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Abstract. Armoracia rusticana – horseradish is a well-known vegetable used from ancient times and 

consumed nowadays more for its taste than its pharmacological properties, even though it proved to 

be a good agent in fighting several health problems. This study focuses on a comparative assessment 

of several horseradish hydro-alcoholic extracts, obtained from roots and sprouts, respectively, mainly 

evaluating the antioxidant activity but also a potential cytotoxic effect. The DPPH evaluation revealed 

that horseradish extracts made from roots or sprouts exhibit a strong antioxidant activity compared to 

the ascorbic acid used as etalon. The in vitro evaluation established that a significant inhibitory effect 

on cell viability and morphology of MDA-MB-231 – breast adenocarcinoma cell line was displayed by 

the hydroalcoholic extracts in a dose-dependent manner.  
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1. Introduction 
Medicinal plants exhibited an uprising interest in the last years due to their use in food industry as 

well as natural remedies. The healing properties of plants are well known since ancient times and even 

though science and research have introduced many therapeutic options for various pathologies, an 

exponential growth in using natural remedies can be observed nowadays [1–3]. Any part of the plant 

(root, stem, bark, flower or sprouts) can serve as remedy source, depending on the localization and 

concentration of bioactive components in the plant tissue [4]; these active compounds are responsible 

for the pharmacological effects of vegetal extracts. 

Armoracia rusticana (AR), commonly known as horseradish, belongs to the Brassicaceae family. 

Horseradish is a perennial vegetable, which grows in places with high humidity; it is cultivated mainly 

for the white-yellowish roots, but also for the large green leaves and for the sprouts usually used in raw 

salads. Due to its spicy taste and specific intense flavor, it is used in small quantities; this vegetable is 

rapidly recognized by its lachrymatory odor and pungent taste. 

The first use of horseradish as a medicinal plant dates back to the roman civilization (between 23-

79 AD) when it was used to aid digestion; later, between 40-90 AD, its diuretic effect was also 

acknowledged [5]. In the 13th century in Denmark, the remedies prepared from AR were consumed in 

order to treat epilepsy, deafness, skin problems and chest ache; two centuries later, the utilization was 

extended to alleviate toothache, stomach problems and cough [6]. John Woodall assigned for the first 

time in 1639 the use of horseradish for scurvy [7] and about in the same period William Coles 

sustained that horseradish can be successfully used in treating malaria and scurvy [8]. AR remedies 

were also found to be helpful in many health problems: rheumatism, gout, scurvy, deficient digestion, 

urinary distress, headache, toothache, sciatica [6,9]. 
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The spicy flavor characteristic for AR is due to its high content of glucosinolates, secondary 

metabolites rich in sulfur. Out of the eight glucosinolates found in the AR composition, the following 

are of interest:  sinigrin,  glucobrassicin, neoglucobrassicin and  gluconasturin [10]. Once  reaching the 

body, glucosinolates decompose with the formation of isothiocyanates and indoles, which are 

considered to be the main compounds that act as preventive agents for various types of cancer [11–13]. 

The indole and isothiocyanate derivatives found in cruciferous vegetables stimulated apoptosis in 

colon cancer cell lines such as LS-174, Caco-2, HCEC [14]. The in vitro studies indicated that a 

hydrolyzed form of glucosinolate, sinigrine, protects the DNA structure and suppresses the growth of 

cancerous tumors [15]; in addition, an in vivo rat model study [16] concluded that sinigrine affects the 

organs involved in the carbohydrates and lipids metabolism, i.e. liver, pancreas and intestine. The 

hypothesis was that glucosinolates might increase liver’s ability to detoxify carcinogens. Sinigrine also 

reduced lipid blood levels thus suggesting its use in reducing post-meal elevated levels of triglycerides 

which are significant risk factors for coronary artery disease. 

