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ABSTRACT
Purpose: Studies with garlic have shown the medicinal value of the plant by its 
antioxidant potential which is exerted by its organosulfur rich content. In this study, 
the aim is to determine any potential antioxidant efficacy of the less toxic water 
soluble extract of a widely cultivated garlic form in Turkey, in terms of alterations 
on the oxidant/antioxidant status of HL60 promyelocytic leukemia cell line. 
Methods: Water soluble extracts of plant were prepared and aged for 1 hour to 
sixty days at constant pH and temperature. The toxicity was investigated by percent 
growth inhibition after treatment. To analyze the potential antioxidant efficacy of 
the extracts, cell homogenates were prepared from the treated and untreated control 
cells, and then the levels of antioxidant defense enzymes, cellular glutathione level, 
and superoxide production capacity were determined.
Results and Conclusion: In this study, the effective extract concentration was de-
termined as 132 µg/mL and the toxic concentration was 1320 µg/mL. The analysis 
of homogenates prepared from cells exposed to 132 µg/mL resulted in the increases 
in activities of enzymes as 27.5 % for catalase, 160 % for superoxide dismutase, and 
21 % for the glutathione peroxidase. Therefore, the antioxidant efficacy of extract 
at 132 µg/mL may be attributed to the regulation of antioxidant status via potential 
accumulation of hydrogen peroxide in cells.
Key Words:  Allium sativum, water soluble garlic extract, acute promyeloctic leu-
kemia, antioxidant defense

ÖZET
Amaç: Sarmısakla ilgili çalışmalarda bitkinin tıbbi değeri organik sülfürce zen-
gin içeriğinin antioksidan potansiyeliyle gösterilmiştir. Bu çalışmada amaçlanan, 
yaygın olarak Türkiye’de tarımı yapılan sarmısak formundan hazırlanmış, suda 
çözünebilen düşük toksisiteli ekstrenin olası antioksidan etkinliğinin HL60 akut 
promiyelösitik lösemi hücre serisi üzerinde oksidan/antioksidan durumdaki değiş-
melerin ifadesiyle açıklanmasıdır.  
Metot: Suda çözünür ekstreler sabit pH ve sıcaklıkta hazırlanmış ve 1 saatden 60 
güne kadar olgunlaştırılmıştır. Toksisiteleri muamele edilmiş hücrelerin kontrole 
karşın yüzde büyüme inhibisyonu ve yüzde canlılıkları ile incelenmiştir. Ekstre-
lerin potansiyel antioksidan etkinliğini antioksidan savunma enzimleri, hücresel 
glutatyon ve süperoksit üretme kapasitesindeki değişimlerle belirlemek amacıyla 
ekstreye maruz kalmış ve kalmamış hücrelerden hazırlanan sitozolik çözeltiler 
analiz edilmişlerdir. 
Bulgular ve Sonuç: Bu çalışmada etkin ekstre konsantrasyonu 132 µg/mL ve tok-
sik konsantrasyon 1320 µg/mL olarak bulunmuştur. Hücrelerin 132 µg/mL ekstre-
ye maruz kalması sonrasında hazırlanmış sitozolik çözeltilerin analiziyle enzim 
aktivitelerindeki artış katalaz için % 27.5, süperoksit dismutaz için % 160, ve glu-
tatyon peroksidaz için % 21 olarak bulunmuştur. Dolayısıyla ekstrenin 132 µg/mL 
dozdaki antioksidan etkinliği, hücrelerde hidrojen peroksit birikimine bağlı antiok-
sidan durumun düzenlenmesiyle bağdaştırılabilir.
Anahtar Kelimeler: Allium sativum, suda çözünür sarmısak ekstresi, akut promi-
yelösitik  lösemi, antioksidan savunma.
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Figure 1. Antioxidant defense system and GSH-dependent enzymes 
to maintain the safe levels of cellular ROS.

