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Garlic (Allium sativum L.) has a reputation as a therapeutic agent for many different diseases such as microbial infections, hypertension, hypercholesterolaemia, diabetes, atherosclerosis and cancer. Health benefits of garlic depend on its content of biologically-active compounds, which differs
between cultivars and geographical regions. The aim of this study was to evaluate and compare the biological activity of aqueous extracts from nine
garlic varieties from different countries (Poland, Spain, China, Portugal, Burma, Thailand and Uzbekistan). Antioxidant properties were evaluated
through free radical scavenging (DPPH•, ABTS•+) and ion chelation (Fe2+, Cu2+) activities. The cytotoxicity of garlic extracts was evaluated in vitro
using Neutral Red Uptake assay in normal human skin fibroblasts. The obtained results revealed that garlic extracts contained the highest amount
of syringic and p-hydroxybenzoic acids derivatives. The lowest IC50 values for DPPH•, ABTS•+ scavenging and Cu2+ chelating ability were determined
in Chinese garlic extracts (4.63, 0.43 and 14.90 μg/mL, respectively). Extracts from Spanish cultivar Morado and Chinese garlic were highly cytotoxic
to human skin fibroblasts as they reduced cellular proliferation by 70–90%. We showed diverse contents of proteins and phenolic components in garlic
bulbs from different varieties. The obtained results could help to choose the cultivars of garlic which contain significant amounts of active compounds,
have important antioxidant properties and display low antiproliferative effect and/or low cytotoxicity against normal human skin fibroblast BJ.

INTRODUCTION
The native land of Garlic (Allium sativum L. Alliaceae)
is Middle Asia where it was used as a medicine since 2700 BC
[Petrovska & Cekovska, 2010]. Garlic has been used throughout history for both culinary and medical purposes [Meriga
et al., 2012]. The plant has the opinion of a remedy for viral,
bacterial and fungal infections. Moreover garlic and garlic extracts are used as supplementary therapeutic agents in human
diseases such as hypertension, hypercholesterolaemia, diabetes, atherosclerosis, and different types of cancers [Amagase,
2006; Bhandari, 2012]. It is generally believed that health-related properties of a fresh garlic extract are mostly attributed to the content of sulfur compounds [Amagase, 2006;
Bhandari, 2012]. However, the most common non-sulfur
compounds of garlic including polyphenolics also display
health benefits [Beato et al., 2011; Bhandari, 2012]. Interest* Corresponding Author: E-mail: konrad.szychowski@gmail.com
(K.A. Szychowski, PhD)

