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Abstract

Background/Aim. Plant polyphenols are well known to
show antimutagenic, anticarcinogenic, antiviral and antioxi-
dative activity. The aim of this study was to investigate bio-
active potential of Ammoracia rusticana root juice and extracts:
their polyphenol content, as well as 7z vitro antitumor activity
and cell-death mechanism. Methods. Liquid-liquid extrac-
tion of polar and non-polar compounds was used and poly-
phenolic compounds were identified and quantified by high
performance liquid chomatography (HPLC) analysis. Anti-
proliferative activity was examined zz vitro on human cervix
carcinoma (HeLa), breast adenocarcinoma (MCF7, MDA-
MB-231), colon adenocarcinoma (HT-29), lung adenocarci-
noma (A549), prostate adenocarcinoma (PC-3), melanocyte
carcinoma (Hs 294T), hepatocyte carcinoma (Hep G2), as
well as rat hepatocyte carcinoma (H-4-1I-E), and normal
human fetal lung (MRC-5) cell line using sulforhodamine B
assay. The mechanism of cell-death in cell line was deter-
mined using Cell Death Detection ELISAPIUS kit. Results.
Dichloromethane extracts had the highest content of cate-

Apstrakt

Uvod/Cilj. Poznato je da polifenoli biljaka poseduju antimu-
tagenu, antikancerogenu, antivirusnu i antioksidativhu ak-
tivnost. Cilj ovog rada bio je ispitivanje bioaktivnog potenci-
jala soka i ekstrakata korena Ammoracia rusticana: odredivanje
polifenolnog sastava, iz vitro antitumorske aktivnosti i me-
hanizma celijske smrti Metode. Primenom te¢no-tecne
ekstrakcije izolovane su i razdvojene polarne od nepolarnih
komponenti, a HPLC metodom identifikovana su i kvanti-
fikovana polifenolna jedinjenja. Antiproliferativna aktivnost
ckstrakata i soka korena rena ispitana je 7 vitro na tumorskim

chin, p-hydroxybenzoic, syringic and gallic acid (pulp, E1),
and epicatechin (juice, E3). The results showed strong and
non-selective antiproliferative activity of chloroform and di-
chloromethane extracts and root juice — highest being to-
wards liver, breast and lung tissue cells. ICso values of ex-
tracts and juice had low range of concentrations (ICso =
3.49-26.5 pg/ml) and high range of dilutions (ICso = 418—
1,590). High and unfavorable potential of horseradish juice
and chloroform juice extract (E4) to induce necrotic cell
death was detected. Conclusion. Strong and non-selective
in wvitro antiproliferative activity of chloroform and di-
chloromethane extracts and root juice of horseradish was
detected, with necrosis as a main mechanism of induced cell
death. In order to utilize horseradish root bioactive poten-
tial further investigations that will pinpoint active compo-
nents with more favourable apoptosis/necrosis inducing
properties are needed.

Key words:
horseradish; phenols, antineoplastic agents; in vitro
techniques; cell, death; apoptosis.

Celijskim linjjama: karcinoma grlica materice (HelLa), adeno-
karcinoma dojke (MCF7 i MDA-MB-231), adenokarcinoma
debelog creva (HT-29), adenokarcinoma pluca (A549), ade-
nokarcinoma prostate (PC-3), karcinoma koze (Hs 294T),
karcinoma jetre (Hep G2), kao i na ¢elijskim linijjama karci-
noma jetre pacova (H-4-II-E) i normalnim fetalnim celijskim
linijama pluéa (MRC-5) upotrebom sulforodamin B testa.
Mehanizam Celijske smrti odreden je detekcijom apoptoze i
nekroze upotrebom Cell Death Detection ELISAPIUS kom-
pleta. Rezultati. Dihlormetanski ekstrakti korena rena imali
su najveci sadrzaj katehina, p-hidroksibenzoeve, siringinske i
galne kiseline (pulpa, E1), i epikatehina (sok, E3). Utvrdena je
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snazna 1 neselektivna antiproliferativna aktivnost hlo-
najsnaznijim delovanjem na Celijske linije jetre, dojke i pluca.
Dobijene ICsp vrednosti bile su u niskom rasponu koncen-
tracija  (ICso = 3,49-26,5 pg/ml) i u visokim razblazenjima
(ICso = 418-1590). Sok i hloroformski ekstrakt soka rena (E4)
pokazali su snaznu, nepozeljnu sposobnost indukcije nekroze.
Zakljucak. Hloroformski i dihlormetanski ekstrakti, kao i
sok korena rena ispoljili su su snaznu i neselektivihu antipro-
liferativnu aktivnost zz vitro, sa nekrozom kao dominantnim

