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Abstract

Background: The third most common element in the world, aluminum (Al), causes genotoxicity, cytotoxicity, and oxidative
stress when its accumulation increases in the body. Conversely, Nigella sativa seeds (NSS) are a unique source of potent
antioxidants, such as thymogquinone (TQ) and phenolic compounds. It is currently unclear if NSS have protective potential
against the toxic efficiencies of Al. Therefore, this study aimed to assess the anti-genotoxic and anti-cytotoxic effects of the
methanolic extract of Nigella sativa seeds (NSE) at different concentrations in human peripheral blood lymphocyte cells
(PBLC) against Al toxicity in in vitro conditions.

Material and Methods: A comet assay, micronucleus test, DNA fragmentation analyses, and methyl-thiazol-tetrazolium
(MTT) assay were used to evaluate the anti-genotoxic, anti-cytotoxic, and anti-clastogenic effects of NSE against the Al
toxicity.

Results: The obtained data showed that Al had genotoxic and cytotoxic effects at 100 uM of concentration (p<0.05) and that
NSE at low concentrations (0.1-2 ug/mL) had anti-genotoxic and anti-clastogenic effects against Al-toxicity (p<0.05). It was
also observed that NSE at or above 2 pg/mL of concentration had genotoxic effects and that NSE at or above 5 pg/mL of
concentration had cytotoxic effects (p<0.05).

Conclusions: This study recommends that the use of materials made of Al should be restricted and that NSS should be
consumed in low quantities to neutralize Al toxicity.
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Oz.

Giris: Dlinyadaki en yaygin Gglincli element olan alliminyum, viicutta biriktiginde genotoksisite, sitotoksisite ve oksidatif
strese neden olmaktadir. Coérek otu ise timokinon ve fenolik bilesikler gibi guclii antioksidanlarin kaynagi oldugu
bilinmektedir. Ancak ¢orek otunun, aliminyum toksisitesine karsi koruyucu etkiye sahip olup olmadigi henlz
arastinimamistir. Bu nedenle, calismamizda aliminyum toksisitesine karsi ¢orek otunun anti-genotoksik ve anti-sitotoksik
etkilerini in vitro hiicre kulttiri ortaminda arastirmayi amagladik.

Materyal ve Metod: insan lenfosit hiicrelerinde, aliiminyum toksisitesine kars!, gdrek otunun antisitotoksik ve antigenotoksik
etkileri, alkali tek hticre elektroforez yontemi (comet assay), mikroniikleus test, metil tiyazol tetrazolium (MTT) test ve DNA
fragmantasyon analizi ile galigildi.

Bulgular: Elde edilen bulgular, aliminyumun 100 pM'da genotoksik ve sitotoksik etkili oldugunu (p<0,05) ve diistk
konsantrasyonlarda (0,1-2 pg / mL) ¢orek otu ekstraktinin aliiminyum toksisitesine karsi anti-genotoksik ve anti-klastojenik
etkilere sahip oldugunu gostermektedir (p<0,05).

Sonug: Bu galisma, genotoksik ve sitotoksik etkilerinden dolayr aliiminyumdan yapilmis malzemelerin kullaniminin
kisittanmasi ve aliminyum toksisitesini nétralize etmek igin diislik miktarlarda cérek otunun tiiketiimesi gerektigini
onermektedir.

Anahtar Kelimeler: Aliminyum toksisitesi, Corek otu, Genotoksisite, Sitotoksisite.
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Introduction

Aluminum (Al), which is one of the most abundant ele-
ments found in the Earth’s crust, is an unnecessary ele-
ment that is toxic to living organisms (1,2). As Al is broad-
ly dispersed in the environment and used widely in daily
life, humans are often exposed to it (3-5). The human
body obtains Al through occupational exposure and from
cosmetics, toothpaste, inhaled fumes, drinking water,
processed foods, antiperspirants, and adjuvants in vari-
ous pharmaceutical agents and parenteral preparations
(1,2,4-6). The increasing use of Al cans, foils, and ves-
sels in the preparation and storage of food increases this
intake; the acidity, saltiness, or increased alkalinity of
food increases it further (2,7). Al is known to accumulate
in all human tissues and to be toxic to various organ sys-
tems, including the lung, bone, brain, liver, heart, muscle,
kidneys, and blood cells (1,4,5,8).