ingly, some studies attribute biological properties of garlic to
the synergistic action and proportion of different phytochemicals contained in a garlic clove [Bhandari, 2012].
A number of health benefits of garlic depend on its antioxidant activity. Garlic extracts and components obtained
from garlic bulbs were shown to prevent oxidative modification of DNA, protein and lipids by scavenging reactive oxygen
species (ROS), increasing the cellular antioxidant enzymes
and enhancing glutathione levels inside the cells [Belloir et al.,
2006; Kohda et al., 2013]. Phenolic compounds are powerful
antioxidants abundant in fruit, vegetable and spices. Several
epidemiological studies indicate a significant correlation between a high intake of plant polyphenols in diet and preventive
effects in terms of cancer, cardiovascular and neurodegenerative diseases [Arts & Hollman, 2005]. In contrast to several
garlic sulfur compounds, phenolics are more stable and might
be extracted from fresh, frozen or dried plant samples [Dai &
Mumper, 2010]. Interestingly, contents of biologically-active
compounds in garlic vary between cultivars grown in differ-
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ent geographical regions [Beato et al., 2011; Gorinstein et al.,
2005].
The aim of the presented study was to compare the properties of nine garlic cultivars, grown in different world regions
such as Poland (‘Harnaś’ variety), Spain (‘Castano’, ‘Morado’ and ‘Violetta’ varieties), China, Portugal, Burma, Thailand, and Uzbekistan, as potential ingredients of dietary supplements and pharmaceuticals. Aqueous garlic extracts were
compared for the content of phytochemicals with, including
phenolics, protein and peptides and their potential biological
activity as free radical scavenging activity and pro-oxidative
ion chelating. The cytotoxic potential of garlic extracts in humane fibroblast in vitro was evaluated as well.
MATERIALS AND METHODS
Chemicals
ABTS•+ (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid)), DPPH• (2,2-diphenyl-1-(2,4,6-triphenyl-hydrazyl)), ferrozine (sodium salt of 3-(-pirydyl)-5,6-diphenyl-1,2,4-triazolidynic acid), potassium persulfate 99%, Dulbecco’s Phosphate
Buffered Saline (DPBS), 3.3 mg/mL Neutral Red solution
and Bradford reagent were purchased from Sigma-Aldrich. Eagle’s Essential Minimum Medium (EMEM) with L-glutamine
was purchased from ATCC. Fetal bovine serum (FBS) was purchased from Invitrogen. All other chemicals and reagents were
of analytical grade.
Preparation of aqueous extracts from raw garlic
Polish ‘Harnaś’, Spanish ‘Castano’, ‘Morado’, ‘Violetta’,
and Chinese garlic varieties were kindly donated by Krzysztof
Markiewicz from Markie-Pol Company, Dąbrówka Wielka,
Poland. The other garlic varieties were purchased in local markets in Portugal, Thailand, Burma, and Uzbekistan.
Aqueous extracts from raw garlic were prepared according to
a previously described procedure [Lemar et al., 2002]. Briefly, 10 g of fresh garlic cloves were homogenized on ice with
100 mL of DPBS buffer for 30 min. Afterwards, the homogenates were centrifuged at 3900×g for 10 min. The collected
supernatants were passed through a 0.22 μm filter (Merck
Millipore) to sterilize the extracts. The extracts were stored
in aliquots at -20°C.
Determination of peptide and protein contents
The content of peptides was determined by the trinitrobenzenesulfonic acid (TNBS) method using L-leucine as the standard [Adler-Nissen, 1979]. The content of protein in garlic
extracts was evaluated using the Bradford method [Bradford,
1976]. Protein content was determined in garlic extracts based
on the BSA standard curve and displayed as mg/mL.
Determination of the total phenolic compounds
The content of total phenolic compounds in garlic extracts was determined using the Folin-Ciocalteu reagent according to Singleton and Rossi’s method [1965]. Absorbance
of the sample was measured at 740 nm. The total phenolics
content was calculated based on the gallic acid standard
curve. The content of total phenolics was expressed as mg/mL
of gallic acid equivalents (GAE).
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Quantitative and qualitative analysis of total phenolics
content
Garlic extract samples were analyzed with a Varian ProStar high-performance liquid chromatograph according to
the Świeca & Baraniak [2014]. The mobile phase consisted
of 4.5% acetic acid (solvent A) and 50% acetonitrile (solvent
B); the solvents were applied at a flow rate of 0.8 mL/min.
At the end of the gradient, the column was washed with
50% acetonitrile and equilibrated to the initial condition for
10 min. The gradient elution was used as follows: 0 min, 92%
A; 30 min, 70% A; 45 min, 60% A; 80 min, 60% A; 82 min,
0% A; 85 min, 0% A; 86 min, 92% A; and 90 min, 92% A. Detection was carried out at 270 and 370 nm. Spectrum analysis and comparison of spectra retention times with those