roformskih i dihlormetanskih ekstrakata i soka kotrena rena, sa
mehanizmom ¢elijske smrti. U cilju iskoris¢enja bioaktivnog
potencijala korena rena, neophodna su dalja ispitivanja i
izolacija aktivnih komponenti sa povoljnijim odnosom in-
dukcije apoptoze i nekroze.

Kljucne reci:
ren; fenoli; antineoplastici; in vitro; Celija, smrt;
apoptoza.

Introduction

Horseradish (Armoracia rusticana, G. Gaertn, B. Mey.
and Scherb.) is perennial plant from Brassicaceae family that
is cultivated for its aromatic, fleshy root. Horseradish root pos-
sesses intense and opulent taste that produces the feeling of
cooling during consumption due to the presence of sulfur
compounds called glucosinolates (GSLs) . Epidemiological
and pharmacological studies have shown that GSLs and their
degradation products — isothiocyanates (ITC), may reduce the
risk of developing cancer in humans . The most commonly
found natural ITC is allyl isothiocyanate (AITC) i.e. “burning
oil” ® that is derived from sinigrin — GSL abundant in Brassi-
caceae family especially in mustard, horseradish and wasabi ’.
Agneta et al. ® detected 16 different GSLs in horseradish juice.

Plant polyphenols are well known to show biological
and pharmacological activity, such as antimutagenic, anticar-
cinogenic, antiviral and antioxidative °. Phenolic acids
(chlorogenic, caffeic, and ferulic), flavonoids (quercetin,
genistein, catechins, isoflavones), quinones, coumarins, stil-
benes, curcuminoids and lignans possess potent antioxidant
and also anticarcinogenic and antimutagenic activities 1024,
Over 20 phenolic compounds have been identified in some
varieties of the Brassicaceae family, which include kale,
curly kale, white and black cabbage, cauliflower and tron-
chuda cabbage > . The most important phenolic com-
pounds in Brassica species are flavonoid glycosides, such as
glycosides of kaempferol and quercetin, and their derivatives
hydroxycinnamic and sinapic acid ' 8, Phenolic acids,
among them gallic, protocatechuic, p-hydroxybenzoic, vanil-
lic, syringic, salicylic, p-coumaric, caffeic, ferulic and sin-
apic acid were identified in the kale (Brassica oleracea var.
Acephala) . On the other hand, little is known about the
polyphenolic composition of horseradish. Based on earlier
research, Armoracia rustucana contains a small amount of
flavonoids, mainly kaempferol and quercetin 2°. Cirimbei et
al. 2t demonstrated great potential of the aqueous plant ex-
tract from A. rusticana and its main flavonoids, kaempferol
and quercetin, to protect DNA from damage induced on hu-
man lymphocytes by the oxidative agent hydrogen peroxide.

In order to gain insight into its bioactive potential, pre-
sent study focused on the evaluation of Armoracia rusticana
root juice and extracts: (1) their polyphenol content, (2) in
vitro antitumor activity and (3) cell-death mechanism using
mammalian cell lines. To the best of our knowledge this is
the first study evaluating sequential horseradish root extracts
as well as horseradish root juice.