The allyl isothiocyanates found in AR are known as antimicrobial agents against a variety of 

microorganisms, including pathogens such as Escherichia coli, Helicobacter pylori[17]. Also, 

horseradish has been successfully used in treating urinary tract infections [18,19] as well as respiratory 

infections such as bronchitis, cough and other related problems [17]. 

Brussels sprouts (Brassica oleracea var. Gemmifera), broccoli (Brassica oleracea var. Italica) and 

other cruciferous vegetables also exhibit a high content in glucosinolates, but Armoracia rusticana 

contains an amount up to ten times higher in glucosinolates than all other members of the Brassicaceae 

family, thus exhibiting some particular biological and therapeutic properties [13,20-22]. 

The high interest in horseradish utilization and bioavailability is illustrated in a recent study 

conducted by Pavaloiu et al. [23] that proposed a liposomal formulation for the Armoracia 

rusticanaleaf extract. The liposomes were tested as delivery system and resulted that the extract was 

gradually released. In these aspects the liposomes proved to be promising carrier for the extracts and 

ingredients from plants.  

While the antimicrobial properties of horseradish are well-known, its effects on cancer cells have 

much less been subjected to investigation. Sinigrin isolated from horseradish roots showed no 

proliferating effect on various tumor cell lines [24]. More recently, extracts of different polarities from 

horseradish roots and juice displayed a strong, non-selective antitumor activity, with the least polar 

fractions (chloroform, dichloromethane) being the most cytotoxic [25]. In our study, the focus fell on 

hydro-alcoholic extracts prepared with ethanol, an environmental-friendly solvent which is a frequent 

ingredient of medicinal preparations. Our aim was to test the cytotoxic activity of both horseradish 

roots and sprouts on breast cancer cells (MDA-MB-231) and their antioxidant effect, in order to point 

out the most active extracts. 

  

2. Materials and methods 
2.1.Reagents 

AR extracts preparation and analysis: ethanol 96% and methanol were purchased from Chimreactiv 

Iasi Romania. The DPPH – 2, 2-diphenyl-1-picrylhydrazyl was purchased from Sigma Aldrich 

(Germany) and the ascorbic acid from Lach-Ner Company (Czech Republic). All reagents were used 

as received. 

The specific culture medium used to grow the MDA-MB-231 cell line was Dulbecco's Modified 

Eagle's Medium (DMEM), supplied by ATCC. The culture medium was supplemented with 10% fetal 

bovine serum (FCS) and 1% antibiotic mixture penicillin/streptomycin 10,000 IU/mL. The 

supplements used to obtain the complete culture media were provided by Gibco, ThermoFisher 

Scientific. AlamarBlue and Trypan Blue reagents were acquired from Sigma Aldrich, Germany. 
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2.2. Plant material 

The plant material used in this study was harvested in Hunedoara County, Romania in March 2019. 

At the time of harvest, horseradish had sprouts of 5 to 8 cm in length (Figure 1A), and the selected 

roots exhibited a length ranging between 9 and 18 cm (Figure 1B). After repeated washing, the buds 

were cut from the root and all plant material was again evaluated and prepared for the extract 

formation. 

 

 
 

Figure 1. Armoracia rusticana, A- sprouts and B- roots 

 

2.3. Cell line 

The cells used in this experiment, MDA-MB-231 breast adenocarcinoma cell line, were acquired 

from American Type Culture Collection (ATCC), ATCC® HTB-26TM and were stored until the 

experiment in liquid nitrogen, at -196°C. 

 

2.4. Extracts preparation 

Hydro-alcoholic extracts were prepared from the horseradish roots and sprouts, respectively, in 

order to evaluate them comparatively. Two different ratios of ethanol and distilled water were used:a 

ratio of 1:4 water:ethanol (v/v) and 1:4ethanol:water(v/v). The fresh vegetal material was shredded and 

then placed in containers; the solvent was added in a ratio of 5 g raw plant material to 10 mL solvent. 