of the standard compounds enabled identifying the phenolics in a sample. Quantitative determinations were carried
out with the external standard calculation, using calibration
curves of the standards [Swieca & Baraniak, 2014].
DPPH• radical-scavenging activity
DPPH• radical scavenging was analyzed according to
Brand-Williams et al. [1995]. Each garlic extract (1 mL,
conc. 2.5, 5.0, 10.0 and 20.0 mg/mL) was mixed with 1 mL
of 25 mmol/L DPPH• solution in 96% ethanol. Following
30-min incubation at room temperature, the absorbance
of the sample was measured at λ=515 nm using 96% ethanol
as a blank sample. Ascorbic acid (AA) was used as a positive
control. The percentage of DPPH• scavenging was calculated
for each sample based on the equation:
% of DPPH• = [1 – (As/Ac)] x 100 %
where: As – absorbance of the sample; Ac – absorbance
of the control (DPPH• solution). The IC50 value was defined
as an effective concentration of total phenolics that is required to scavenge 50% of radical activity.
ABTS•+ radical-scavenging activities
Scavenging of ABTS•+ free radical was evaluated according to Re et al. [1999]. The garlic extract (20 μL, conc. 0.125,
0.5, 1.0, 1.5 and 2.5 mg/mL) was mixed with 980 μL of a diluted ABTS•+ solution and incubated for 10 min. The decrease in ABTS•+ absorbance was measured at λ=734 nm using distilled water as a blank. Ascorbic acid (AA) was used as
a positive control. The percentage of ABTS•+ scavenging was
calculated based on the equation:
% of ABTS•+= [(1 – (As/Ac)] x 100 %
where: As – absorbance of the sample; Ac – absorbance
of the control (ABTS•+ solution). The IC50 value was defined
as an effective concentration of total phenolics that is required to scavenge 50% of ABTS•+ radicals.
Fe2+ chelation assay
The chelation of iron (II) ions by garlic extracts was measured according to Decker & Welch [1990]. The absorbance
was subsequently measured at λ=562 nm. EDTA was used
as a positive control. The chelation activity was calculated as
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Statistical analysis
The data are presented as the means ± SD of four independent experiments. Each treatment for cytotoxicity was
repeated eight times within the experiment; the total number of repetitions was n=32. Each treatment for the content
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Neutral Red Uptake assay and cell morphology
Neutral Red Uptake assay determines the accumulation of the Neutral Red dye in the lysosomes of viable, uninjured cells [Repetto et al., 2008]. Following 48 h of culture
with the studied garlic extracts, the number of viable cells
in each well was estimated using the Neutral Red Uptake Test.
The cells were incubated in the presence of a Neutral Red solution for 2 h. Afterwards, each well was washed with 150 μL
of DPBS and incubated with 100 μL of an acidified ethanol
solution (50% ethanol, 1% acetic acid, 49% H2O) for 5 min at
room temperature, on a rotating platform. The absorbance
was measured at a wavelength of 540 nm using a FilterMax
F5 Multi-Mode microplate reader (Molecular Devices, Corp.,
Sunnyvale, CA, USA). The morphology of the cells was analyzed microscopically using a Nikon Eclipse inverted microscope and documented using an Invenio 5SII camera.
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Cell culture and treatment
Normal human skin fibroblasts BJ (ATCC CRL-2522)
were maintained in EMEM (ATCC 30–2003) supplemented
with 10% FBS at 37°C in a humidified atmosphere with 5%
CO2. BJ cells were seeded in a density of 3 x 103 per well on
a 96-well plate and grown in EMEM supplemented with 10%
FBS prior to the experiment. The culture medium was changed
prior to treating the cells with the garlic extracts selected to
this study. In the experiment, the cells were grown in EMEM
supplemented with 1% FBS in the presence of 1 mg/mL garlic
extracts.
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where: As – absorbance of sample; Ac – absorbance of control. The IC50 value was defined as the amount of total phenolics in the extract from 1 g of raw garlic that is required to
chelate 50% of Cu2+ ions.
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Content of protein, peptides and phenolic compounds
in aqueous extracts from garlic cultivars
Contents of phytochemicals in aqueous garlic extracts
differed significantly. The main differences were noted
in the content of peptides (Figure 1A). The highest content
of these compounds was detected in Chinese and Spanish ‘Castano’ extracts, i.e. 6.12 mg/mL and 4.87 mg/mL,
respectively. Polish ‘Harnaś’, Spanish ‘Morado’ and Uzbek
cultivars were characterized by peptide contents between
2.98 and 3.29 mg/mL. As in the case of peptides, the highest
content of protein was found in Chinese and Spanish ‘Castano’ extracts, namely: 2.80 mg/mL and 2.81 mg/mL, respectively. The lowest amounts of protein and peptides contained
extracts from Spanish ‘Violetta’ cultivars (Figure 1A).

