
ISSN: 1988-2688 
http://www.ucm.es/BUCM/revistasBUC/portal/modulos.php?name=Revistas2&id=RCCV&col=1 

 
Revista Complutense de Ciencias Veterinarias 2010 4(2): 12-32 
 

 

 

 
 

ROSEMARY, HEATHER AND HETEROFLORAL HONEYS PROTECT TOWARDS 

CYTOTOXICITY OF ACRYLAMIDE IN HUMAN HEPATOMA CELLS 

LAS MIELES DE ROMERO, BREZO Y MULTIFLORAL PROTEGEN FRENTE A 

LA CITOTOXICIDAD DE LA ACRILAMIDA EN CÉLULAS DE HEPATOMA 

HUMANO 

Mademtzoglou, Despoina1; Haza, Ana Isabel1; Coto, Angel Luis2 and Morales, Paloma
1*

 

1
 Departamento de Nutrición, Bromatología y Tecnología de los Alimentos. Facultad de 

Veterinaria. UCM Madrid. 
2 

Departamento de Medicina. Facultad de Medicina. UCM Madrid. 

*Correspondencia: Tel.: +34-91-394 37 47; fax: +34-91-394 37 43; Email: pmorales@vet.ucm.es. 

 

RESUMEN 

 

En abril del 2002 la Agencia Sueca de Seguridad Alimentaria alerta de la presencia de 

acrilamida (AA) en  alimentos ricos en carbohidratos sometidos a temperaturas de fritura elevadas 

(150-180ºC) como las patatas fritas, las galletas o los cereales de desayuno. La Agencia 

Internacional para la investigación del Cáncer (IARC) la clasifica como un agente carcinógeno 

probable, Grupo 2A. En concecuencia, uno de los objetivos prioritarios de la Seguridad 

Alimentaria ha consistido en reducir la presencia de esta sustancia en los alimentos. Numerosos 

estudios muestran el efecto inhibidor de los antioxidantes naturales presentes en extractos de frutas 

y vegetales en la formación de la acrilamida. La miel es también una buena fuente de antioxidantes 

ya que contiene una gran variedad de compuestos fenólicos. Por ello, el principal objetivo de este 

trabajo consistió en evaluar el efecto protector de tres mieles de Madrid de distinto origen floral 

frente a la citotoxicidad de la acrilamida, en células de hepatoma humano (HepG2). Los resultados 

obtenidos mostraron que la acrilamida a las concentraciones de 1,4 y de 2,8 mg/ml y un tiempo de 

incubación de 24 horas redujeron significativamente el porcentaje de viabilidad celular (67 y 24%, 

respectivamente). En los tratamientos simultáneos de acrilamida (2,8 mg/ml) y las 

correspondientes mieles observamos que la miel de romero a todas las concentraciones evaluadas 

incrementaba el porcentaje de viabilidad celular en un 40-49%. Mientras que, la miel de brezo y la 

miel multifloral lo hicieron en un 54 y 66% respectivamente. La miel artificial no atenuó el efecto 
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citotóxico de la acrilamida. Por tanto, el efecto protector de las mieles evaluadas puede atribuirse a 

su contenido en polifenoles y no a su contenido en azúcares. 

PALABRAS CLAVE: Acrilamida (AA), mieles, origen floral, efecto protector. 

 

ABSTRACT 

 

In April 2002 the Swedish Agency for Food Safety alerts of the presence of acrylamide 

(AA) in carbohydrate-rich foodstuffs subjected to elevated frying temperatures (150 - 180°C) such 

as fried potatoes, biscuits or breakfast cereals. The International Agency on Research on Cancer 

(IARC) classified acrylamide as a probable carcinogen, Group 2A. In consequence, one of the 

priority objectives of Food Safety is to reduce the presence of this substance in food. Numerous 

studies show the inhibitory effect of antioxidants present in fruit and vegetable extracts against the 

formation of acrylamide. Honey is also a good source of antioxidants since it contains a great 

variety of phenolic compounds. Therefore the main objective of this work was to evaluate the 

protective effect of three Madrid honeys of different floral origin against the AA-induced 

cytotoxicity in human hepatoma cells (HepG2). The results showed that the acrylamide in 

concentrations 1.4 and 2.8 mg/ml and in a 24-hour incubation period significantly reduced the 

percentage of cell viability (67 and 24 %, respectively). In simultaneous treatment of acrylamide 