While Al is a redox-inactive metal, it is thought to have
strong pro-oxidant activity (1,2,9). It modulates the ability
of pro-oxidant metals (such as iron and copper) to boost
metal-based oxidative stress (0S), and it causes oxida-
tive damage by binding to them (1,10,11). There is strong
evidence that Al forms the Al superoxide anion complex,
which is a more potent oxidant than superoxide anion on
its own, as this superoxide anion complex promotes the
formation of hydrogen peroxide and hydroxyl radicals,
which generate OS (1,9). It is also known that increased
0S can lead to DNA damage, rising sensitivity to apopto-
sis, which can result in mutagenic, cytotoxic, or carcino-
genic events, and the attenuation of DNA repair mecha-
nisms (1,11,12). Studies have indicated that medicinal
plants with antioxidant and/or free radical scavenging
properties should be used to mitigate metals that induce
intoxication.

In many countries in Western Asia, Eastern Europe, the
Middle East, and the Mediterranean, black cumin (Nigella
sativa L.), which belongs to the botanical family of Ra-
nunculaceae, has long been used in folk medicine and in
the flavoring of breads and pickles (13). Nigella sativa
seeds (NSS) have many important active ingredients that
exhibit strong antioxidant and free radical scavenging
properties, such as thymol, carvacrol, quercetin, nigelli-
cine, nigellidine, thymoquinone (TQ) (30-48%), dithymo-
quinone, thymohydroquinone, dithymoquinone, and nigel-
limine N-oxide (14-16). Previous studies have identified
the many medical properties of NSS, which include im-
mune stimulation and anti-cancer, antioxidant, antidiabet-
ic, anti-microbial, and anti-inflammatory effects (15,17-
19). It has been reported that NSS, and TQ as their active
ingredient, inhibit lipid peroxidation in the membranes of
tissues (20). It has also been indicated that their free-
radical scavenging capability is as effective as that of
superoxide dismutase (21,22).

The effects of black cumin seed on aluminum toxicity

As mentioned above, several studies have demonstrated
the cytotoxic and genotoxic effects of Al. However, no
study has investigated the efficacy of the methanolic
extract of Nigella sativa seeds (NSE) against the genotox-
ic and cytotoxic effects of Al in human peripheral blood
lymphocyte cells (PBLC). For this reason, the current
study aimed to investigate the anti-genotoxic and anti-
cytotoxic effects of NSE against the cytotoxic and geno-
toxic effects of Al in in vitro conditions.

Material and Methods

Chemical

RPMI 1640 Medium, Histopaque 1077, aluminum chloride
(AICI3), and phytohemagglutinin (PHA-M) were obtained
from Sigma-Aldrich (Seelze, Germany). In addition, all
other reagents that were used in this study were of ana-
lytical grade.

Preparation of AICI3 Solution

A stock solution of 500 mM of AICI3 was prepared in
distilled water. The stock AICI3 solution was diluted with
RPMI 1640 Medium in the processing of the experimental
analyses.

Preparation of NSE

The NSS were purchased from a local herbalist in San-
liurfa, Turkey. After they were botanically identified and
authenticated, the seeds (100 g) were washed, dried, and
crushed into a fine powder with an electric grinder
(Delonghi KG79, Italy) and then extracted with 70%
aqueous methanol (1: 4, w/v) for 24 hours. The NSE was
percolated through a filter paper (Whatman Grade 3,
Sigma-Aldrich, Germany) and concentrated using a vac-
uum rotary evaporator (Buchi R-200, Switzerland). The
concentrated NSE was frozen at -80 °C and freeze-dried
in a Freeze-dryer chamber (ilShin Lab Co. Ltd., South
Korea). The dark brown concentrated NSE was weighed
and stored in a dark glass vial at -80 °C until use. The
NSE was first dissolved in dimethyl sulfoxide (DMSO) to
prepare 1 mg/mL of stock solution, and then the stock
solution was diluted with RPMI 1640 Medium for later
use. The ultimate DMSO concentration of the NSE solu-
tions was made to be less than 1%. Before the experi-
ments were conducted, it was verified that this level of
DMSO did not cause any damage to the DNA within the
PBLC.