Po

Cu2+ chelation assay
Copper chelating activity was measured according to
the method of Torres-Fuentes et al. [2011]. EDTA was used
as a positive control. Copper ion chelating capability was calculated according to the formula:

RESULTS

Total phenolics content (mg/mL)

where: As – absorbance of the sample; Ac – absorbance
of the control. The IC50 value was defined as an effective concentration of total phenolics in the extract from 1 g of raw
garlic which is required to chelate 50% of Fe2+ ions.

is
h

% of Fe2+ = [1 – (As/Ac)] x 100 %

of phytochemicals and their biological properties was repeated three times n=12. The average of the samples was used
for statistical analyses. Statistical analysis was performed on
the original results. Where possible, the results were presented
as percentage of controls. The data were analyzed via one-way analysis of variance (ANOVA) followed by the Tukey’s
multiple comparison procedure.

Po
l

the percentage of ferrozine – Fe2+ complex formation inhibition, using the following formula:

FIGURE 1. Total content of protein and peptides (mg/mL) in different
garlic cultivars extracted from 1 g of raw garlic bulb (A).
Different lower and capital letters indicate significant differences in contents of peptides and protein, respectively (p<0.05). Total phenolics
content (mg/mL) in different garlic cultivars extracted from 1 g of raw
garlic bulb (B). Different lower and letters indicate significant difference
(p<0.05). Bars represent means ± SD (n = 12).
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TABLE 1. Content of phenolic compounds (μg/g) in aqueous extracts from garlic cultivars.
Phenolic compounds (μg/g) of raw garlic
Garlic variety

Gallic
acid

Syringic
acid derivatives

(+)-Catechin

p-Coumaric
acid

p-Hydroxybenzoic
acid derivatives

Epicatechin

Total
(sum)

Polish ‘Harnaś’

1.46±0.41a

68.19±11.10bc

41.18±12.40abc

1.10±0.14a

111.81±14.29cde

0.00a

223.74

Spanish ‘Morado’

5.30±0.04

44.63±1.98

95.03±6.10

1.60±0.57

218.97±12.40

0.00

365.52

Spanish ‘Castano’

7.31±0.41d

75.21±8.45c

38.33±0.45b

1.05±0.07a

118.61±1.17d

25.68±4.25e

266.19

Spanish ‘Violetta’

4.10±0.89b

49.18±0.58a

34.84±4.48ab

1.50±0.71ab

99.53±2.87c

12.84±6.05bcd

201.99

200.02±4.68

38.64±8.06

3.03±0.04

136.03±2.35

0.00

394.10

0.00

201.04

Chinese

16.38±2.48

c

f

a

d

d

b

ab

c

f

e

a

a

Portuguese

7.31±1.24

59.72±0.88

26.29±1.34

1.55±0.78

106.17±2.35

Burmese

4.10±0.56b

75.21±1.17c

63.35±8.96c

2.00±0.08b

100.36±1.17c

8.56±0.89c

253.58

Thai

4.68±0.25b

83.48±12.86c

31.68±2.58a

1.00±0.02a

59.72±6.78a

4.71±1.45b

185.26

55.38±1.17

57.33±0.45

1.00±0.01

85.43±1.17

Uzbek

d

11.12±0.65

e

b

b

a

c

ab

a

c

b

a

21.40±6.05

de

231.66

Means ± SD (n=9), in columns, for the respective components followed by different lower case letters are significantly different at p<0.05.

The content of total phenolics, expressed as mg of gallic acid equivalents extracted from 1 g of raw garlic, varied
between 28.65 and 41.66 mg/mL for Portuguese and Spanish ‘Castano’ cultivars, respectively. No significant differences
were found between Polish ‘Harnaś’, Chinese, Spanish ‘Morado’, Spahish ‘Violetta’, Thai, and Uzbek cultivars. The content of total phenolics for those cultivars ranged between
31.64 and 34.42 mg/mL (Figure 1B).
Quantitative and qualitative analysis of phenolic
compounds by high performance liquid chromatography
Due to the significant differences in the content of total
phenolics, the aqueous extract from garlic varieties were further analyzed for contents of six phenolic compounds using
high performance liquid chromatography (Table 1). The highest contents of phenolic compounds were found in the extracts from Chinese and Spanish ‘Morado’ garlic cultivars
(394.10 μg/g and 365.52 μg/g of raw garlic, respectively).
From among the analyzed phenolics, garlic extracts contained
the highest amount of syringic and p-hydroxybenzoic acids
derivatives. . In addition, Chinese cultivar contained the highest amount of gallic acid (16.38 μg/g) and p-cumaric acid
(3.03 μg/g). The analyzed extracts contained also significant
amounts of flavan-3-ols, such as (+)-catechin and epicatechin. Interestingly, five out of the nine analyzed garlic extracts
contained significant amounts of epicatechin, whereas Polish
‘Harnaś’, Chinese, Portuguese and Spanish ‘Morado’ garlic
cultivars did not contain detectable amounts of that phenolic
compound.
Comparison of the antioxidant activity of garlic extracts
Free radical scavenging capacity
The free radical scavenging activity was compared with
the content of total phenolic compounds and expressed as
the IC50 value, defined as μg of phenolics in the extract from
1 g of raw garlic which are able to scavenge 50% of the analyzed free radicals (Table 2). The antioxidant potential of garlic