(2.8 mg/ml) and the corresponding honeys we noted that rosemary honey in all concentrations 

tested increased the percentage of cell survival in 40-49 %, while heather honey and heterofloral 

honey increased cell viability by 54 and 66% respectively. The artificial honey did not mitigate the 

AA-induced cytotoxic effect. As a result, the protective effect of the evaluated honeys can be 

attributed to its polyphenolic content and not the sugar constituents. 

KEYWORDS :  Acrylamide (AA), honeys, floral origin, protective effect 

 

INTRODUCTION 

 

Acrylamide (AA) is a synthetic chemical product since 1950. Because it had been 

believed that humans are rarely exposed to AA under ordinary circumstances, concern was 

centered only on occupational exposure (Koyama et al., 2006). In April 2002, however, the 

Swedish National Food Authority and the University of Stockholm jointly announced the 

determination findings of considerable levels of AA in heat-treated carbohydrate-rich foods 

(Claus et al., 2008). Subsequently, similar results in other countries have been reported (Imai 

et al, 2005). These findings have challenged investigators worldwide to define more 
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completely its toxic and genotoxic mechanisms, the exposure and formation rates and 

methods or materials that could reduce the AA content of foodstuff. The International Agency 

on Research on Cancer (IARC) classifies AA as a probable human carcinogen, group 2A 

(Vattem and Shetty, 2003).  

 

This small, water soluble, organic vinyl monomer has multiple chemical and industrial 

applications including water purification, paper and fabric manufacture, mine industry, soil 

stabilization, production of contact lenses, chromatography and gel electrophoresis (Sickles et 

al., 2007). Through some of these applications may occur human exposure by inhalation and 

skin absorption (Dearfield et al., 1995). AA exposure is also associated with cigarette 

consumption (Boettcher et al., 2005). In addition to these, the dietary factor must be 

coestimated, as potato, bakery and cereal products as well as beverages like coffee and tea are 

important AA sources (Alves et al., 2010; Anese et al., 2010). Its formation in thermally 

processed foodstuffs is due to the Maillard reaction during baking, frying, microwave heating 

and sterilization treatment (Casado et al., 2010). 

 

Once ingested, AA is rapidly distributed through in the whole body via the 

bloodstream (Abramsson-Zetterberg et al., 2005). Afterwards, it is readily absorbed and 

metabolized mainly by two pathways. Either it is inactivated by conjugation with glutathione 

- the major AA scavenger-followed by excretion of mercapturic acids or it is bioactivated to 

glycidamide through cytochrome P450 2E1 (CYP 2E1)-dependent epoxidation (Bjellaas et 

al., 2007). 

 

Many scientific initiatives have been launched in order to understand the toxic effects 

of this compound. It is carcinogenic in multiple tissues and organs of chronically exposed 

rodents (Rice, 2005) and it presents a potential carcinogenic hazard to humans, although most 

epidemiologic studies fail to establish an association of AA intake with cancer (Larsson et al., 

2009). It also appears to have toxic effects in the central and peripheral nervous (Ko et al., 

2000), reproductive (Parzefall, 2008) and immune (Abramsson-Zetterberg et al, 2005) 

systems as well as in the development, behavior and lifespa (Hasegawa et al., 2004) or growth 

(Takahashi et al., 2005). 

 

Therefore the presence of such a toxic compound in foodstuffs has evoked an 

international health alarm and attempts have been done to reduce AA levels or to mitigate its 
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toxic results. AA can be removed from the food as steam by choosing suitable temperature 

and pressure conditions (Anese et al., 2010). Biodegradation could also be an effective 

method to reduce AA concentration (Wakaizumi et al., 2009). Even more promising is the 

application of additives such as polyphenols, rosemary, substances of natural products 

(Casado et al., 2010; Claus et al., 2008). Numerous studies show the inhibiting effect of 

natural antioxidants present in food and vegetable extracts against AA formation (Cheng et 

al., 2010; Zhang and Zhang, 2008). Honey has also the potential to serve as a significant 

source of natural antioxidants in human nutrition (Zalibera et al., 2008), which might prove 

useful against the AA-induced oxidative stress. In fact there is a direct relation between the 

phenolic content of floral origin honeys and its antioxidant activity (Kücük et al., 2007), 

corroborating the relevance of honey as a healthy alimentary product and as a source of 

antioxidant substances (Estevinho et al., 2008).  