The mixture was kept for 48 h, at 4 °C in the refrigerator and then sonicated for 30 min in an Elma 

S120 ultrasonic bath from Elmasonic. The mixture was then filtered and deposited in dark and cold 

containers until further analysis. 

Table 1 presents the solvent mixtures used in the preparation of Armoracia rusticana extracts. 

 

Table 1. Water-ethanol ratio used for the extracts 
Sample Solvent Vegetal material 

M1 1:4 ethanol:water(v/v) Sprout 

 M2 1:4 water:ethanol 

R1 1:4 ethanol:water(v/v) Root 

 R2 1:4 water:ethanol 

 

2.5. Antioxidant activity evaluation - DPPH assay 

A DPPH (2,2-diphenyl-1-picrylhydrazyl) solution was used to evaluate the antioxidant activity of 

AR extracts. A 1 mM DPPH solution was prepared by dissolving 0.008 g DPPH in 20 mL methanol. 

After preparation, the DPPH methanol solution has been stored in the dark at temperatures not 

exceeding 4 °C in order to avoid degradation. A 4 mg/mL ascorbic acid solution in ethanol, obtained 

by dissolving 40 mg ascorbic acid in 10 mL ethanol, was used as standard. 

The antioxidant activity of the extracts was assessed according to a method previously published in 

the literature [26]. Briefly, 0.5 mL AR extract, 2 mL appropriate solvent (the same solvent used to 

obtain the extract) and 0.5 mL 1 mM DPPH solution were used; measurements were performed for 20 

minutes by using a T70 UV / VIS spectrophotometer (PG Instruments Ltd.) in Kinetic mode at 516 nm 

wavelength. The absorbance values of DPPH mixed with the extracts and DPPH mixed with standard 

(ascorbic acid), respectively, were recorded.  
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Antioxidant activity expressed as a percentage (% AOA) was calculated using the following 

formula: 

AOA (%) =
ADPPH  − ASample

ADPPH
× 100 

where: 

AOA (%) - antioxidant activity of the extracts, expressed as a percentage; 

ADPPH - DPPH absorbance; 

Asample - sample absorbance. 

 

2.6. Cell culture 

Throughout the study, cells were kept under standard conditions, in a Steri-Cycle i160 incubator 

(Thermo Fisher Scientific, USA), in a humidified atmosphere, enriched with 5% CO2 and 37°C. Cells 

confluence was monitored daily with the Olympus IX73 inverted microscope, equipped with DP74 

camera and CellSense Dimension software. The cells were trypsinized every 48h and cultured in T75 

culture plates. Cell count was determined automatically with the Countess ™ II Automated Cell 

Counter in the presence of Trypan Blue, in a 1:1 volume ratio. 

 

2.7. Cell viability assessment by means of AlamarBlue method 

The AlamarBlue (AB) assay was performed on an invasive breast adenocarcinoma cell line - 

MDA-MB-231 in order to assess the potential cytotoxic effects of the horseradish extracts. The 

principle of the AB test is based on a colorimetric reaction in which resazurin, a dark blue compound, 

is reduced by the mitochondrial reductase within viable cells to resorufin, a pink compound with 

intense fluorescence; thus, quantitative results can be obtained spectrophotometrically in terms of cell 

viability. Briefly, the MDA-MB-231 cell line was cultured in 96-well plates at a density of 104 

cells/well in 200 µL medium per well. The cells were allowed to grow for 48 h, until they reached the 

optimal confluence. After this step, the medium was removed and the cells were treated with 200 µL 

of fresh medium containing the extract samples in concentrations of 10 µg/mL, 20 µg/mL and 30 

µg/mL, respectively. After 24h, 20 µL of AB/well was added and the plate was incubated for 3 hours 

in order to allow the colorimetric reaction to take place. Cell viability was then determined by reading 

the absorbance values at two wavelengths 570nm and 600nm, respectively, by using the xMark ™ 

Microplate Spectrophotometer, Biorad. 