extracts was evaluated using DPPH• and ABTS•+ stable free
radical scavenging assays. In both assays, the highest radical
scavenging activity was observed for the extract from Chinese
garlic, i.e. 4.63 μg/mL for DPPH• and 0.43 μg/mL for ABTS+•
(Table 2). In addition, the lowest IC50 values for DPPH• scavenging were noted for Portuguese garlic extracts (4.88 μg/mL).
The Polish ‘Harnaś’ and Spanish ‘Castano’ cultivars had relatively low antioxidant activity (6.52 and 7.59 μg/mL, respectively) against DPPH•. The aqueous extract from Spanish
‘Morado’ garlic extract possessed the lowest ABTS•+ scavenging potential (1.68 μg/mL) (Table 2).
Ion chelation activity
The ability to chelate Fe2+ and Cu2+ ions was compared
among the analyzed aqueous extracts of nine garlic cultivars.
The obtained data are displayed as the IC50 values, defined as
the concentration of phenols in each extract from raw garlic
that is required to chelate 50% of Fe2+ or Cu2+ ions (Table 2).
The highest Fe2+ chelation ability was noted for garlic cultivated in Poland (‘Harnaś’) and Burma, with the lowest IC50 values of 0.04 and 0.03 μg/mL, respectively. Thai, Portuguese
and three Spanish garlic cultivars possessed relatively low
Fe2+ chelating activity, with the IC50 values ranging between
0.42 and 0.90 μg/mL (Table 2). The highest Cu2+ chelating
ability was noted for Chinese and Polish ‘Harnaś’ garlic extract
(14.90 and 16.58 μg/mL, respectively). The Portuguese, Thai
and Uzbek cultivars were comparable (21.41 – 25.14 μg/mL,
respectively), whereas the lowest Cu2+ chelating activity was
measured for Burmese garlic (76.65 μg/mL) (Table 2).
Cytotoxicity of aqueous extracts from different garlic
varieties in vitro
In the presence of Polish ‘Morado’, Burmese, Thai and Uzbek garlic extracts in the culture medium, the morphology
and number of viable cells did not change significantly, even
at the higher tested concentration of the extract (1 mg/mL).
The morphology and the number of cells grown in the presence of the other five garlic extracts was significantly impaired.
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TABLE 2. IC50 value for antiradical activity against DPPH• and ABTS•+ and the ability to chelate Fe2+ and Cu2+ ions determined for garlic extracts
(μg/mL).

Alium sativum extracts

DPPH•

ABTS•+

Fe+2

Cu+2

IC50 (μg/mL)

Polish ‘Harnaś’

6.52±0.06c

0.68±0.0b

0.04±0.01a

16.58±0.45a,b

Spanish ‘Morado’

5.44±0.18b

1.68±0.09e

0.47±0.08c,d

28.94±0.36a,b,c

Spanish ‘Castano’

7.59±0.05d

0.78±0.05c

0.64±0.08e

32.33±3.37b,c

Spanish ‘Violetta’