 

Traditionally honey has been a sweetening agent in foodstuffs, as it is a concentrated 

solution of various sugars prepared by bees mainly from the nectar of flowers or honeydew 

(Lazaridou et al., 2004). However, several aspects of its use indicate that honey it also useful 

as a food preservative (Nagai et al., 2006) and exhibits antioxidant, chemopreventive, 

antiatherogenic, immunoregulatory, antimicrobial and wound healing properties (Tsiapara et 

al., 2009). On the other hand, the effects of honey on cell viability are largely unknown. Since 

the composition of honey varies widely in relation to its botanical origin and environmental 

factors, the aim of the present study was to evaluate the protective effects of honeys from 

three different floral origin coming from Madrid as well as of an artificial honey towards 

acrylamide-induced cytotoxicity in human hepatoma cells (HepG2).  

 

MATERIAL AND METHODS 

 

Chemicals 

Folin-Ciocalteau’s phenol reagent, (+) catechin and acrylamide were purchased from 

Sigma-Aldrich (St.Louis, MO). Sucrose, maltose, fructose and glucose were purchased from 

Panreac Chimica, S.A. (Barcelona). All other chemicals and solvents were of the highest 

grade commercially available. AA solutions were prepared just prior to use by dissolving the 

compound in sterile phosphate buffered saline. Because AA is a potent carcinogenic agent, 

safety precautions were taken for proper handling and disposal of the chemical. 
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Samples 

The type and region of the honey samples, as well as the family, scientific and 

common name of the plants that form the basic flora of the honey samples, are shown in 

Table 1. According to Maia (1999), a honey is classified as unifloral if it contains pollen in 

quantities exceeding 45% on the remaining pollen identified. In any other case a honey 

sample is characterized as heterofloral. 

 

Commercial honeys were obtained from a single experienced producer who provided 

the three authentic samples: heather and rosemary honeys as unifloral and a heterofloral 

honey. A sugar analogue (an artificial honey whose composition reflects the approximate 

sugar composition of honey) was used to check whether the main sugar components interfere 

in the assays. The artificial honey (100g) was prepared by dissolving 1.5 g sucrose, 7.5 g 

maltose, 40.5 g fructose and 33.5 g glucose in 17 ml of distilled water and the solution was 

mixed for 1 hr. The desired amounts of heterofloral, heather, rosemary and artificial honey 

(w/v) were weighed and diluted in sterile distilled water. The honey solutions were made up 

to 1% (w/v) and rendered sterile by Millipore filtration (0.2 µm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Botanic origin, organoleptic characteristics and production zone of the tested honeys.  

 

HepG2 cells 

Human hepatoma cells (HepG2) were obtained from the Biology Investigation Center 

Collection (BIC, Madrid, Spain). Only cells of passage 10-17 were used in the experiments. 

Zarzalejo, La Cabrera, 
Alcalá de Henares, Torres 

de la Ladera, Colmenar 
Viejo, Serranillos, El 

Vellón , Patones 

 Heterofloral 

honey 
 Heterofloral

El Atazar, Prádena de la 
Sierra, Montejo de la 

Sierra 

Ripe fruit and spicy aroma 
(Castro-Vázquez et al., 2009), 

dark color (Fernández-Torres et 

al., 2005) 

Heather 

honey 
Erica 

arborea 

(Ericaceae) 

Unifloral 

El Atazar, Torres de la 

Ladera, Alcalá de Henares 

Aroma with floral and fresh 
notes (Arráez-Román et al., 
2006), Mild flavor, light color 

(Arráez-Román et al., 2006 ) 

Rosemary 

honey 
Rosmarinus 
officinalis 

(Lamiaceae) 