Cell Culture and Experimental Design

Human peripheral blood was taken from a healthy, non-
smoking, 37-year-old male volunteer who was not taking
medication. He was informed about the study’s procedure
and signed a consent form to participate. The study’s
procedure was carried out in accordance with the princi-
ples of the Declaration of Helsinki and was approved by
the Ethics Committee of Harran University.
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A peripheral blood sample was collected in a heparinized
tube after 8-12 hours of overnight fasting, and PBLC
were freshly separated using Histopaque 1077. The
PBLC were isolated from the entire blood sample using a
density-gradient separation technique. After centrifugation
(30 minutes at 400 x g, 20 °C), the PBLC were located at
the interface between the plasma and Histopaque 1077
and carefully aspirated using a sterile Pasteur pipet. The
harvested PBLC were washed twice in a phosphate-
buffer solution (PBS) and centrifuged at 240 x g for 10
minutes. After that, the PBLC were suspended in a RPMI
1640 Medium that had been supplemented with 20% (v/v)
Fetal bovine serum (FBS), 5 pg/mL of Gentamicin, and 5
pg/mL of PHA-M to prepare the PBLC-suspended solu-
tion (PBLC-SS). Using the trypan blue exclusion method
to determine the viability of the cells prior to their cultiva-
tion, the viable cell ratio was found to be greater than
90%. 24-well and 96-well cell culture plates were used for
cell cultivation. NSE and AICI3 were added at the planned
concentration, and the PBLC were incubated in a humidi-
fied CO2 incubator (5% CO2, 95% air) at 37°C for 72
hours. All experiments were repeated at least three times,
and the study was performed in a preliminary studies
stage and a main studies stage.

Preliminary Studies Stage

In this stage, we aimed to determine the effective doses
of AICI3 and NSE on PBLC at different concentrations.
The comet assay method was used to determine the
probable toxic concentration of AICI3 and the possible
protective concentration of NSE. Hence, for the different
concentrations of AICI3, the cell culture plate wells were
classified into the following five groups: control (PBLC-
SS), Al-25 (PBLC-SS + 25 uM of AICI3), Al-50 (PBLC-SS
+ 50 uM of AICI3), Al-100 (PBLC-SS + 100 uM of AICI3),
and H202-50 (PBLC-SS + 50 pM of H202). After identify-
ing the suitable toxic concentration of AICI3 (100 uM) that
could be used in this study, the cell culture plate wells
were classified into the following seven groups to deter-
mine the most effective anti-genotoxic concentration of
NSE against the toxic effect of 100 uM of AICI3: control
(PBLC-SS), Al-100 (PBLC-SS + 100 pM of AICI3), NSE-
0.1 (PBLC-SS + 100 uM of AICI3 + 0.1 ug/mL of NSE),
NSE-1 (PBLC-SS + 100 uM of AICI3 + 1ug/mL of NSE),
NSE-2 (PBLC-SS + 100 pM of AICI3 + 2 pg/mL of NSE),
NSE-5 (PBLC-SS + 100 pM of AICI3 + 5 pg/mL of NSE),
and H202-50 (PBLC-SS + 50 uM of H202). As a result,
the most effective anti-genotoxic concentration of NSE
that this study could use against the toxic effect of 100
UM of AICI3 was determined to be 1 pg/mL.

Main Studies Stage

After optimal doses of AICI3 and NSE were determined by
the preliminary studies, cell culture plate wells were divid-
ed into the following four groups to investigate their geno-
toxic and cytotoxic effects: control (PBLC-SS), Al-100

The effects of black cumin seed on aluminum toxicity

(PBLC-SS + 100 uM of AICI3), NSE-1 (PBLC-SS + 100
UM of AICI3 + 1 pg/mL of NSE), and H202-50 (PBLC-SS
+ 50 uM of H202).