 

3. Results and discussions 
3.1.Antioxidant activity 

The evolution of the antioxidant activity of AR extracts throughout the experiment is depicted in 

Figure 2.  

 
Figure 2. The evolution of the antioxidant activity 

ofArmoracia Rusticana extracts during the experiment 
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One can notice that the analyzed extracts exhibit a significant antioxidant activity, as compared to 

the 4 mg/mL ascorbic acid solution used as reference. The highest values of antioxidant activity were 

reached by extracts R2 and M2 which were prepared by using a ratio of 1:4 water:ethanol (v/v), thus 

suggesting that a high content of ethanol is needed for the extraction of vegetal compounds with 

antioxidant properties. The other two extracts, R1 and M1, which were obtained by using a ratio of 1:4 

ethanol:water (v/v), also exhibit a significant antioxidant activity, but lower than the previous ones.  

If we compare the antioxidant activity of the horseradish root extracts, R1 and R2 (Figure 3) one 

can notice that the highest value was recorded for sample R2 (solvent containing 1:4 water:ethanol 

(v/v)). Sample R2 reaches a value of 86.9% which is comparable to the 92.9% value recorded for the 4 

mg/mL solution of ascorbic acid used as reference. In addition, sample R1 exhibits a relatively high 

antioxidant activity with a maximum value of 67.5%; also, the maximum antioxidant activity is 

reported at the beginning of the experiment followed by a decrease at around 60% which remains 

unchanged throughout the experiment. 

 

 
Figure 3. The evolution of the antioxidant activity for 

R1,R2 and M1, M2 extracts during the experiment 

 

When the antioxidant activity of horseradish sprouts extracts, M1 and M2, is compared, the highest 

value (82.1%) can be noticed for sample M2 (Figure 3); a maximum of 72.8% was registered for 

sample M1 followed by a decrease to approximately 50%. 

In both cases, R2 and M2 show a constant antioxidant activity during the 20 min of the experiment, 

while R1 and M1 exhibit a maximum value at the beginning of the experiment which gradually 

decreases afterwards.  

The high values obtained for the antioxidant activity of all AR extracts are due to the chemical 

composition of the raw materials used in the extraction process, roots and sprouts. Rivelli et al. 

reported a high content in vitamin C in both roots and leaves of horseradish [27], compound with 

strong antioxidant activity which was used as reference in our experiment. The antioxidant activity of 

horseradish roots and leaves was also assessed by Calabrone et al. who revealed that hydroalcoholic 

extracts exhibited a stronger DPPH radical scavenging activity than methanolic ones and attributed it 

to the higher content in phenolic compounds; also the main phenolic compounds are represented by 

flavonoids [28]. The results reported in the current paper are in line with those reported in a pilot study 

by Biller et al. who calculated that 1 g dry substance of horseradish exhibited an antioxidant potential 

equal to 4.31 to 8.78 mg of vitamin C [29]. 

 

3.2.In vitro cell MDA-MB-231 cell line testing.Morphological aspects. 

The morphological changes induced by the tested samples, extracts and corresponding solvents, on 

breast adenocarcinoma cell line MDA-MB-231 are presented in the Figures 4-7.  
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Figure 4. Morphological changes caused by corresponding amounts of solvent (20% ethanol) on the 

MDA-MB-231 cell line, following a 24h stimulation. The pictures were taken in phase contrast 

microscopy with Olympus IX73 inverted microscope, at 10x magnification. 