Methods

Chemicals and standards

Reference standards of > 98% purity were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). All used
chemicals and solvents were of p.a. purity grade and were
supplied by: Sigma-Aldrich (St. Louis, MO, USA), Acros
Organics (New Jersey, USA), Lach-Ner s.r.o. (Neratovice,
Czech Republic), Zorka Pharma, Sabac (Serbia), J.T. Baker
(Deventer, Netherlands), AppliChem Panreac, (Darmstadt,
Germany), Carlo Erba Reagenti (Milan, Italy), and Promo-
chem (Wessel, Germany).

Preparation of horseradish root juice and extracts

Horseradish roots were obtained from Backi Petrovac,
Serbia (45°21'5.32"N 19°37"21.65"E) in January 2016. Roots
(2.64 kg) were peeled, chopped and grinded using Philips
juicer (HR1858/55/BD, 650W). From 1.475 Kg of peeled
horseradish 200 mL of juice and 1.25 kg of pulp was ob-
tained. Juice and pulp were aliquoted in smaller portions and
frozen (-20 °C) prior to extraction. Modified method of Kup-
chan 22 and Sarker et al. 2, based on the liquid-liquid extrac-
tion, was applied for the preparation of horseradish pulp and
juice extracts. This method enables isolation and separation
of polar and non-polar compounds. Mixtures of methanol
and water (70:30, v/v), chloroform, dichloromethane or n-
butanol were used as solvents for: 1) “crude extract” extrac-
tion (methanol), 2) extractions from methanol extract (chlo-
roform, dichloromethane) and 3) further consecutive extrac-
tions (n-butanol and water) of horseradish root pulp and
juice. The obtained extracts were gently evaporated to dry-
ness using rota-evaporator. Dried extracts were sealed tight
and kept at 4 °C until use.

Eight horseradish extracts from pulp, i.e. E1 (dichloro-
methane), E2 (chloroform), E7 (water) and E8 (n-butanol)
and from juice E3 (dichloromethane), E4 (chloroform), E5
(water) and E6 (butanol) as well as horseradish juice J9 were
used to examine chemical composition, in vitro antiprolifera-
tive activity and cell death activity.

Identification and quantification of phenolic acids and
flavonoids by HPLC method

Horseradish root extracts and juice were analyzed using
Shimadzu Prominence (Shimadzu, Kioto, Japan) high per-
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formance liquid chromatography (HPLC) equipped with bi-
nary pump LC-20AT, thermostat CTO-20A and automatic
dispenser SIL-20A connected to SPD-20AV UV/V detector.
Chromatograms were recorded using different wavelengths
for individual compounds: 280 nm for hydroxybenzoic acids,
catechin and epicatechin, 320 nm for hydroxycinnamic acids,
and 360 nm for flavonoids. Separation was performed on a
Luna C-18 RP column, 5 mm, 250 x 4.6 mm with a C18
guard column, 4 x 30 mm (both from Phenomenex, Tor-
rance, CA, USA). Two mobile phases, A (acetonitrile) and B
(1% formic acid) were used at flow rates of 1 mL min*! with
the following gradient profile: 0-10 min from 10 to 25% B;
10-20 min linear rise up to 60% B, and from 20 min to 30
min linear rise up to 70% B, followed by 10 minutes reverse
to initial 10% B with additional 5 min of equilibration time.
Reference substances (flavonoids and phenolic acids) and
samples were dissolved in 50% methanol.

In vitro antiproliferative activity

Cell lines

Human cervix epithelioid carcinoma (HeLa, ECACC
93021013), breast adenocarcinoma (MCF7, ECAACC
86012803; MDA-MB-231, ECAACC 92020424), colon ade-
nocarcinoma (HT-29, ECAACC 91072201), lung adenocarci-
noma (A549, ECACC 86012804), prostate adenocarcinoma
(PC-3, ECACC 90112714), melanocyte carcinoma (Hs 294T,
ATCC HTB-140), hepatocyte carcinoma (Hep G2, ECACC
85011430), as well as rat hepatocyte carcinoma (H-4-1I-E,
ATCC CRL-1548) and normal human fetal lung (MRC-5,
ECACC 05090501) were used for the estimation of antiprolif-
erative effects of horseradish root juice and extracts.