Introduction
Changes in the level of reactive oxygen species (ROS) 
and the resulting oxidative damage is an important 
factor in the development of a wide range of tissue pa-
thology including carcinogenesis, aging, neurodegen-
erative diseases, drug side-effects, as well as altered 
chemotherapeutic response (1-3). By definition, the oxi-
dative damage is the change in the oxidant status of cells 
due to oxidative modification of biomolecules, includ-
ing DNA, proteins, lipids and small cellular molecules 
that are essential for cellular machinery. The damage is, 
therefore, responsible for variety of diseases including 
inflammatory conditions, ischemia/reperfusion tissue 
injury, radiation toxicity, age-related degenerative con-
ditions, and cancer (4-6). Reactive oxygen species are, 
in fact, the metabolic by products, and their existence 
is related with the biological processes to maintain cel-
lular machinery. The ROS generation can be due to in-
ternal or external sources; however the outcome of such 
process is an internally occurring oxidative damage, if 
their abundance exceeds the maximum tolerated levels 
within the cells. On the other hand, cells have evolved 
to develop antioxidant defense system to regulate the 
oxidative modification of cellular molecules. This sys-
tem is actually the group of enzymes (Figure 1) that has 
been evolved to dismutase superoxides to oxygen and 
hydrogen peroxide (SOD, superoxide dismutase); to de-
stroy toxic and free hydrogen peroxides by reducing to 
their corresponding alcohols and water (GPx, glutathi-
one peroxidase); to decompose the metabolic hydrogen 
peroxide by-product to gaseous oxygen and water (CAT, 
catalase); and also includes the small biomolecules with 
antioxidant potential (e.g., GSH, glutathione). In addition 
to cellular defense, the external sources are also avail-
able to provide full protection against oxidative damage. 
Some of these sources are the nutrients with antioxidant 
value, including garlic, providing important additional 
protection against oxidative damage. Garlic is the mem-
ber of Liliaceae family and implicated in curative and 
preventive use for disease conditions since ancient times. 
Studies shown that on various disease models, includ-
ing cancer, use of garlic derived compounds, extracts 
and other type of preparations have benefits for disease 

prevention and treatment (7). Garlic has been thought to 
bring about its anticarcinogenic effect through a number 
of mechanisms: free radical scavenging, activating the 
antioxidant defense enzymes (glutathione S-transferase, 
catalase), and activating DNA repair mechanisms are to 
name a few (8-11). Antioxidant value of the garlic has 
been verified in a study where garlic identified as the 
most antioxidant bearing dietary plant and shown that 
enriched in sulfur-containing compounds is the only 
reason for this property (12,13). Although the chemistry 
of garlic is quite complex, it is well known that plant 
contains organosulfur compounds (OSCs) as precursors 
of the bioactive products (14) that contributes for the 
plant’s medicinal value. The bioactive products which 
normally do not exist in intact plant are released upon 
processing of garlic and its organosulfur content may 
vary with variations in the methods of processing (15,16). 
These compounds have shown to act in single or com-
bined fashion to exert their effect on disease models (17). 
Several other studies with garlic extracts and prepara-
tions have shown that the raw garlic preparations and 
oil soluble extracts are highly toxic compared with the 
water soluble components (18-20). However, it has been 
shown that slow processing of the plant improves the 
product quality in terms of its efficacy, while reducing 
the toxicity (4,11,21-22). Studies to verify the therapeutic 
role of garlic oil extract and its components on human 
leukemia cell line have shown that oil soluble compo-
nents, such as ajoene and diallyl disulfide, induces apop-
tosis (5) by virtue of inducing intracellular peroxide and 
ROS production, respectively (21,23-25). However, to 
our knowledge, there is no report available to identify 
the role of water soluble garlic extracts with aging on 
oxidant/antioxidant status of promyelocytic leukemia 
(PML) cell line HL60. 
In Turkey, Allium longicuspis, wild ancestors of mod-
ern garlic, and Allium sativum, the cultivated form, are 
both widely distributed throughout the country. Almost 
12 % of marketed garlic in Turkey is provided from the 
Taşköprü province of Kastamonu, and hence the gar-
lic clone cultivated in this region is called Kastamonu 
(Taşköprü) garlic (26,27) . This plant is a special form 
of Allium sativum, rich in water soluble solid content, 
contains 17.3 % crude protein, 0.34 % crude oil, 2.17 % 
crude fiber, 1.779 mg/kg dimethyl sulfite (DMS) and 0.14 
% essential oil with capability for longer storage (26,28). 
Recent genetic research by Meryem Ipek and Philipp Si-
mon (26) has revealed that Kastamonu (Taşköprü) garlic, 
is a well adapted form of A. sativum but a high qual-
ity plant due to environmental factors where the plant is 
cultivated. Here, we report the effects of less toxic, aged 
garlic (Kastamonu/ Taşköprü) extracts on HL60 cells by 
virtue of the alterations on the activities of antioxidant 
defense system enzymes, the capacity of superoxide 
production at the model cell line, and the level of cel-
lular glutathione, in vitro. The reduced toxicity of water 
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soluble aged garlic extract was also reported by means 
of percent growth inhibition and percent viable cells af-
ter the treatment with respect to control.

