soil type and climate, but also the 

extraction process (Palazzolo et al., 2013). In addition, the extraction carried out immediately after 

harvesting increases the extraction efficiency and reduces the formation of peroxidation, 

isomerization or rearrangement products due to temperature, light and oxygen (Ebadi et al., 2017). 

The composition of the EO, with retention indices and percentages for each compound, is given in 

Table 1. 

In our study, 35 volatile compounds were identified and grouped into five classes: monoterpenes, 

oxygenated monoterpenes, sesquiterpenes, monoterpene derivatives, and non-terpene compounds. 

Major compounds include d-Limonene (48.905%), Linalool (18.245%), Linalyl anthranilate 

(10.956%), β-Pinene (6.887%) and α-Terpineol (5.221%). 

Terpenic compounds are the predominant class of the volatile fraction of EO (98.752%). Among 

these, monoterpenic hydrocarbons are the most representative sub-class (58.121%), followed by 

oxygenated terpenes (26.734%), monoterpene derivatives (13.897%), and sesquiterpenes (0.928%). 

The major constituent of the volatile fraction of the C. lumia EO, as occurs in other Citrus EOs, was 

d-Limonene (48.905%). The content of this monoterpene within the Citrus genus, however, varies 

considerably (32-98%), accounting for 68-98% in sweet oranges, 45-76% in lemon, and 32-45% in 

bergamot fruits (Svoboda and Greenaway, 2003). Regarding Linalool, the second most abundant 

compound in the EO under study, its concentration (18.245%) is much higher than those observed 

in other Citrus EOs: 0.018, 0.015 and 10.231% in sweet orange, lemon and bergamot fruits, 

respectively (Moufida and Marzouk, 2003). In light of these data, it is possible to assume a certain 

similarity between the main constituents of the lumia and the bergamot EOs, in particular regarding 

the composition percentage, so much that even the fragrance reminds the bergamot fruit. Hence, 

even though the sweet and very flourishing flavor of the lumia fruit totally diverges from the 

organoleptic feature of bergamot, the lumia can be considered a plausible progenitor of this latter. 

 

Cell viability and determination of antioxidant properties 
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Data from MTT analysis showed that the cytotoxicity of EO, evaluated on L929 mouse fibroblasts, 

is very low. No applied doses reduced significantly the viability of cells, indicating that the IC50 at 

48h is higher than 500  g/mL (data not shown). 

Oxygen reactive species are involved in the pathogenesis of many human diseases (Balsano and 

Alisi, 2009). Therefore, antioxidants play a crucial role in preserving human health through their 

beneficial effects on living organisms that restore physiological oxidative balance and modulate 

biological pathways and membrane function (Barreca et al., 2016; Mazzoni et al., 2016). The 

determination of the antioxidant and free radical scavenging activity of the EO under investigation 

was carried out using various antioxidant assays to test the activity of the sample under different 

reaction environments. 

This aspect is often overlooked, but is of crucial importance in assessing the structure-activity 

relationships of the main chemical constituents of a phytocomplex (Bellocco et al., 2016). Figure 3 

shows the results of the antioxidant and free-radical scavenging activity of the EO under study in 

Folin-Ciocalteu (A), DPPH (B), FRAP (C), TEAC (D), Ferrozine (E), and ORAC (F) assays.  

Figure 4 shows the kinetic curves of the different concentrations of the EO compared to the 

reference standard BHT. 

The EO showed a strong antioxidant and dose-dependent, free radical scavenging activity in all the 

performed assays, with the following order of potency (expressed as IC50): β-carotene (22 μg/mL) > 

ORAC (46 μg/mL) > DPPH (104 μg/mL) > Folin- Ciocalteu (181 μg/mL) > FRAP (202 μg/mL) > 

TEAC (233 μg/mL). 

The ability of neutralizing different reactive species makes the EO an important source of 

antioxidants potentially useful in the detoxification mechanisms of the living organism, particularly 

with regard to mechanisms involved in the transfer of hydrogen atoms (β-carotene and ORAC 

assays). The relatively weak primary oxidants can in fact be precursors of or combine with other 

reactive species, giving rise to very harmful agents (hydrogen peroxide, hydroxyl radical, 

peroxynitrite, and so on). In addition, the EO under study acts as a chelating agent and can therefore 
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reduce the availability of transition metals, thereby lowering Fenton-like oxidative chain reactions 

in biological systems, and preserving the integrity and functionality of membranes. As shown in the 

β-carotene bleaching test (Figure 4), antioxidant compounds present in the EO, are able to form 

adducts with peroxyl radicals. Therefore, EO not only exhibits strong antioxidant properties but is 

also able to prevent oxidative damage mediated by free radicals in a dose-dependent manner. These 

activities can be predominantly ascribed to the EO richness in monoterpene hydrocarbons, as these 

compounds are better antioxidants than sesquiterpenes, especially those with strongly activated 

methylene groups in their structure, such as 4-Carene, α-Terpinene and γ-Terpinene. Among the 

oxygenated monoterpenes, the following order of antioxidant activity can be hypothesized: phenolic 

monoterpenes > allylic alcohols > monoterpene aldehydes and ketones. Regarding sesquiterpenes, 

the antioxidant and free radical scavenging properties attributed to this class of compounds are 

rather poor with the exception of oxygenated sesquiterpenes, which instead show activities similar 

to those of oxygenated monoterpenes (González-Burgos and Gómez-Serranillos, 2012). 
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Acetylcholinesterase inhibitory activity 

Neuropsychological impairments caused by disorders like Alzheimer’s disease are attributed, at 

least partially, to cholinergic disturbance. The most commonly prescribed treatments are 

acetylcholinesterase inhibitors, some of which derived by natural sources such as galanthamine. 