Cell lines were grown in Dulbecco’s modified Eagle’s
medium (DMEM; PAA Laboratories GmbH, Pashing, Aus-
tria) with 4.5% glucose, supplemented with 10% heat-
inactivated fetal calf serum (FCS; PAA Laboratories GmbH,
Pashing, Austria), 100 IU mL? of penicillin and 100 pg mL*
of streptomycin (Galenika, Belgrade, Serbia). They were cul-
tured in 25 cm? flasks (Corning, New York, USA) at 37 °C in
atmosphere of 5% CO,, with high humidity, and subcultured
twice a week. Single cell suspension was obtained using
0.1% trypsin (Serva, UK) with 0.04% EDTA.

Preparation of samples

Extracts were dissolved and further diluted in DMSO
(to obtain five working concentration) and culture medium (1
pg/L of working concentration + 199 pg/L of culture medi-
um; a = 200) to achieve required final concentrations. Rang-
es of final concentrations of extracts depended on extract
yields and were in the range from 0.0625-1 mg/mL. Final
concentration of DMSO in the samples was < 0.05% (vv).

Horseradish root juice was diluted in 0.9% NaCl to ob-
tain four additional working dilutions and further in culture
medium (1 pg/L of working concentration +199 pg/L of cul-
ture medium; a = 200) to achieve final dilutions in the range
from 200-3200. The final concentrations of juice dilutions
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were in the range from 0.12-19.33 mg/mL, calculated on dry
weight of juice (concentration of horseradish juice was
385.80 mg/mL).

Sulforhodamine B (SRB) assay

Cell lines were harvested and plated into 96-well micro-
titer plates (Sarstedt, Newton, NC, USA) at seeding density
of 4-8 x 102 cells per well, in a volume of 199 uL, and pre-
incubated in complete medium supplemented with 5% FCS,
at 37 °C for 24 h. Working concentrations of juice, extracts
or solvents (1 pL) were added to the test and control wells.
Microplates were then incubated at 37 °C for an additional
48 h. Cell growth was evaluated by the colorimetric SRB as-
say, according to previously described procedure 2.

Absorbance was measured on a microplate reader (Mul-
tiscan Ascent, Labsystems) at 540620 nm. Cell growth activ-
ity was expressed as a percent of the control and calculated
as AvAc x 100 (%), where At is the absorbance of the test
sample and Ac is the absorbance of the control. The concen-
tration-cell growth (dose effect) curves were drawn for each
treatment and ICsp values (concentration that inhibit cell
growth by 50%) were determined, using OriginPro 8 SRO
(Origin-Lab Corporation, Northampton, USA).

In order to identify selectivity towards tumor cells
compared to healthy tissue, non-tumor/tumor ICs, ratios
were calculated as NT/T =1CgoVRC5/|Cgpepective tumor cell line f4
extracts and as 1/NT/T for juice 2.

Cell death detection

Apoptosis and necrosis were detected using the Cell
Death Detection ELISAPLUS kit (Roche, Version 11.0).
Cell death detection was performed in HeLa, MCF7 and HT-
29 cell lines using the most active extracts from cell growth
experiments (E4 and J9), according to previously described
procedure 25. Depending on the cell line used concentrations
of extracts were 10 pg/mL (E4 in HeLa and MCF7) and 20
pg/mL (E4 in HT-29), while juice dilutions were a = 20 (J9
in HeLa and HT-29) for the 2 h exposition time.