5.49±0.05b

0.68±0.01b,c

0.42±0.08c

42.82±2.54c

Chinese

4.63±0.05a

0.43±0.0a

0.10±0.02a,b

14.90±1.08a

Portuguese

4.88±0.06a

0.93±0.02d

0.53±0.01d

21.41±0.88a,b

Burmese

5.56±0.05b

0.73±0.02b,c

0.03±0.02a

76.65±1.24d

Thai

5.53±0.12b

0.70±0.02b,c

0.90±0.08f

22.05±2.32a,b

Uzbek

5.54±0.05b

0.66±0.02b,c

0.20±0.06b

25.14±1.57a,b

Positive control

0.871±0.08

0.101±0.07

0.452±0.02

0.222±0.45

Means ± SD (n = 12). 1ascorbic acid (AA) was used as a positive control; 2ethylenedinitrilotetraacetic acid (EDTA) was used as a positive control.
Different lower case letters in the same column indicate significant difference (p<0.05).

Interestingly, microscopic examination of the cells cultured
in the presence of Uzbek garlic extract revealed the presence
of crystals characteristic for oxalate salts (Figure 2, indicated
by arrows). The chemical nature of the observed crystals requires further analysis, however their presence was not detected in any other analyzed garlic extract.
The number of viable cells following garlic extracts treatment was quantified by measuring the absorbance of Neutral
Red released from the cells during incubation with an acidified ethanol solution. The absorbance of control cells was
set to 100 % and used to calculate the percentage of cellular
proliferation and/or viability following the treatment with different amounts of garlic extracts. Statistical analysis of cellular viability for the highest analyzed extract concentrations
revealed that Spanish ‘Morado’ and Chinese garlic extracts
were highly antiproliferative and/or cytotoxic for human skin
fibroblasts as they reduced proliferation and/or viability to
10–30 % of the control level (Figure 3).
The 1 mg/mL of Portuguese, Spanish ‘Castano’ and Spanish ‘Violetta’ garlic extracts decreased the number of fibroblasts to 70 %, whereas the extract from Thai garlic increased
the number of cells to 130% (Figure 3).
DISCUSSION
Garlic (Allium sativum L.) is a popular plant cultivated
worldwide due to its characteristic, spicy taste and medical
properties that have been recognized for thousands of years.
In the ranking of total phenolics content of 23 commonly
consumed vegetables garlic has been ranked second [Vinson
et al., 1998]. Phenolic compounds and other phytoconstituents as plant-derived proteins or peptides show a significant
bioactivity [Durak et al., 2013; Elias et al., 2008; Karaś et al.,
2015]. Although most antioxidant activities of plant extracts
are connected with phenolic compounds. However, nowadays there has been a growing number of evidence showing

that other compounds, like proteins and peptides, can also
possess a significant antioxidant activity [Elias et al., 2008;
Karaś et al., 2015]. Our results indicated that the content
of peptides and proteins was highly variable. The highest protein content was found in Chinese garlic and the lowest one
in Spanish ‘Violetta’ garlic. Furthermore, within one country,
the protein content in garlic cloves was very diverse. Spanish ‘Castano’ garlic contained 2.5 times more proteins than
Spanish ‘Violetta’ garlic. However, the total content of phenolic compounds was similar among all the analyzed cultivars
of garlic. Interestingly, the final concentration of total phenolics depends indirectly on the size of a garlic clove [Beato
et al., 2011]. It is known that the contents of phenolic compounds and proteins in garlic cultivars are determined by genetic, agronomic, and environmental factors. Therefore we
made a chromatographic analysis of plant extracts to identify the content of phenolic compounds. Garlic extracts were
analyzed for the content of six phenolics abundant in plants,
including phenolic acids (gallic, syringic, p-coumaric and
p-hydroxybenzoic) and flavonoids (catechin and epicatechin). All the studied extracts contained significant amounts
of phenolic acids, especially syringic acid and p-hydroxybenzoic acid derivatives, whereas epicatechin was not detected
in four out of the nine analyzed extracts. The obtained results are consistent with previously published data, indicating that the content of phenolic compounds varies in different
garlic cultivars [Gorinstein et al., 2005; Kim et al., 2013; Lu
et al., 2011; Miean & Mohamed, 2001]. Beato et al. [2011]
reported that garlic from Spain contained high amounts
of p-hydroxybenzoic acid and no of syringic acid. Our data
showed that Spanish ‘Morado’ and Chinese garlic cultivars
had the highest content of p-hydroxybenzoic acid and that
the lowest content of syringic acid was noted in Spanish ‘Morado’ and Spanish ‘Violetta’ cultivars. In our study, a correlation between a high content of p-hydroxybenzoic and a low
content of syringic acids occurred only in the case of Spanish
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FIGURE 2. The effect of garlic extracts (1 mg/mL) from Poland (‘Harnaś’ variety), Spain (‘Castano’, ‘Morado’ and ‘Violetta’ varieties), China, Portugal,
Burma, Thailand and Uzbekistan on Neutral Red uptake after 48 h.
In cells exposed to Uzbek garlic extract, the presence of crystals characteristic for oxalate salts is indicated with arrows. Photomicrographs are shown
at 200× magnification.