Determination of DNA Damage by Comet Assay

An alkaline single-cell gel electrophoresis assay (comet
assay) was performed to Singh et al.’s specifications (23)
with the minor modifications (24) that follow: 10 ul of
PBLC-SS (roughly 2 x 104 cells) were mixed with 80 ul of
0.7% low melting agarose (LMA) at 37 °C and were lay-
ered onto slides that had been precoated with a thin layer
of 1% normal melting agarose (NMA). The slides were
immediately covered with a coverslip and were left at 4
°C for 5 minutes to allow the agarose to solidify. After
removal of the coverslips, the slides were immersed in
cold (4 °C) and freshly prepared lysis solution (2.5 M of
NaCl, 100 mM of Na2EDTA, 10 mM of Tris-HCI, pH 10-
10.5; 1% Triton X-100 and 10% DMSO added just before
use) for 1 hour. After the slides were removed from the
lysis solution, they were washed with cold PBS and
placed horizontally in an electrophoresis tank side by
side. DNA was allowed to unwind for 30 minutes in freshly
prepared alkaline electrophoresis buffer (300 mM of
NaOH and 10 mM of Na2EDTA, pH 13.0) and then elec-
trophoresed (25 V/300 mA, 25 minutes) under minimal
illumination to prevent further DNA damage. The slides
were washed three times with a neutralization buffer (0.4
M of Tris, pH 7.5) at 4 oC for 5 minutes. Dried microscope
slides were stained with ethidium bromide (2 pg/mL in
distilled H20; 70 pl/slide), covered with a coverslip, and
analyzed using a fluorescence microscope (Nikon, Japan)
at a 200x magnification with epifluorescence and a rho-
damine filter (at an excitation wavelength of 546 nm and a
barrier of 580 nm). In each sample, 100 cells were ran-
domly scored by eye on a scale of 0—4 according to the
intensity of the fluorescence in the comet tail, where 0
indicated no tail, 1 indicated a comet tail that was less
than half the width of the nucleus, 2 indicated a comet talil
equal to the width of the nucleus, 3 indicated a comet tail
longer than the nucleus, and 4 indicated a comet tail that
was greater than twice the width of the nucleus. This type
of cell scoring is proven to be as accurate and precise as
computerized image analyses.

Micronucleus Assay

A micronucleus (MN) assay was performed to Fenech et
al.’s specifications (25) with the minor modifications that
follow: cytochalasin B (at a final concentration of 4.5
pg/ml) was added to the PBLC-SS at the 44th hour of the
incubation period to block cytokinesis and to detect the
number of dividing micronucleated PBLC. At hour 72, the
incubation period was discontinued, and the PBLC were
treated at 4-8 oC with 0.075 M of cold KCI solution as a
hypotonic solution for 5 minutes and with a cold metha-
nol-acetic acid (3: 1, v/v) as a fixative solution for 20
minutes. This fixation stage was repeated three times
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after the hypotonic treatment. Then, the suspension cells
were dropped onto slides, airdried at room temperature,
and stained with 5% Giemsa for 15 minutes. Microscopic
evaluation of the slides was carried out according to
Fenech et al.'s criteria using a light microscope (Olympus
BX51, Tokyo, Japan) at 1000x magnification (25). For
each concentration, 1000 binucleated cells were counted
by an experienced observer.

Apoptotic DNA Fragmentation Analysis

DNA fragmentation analysis, which is often used to detect
apoptosis, was investigated to determine the type of cell
death caused by AICI3 and NSE. DNA fragmentation
analysis of the AICI3 and NSE-treated PBLC was con-
ducted with a Millipore Apoptotic DNA Ladder Detection
Kit (USA) after 72 hours of incubation. The protocol was
implemented as described in the manufacturer's instruc-
tions.