 

 
Figure 5. Morphological changes caused by corresponding amounts of solvent (80% ethanol) on the 

MDA-MB-231 cell line, following a 24h stimulation. The pictures were taken in phase contrast 

microscopy with Olympus IX73 inverted microscope, at 10x magnification 

  

As one can see in Figure 4, the hydro-alcoholic solvent with a content of 20% ethanol did not 

induce significant changes in the morphology of the breast adenocarcinoma – MDA-MB-231 cells. In 

contrast, Figure 5 revealed that the cells exposed to the hydro-alcoholic solvent containing 80% 

ethanol manifested a significant decrease in cell confluence. In addition, several morphological 

changes could be noticed, mainly after stimulation with the highest volume of solvent, corresponding 

to 30 µg/mL vegetal extract. In this case, the cells lose their shape and became round thus revealing 

specific features of apoptosis. 

 
Figure 6. Morphological changes induced by horseradish extracts obtained with a  

hydro-alcoholic solvent with 20% ethanol, following 24h stimulation. The pictures were taken 

 in phase contrast microscopy with Olympus IX73 inverted microscope, at 10x magnification 
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After a stimulation of 24h with all test concentrations (10, 20 and 30 µg/mL, respectively) of R1 

extract (Figure 6), MDA-MB-231 cells manifested a significant confluence decrease; in contrast, 

exposure of MDA-MB-231 cells to the same concentrations of M1 extract induced a slight increase of 

cellular confluence, compared to control cells (cells treated with culture medium). 

 
Figure 7. Morphological changes induced by horseradish extracts obtained with a hydro-alcoholic 

solvent of 80% ethanol, following 24 h stimulation. The pictures were taken in phase contrast 

microscopy with Olympus IX73 inverted microscope, at 10x magnification 

 

The confluence of breast adenocarcinoma cells - MDA-MB-231 was significantly reduced after 

24h stimulation with M2 and R2 extracts added in concentration of 30 µg/mL; a confluence around 

70% was reported (Figure 7). However, cells treated with lower concentrations (10 and 20 µg/mL, 

respectively) of extracts exhibited different responses; after stimulation with R2 extract the cells 

expressed 80-85% confluence, whereas cells exposed to concentrations of 10 and 20 µg/mL of M2 

extracts, respectively, did not show diminished confluence.  

 

3.3.In vitro cell MDA-MB-231 cell line testing.Cell viability assessment. 

The cell viability assessment was performed by means of Alamar Blue test in order to evaluate the 

effect of horseradish extracts on the viability of MDA-MB-231 breast cancer cells which were 

stimulated for 24h; initially, medium treated cells were used as control. However, due to the fact that 

the hydro-alcoholic solvents reduced cell viability and induced changes in cell morphology, it was 

decided that the experimental results should be normalized against to the solvent used for the 

preparation of each type of extract, respectively, used as control. Thus, the effect of the extracts on 

MDA-MB-231 cell viability could be reported independently of the solvent-induced effect. The 

obtained results are included in Figure 8. 

 
Figure 8. Graphical representation of MDA-MB-231 cells, following 24 h stimulation with hydro-

alcoholic extracts of horseradish M1,R1 and M2, R2. The data represent the mean values ± SD of three 

independent experiments. One-way ANOVA analysis was applied to evaluate the statistical differences 

followed by Tukey’s multiple comparisons test (****p < 0.0001) 
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As presented in figure 9, the hydro-alcoholic extract of horseradish R1 exerts an inhibitory effect 

on the viability of the breast adenocarcinoma cells - MDA-MB-231, showing a dose-dependent 

viability rate, namely: 86.22%, 82.27% and 80.59% for each applied concentration, respectively. 

Following stimulation with M1 extracts, a slight increase of cell viability was noticed compared to the 

solvent (20% Et-OH). Thus, depending on the extract concentration, the viability rate recorded for 

MDA-MB-231 cells were 104.22%, 102.67% and 102.29%, respectively (Figure 9). 