Respective enrichment factors (ef) for apoptosis and
necrosis (efA and efN) were calculated as ef = test/control
using average absorbance-blank values for each sample and
control 22, From these values, apoptosis/necrosis ratios
were calculated indicating that apoptosis is a dominant mode
of cell death if efA/efN > 1 or that necrosis is a dominant
mode of cell death if efA/efN < 1.

Statistical analysis

Cell growth experiments were carried out in at least
four repetitions (n = 4). Enrichment factors in cell death ex-
periments were calculated using average absorbance-blank
values (n = 2) from pooled quadruplicates (n = 4) for each
sample and control. Results were expressed as mean + stand-
ard deviation (SD). A comparison of the group means and
the significance between the groups were verified by one-
way ANOVA. Statistical significance was set at p < 0.05.
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Results

Polyphenolic compounds in Armoracia rusticana root
juice and extracts

Major polyphenolic compounds present in investigated
horseradish root juice and extracts were identified and quan-
tified by HPLC analysis (Figure 1). Phenolic acids (gallic,
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Fig. 1 — Phenolics in E1 extract. HPLC chromatograms
on: A) 280 nm: 1-gallic acid; 2-catechin;
3-p-hydroxybenzoic acid; 4-syringic acid;
B) 320 nm: 1-chlorogenic acid; 2-caffeic acid;
3-p-coumaric acid; 4-ferulic acid; 5-sinapic acid;
C) 360 nm: 1-quercetin; 2-luteolin; 3-apigenin;
4-isoramnetin.

protocatechuic, caffeic, ferulic, isoferulic, chlorogenic, p-
hydroxybenzoic, p-coumaric, syringic, and synapic acid) and
flavonoids (catechin, epicatechin, quercetin, kaempferol, lu-
teolin, apigenin and isorhamnetin) were identified by match-
ing their retention times (RT) and on-line ultraviolet (UV)
spectra with those of standards. The content of total and in-
dividual phenolic compounds, quantified at 280, 330 or 360
nm, depending on their maximal response, is listed in Table
1. Catechin (flavan-3-ol) was detected at relatively high lev-
els in all samples (0.75-33.17 mg/g), where E1 had the high-
est catechin content. Besides that, E1 had the highest content
of p-hydroxybenzoic (6.68 mg/g), syringic (3.65 mg/g) and
gallic acid (3.34 mg/g), while E3 had the highest content of
epicatechin (2.80 mg/g). The horseradish juice J9 contained
mostly catechin and gallic acid.

Horseradish extracts obtained from juice contained
higher concentrations of epicatechin, ferulic and chlorogenic
acid (dichloromethane); ferulic, isoferulic, p-coumaric acid
and quercetin (chloroform); protocatechuic, syringic, chloro-
genic, isoferulic acid and quercetin (n-butanol); and catechin,
epicatechin, gallic and p-hydroxybenzoic acid (water) com-
pared to extracts obtained from pulp.

In vitro antiproliferative activity

Obtained results revealed strong and non-selective anti-
proliferative activity of horseradish root extracts E4, E2, E3
and E1 and root juice J9 — highest being towards liver, breast
and lung tissue cells (Table 2).

IC50 values of extracts and juice were obtained in low
range of concentrations (IC50 = 3.49-26.5 pg/mL) and high
range of dilutions (IC50 = 418-1590). Extract E4 and juice
J9 possessed the highest cytotoxic activity towards rat hepa-
toma (IC50H-4-11-E = 3.49 pg/mL and IC50H-4-II-E =
1401.57) and human cervix carcinoma (IC50HeLa = 4.66
pg/mL and IC50HeLa = 1596.04), respectively (Table 2).

Higher antiproliferative activity of chloroform (E4), and
n-butanol juice (E6) extracts was achieved compared to same
extracts obtained from pulp (Table 2).