Several aromatic herbs from different cultures around the world were used to alleviate and cure 

neuronal ailments. The EOs and volatile compounds of these plants might be potential drugs for 

neurological therapies (Cai-Pen Xiang et al., 2017). 

In the present study, the role of C. lumia EO (400-100 µg/mL) was evaluated through the AChE 

inhibition assay. A concentration-response relationship was observed (Figure 5) with an IC50 value 

of 258.25 μg/mL.  Such an  activity is about triple respect to that previously reported for C. limon 

EO (IC50 849.90 μg/mL) (Aazza et al., 2011), while it is in line with other Citrus spp. such as C. 

aurantifolia Swingle, C. aurantium L., and C. bergamia Risso and Poit (Tundis et al., 2012).  

Based on the results of different studies, it can be assumed that the EO inhibition of AChE is linked 

to the high content in monoterpenes. Several monoterpenoids identified in Citrus EOs have been 

previously evaluated for their potential cholinesterase inhibitory activity (Tundis et al, 2012). Such 

a  bioactivity of monoterpenes may be related to their hydrophobicity, since their cyclic or acyclic 

hydrocarbon skeleton could interact with the hydrophobic active site of AChE (Tundiset al., 2012). 

Aazza et al., (2011) found that D-Limonene, the most abundant C. lumia EO constituent, showed an 

IC50 value of 586.30 μg/mL against AChE. Moreover, linalool, the second most abundant 

compound of C. lumia EO, inhibited by 27% the AChE activity at 164 μg/mL. Probably the synergy 

among different components of C. lumia EO is responsible for the herein observed activity, since 

the IC50 value of this EO is lower than those found for single compounds, suggesting therapeutic 

potential for neurological diseases. 

 

Neuroactive effects 
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 EOs are known to rapidly diffuse through biological membranes due to their high lipid solubility, 

and in addition are primarily composed by terpenoids that cross the blood-brain barrier and can 

modulate brain functions (Manayi et al., 2016). 

Few studies have investigated the effects of terpenes on the CNS. A previous work of Aliberti et al. 

(2016) suggested a potential role of limonene from the EO of two Citrus taxa (containing 67.2%-

62.8% of limonene, respectively) on the ADCY1 expression in SH-SY5Y human neuroblastoma 

cell line. Another study of Heldwein et al. (2014) showed the sedative and anesthetic potential in 

silver catfish (Rhamdia quelen) of the monoterpenoid S-(+)-linalool from the EO of Lippia alba 

(Mill.) N. E. Brown, with a mechanism of action that did not involve the GABAergic system. In 

Cyprinus carpio L., terpenoids such as menthol, myrcene, and linalool were also reported to act as 

anesthetics at 50, 150, and 200 mg/L, respectively (Mirghaed et al., 2016). 

These results encouraged further investigation on the potential mechanism of action underlying the 

inhibition of bursting behavior of the neuronal network electrical activity. 

To evaluate the potential neuroactive effect of C. lumia EO, we investigated its influence on the 

spontaneous electrical activity of rat cortical neuronal networks, recorded extracellularly by means 

of MEA technology. A multiparametric evaluation of the network activity was considered to 

characterize the EO’s effect. In particular, we analyzed the network mean firing rate (MFR; number 

of spikes/s) and its bursting behavior represented by four parameters, namely mean burst rate 

(MBR; number of bursts/min), mean burst duration (MBD; s), percentage of spikes in burst (% 

Spikes_B), and inter spike intervals within a burst (MISI_B; s). 

The exposure of cortical neuronal networks to increasing concentrations of C. lumia EO (5; 10; 30; 

50; 100; 200; 300; 400µg/mL) induced a dose-dependent inhibition of MFR with an IC50 value of 

124.6 µg/mL. Bursting behavior was also affected, as demonstrated by a concentration-dependent 

inhibition of MBR (IC50 = 32 µg/mL), % Spikes_B (IC50 = 21 µg/mL), MBD (IC50 = 97.4 µg/mL), 

MISI_B (IC50 = 190.9 µg/mL) parameters (Fig. 6). In parallel experiments, cortical neuronal 
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networks were exposed to increasing concentrations of vehicle alone (0.1-0.4% DMSO) with no 

effect on electrical activity (data not shown).  