‘Morado’ cultivar. The hydroxybenzoic acid derivatives, especially p-hydroxybenzoic acid, have been consistently associated with a reduced risk of cardiovascular diseases, cancer
and other chronic diseases [Rocha et al., 2012; Spencer et al.,
2008]. In our study, we did not detect the epicatechin flavonoid in extracts from Polish ‘Harnaś’, Spanish ‘Morado’, Chinese and Portuguese garlic cultivars. Data reported by Miean

& Mohamed [2001] indicated that a high content of quercetin
in garlic extracts. However, this flavonoid was not detected
in any garlic extracts tested by other authors [Beato et al.,
2011; Gorinstein et al., 2005]. This data suggests that some
regional varieties of garlic may have unique components.
The mechanisms of plant protein-dependent antioxidant
activity involve the scavenging of free radicals, inactivation
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FIGURE 3. The effect of garlic extracts (1 mg/mL) from Poland (‘Harnaś’
variety), Spain (‘Castano’, ‘Morado’ and ‘Violetta’ varieties), China, Portugal, Burma, Thailand and Uzbekistan on Neutral Red uptake after 48 h.
Means ±SD, n = 32, *p<0.05; **p<0.01 and ***p< 0.001 vs. the control.

of ROS, chelation of pro-oxidative transition metal ions,
and reduction of hydroperoxidase [Durak et al., 2013; Erdmann et al., 2008; Park et al., 2005]. Various contents of phenolic
compounds, proteins and peptides in aqueous extracts from
the analyzed garlic cultivars suggested significant differences
in their biological activity, especially their antioxidant potential. Previous studies demonstrated that one of the important
health benefits of garlic was the reduction of ROS generation
and minimization of their negative impact on human health
[Amagase, 2006]. We decided to evaluate the antioxidant potential of garlic extracts using DPPH• and ABTS+• scavenging assays. In both DPPH• and ABTS+• scavenging assays
the lowest IC50 values, indicating the highest antiradical activity, were observed for Chinese garlic extract, which had one
of the highest contents of p-hydroxybenzoic acid derivatives.
The lowest free radical scavenging potential was manifested
by Spanish ‘Castano’ (DPPH• assay) and ‘Morado’ (ABTS•+)
garlic cultivars. Interestingly, the antioxidant capacity of garlic extracts detected using the ABTS+• scavenging assay was
significantly higher in comparison with the DPPH• assay.
The earlier study has demonstrated that higher scavenging
of ABTS•+ was observed for phenolics with three or more hydroxyl groups [Biskup et al., 2013]. The antioxidant activity
depends on the number and position of the hydroxyl groups
of the aromatic ring binding site and the type of a substituent [Ishige et al., 2001]. These data suggest that the ABTS•+
assay may be more sensitive to detect and compare the free
radical scavenging potential of aqueous garlic extracts.
In addition to the scavenging of free radicals, plant-derived compounds were shown to reduce ROS level by chelating transition metal ions, such as Fe2+ and Cu2+ [Durak et al.,
2013; Iwaniak & Minkiewicz, 2007]. Fe2+ and Cu2+ participate
in the synthesis of superoxide anion and hydroxyl radicals via
the Fenton reaction. Chelation of these ions by plant antioxidants prevents the generation of hydroxyl radicals and significantly reduces the negative impact of oxidative stress [Gordon, 1990; Lee et al., 2012]. In our research, Fe2+ and Cu2+
chelating ability revealed significant differences between
garlic cultivars. The aqueous extract from Polish ‘Harnaś’
garlic effectively chelated both Fe2+ and Cu2+ ions, whereas
Burmese garlic extract was effective in Fe2+ but not Cu2+ che-