For the hydro-alcoholic extracts with a content of 80% ethanol, a slight increase in the viability of 

breast adenocarcinoma cells was recorded after stimulation with the lowest concentration of the M2 

extract (10 µg/mL). In contrast, when the 30 µg/mL concentration was used, both M2 and R2 extracts 

induced a significant cytotoxic effect of MDA-MB-231 cells, displaying a proliferation rate of 76.32% 

in the case of M2 extract and a rate of 66.52% viability after stimulation with R2 extract. Nevertheless, 

the MDA-MB-231 cells treated with the medium concentration of 20 µg/mL horseradish root extract 

(R2) manifested a diminished viability percentage of 79.25%, thus revealing an average cytotoxic 

activity. 

The antiproliferative effects of horseradish extracts against the MDA-MB-231 cancer cells were 

also reported by Đurić et al. who revealed that chloroform and dichloromethane extracts exert a highly 

potent cytotoxic activity as opposed to butanol and water extracts; the antiproliferative effect was 

assessed by means of IC50 value[30]. The authors hypothesized that the high content of 

liposolubleisothiocyanates in the extracts obtained with organic solvents was responsible for the 

reported antiproliferative activity.  

The horseradish extracts were also analyzed in terms of polyphenol content by using the same 

organic solvents, chloroform and dichloromethane[25]; the results revealed significant non-selective 

antiproliferative activity in particular against liver, breast and lung cancer cells. These results were 

associated with a high content of polyphenolic compounds, in particular for the dichloromethane 

extracts; necrosis was employed as the main mechanism for the reported cell death. 

Nevertheless, the use of organic solvents raise the issue of purity for the final extracts, the presence 

of organic residues in pharmaceutical products, even in trace amounts, being regulated by international 

standards. Therefore, non-toxic solvents, such as water or ethanol, are required in order to avoid 

toxicity issues. Herz et al. prepared aqueous horseradish extracts that revealed high concentrations of 

volatile and non-volatile glucosinolates, amino acids and phenolic compounds; glucosinolates are later 

hydrolyzed to allyl- and phenylethylisothiocyanates[9]. The authors reported a strong anti-

inflammatory activity caused by a dual inhibition of the aminoacid metabolism with less severe side 

effects compared to selective COX blockers; in addition, the effects were not mediated by 

isothiocyanates.  

The current study reports the dose-dependent antiproliferative activity of hydroalcoholic 

horseradish extracts prepared with two concentrations of ethanol, the highest inhibition of cell viability 

being exerted by the highest ethanol content (80%); these results are in line with previously reported 

data as mentioned above.All tested samples, regardless of the water:ethanol ratio, showed considerable 

antioxidant activity, with values above 65%; therefore, we may assume that the antiproliferative 

activity is related to the composition in antioxidant agents such as polyphenols. However, it should be 

noted that a slight stimulation of breast adenocarcinoma cell viability was recorded for extracts 

obtained from sprouts (M1 and M2) while all horseradish root extracts exhibited a clear 

antiproliferative effect on the MDA-MB-231 cell line, after 24h stimulation. 

 

4. Conclusions 
The comparative analysis of the hydroalcoholic extracts of horseradish roots and sprouts revealed 

that the highest value of antioxidant activity was reached when a mixture of 20% water and 80% 

ethanol was used as solvent while using horseradish root as raw vegetal material (R2).  

Following in vitro experiments conducted for the analysis of cell morphology and viability by 

means of Alamar Blue technique one could notice that the most significant inhibitory effect on cancer 

https://revistadechimie.ro/
https://doi.org/10.37358/Rev


 Revista de Chimie                                                                                                                                                                
https://revistadechimie.ro   

https://doi.org/10.37358/Rev. Chim.1949 

Rev. Chim., 71 (5), 2020, 201-210                                                            209                                         https://doi.org/10.37358/RC.20.5.8128                                                              
    
 

cell viability was exerted by extracts M2 and R2 at the highest tested concentration (30 µg/mL); a 

dose-dependent antiproliferative activity can therefore be reported.  

Further studies are needed in order to elucidate the relationships between various compounds of 

horseradish extracts and their antiproliferative activity and mechanism of action. 
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