Cell Viability Assay Using Methyl-Thiazol-Tetrazolium
Test

The cytotoxicity of AICI3 and NSE was determined ac-
cording to Mosmann’s specifications (26) for the methyl-
thiazol-tetrazolium (MTT) assay with minor alterations
(24). The PBLC were seeded in 24-well plates at a densi-
ty of 3 x 105 cells/well. As in the experimental design, the
PBLC were also exposed to AICI3 and NSE for 72 hours.
After 72 hours of exposure, the medium was removed,
and the cells were washed with PBS. Then, MTT (5
mg/mL) was added to the wells and incubated at 37 oC
for 4 hours. The insoluble formazan crystals that formed
after the incubation were dissolved in DMSO, and cell
viability was measured in terms of absorbance at 570 nm.
The decrease in the number of living cells was described
as the percentage of the control group, which was deter-
mined to be 100%.

Statistical Analysis

IBM SPSS 23.0 (Computer based software program,
Chicago, IL, USA) was used to perform all analyses.
Nonparametric independent group comparisons were
made for statistical analyses. The Kruskal-Wallis test was
used to conduct multiple comparisons, and the Mann-
Whitney U test was used to make comparisons between
groups and to determine if any statistical significance was
found. Data were expressed as mean * standard error
(SE). All the statistical tests were two sided, and a p value
of less than 0.05 was accepted to be statistically signifi-
cant.

Results

Preliminary Studies Stage

Preliminary studies were performed using the comet
assay method to investigate the genotoxic effects of AICI3
and the anti-genotoxic efficiency of NSE against the toxic
effects of AICI3 on different concentrations of PBLC in
vitro (Figure 1). Initially, the PBLC were exposed to differ-
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ent concentrations of Al, and 100 uM of AICI3 significantly
increased DNA damage in comparisons with the control
group (p < 0.05). Subsequently, different concentrations
of NSE were used to investigate the protective effects of
NSS against 100 uM of AICI3-induced DNA damage, and
NSE was shown to have a significant genoprotective
effect at 0.1, 1, and 2 pg/mL when compared to the Al-
100 group (p < 0.05 for all). However, at high concentra-
tions, it was observed that DNA damage to NSE (> 2
pg/mL) had greatly increased when compared to the
control group (p < 0.05).

Main Studies Stage

The study maintained 100 pM of AICI3 and 1 pg/mL con-
centrations of NSE as a result of the preliminary studies.
DNA Damage by Comet Assay

At this stage, the protective effect of 1 ug/mL of NSE
against DNA damage caused by 100 puM of AICI3 in
PBLC was re-examined using the comet assay method
(Figure 1). In this set, NSE was shown to have a protec-
tive effect against Al toxicity on DNA (p < 0.05).
Evaluation of MN

A MN assay was performed on the PBLC to investigate
the preventive effect of 1 pg/mL of NSE against 100 uM
of AICI3-induced cytogenetic damage (Figure 2). In this
set of the experiment, it appeared that AICI3 significantly
increased MN induction when compared to the control
group (p < 0.05). Nevertheless, a significant reduction in
the AICI3-induced MN was observed in the PBLC that
had been pre-treated with NSE (p < 0.05).

DNA Fragmentation Analysis of the PBLC

DNA fragmentation analysis of the PBLC with gel electro-
phoresis was ascertained to determine the type of cell
deaths that were caused by AICI3 and NSE. The results
revealed that although the genomic DNA from the PBLC
that had been exposed to 100 uM of AICI3 or 50 uM of
H202 were decomposed into a highly dispersed pattern,
a typical DNA ladder which is a hallmark of apoptotic cell
death did not appear clearly in the electrophoresed gel.
However, neither the DNA cleavage nor ladder pattern
appeared in those of the negative control group, and the
100 pM of AICI3-exposed PBLC that were pre-treated
with 1 ug/mL concentrations of NSE (Figure 3).