lation. In general, the analyzed garlic extracts displayed a significantly lower ability to chelate Cu2+ than Fe2+ ions. The significant ion chelating ability of the tested extracts suggested
that in human diet aqueous extracts from the analyzed garlic
cultivars may be a valuable source of phenolics antioxidant
activity. Generally, garlic cultivars which contained relatively
high amounts of p-hydroxibenzoic acid derivatives were characterized by high ion chelating activity. Earlier studies show
that the antioxidant capability of hydroxycinnamic acids in vitro could be expressed by decreased malondialdehyde formation in lipid peroxidation and scavenging the superoxide anion
or decreased rates of hydroxyl radical formation [Laranjinha
et al., 1994]. The obtained results support the previously published findings, indicating that aqueous garlic extracts prevent
Fe2+ and Cu2+-induced low density lipoprotein (LDL) oxidation [Lewin & Popov, 1994; Oboh et al., 2013; Ou et al., 2003;
Pedraza-Chaverrí et al., 2004].
The high content of phenolic compounds in the analyzed
garlic extracts as well as their significant antioxidant activity
indicate that some garlic cultivars are better sources of bioactive ingredients for food supplements and pharmaceuticals.
The chemopreventive properties of phenolic compounds are
generally believed to reflect their ability to scavenge endogenous ROS. However, plant-derived phenolics may exhibit also
the pro-oxidant action, which may be an important mechanism for their anticancer and apoptosis-inducing properties
[Spencer et al., 2008]. The phenomenon of ROS-mediated
cell death has been recently observed in human tongue squamous carcinoma cell line (SCC-15) exposed to garlic extracts [Szychowski et al., 2016]. In the case of garlic, a high
content of biologically-active components, such as phenolic
compounds, may also increase the toxicity of garlic extracts
[Oboh et al. 2013].
Results obtained in our study showed that the lowest antiproliferative effect on normal human fibroblast was found
in extracts from Polish ‘Harnaś’, Burmese and Uzbek cultivars. Interestingly, Polish cultivar ‘Harnaś’ exhibited an opposite effect on the SCC-15 cancer cell line [Szychowski
et al., 2016]. Moreover, in our study, the Chinese and Spanish
‘Morado’ garlic extracts had the highest antiproliferative effect. A similar effect of the extract from Spanish cultivar ‘Morado’ was observed in the SCC-15 cell line [Szychowski et al.,
2016]. These data suggest that garlic extracts can be toxic to
both normal and cancer cells. The significant differences in fibroblasts proliferation which were demonstrated in the presence of aqueous extracts from the analyzed garlic cultivars
are most likely due to the differences in the content of biologically-active phytochemicals, especially phenolic compounds.
Azadi et al. [2009] reported that 1.00 mg/mL of chloroformic
extract of Allium hirtifolium was non-toxic to normal mouse
fibroblast cell line L929. Moreover, an earlier study showed
that garlic and onion, which both belong to the Allium hirtifolium genus, exhibited significant cytoprotective effects on normal cells [Shrivastava & Ganesh, 2010]. Ismail et al. [2013]
demonstrated that 1.50 mg/mL extract from Allium hirtifolium
was safe for mammalian cells. Our results showed that some
of the studied garlic extracts did not suppress normal cell
proliferation. However, we cannot exclude their cytotoxic effects on other cell types. Due to the high content of phenolic
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compounds, both antiproliferative and cytotoxic properties
of garlic extracts are mainly observed in the case of cancer cell
lines [Gorinstein et al., 2005].
CONCLUSION
To conclude, our results show diverse contents of protein
and phenolic compounds in garlic bulbs from different regional cultivars. The obtained results could help to choose
the varieties of garlic which contain significant amounts
of active compounds, have important antioxidant properties
and display low antiproliferative effect and/or low cytotoxicity
against normal human skin fibroblast BJ. More research is,
however, required to better understand the cytotoxic properties of garlic extracts.
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