Unifloral 

Production zone: 
Autonomic 

Community of 
Madrid  

Organoleptic 
Characteristics  

Common 
name 

Scientific 
name 

(Family) 

Honey 
type 
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The cells were cultured as a monolayer in Dulbecco’s modified Eagle’s medium 

supplemented with 10% v/v heat-inactivated foetal calf serum, 50 U/ml penicillin and 50 

mg/ml streptomycin and 1% v/v L-glutamine. Culture medium and supplements required for 

the growth of the cell line were purchased from Gibco Laboratories (Life Technologies, Inc., 

Gaithersburg, MD 20884-9980). Cell cultures were incubated at 37
o 

C and 100% humidity in 

a 5% CO2 atmosphere.  

 

Determination of total phenolic content 

Total soluble phenolic contents of the samples were determined with Folin-Ciocalteau 

reagent according to the method of Slinkard and Singleton (1977) by using ± catechin as a 

standard. Briefly, 0.1 ml of catechin and sample solutions (different concentrations for the 

standard and 20% methanolic solutions for the honey samples) was diluted with 5.0 ml 

distilled water. Folin-Ciocalteu reagent was added, and the contents were vortexed. Following 

3 min incubation, 1.5 ml of Na2CO3 (2%) was added and after vortexing, the mixture was 

incubated for 2 hr at 20
o
C with intermittent shaking. The absorbance was measured at 760 nm 

at the end of the incubation period. The concentration of total phenolic compounds was 

calculated as milligrams of catechin equivalents per 100 g of honey sample, by using a 

standard graph.  

 

Cell Viability assay (MTT) 

Cell proliferation kit I (Boehringer Mannheim, GMBH, Germany) was used to test the 

effect of honeys on HepG2 cell viability. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) assay was carried out in 96-well tissue culture microtiter plates 

(Nunc, Roskilde, Dennmark). Cell suspensions (100 µl: 10
6
 cells/ml) were dispensed in each 

well, and plates were incubated for 24 hr at 37
o
C. After incubation, 100 µl of each 

concentration of honey (0.01-500 mg/ml) or AA (0.35-2.80 mg/ml) were added to the wells, 

and plates were incubated 24 hr at 37
o
C in a humidified 5% CO2 atmosphere. In simultaneous 

treatments with honey and AA solutions, 50 µl of each concentration of honey and 50 µl of 

AA (2.8 mg/ml) were added to the wells. After incubation, 10µl of stock MTT solution (0.5 

mg/ml) was added to each culture well and plates were incubated for 4 hr at 37
o
C in a 

humidified 5% CO2 atmosphere. In viable cells, the yellow tetrazolium salt, MTT, is 

converted into a purple formazan substrate by the mitochondrial enzyme succinate 

dehydrogonase (SDH). To dissolve the dark formazan crystals, 100µl of solubilization 

solution was added into each well and the plates were incubated overnight at 37
o
C in a 
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humidified 5% CO2 atmosphere. After incubation, the contents of the plates were thoroughly 

mixed for 5 min on a plate shaker (Heidolph). The optical density (OD) of each well was 

determined thereafter with an ELISA reader (iEMS Reader MF, Labsystems, Helsinki, 

Finland) at 620-nm test wavelength and 690-nm reference wavelength. 

 

Honeys, AA and negative controls were evaluated in three independent assays. Values 

presented in this paper are means ±  standard error of the mean. HepG2 cells without honey 

were considered as negative controls. Cell survival in exposed cultures relative to unexposed 

cultures (negative control) was calculated and expressed as percentage of survival (%SDH 

activity) = (A1 / A0) x 100, where A1 is the absorbance of exposed cultures and A0 is the 

absorbance of negative control. 

 

Statistical analysis  

The Student’s t test was used for statistical comparison and the differences were 

considered significant at p ≤0.01. Tests were performed with the software package 

Statgraphics Plus 5.0. 