The results showed, for the first time, that C. lumia EO is able to inhibit neuronal activity in a dose-

dependent way. In particular, it is interesting to note that the major effect was on the bursting 

behavior, the most important feature of cortical neuronal network. This effect is shown by the 

significant reduction of burst frequency (MBR) at low concentration levels, as a consequence of the 

decrease of the percentage of spikes within the bursts (% Spikes_B). In the complex, at the maximal 

concentration used (400 µg/mL), the overall neuronal network firing activity (MFR) was still 

present, although reduced to 10%, suggesting that the inhibitoryeffect was not due to cell death.  

 

Conclusions 

In this study, the volatile fraction of C. lumia EO, an ancient citrus of the Mediterranean area, has 

been analysed for the first time. Data showed strong antioxidant and free radical scavenging 

properties, as well as neural and AChE inhibitory activities, possibly due to synergistic and 

antagonistic effects among the EO components.  

These findings suggest that the C. lumia EO could be an important source of natural antioxidants 

potentially useful in the detoxification mechanisms of living organisms, suggesting a preventive 

role against the onset of oxidative stress-related diseases, especially neurodegenerative ones. From 

this point of view, a potential use of this EO as a valuable new flavor with functional properties for 

food or nutraceutical products, with particular relevance to elderly supplements, should be 

investigated.  
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Figure captions 

Figure 1. Citrus lumia Risso: whole plant (I) and details of leave (II), flower (III) and fruit (IV). 

Figure 2. Micromorphological analyses of C. lumia flavedo. (A) Paraffin embedded section, stained 

with toluidine blue, pH 4.4, as metachromatic staining, showing a secretory cavity with several 

layers of specialized epithelial cells and a large central EO cavity. (B) SEM micrograph, showing a 

detail of the outer surface with a sunken opening of a secretory cavity (white arrow) and different 

stomata visible on the surrounding surface (black arrows). 

Figure 3. Antioxidant and free radical-scavenging activities of C. lumia EO measured by Folin (A); 

DPPH (B); FRAP (C); TEAC (D); Ferrozine (E) and ORAC (F) assays. ** p < 0.001. 

Figure 4. β-Carotene bleaching kinetic curves of different concentrations of C. lumia EO, 

compared to the reference standard BHT. 

Figure 5. Acetylcholinesterase inhibitory activity of different concentrations of C. lumia EO (400-

100 µg/mL), compared to the positive control galantamine (100 µg/mL). 

Figure 6. Effects of C. lumia EO on spontaneous firing and bursting activity of cortical neuron 

cultures grown on microelectrode arrays (MEA). The EO inhibited MFR, MBR, % Spikes_B, MBD 

and MISI_B parameters with IC50 of 124.6, 32.0, 21.0, 97.4 and 190.9 μg/mL (A, B, C, D, and E, 

respectively). Each data point is the mean and SEM of 3 independent experiments (* P < 0.05 with 

respect to normalized baseline values). 



Table 1. Chemical characterization of Citrus lumia Risso essential oil. 

 

#: Components are listed in their elution order from HP-5-MS column; 
a
: Retention index (KI) relative to standard mixture of n-alkanes on 

HP-5MS column;  
b
: values (relative peak area percentage) represent averages of three 

determinations. 

# KI
a
 Compound Area 

b 
(%) 

1 923.35 α-Thujene 0.02 

2 929.41 1R-α-Pinene 0.62 

3 942.69 Camphene 0.03 

4 967.69 β-Pinene 6.89 

5 995.16 Octanal 0.13 

6 1026.84 D-Limonene 48.91 

7 1039.78 Trans-β-Ocimene 0.37 

8 1049.99 Cis-β-Ocimene 0.71 

9 1058.26 γ-Terpinene 0.15 

10 1086.11 (+)-4-Carene 0.27 

11 1101.86 Linalool 18.25 

12 1159.28 (R)-(+)-Citronellal 0.04 

13 1165.71 2,3,3-Trimethyl-1,4-pentadiene 0.01 

14 1177.65 4-Terpineol 0.48 

15 1191.61 α-Terpineol 5.22 

16 1221.45 Cyclopropane, pentyl- 0.10 

17 1235.77 Nerol 0.83 

18 1247.06 β-Citral 0.86 

19 1266.67 Linalyl anthranilate 10.96 

20 1276.55 Citral 1.06 

21 1287.39 Isobornyl formate 0.04 

22 1341.33 Bornylene 0.16 

23 1356.84 Neryl propionate 1.10 

24 1371.12 Nerol acetate 1.80 

25 1384.25 Methyleugenol 0.01 

26 1386.20 Cariophyllene 0.18 

27 1400.17 α-Bergamotene 0.28 

28 1414.79 β-Santalene 0.01 

29 1416.71 (Z)-β-Farnesene 0.01 

30 1442.06 Cis- α-Bisabolene 0.02 

31 1444.77 l-β-Bisabolene 0.44 

32 1473.06 Elericin 0.04 

33 1747.62 3,5,24-Trimethyltetracontane 0.01 

34 1801.75 10-Methylnonadecane 0.02 

35 1838.26 Hexadecyloxirane 0.02 

Monoterpenes 58.12 

Monoterpenes oxigenated 26.73 

Monoterpene derivatives 13.90 

Sesquiterpenes 0.93 

Others 0.32 

Table
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