Cell Viability

To investigate the effects of AICI3 and NSE, we per-
formed cytotoxicity studies on the PBLC using a MTT
assay as a measure of cell viability. As presented in Fig-
ure 4, AICI3 and NSE showed a dose-dependent cytotox-
ic effect (> 50 puM and > 25 pg/mL, respectively) (p <
0.001 for all). However, at low concentrations (10-25 pM
of AICI3 and 1-10 pg/mL of NSE), neither showed any
effect on cell viability. IC50 values for AICI3 and NSE
were also identified and determined to be 276 uymol/L and
67.12 pg/mL, respectively. The cell viability of the 100 pM
of AICI3-exposed PBLC that were pre-treated with 1
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pg/mL of NSE are also illustrated in Figure 4. In this set, 1
pg/mL of NSE did not prevent the cytotoxicity that had

The effects of black cumin seed on aluminum toxicity

been caused by 100 uM of AICI3 (p>0.05).

spupadys

B

-

8

Mean DNA Damage (Arbitrary Unite)

Control AL25 AL50 AL-100 H202-50

Groups

L4,

Mean DNA Damage (Arbitrary Unite)

Control ALID0 NSEO! NSE1 NSE2
Croups

NSE-5 H202-50

70,00

8
g

50,00

5
g

30.00

20,00

Mean DNA Damage (Arbitrary Unite)

10,

Control

Groups

Figure 1. Mean DNA Damage values in human PBLC treated with different concentration of AICI3 and NSE for 72 hours in vitro. PBLC-SS;
PBLC-Suspended solution, Control (PBLC-SS), Al-25 (PBLC-SS + 25 pM of AICI3), Al-50 (PBLC-SS + 50 uM of AICI3), Al-100 (PBLC-SS + 100
UM of AICI3), NSE-0.1 (PBLC-SS + 100 pM of AICI3 + 0.1 pg/mL of NSE), NSE-1 (PBLC-SS + 100 pM of AICI3 + 1pg/mL of NSE), NSE-2 (PBLC-
SS + 100 uM of AICI3 + 2 pg/mL of NSE), NSE-5 (PBLC-SS + 100 pM of AICI3 + 5 ug/mL of NSE), and H202-50 (PBLC-SS + 50 pM of H202).
Values are represented as mean + standard error. * indicates a statistically significant difference between the Al-100 group and Control, NSE-0.1

and NSE-1 groups (p< 0.05).

Discussion

Living organisms are frequently and significantly exposed
to Al through air, water, drugs, foodstuffs, and cosmetic
products (2). Chronic exposure to Al increases free radi-
cal production, which can result in oxidative damage to
DNA, lipids, and proteins (11). Fortunately, organisms are
equipped with DNA repair mechanisms that protect their
genetic material against harmful environmental factors,
like chronic Al exposure. If the balance between DNA
damage and its repair mechanisms is disturbed, DNA
damage can result in neurotoxicity (1), immunotoxicity (4),
hepatotoxicity (8), genetic instability, controlled cell death,
and certain types of cancer (5). For this reason, several
natural plants with antioxidant, antigenotoxic, and free

radical scavenging properties are essential in the treat-
ment of these disorders. Therefore, this study investigat-
ed the anti-genotoxic and anti-cytotoxic effects of NSE
against AlCI3-induced DNA damage and cytotoxicity in
PBLC.

The genoprotective effect of NSE was investigated by
using the comet assay method, one of the standard
methods for evaluating DNA damage that involves single-
and double-stranded DNA breaks (24). NSE at a concen-
tration of 1 pg/mL was found to significantly decrease the
DNA-damaging effect of Al toxicity (Figure 1). As in the
present study, several investigations have shown that
NSS and TQ have genoprotective and free radical scav-
enging properties (18,22,27,28). However, in the current
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study, higher concentrations of NSE also resulted in DNA
damage (>2 pg/mL). Similar to this result, Zubair et al.
indicated that TQ can cause oxidative DNA breakage in
human PBLC through mobilization of endogenous copper
ions (29).

To evaluate the anti-genotoxic activity of NSS against Al
toxicity, an MN assay that examined clastogenic potential
was investigated. Studies have demonstrated that Al
treatments can induce damage to genetic material and
thereby enable the formation of binucleated micronucleus
(BNMN) (4,30). However, as far as we know, this is the
first report to study the anti-genotoxic activity of NSS
using a MN test. In the present study, NSS was found to
significantly reduce the clastogenic effect of Al (Figure 2).