Materials and Methods

Preparation of water soluble garlic extracts:
The garlic extracts used in this study was prepared from 
Kastamonu (Taşköprü) garlic clone purchased from local 
farmer. Briefly, the garlic bulbs peeled, washed, dried 
over paper towel and finely chopped into small cubes (3 
mm). 300 grams of chopped material were kept at 25 °C 
for 30 minutes, and then transferred into 850 mL of 20 
mM phosphate buffer (pH 6.5). This mixture (original 
sample) was kept at ambient temperature, stirred for sev-
eral times for 1 hour to 72 hours. Appropriate amounts 
of buffer phase were aliquoted at 3 time points, namely 
1 hr, 6 hr and 72 hr. After 72 hours, the original sample 
transferred to refrigerator (4 °C) for 15 days with stir-
ring for every 5-8 hours. The solid material filtered off, 
and incubated for 15 days at dark, at ambient temper-
ature (<25 °C). At the day 15, appropriate amounts of 
buffer phase were removed and labeled as 30 days aged 
extract. The remaining buffer phase was further incu-
bated for another 30 days under the same conditions and 
labeled as 60 days aged extract. The aliquots taken at 
each time points were transferred to freezer and stored 
at -80 °C until they are used. The concentration of the 
extracts was determined as 0.3529 g/mL as the grams of 
dry weight of chopped material per mL of buffer used.

HL60 cell culture maintenance, treatment 
and sample preparation
HL60 cell line was obtained from Foot-and-Mouth 
Disease Institute of Ministry of Agriculture & Rural 
Affairs of Turkey, Turkey (ATCC grade, HUKUK No: 
96041201) and maintained in HEPES modified RPMI 
1640 supplemented with 10 % Fetal Bovine Serum, 2 
mM L-Glutamine (QIAGEN, Australia), and 100 units/
mL Penicillin- Streptomycin (Sigma Chemical Com-
pany, St. Louis, MO, USA). HL60 cell line used in this 
study was undifferentiated and low-passaged line to pre-
vent cell resistance against apoptosis induction observed 
with high-passaged lines. The cells were cultured, for 24 
hours before treatment, in 25 and 150 cm2 flasks at 37 °C 
in humidified air with 5 % CO2 supplement. The treat-
ment with single doses of the varying concentrations 
of extract was done at a concentration range between 
3.5µg/ml and 3.2 mg/ml for GI50 analysis, and at final 
concentrations of 132 (GI50) and 1320 µg/ml (GImax) for 
enzymatic assays. After 24 hours of treatment at GI50 
and GImax, cells harvested at 900xg were homogenized 
in 50 mM phosphate buffer pH 7, containing 2 mM DTT, 
1 mM EDTA (pH 7), 0.5 % NP40 and 2 mM PMSF. 
Upon centrifugation at + 4 °C, 9000 x g for 30 minutes, 
the supernatants of cell homogenates were collected and 
aliquoted in 0.250 ml volumes and stored at -80 °C until 
they are used. 

Cell viability and growth inhibition (GI50 and 
GImax) determination of HL60 cell line
After exposure to extracts, the percent viable cells were 
calculated by using the Equation 1. Here, the Trypan-
blue+ and Trypanblue-  stands for the number of dead and 
alive cells (29), respectively. 

The extract concentration that exerts 50 % growth inhi-
bition (GI50) and the concentration that exerts maximum 
growth inhibition (cell viability less than 30 %, GImax) 
were reflecting the effective and toxic concentrations of 
extracts, respectively. GI50 and GImax were determined by 
using trypanblue dye exclusion method with respect to 
control by using the formulation given below (29):

Here, GI (% control) is the percent growth inhibition of 
cells observed with respect to control, FC+ is the number 
of alive cells after exposure of extracts for certain peri-
ods of time, FC- is the number of alive cells of control 
group after exposure to vehicle (phosphate buffer) for 
certain periods of time, and OC is the mean of the num-
ber of cells in each flask, right before the cells treated 
with either extract or vehicle. 