 

RESULTS 

 

The effects of AA exposure on cell survival of the HepG2 cell line at different 

incubation periods (6-24 hr) and different concentrations (0.35-2.80 mg/ml) were assessed by 

the MTT assay (Figure 1).  The results showed that none of the tested concentrations was 

cytotoxic during 6 hr and 18 hr of exposure. On the other hand, statistical analysis revealed 

that the cell viability is significantly reduced when the cells are exposed for 24 hr to AA 1.40 

mg/ml (67.5%). An even stronger cytotoxic effect was demonstrated with AA 2.80 mg/ml 

(23.7%). Therefore, the latter concentration was used in order to estimate the possible 

protective effects of the honeys against AA-induced cytotoxicity. 

 

Previously, the effect of heterofloral, heather, rosemary and artificial honey on HepG2 

cell viability was evaluated by the above mentioned cytotoxicity assay. All the honeys were 

tested at concentrations ranging from 0.01 to 500 mg/ml and incubated for 24 hr. Doses lower 

than 500 mg/ml did not affect cell viability (Figure 2). However, a strong inhibition of 

HepG2 cell viability was found with 500 mg/ml of rosemary (23 % of survival) and artificial 
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honey (37%). The maximum reduction on cell viability was observed with heterofloral (2% of 

survival) and heather honey (3% of survival). 
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The analysis of the phenolic content of the tested natural honeys showed that the total 

phenolic substances (Figure 3) were higher in the heather honey (105 mg catechin/ 100 g of 

honey), than in the heterofloral (92 mg catechin/100g of honey) and rosemary honey (44 mg 

catechin/100g of honey). Catechin has been used as a standard for comparison or quantitation 

in many investigations including those about honeys of various origins (Wei and Zhirong, 

2003). 

 

 

In subsequent experiments HepG2 cells were simultaneously treated with AA in 

concentration 2.80 mg/ml and honey in concentrations ranging from 0.01 to 10 mg/ml, and 

incubated for 24 hr. In these experimental conditions, the heterofloral honey at all the 

concentrations tested showed a significant protective effect against AA-induced cytotoxicity. 

Treatment of HepG2 cells with AA and heterofloral honey (Figure 4) induced an increase of 

67-69% in cell viability compared to the positive control (AA, 23.7%). As shown in Figure 5 

the heather honey (0.01-10 mg/ml) also affords protection against cytotoxicity provoked by 

AA. The obtained results demonstrate a significant raise (55%) in cell survival, although the 

protective effect is slighter than that of heterofloral honey. As far as rosemary honey is 

concerned, the simultaneous treatment of HepG2 cells with this honey type and AA verified 

the protective effect of this sort of honey, as well (Figure 6). There was a dose-dependent 40-

50% increase in cell viability in the presence of rosemary honey (0.1-10 mg/ml), which 

demonstrates a significant protective effect, although lower than the former honeys. Finally, 

Figure 7 showed the effect of artificial honey on AA-induced cytotoxicity on HepG2 cells. 
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Figure 3. Total phenolic contents of the honey samples expressed in terms of 
mg catechin/ 100 g honey. 
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None of the artificial honey concentrations tested (0.1-10 mg/ml) reduced the cytotoxic effect 

of AA. 
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DISCUSSION 

 

AA is a potent human carcinogen with toxic activity against many tissues and cell 

types (Claus et al., 2008). The recent discovery of AA in a wide variety of commonly 

consumed foods has energized research efforts worldwide to assess more adequately the 

hazards linked with its use.  A great number of studies about the cytotoxicity of AA in various 

cell types have been reported. In the present research work, we first investigated its cytotoxic 

effect in human hepatoma cells (HepG2).  

 

Emphasis was placed on this cell line, as these cells (i) are of human origin and thus 

may reflect metabolism and effects of xenobiotics in humans better than non-human cells, (ii) 

retain the activities of both phase I and phase II enzymes and as a result both activation and 

detoxification reactions take place within the indicator cells (Kassie and Knasmüller, 2000).  