In order to identify selectivity towards tumor cells compared
to healthy tissue, non-tumor/tumor ratios were calculated as NT/T
for extracts and 1/NT/T for juice 25 (Table 3). Majority of extracts
and juice demonstrated non-favourable (< 1) NT/T and 1/NT/T
ratios indicating higher antiproliferative affinity towards healthy
tissue. Most favourable (> 1) ratios were obtained in rat hepatoma
cells using extracts E4 (NT/TH-4-11-E = 2.03) and E1 (NT/TH-4-
II-E = 1.63), breast adenocarcinoma cells using E6 (NT/TMCF7 =
1.64) and cervix carcinoma cells using juice J9 (1/NT/THelLa =
1.18) indicating higher cell growth inhibition affinity towards tu-
mor compared to healthy cells (Table 3).

In vitro cell death detection

In cervix carcinoma (HeLa) and colon adenocarcinoma
cells (HT-29), horseradish juice J9 induced significant levels
of apoptosis (efA = 2.59-4.73) compared to control, but also
significant levels of necrosis (efN = 2.75-4.43) resulting in
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low efA/efN ratios (efA/efN = 0.94-1.07; Table 4). In cervix
carcinoma (HelLa), breast (MCF7) and colon (HT-29) adeno-
carcinoma cells, extract E4 induced low levels of apoptosis
(efA = 0.74-1) compared to control, but significant levels of
necrosis (efN = 1-4.5) resulting in low efA/efN ratios
(efA/efN = 0.22-0.74; Table 4).

Higher induction of necrosis was observed using juice
extract E4 compared to horseradish juice J9 (Table 4).

Table 3

ocyanate %, Herz et al. 2’ showed that prominent compounds
in the aqueous extract from horseradish root were the amino
acids arginine and proline, citric acid, phenolic compounds
(caffeic acid and kaempferol derivatives), the main glucosin-
olates, 2-propenyl-GLS and 3-methylsulfinyl-propyl-GLS,
and fatty acid derivatives. The study of Marzocco et al. 28 re-
ported the highest content of sinigrin in the methanol extract
from horseradish root.

Non-tumor/tumor (NT/T) ratio of extracts and juice in different cell lines

Extract, Juicel Cell line HeLa MCF7 HT-29 A549 H-4-1I-kE MDA-MB-231 Hs294T HepG2 PC-3
NT/T

Pulp extracts El 1 1 1 1 1.63 1.2 1 1 1
E2 088 114 066 067 1.07 0.97 0.91 122 <06
E7 1 1 1 1 1 1 1 1 1
ES8 1 1 1 1 1 >1.09 1 >1.14 1

Juice extracts E3 <054 09 <054 <054 086 0.63 <054 <054 <054
E4 021 108 058 062 2.03 1.29 1.06 1.25 0.79
E5 1 1 1 1 1 1 1 1 1
E6 1 164 052 068  <0.48 <0.48 <048 <048 <0.48

LNT/T*
Juice J9 118 058 085 031 1.04 0.90 0.65 0.69 0.36

*calculated for juice dilutions.

Favourable (>1) ratios indicate higher cell growth inhibition of the extract/juice towards tumor compared to healthy cells

Pulp extracts: E1 — dichloromethane, E2 — chloroform, E7 —

E4 - chloroform, E5 — water, E6 — n-butanol; J9 — juice.

water, E8 — n-butanol; Juice extracts: E3 — dichloromethane,

HelLa — human cervix epithelioid carcinoma; MCF7 — breast adenocarcinoma; HT-29 — colon adenocarcinoma;
MRC-5 - normal human fetal lung; A549 — lung adenocarcinoma; H-4-11-E — rat hepatocyte carcinoma;
MDA-MB-23 - breast adenocarcinoma; Hs294T — melanocyte carcinoma; HepG2 — hepatocyte carcinoma;

PC-3 - prostate adenocarcinoma.