Enzyme activity measurements
Catalase: Catalase (CAT) activity was determined at 25 
°C according to Aebi (30,31) by monitoring the decrease 
in absorbance of  H2O2 at 240 nm and 1 unit of catalase 
activity defined as the enzyme activity decomposing 
1µmole of H2O2 per min and expressed as Units per mg 
of total protein.
Superoxide Dismutase (SOD) activity: The Total (Cu-
Zn and Mn) SOD activity was measured with slight mod-
ification of Geller and Winge’s method (32,33) based on 
the inhibition of NBT reduction by xanthine/xanthine 
oxidase (superoxide generator) system. The SOD activ-
ity was expressed as units per mg of total proteins. One 
unit of SOD activity was defined as the amount of en-
zyme required to inhibit the reduction rate of NBT by 50 
% under the specified conditions. 
Glutathione Peroxidase: Glutathione Peroxidase activ-
ity was measured by the modified method of Paglia and 
Valentine  (34) at 340 nm. The activity of the enzyme 
defined as the amount of enzyme that converts 1 µmol 
of NADPH per minute in 1 mL, and expressed as Units 
per mg of total protein. 
Glutathione-S-Transferase: Glutathione-S-Transfer-
ase activity was determined by the method of Habig 
by monitoring the thioether formation at 340 nm us-
ing 1-chloro-2,4- dinitrobenzene (CDNB) as a substrate 
(35,36). Activity of the enzyme defined as the amount of 
enzyme producing 1 µmol of CDNB-GSH per minute 
and expressed as units per mg of total protein. 
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Xanthine Oxidase: Xanthine oxidase activity was as-
sayed (37) with 2 mM xanthine as substrate. For the con-
version of xanthine to uric acid, the initial velocities were 
monitored at 293 nm, and the activity was expressed as 
the micromoles of uric acid formed per minute per mg 
of total protein.
Lipid peroxidation (MDA): Malondialdehyde  (MDA)  
levels  were  determined using the method (38,39) based 
on the reaction of MDA  with thiobarbituric acid (TBA) 
at 95 °C. the absorbance of the organic phase was mea-
sured at 532 nm. Tetraethoxypropane (100 mM, TEP) 
was used as MDA standard. The values were presented 
as nmole MDA per mg of total protein.  
Protein determination: Cytosolic protein concentration 
of HL60 cells was determined by Lowry Method (40) 
with bovine serum albumin (BSA) as the standard. 
Statistical analysis: In this study the experimental re-
sults obtained from three treatment groups, namely 
untreated control, effective dose group (GI50) and toxic 
dose groups (GImax) were compared statistically (A, B, 
C) by using three separate t-tests (comparing A with B, 
A with C, and B with C) and also one-way analysis of 
variance (ANOVA) to confirm the results (Table 1). The 
assumption made was P=0.05 and the data p<0.05 was 
assumed as statistically significant.

Results
Questioning the effect of extracts on HL60 cells, in a 
concentration range of 5-65 µg/ml, showed that 60 
days old extract is the least toxic extract used in experi-
ments in terms of improved cell viability (Figure 2). The 
growth inhibition exerted by extracts was in dose depen-
dent manner where the lowest inhibition was observed 
upon treatment with 60 days aged extract (Figure 3). 
Then, the effective and toxic doses of the extract, GI50 
and GImax, were determined after 24 hours of exposure to 
extract in a range of 5.5-1500 µg/ml (each in duplicate, 
data not shown) and the GI50 value was found as 130.78 
± 4.13µg/mL and GImax as 1300 ± 148.82 µg/mL. To in-
vestigate the possible role of water soluble garlic extract 
on the oxidant/antioxidant status of HL60 cell line, cells 

were treated with the effective and toxic doses of ex-
tract, 132 µg/mL (GI50) and 1320 µg/mL, respectively. 
The analysis of cellular homogenates as in the changes 
of the activities of antioxidant system enzymes, the ca-
pacity of superoxide production, and the level of cellular 
glutathione, is given in Table 1.
After 24 hours of treatment at GI50 (132 µg/mL), as giv-
en in Table 2, the activity increases were observed for 
CAT (27.5 %), SOD (160 %), GPx (27.5 %), and XO (23.4 
%) with increase in cellular GSH level (246.9 %). Here, 
the decrease in the GST activity and the level of MDA 
was determined as 21.8 % and 29.8 %, respectively. For 
the treatment at GImax (1320 µg/mL), increased activi-
ties were observed for CAT (12.3 %), SOD (75.9 %), XO 
(17.5 %), and GST (7 %), accompanied by the increase 
in cellular GSH level (37.9 %). Here, the decrease was 
observed for GPx activity and MDA was 7.0 % and 17.3 
%, respectively. 
The cellular antioxidant potential (AOP) was also mea-
sured according to an optimized protocol reported in the 
literature (41), for treatments at GI50 and GImax , resulted 
in  no significant change with respect to control (data not 
shown), supporting the results showing the slight change 
in MDA levels upon treatment with water soluble garlic 
extract. 