 

The effects of AA exposure on cell viability of HepG2 cells at different incubation 

periods (6, 18, 24 hr) and different concentrations (0.35, 0.70, 1.40, 2.80 mg/ml) were 

assessed by the MTT assay (Figure 1). The tested compound in concentrations 0.35-2.80 mg 

and an incubation period of 6 and 18 hr had no cytotoxic effect. On the other hand, there was 

increased cytotoxicity in up to 4 hr incubation in mouse lymphoma cells (Mei et al., 2008), 

human lymphoblastoid TK6 cells (Koyama et al., 2006) and male rat hepatocytes (Awad et 

al., 1998). In our cell model a significant loss of cell viability was observed only when cells 

were incubated for 24 hr with 1.40 and 2.80 mg/ml AA (67.5 and 23.7% survival, 

respectively). This is consistent with previously reported cytotoxicity studies conducted using 

the same cell line (Jiang et al., 2007). Similar results were also obtained by Takahashi et al. 

(2005), who demonstrated that high AA concentrations (>1.5 mg/ml) induce cell death on 

paramecia, and by Holden and Coleman (2007), who reported that in different astrocytes (U-

251 MG, CCF-STTG1 and U-373 MG cells) there were no changes in MTT turnover in 

response to AA in concentrations lower than 0.7 mg/ml. Neither in Caco-2 (Zödl et al., 2007) 

and V79 cells (Baum et al., 2005) was observed a cytotoxic effect in low concentrations of 

AA upon 24 hr exposure. However, a little augmented concentrations of AA seem to reduce 

significantly the cell viability of V79 cells, which was attributed to the absence of glutathione 

–the greater AA scavenger- in this cell type, supporting the role of endogenous glutathione in 

the mitigation of the toxic effects triggered by AA (Oliveira et al., 2009).  
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On the other hand, the better resistance of HepG2 cells against AA than other cell 

types in reduced incubation periods or in augmented AA concentration in 24-hr incubation, 

could be attributed to the increased glutathione levels in this cell type (Huang et al., 2001). 

Apart from the inactivation of AA by conjugation with glutathione, an indirect action of the 

above mentioned enzyme could also contribute to the better response of HepG2 cells to AA 

exposure. Zödl et al. (2007) have underlined that depletion of glutathione can favour cellular 

oxidative stress, which in turn could damage cellular structures. Conversely, the presence of 

glutathione in great levels in HepG2 could afford an extra protection against AA, which is an 

agent that increases the oxidative cellular stress (Mei et al., 2008) and can be cytotoxic by 

decreasing the oxidative defense system in the cells. The results presented here reinforce the 

role of glutathione in cell protection against AA, but apart from the endocellular defense 

methods another way to mitigate AA levels is the application of certain additives (Casado et 

al., 2010). The protective effect of added antioxidants has long been evaluated (Friedman and 

Levin, 2008). A good source of such substances is also honey (Nagai et al., 2006). It has been 

used since long time both in domestic and medical needs, but only during the past decade its 

use for therapeutic purposes was re-evaluated in a more scientific setting and its antioxidant 

property came to limelight. With increasing demand for antioxidant supply in the food, honey 

has gained vitality since it is rich in phenolic compounds and other antioxidants like ascorbic 

acid (vitamin C), amino acids, and proteins (Fiorani et al., 2006). Surveys support the concept 

that honey consumption can have a positive impact on the antioxidant defence system of 

healthy human subjects, as it increases the total plasma antioxidant capacity even in very 

short periods after intake (Scramm et al., 2003). In addition, honey has been shown to 

ameliorate the unpleasant effects of other food carcinogens (El-Arab et al., 2006). 

 

Therefore, in the present study, the protective effect of three different floral-originated 

honeys from Madrid against AA-induced cytotoxicity has been investigated. The two 

unifloral (heather, rosemary) and the heterofloral honey samples as well as the artificial honey 

(a sugar analogue) have first been evaluated alone for their possible cytotoxic effect in HepG2 

cells by the MTT assay. In concentrations 0.01-100 mg/ml there was no decrease in cell 

viability, while in 500 mg/ml the cell survival was significanlty reduced (Figure 2). The non-

cytotoxic effect in low concentrations is in agreement with the findings of Sadeghi-Aliabadi 

and Kazemi (2009) in MRC-5 cells and Aziz et al. (2009) in HepG2 cells, who mention that 

honey contains amino acids, minerals and vitamins which help in enhancing cell proliferation. 
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Moreover, honey with its sugar content provides substrates for glycolysis which is the major 

mechanism for energy production for cell proliferation. Furthermore, low concentrations of 

extracts of Rosmarinus officinalis and Erica arborea (the plant sources of our heather and 

rosemary honey) did not induce cytotoxic effects on Vero cells and A2780 human ovarian 

cells respectively (Topçu et al., 2009), which is in accordance with our results about the two 

unifloral honeys. On the other hand, the strong cell growth inhibition observed with 500 

mg/ml honey could be attributed to the high apigenin and caffeic acid content, as these 

polyphenols were found to have an antiproliferative effect in HepG2 cells (Jaganathan and 