60,00

8

]
8

20,00

BNMN /1000 BN Cells

8

Control Al-100 NSE-1
Groups

Figure 2. BNMN/BN ratio in human PBLC treated with 100 pyM of
AICI3 and 1 pg/mL of NSE for 72 hours in vitro. BN; Binucleated cells,
BNMN; Binucleated Micronucleus cells, Control (PBLC-SS), Al-100
(PBLC-SS + 100 uM of AICI3), NSE-1 (PBLC-SS + 100 pM of AICI3 +
1ug/mL of NSE), and H202-50 (PBLC-SS + 50 uM of H202). Values
are represented as mean + standard error. * indicates a statistically
significant increase of Al-100 compared to Control and NSE-1 (p<
0.05).

One of the main characteristics of apoptosis are fractures
to the nuclear chromatin of DNA. These fractures can
lead to 180 bp to 200 bp fragments, which are presented
as ladder patterns in agarose gel electrophoresis (31).
However, irregularly degraded DNA in necrotic cells can
be illustrated as irregular and vague patterns in agarose
gel electrophoresis. Thus, apoptotic and necrotic cell
deaths can be distinguished through patterns of frag-
mented DNA (32). In this experiment, while Al did not
induce a typical DNA ladder pattern, an irregular and
vague DNA pattern was clearly observed in the PBLC that
had been exposed to 100 uM of AICI3 or 50 uM of H202.
This finding is inconsistent with the report by Miao Li et
al., which demonstrated that the Al treatment of rat spleen
lymphocyte resulted in DNA fragmentation in the form of
apoptotic ladder patterns (32). In addition, we noticed that
NSS significantly prevented DNA cleavage and DNA
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ladder patterns in the PBLC that had been pre-treated
with 1 pg/mL of NSE (Figure 3).

A MTT assay was used to investigate whether NSE influ-
enced Al-induced cytotoxicity. After 72 hours of treatment
the IC50 values of AICI3 and NSE on the PBLC were
found to be 276 ymol/L and 67.12 pg/mL, respectively.
Although concentrations of NSE as high as 5 pg/mL did
not affect the viability of the PBLC, NSE started to be-
come toxic and the cell viability began to decrease at
greater concentrations. Several in vitro studies have also
indicated that NSE and its active component, TQ, induce
apoptosis in cancer cell lines (19,33,34). Similarly, Al has
been shown to have apoptotic and necrotic effects in a
number of cell cultures and animal studies (35,36). In the
present study, NSE was found to have no preventive
effect against AICI3-induced cytotoxicity in PBLC (Figure
4).

Figure 3. Apoptotic DNA fragmentation analysis of human PBLC
treated with 100 uM of AICI3 and 1 pg/mL of NSE for 72 hours in vitro.
1; Control (PBLC-SS), 2; Al-100 (PBLC-SS + 100 uM of AICI3), 3;
NSE-1 (PBLC-SS + 100 uM of AICI3 + 1ug/mL of NSE), and 4; H202-
50 (PBLC-SS + 50 uM of H202).
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Figure 4. Cell viability ratio in human PBLC treated with different concentration of AICI3 and NSE for 72 hours in vitro. Control (PBLC-SS), Al-100
(PBLC-SS + 100 uM of AICI3), NSE-1 (PBLC-SS + 100 uM of AICI3 + 1pg/mL of NSE), and H202-50 (PBLC-SS + 50 uM of H202). Values are
represented as mean + standard error. * indicates a statistically significant increase of Al-100 and NSE-1 compared to Control (p< 0.05).

Limitations

This study is limited in two ways. First, the study gathered
no support from experimental animal studies. Second, a
chemical composition analysis of NSE could not be per-
formed.

Conclusions

The present investigation demonstrated that low doses of
NSE (1 ug/mL) have anti-necrotic, anti-apoptotic, anti-
genotoxic, and anti-clastogenic impacts against the toxic
effects of Al in PBLC. However, higher concentrations (>
2 pg/mL) of NSE were found to induce DNA damage in
PBLC. These findings suggest that exposure to Al in daily
life should be diminished and that NSS should be con-
sumed in low quantities.
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