Discussion
Human leukemia HL60 cells are sensitive to a wide 
variety of apoptotic stimuli including hydrogen perox-
ide (42), and hence it is the best model for experiments 
tailored to enlighten the possible anticancer efficacy of 
various substances, including natural products and natu-
ral product derived compounds. Based on our literature 
knowledge, fresh garlic extracts are highly toxic to cul-
tured cells and this is attributed to the presence of oil 
soluble compounds as well as intermediate organosul-
fur compounds (OSCs) in preparations. This study was 
initially tailored to understand if water soluble extract 
of plant, so called water soluble garlic extract (here, in 
buffer), has any significant toxicity on a cancer model, 
HL60 cell line, and how the method of extraction and 
aging contributes to this toxicity. For this approach, cells 

Figure 2. Viability (% Control) of HL60 cells  upon 24 hr exposure 
to 1 hr to 60 days old water soluble garlic extracts (two independent 
experiments, each in duplicates, n=4-6). 

Figure 3. HL60 Growth Inhibition profile (% Control) upon 24 hr 
exposure to 1 hr to 60 days old water soluble garlic extracts (two 
independent experiments, each in duplicates, n=4-6).
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treated for 24 hour with the extract aged from 1 hour 
to 60 days at varying concentrations revealed that the 
extended aging process of water soluble extract, leads 
to improved cell viability (Figure 2), which in turn re-
flected as reduced toxicity (Figure 3). Therefore, even 
for water soluble extract preparation, for reduced toxic-
ity, the aging process is an important factor to eliminate 
the toxic intermediates present in the medium. To verify 
the antioxidant efficacy of a natural product in vitro, it 
is better to know the plants’ antioxidant potential (AOP). 
In this sense, Cao (12) reported that, due to its capabil-
ity to measure the sulfur bearing antioxidant molecules, 
Oxygen Radical Absorbance Capacity (ORAC) method 
is the efficient way to measure the AOP of garlic itself, 
rather than measuring the total concentration of elec-
tron-donating antioxidants in plant (13). Since measured 
AOP of plant is different than its exerted antioxidant ef-
fect measured in cell homogenate, ORAC method seems 
to provide more clues about how plant products enriched 
in OSCs act in vitro. Garlic, reported as the plant with 
highest AOP by this method, is known to have high or-
ganosulfur content, some of which are actual intermedi-
ates to biologically active water soluble compounds in 
vitro. Based on this information, a special form of Allium 
sativum (garlic) cultivated in Turkey, namely Taşköprü 
garlic, was chosen to investigate its possible oxidant/an-
tioxidant potential on model cell line due to high water 
soluble solid content of plant enriched in organosulfur 
compounds. For this purpose, HL60 cells were treated 

with the effective (GI50, 132 µg/mL) and toxic doses (GI-
max, 1320 µg/mL) of extract prepared from the garlic. The 
observed alterations after treatment of HL60 cells with 
60 days aged water soluble garlic extract at GI50 and GI-
max concentrations with respect to untreated control cells 
are given in Table 1. With some exceptions, all the data 
given in the table was found statistically significant. For 
GPx, the data analyzing activity change at toxic dose 
with respect to control, and for MDA and XO, the data 
analyzing their dose dependent responses (from GI50 to 
GImax) were not statistically significant. Overall analysis 
of the data in Table 1, in terms of percent changes (Table 
2), reveals that except for GPX and GST (Table 2), all 
enzymes and biomolecules maintained their tendency 
of increase or decrease at both concentrations of extract 
used for treatment. For GPx, the moderate increase in 
the activity (21.0 %) at GI50 and the slight decrease (7.0 
%) at GImax was observed with respect to control. The 
opposite tendency was true for GST, for which the ac-
tivity decrease at GI50 (21.8 %), and increase (7.0 %) at 
GImax was observed. Considering that the reduced GST 
level is an indication of low or no resistance to exposed 
chemotherapeutics and other chemicals, including natu-
ral products, therefore, in our study, the observed 21.8 
% decrease in GST activity at GI50 may indicate the re-
duced resistance to extract exposure. The significant 
increase in cellular GSH content at GI50 may be attrib-
uted to over production of GSH due to presence of water 