Mandal, 2009). 

 

The non-cytotoxic concentrations of the honeys were chosen for the simultaneous 

treatments of the HepG2 cells with AA and the corresponding honeys. Among these 

concentrations the ones that were finally selected for the experiments were 0.01-10 mg/ml, as 

these values are more likely to be achieved physiologically (Tsiapara et al., 2009). The honey 

samples were tested in 24 hr incubation with AA 2.80 mg/ml, which was the AA 

concentration that inhibited cell survival most strongly. Both the unifloral (heather, rosemary) 

and the heterofloral honey samples were found to exert protection against AA-induced 

cytotoxicity in all concentrations analyzed (0.01-10 mg/ml, Figures 4-6). The heterofloral 

honey was found to be the most efficient, by increasing the percentage of survival by 67-69%, 

while heather and rosemary honey raised it by 55% and 40-50% respectively. On the other 

hand there was no augmentation in cell survival when the artificial honey was used, indicating 

that the protective effect is due to non-sugar components. These results are in agreement with 

those reported earlier regarding gastroprotection (Gharzouli et al., 2001) and hepatoprotection 

(Kilicoglu et al., 2008). In the latter case it was concluded that the protective effect of honey 

was due to its antioxidant activity. Antioxidants could exert their beneficial effects by 

abstracting reactive free electrons from free radical intermediates postulated to be formed in 

the Maillard reaction (Friedman and Levin, 2008). Since the formation of AA is through the 

Maillard reaction, antioxidants could prove helpful against it. Besides, antioxidants have 

already found to attenuate AA-induced toxicity (Cao et al., 2008).  

 

The phenolic compounds in honey may render it a good source of antioxidants (Al-

Mamary et al., 2004). Once within the cell, these substances donate electrons to the 

membrane oxidoreductase to efficiently reduce extracellular oxidants (Fiorani et al., 2006). 

Moreover, phenolic compounds have been shown to protect HepG2 cells from oxidative 
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damage by decreasing lipid peroxidation and prevent glutathione depletion (Lima et al., 

2006). Furthermore, quercetin - a phenolic compound present in honey was able to increase 

the intracellular concentration of glutathione by approximately 50% (Myhrstad et al., 2002), 

which could prove useful against AA. The mean content of total phenolic content obtained for 

our samples is in good agreement with the total phenolic content of honeys from various 

floral sources reported in the literature (Beretta et al., 2005; Gheldof et al., 2002). Besides, 

the two of our natural honeys with the higher phenolic content –heterofloral and heather 

honey- (Figure 3) were the ones that increased more the cell viability. Previous studies have 

also shown that rosemary honey has lower phenolic content than heather (Andrade et al., 

1997) and heterofloral honey (Martos et al., 1997). However, as far as Rosmarinus officinalis 

extracts are concerned, their hepatoprotective effect has formerly been attributed to the 

presence of high percentage of phenolic compounds with elevated antioxidant activity 

(Fawsia et al., 1999).  

 

CONCLUSSION 

 

In the present study we investigated the protective effect of three honeys of Madrid 

against AA-induced cytotoxicity and found that the three types of honey from different floral 

origin reduced the negative effects of AA on HepG2 cells. However, the heterofloral honey 

was found to be the most efficient against the cytotoxic effect of acrylamide. We conclude 

that this effect of honey might be due to its high phenolic content and antioxidant activity, but 

further studies are needed to evaluate the exact mechanism of the protective effect of honey 

and its possible appliance as an additive in foodstuffs in order to mitigate AA-induced toxic 

results.  
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