Table 4

Apoptosis and necrosis induced by horseradish root juice J9 and
extract E4 in Hel.a, HT-29 and MCF7 cell line

Apoptosis

Necrosis

Cellfine  Sample absorbance efA  absorbance efN efAJefN
T oo ows M oy 4910
ConE:JI** 822‘11 0.74 8881 1.00 0.74
e Coritgrol* 3233 2.58 gggg 275  0.94
coor= o761 % oo 4P 02
Mer ConE:JI** gggg 1.00 888? 500 0.20

E4 - chloroform juice extract; J9 — juice; HeLa — human cervix epithelioid
carcinoma; HT-29 — colon adenocarcinoma; MCF7 — breast adenocarcinoma;
*0.9% NacCl; **dimethyl sulfoxide (DMSO); efA — enhancement factor for
apoptosis; efN — enhancement factor for necrosis.

Discussion

Earlier reports demonstrated that the methanol-aqueous
extract of horseradish root was rich in polyphenols: malic ac-
id, gallic acid, ferulic acid and epigallocatechin-3-gallate.
The most abundant compound of the extract was allyl isothi-
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The obtained HPLC results pointed out rich content of
total polyphenolics in dichloromethane extracts from pulp E1
(49.64 mg/g) and juice E3 (18.084 mg/g).

In the study of Calabrone et al. ?° total polyphenolic
contents of methanol, methanol/water (70/30, v/v) and meth-
anol/water (50/50, v/v) horseradish root extracts that were
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determined spectrophotometrically were: 1.80 + 0.17, 2.36 +
0.14 and 2.61 + 0.20 mg/g DW, respectively. Similar results
were presented in Tomsone et al. % study, where total phe-
nolics in horseradish roots extracts obtained by convectional
and Soxhlet extraction ranged from 334.29 mg GAE/100 g
DW to 985.87 mg GAE/100 g DW depending on solvents
used. The differences in total polyphenolics comparing
HPLC and Folin—Ciocalteau method could be explained by
the fact that spectrophotometric method is not an absolute
measurement of the amount of phenolics, because some oth-
er substances such as organic acids, residual sugars, amino
acids, proteins and other hydrophilic compounds interfere
with this assay. Also, different classes of phenolic contribute
to different extents to the absorbance produced by reaction
with the Folin—Ciocalteau reagent when compared to gallic
acid 3L

Antioxidative activity of phenolic acids is based on
scavenging of reactive electrophiles and oxygen radicals %,
The proposed mechanism by which phenolic acids induce
apoptosis in tumor cells is by activation of proapoptotic fac-
tors . Anticarcinogenic activity of flavonols is partially due
to their antioxidative activity, since it has been shown that
quercetin and kaempferol increase intracellular levels of nat-
ural antioxidant glutathione34.

In this study, antiproliferative activity of extracts and
juice horseradish root in cancer cell lines were evaluated. All
extracts and juice contained catechin and gallic acid.

As confirmed by previous research (based on ICsp val-
ues) among twenty-four evaluated flavonoids and phenolic
acids kaempferol > gallic acid > quercetin > caffeic acid (in
this order of activity) had most prominent antiproliferative ac-
tivity . Numerous studies have shown that gallic acid exhibit
antitumor and antiproliferative activity toward many types of
human cancer cells *, such as human cervix carcinoma ¥,
prostate cancer, and lung cancer ®. On the other hand, cate-
chin, epicatechin, p-coumaric acid, p-hydroxybenzoic, proto-
catechuic, syringic, sinapic, chlorogenic and ferulic acids had
no significant cell growth activity *.

Extracts E4 (chloroform from juice) and E2 (chloro-
form from pulp) that showed highest antiproliferative activi-
ty contained similar classes of polyphenols but in lower con-
centrations compared to E1 (dichloromethane from pulp) that
had widest range and highest concentrations of polyphenols.
Higher activity of extracts E4 and E2 compared to E1 can be
attributed to kaempferol, one of the flavonoids with most po-
tent antiproliferative activity *, while higher activity of ex-
tract E4 compared to E2 can be explained by additional pres-
ence of isorhamnetin with proven powerful antiproliferative
activity — even higher than activity of kaempferol, quercetin
or gallic acid (based on ICs values) *. Kaempferol exerted a
dose-dependent reduction in cell viability and DNA synthe-
sis on human lung cancer cell line A549 at different doses
from 0-70 uM “°. Hung ** has shown that kaempferol at con-
centration of 35 uM significantly reduced the number of via-
ble estrogen receptor-positive MCF7 breast cancer cells. Iso-
rhamnetin suppressed cell proliferation of the human colon
adenocarcinoma cell line HT-29, and induced arrest of cell
growth in G2/M phase 2,