Table 1. The effect of 60 days aged water soluble garlic extract on HL60 cell line* 

Water soluble Garlic Extract
0 µg/mL, Control (A) 132 µg/mL (B) 1320 µg/mL(C) 

CAT (IU/mg Protein) 183.52 ± 5.09 234.02 ± 9.68 206.04 ± 13.17¥

SOD (U/mg Protein) 14.48 ± 2.40 37.71 ± 1.75 25.46 ± 0.99
GPX (mU/mg Protein) 55.05 ± 6.53 66.62 ± 4.56 51.18 ± 3.99
GST (U/mg Protein) 161.62 ± 6.43 126.26 ± 3.59 173.01 ± 5.36
MDA (nmol/mg Protein) 4.86 ± 0.39 3.41 ± 0.19 4.02 ± 0.75
XO (mU/mg Protein) 246.7 ± 6.39 304.40 ± 6.98 289.88 ± 21.95
GSH (nM/mg Protein) 198 ± 12.1 687 ± 10.8 273 ± 11.6

*Using three separate t-tests (comparing A-B, A-C, and B-C) and also ANOVA for confirmation revealed that, except B-C comparison for 
MDA and XO, and A-C comparison for GPx, all the parameters in the table is statistically significant, provided that p<0.05. 

Table 2. The effect of 60 days aged water soluble garlic extract on HL60 cell line is shown in terms of percent changes in levels of enzymes and 
biomolecules, upon exposure to effective and toxic doses of extract. 

132 µg/mL
(GI50)

1320 µg/mL
(GImax)

CAT ↑   27.5 % ↑  12.3 %
SOD ↑ 160.0 % ↑  75.9 %
GPX ↑   21.0 % ↓   7.0 %
GST ↓   21.8 % ↑   7.0 %
MDA ↓   29.8 % ↓  17.3 %
XO ↑   23.4 % ↑  17.5 %

GSH ↑ 246.9 % ↑  37.9 %
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soluble OSCs in extract, as well as the alterations in ac-
tivities of GSH utilizing enzymes. This hypothesis was 
verified by the observation that increased extract con-
centration from GI50 to GImax did only cause a moderate 
increase in the cellular GSH content (37.8 %) with slight 
increase in GST activity (7.1 %). The increase of GSH 
content upon exposure to garlic derived OSCs in vitro 
may also be supportive to conclude that water soluble 
garlic extract have the capacity to regulate the thiol-re-
lated cellular metabolism (43). In addition, the moder-
ate increase observed for GPx and CAT activities seems 
to support this suggestion with significant increase in 
cellular GSH level (Table 2). The observed significant 
increase in SOD activity at GI50 (160 %, Table 2), may be 
attributed to the efficacy of soluble OSCs to modulate 
the SOD over expression reported in the literature with 
various isolated components of garlic (44). At GImax, on 
the other hand, slightly increased SOD activity may be 
explained the toxicity of extract to prevent induction of 
SOD expression. (45-47). Moderate and slight increase 
in XO activity at GI50 and GImax, respectively, supports 
the hypothesis that garlic components may induce ROS 
generation to some extent and again in a dose depen-
dent manner (48). The observed low MDA levels may 
also supporting this hypothesis, due to already reported 
MDA instability (49) at higher doses of hydrogen perox-
ide. Garlic components were shown to inhibit the pro-
liferation of variety of cancer cells in a dose-dependent 
manner and the antiproliferative effect may be attributed 
for the oxygen radical scavenging properties of OSCs of 
garlic, as well as its ability to regulate thiol-related cellu-
lar metabolism (10,44,48-51). The contradictions in the 
literature about these properties of OSCs may be direct-
ly related with the plant’s chemical composition due to 
cultivation conditions and other environmental factors; 
the presence of antioxidant defense and thiol-utilizing 
enzymes without substantial activity to be mediated by 
OSCs in particular tissue and tumor type; and also the 
toxicity and the composition of extracts depending on 
the method used for processing. Overall, we may con-
clude that the antioxidant efficacy of the plant and its 
water soluble aged preparations may induce antiprolif-
erative effect on leukemia cell line due to the capacity 
of extract to produce ROS by increasing the antioxidant 
defense enzymes (CAT, SOD) and hydrogen peroxide 
accumulation by regulating the cellular GSH levels, and 
mediating thiol utilizing enzymes (GST and GPx) in fa-
vor to accumulate GSH and hydrogen peroxide. 
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