Higher concentrations of phenolics in extracts obtained
from juice compared to same extracts obtained from pulp re-
sulted in higher antiproliferative activity of chloroform (E4),
and n-butanol juice (E6) extracts due to presence of querce-
tin. Higher concentration of cell growth active gallic acid in
water extract from juice (E5) did not result in its higher anti-
proliferative activity compared to same extract from pulp,
most likely due to its low concentration.

Numerous studies have shown that ITC exhibit anti-
tumor activity, inhibiting in vitro growth of many types of
human cancer cells, such as leukemia “3, prostate cancer *,
breast cancer *, lung cancer “®, carcinoma of the cervix
and colorectal carcinoma *. A ITC inhibits in vitro prolifera-
tion of various types of human cancer cells in low micromo-
lar range of concentrations 495243 while being less toxic to
normal cells 5L, In recent study, antiproliferative activity of
three isothiocyanates: sulforaphane, benzyl isothiocyanate
(BITC) and phenylethyl isothiocyanate, on human cervix
carcinoma cell line (HeLa), melanoma cell line (Fem-x), co-
lon cancer cell line (LS 174), and peripheral blood mononu-
clear cells (PBMC) was evaluated and selectivity of BITC
towards malignant cells was confirmed . Due to their non-
polar nature (chloroform) it is highly unlikely that extracts
E4 and E2 contained or that their activity can be attributed to
isothiocyanates or sinigrin. Due to their more polar nature
(dichloromethane), activity of extracts E3 and E1 can be at-
tributed to activities of detected polyphenols as well as
isothiocyanates and sinigrin.

Both water extracts, E5 (from juice) and E7 (from pulp)
showed lowest antiproliferative activity, confirming that ex-
traction of active components occurred in earlier steps of ex-
traction (in chloroform, dichloromethane and n-butanol ex-
tracts).

High and non-selective cell growth activity of horserad-
ish root juice towards all evaluated cell lines was achieved due
to high mass concentration of juice (385.80 mg/mL; based on
dry weight of the juice). Evaluated ranges of concentrations of
extracts depended on extract yields and were from 0.0625-1
mg/mL. On the other hand, final concentration of juice was in
the range from 0.12-19.33 mg/mL. This was almost 20 fold
higher compared to extracts. When activity of extracts and
juice was compared using ICsp values, it was clear that highest
activity of juice (ICsoHe = 241.72 pg/mL), that could only be
attributed to gallic acid was from 8-70 fold lower compared to
the most potent extracts (E1-E4).

Results in this study indicate unfavorable, high horse-
radish juice J9 and extract E4 potential to induce necrotic
cell death of tumor cells with a possible consequence of sim-
ultaneous damage to adjacent healthy tissue (that follows ne-
crosis). Further investigation of active components should
pinpoint ones with more favourable apoptosis/necrosis in-
ducing activities.

Conclusion

The highest and non-selective in vitro antiproliferative
activity of chloroform and dichloromethane extracts and
juice of horseradish root was detected, with necrosis as a
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main mechanism of induced cell death. Chloroform extracts  tial further investigations that will pinpoint active compo-
showed high antiproliferative activity most likely due to the  nents with more favourable apoptosis/necrosis inducing
presence of kaempferol, while the highest activity of chloro-  properties are needed.

form extract from juice can be explained by additional pres-

ence of isorhamnetin. Due to more polar nature of dichloro- Acknowledgement
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