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We have previously reported on the DNA oxidative damage and oxygen stress in healthy term neo-
nates. The aim of the present study was to investigate the antioxidative and immunomodulatory role of
melatonin, sodium selenite, N-acetyl-l-cysteine and quercetin on umbilical blood. The single cell gel
electrophoresis (comet) assay was used for DNA oxidative damage. The lymphocytes proliferation and
natural killer (NK) activity in umbilical blood were assayed by 3[H]-thymidine uptaken and MTT meth-
ods. Results using comet assay showed protection by melatonin, N-acetyl-l-cysteine (NAC) and quer-
cetin, and a protective and damaging effect by selenite sodium. Melatonin, sodium selenite, NAC and
quercetin greatly promoted the lymphocytes proliferation to IL-2. NK activity of the umbilical blood was
significantly increased by melatonin and sodium selenite, but was not affected by NAC and quercetin.
These data suggest that antioxidants are able to protect umbilical blood mononuclear cells against
oxygen stress and affect oxygen stress mediated immune function inhibition of umbilical blood. These
results will supply new experimental data for using umbilical blood to treat diseases.

1. Introduction

The process of childbirth is accompanied by an increase
in oxidative aggression. Many studies have shown that at
birth the neonate presents an increase in the rate of free
radical generation and/or a decline in the competence of
antioxidants. Therefore, tissues of neonates are relatively
more vulnerable to free radical damage (Muller et al.
1987; Neefjes et al. 1999; Roblers et al. 2001). Our pre-
viously report have shown the DNA oxidative damage in
umbilical blood mononuclear cells and oxygen stress in
healthy term neonates (Zhao et al. 2004).
Many reports have shown that immune cells are very sen-
sitive to oxygen stress and antioxidants have immunomo-
dulating action improving altered immune function
(Bendich 1992; Del Rio et al. 1998). Thus, antioxidants
play a vital role maintaining immune cells in a reduced
environment and protect them from oxidative stress
(McArthur et al. 2000). Therefore, in vitro, the function of
immune cells can probably be modulated by antioxidants.
In addition, neonates have a weaker immune function, due
to the relative immune immaturity of lymphocytes (Gaddy
et al. 1995; Racadot et al. 1993). However, a correlation
between the lower immune function of neonates and oxy-
gen stress during birth has not been established.
Melatonin, N-acetyl-l-cysteine (NAC), quercetin and so-
dium selenite (Na2SeO3), have been shown to have antiox-
idative properties (Cadenas et al. 1999; Tan et al. 1994;
Rotruck et al. 1973; Ganther et al. 1986; Aruoma et al.
1989; Beckman et al. 1996; Zhou et al. 1991; Manach
et al. 1996; Chen et al. 1990). Quercetin has been shown,
by our group, to have the antioxidative ability (Liu et al.

2002; Zhao et al. 2002). Moreover, we have observed that
melatonin may facilitate the repair of the damaged DNA
of tumor-associated lymphocytes in malignant pleural ef-
fusion (Liu et al. 2003). The immunomodulatory roles of
these antioxidants also have been reported. In humans, an
increase of lymphocyte proliferation was observed with
melatonin (Garcia-Maurino et al. 1999). Selenium has
been shown to increase NK cells and cytotoxic lympho-
cyte viability in mice (Spetrie et al. 1989) and rats (Koller
et al. 1986). NAC supplementation increased NK activity
of old mice (Ferrandez et al. 1999). However, little is
known about the antioxidative and immunomodulatory ef-
fects of these antioxidants on human umbilical blood.
Thus, the aim of the present study was to investigate
whether antioxidants have the ability to protect umbilical
blood mononuclear cells against oxygen stress and affect
oxygen stress mediated immune function inhibition of um-
bilical blood.

2. Investigations and results

2.1. Protection of antioxidants against DNA damage in-
duced by H2O2

The comet assay was used to determine the protective ef-
fects of antioxidants on DNA damage. Melatonin pro-
duced a significant reduction in DNA damage at concen-
trations from 0.1–100 mM but reduced DNA damage
more effectively at 1 mM than at other concentrations. Se-
lenite sodium significantly reduced DNA damage at con-
centrations from 0.87–3.4 mM. Higher concentrations of
6.8 mM had no significant effect on DNA damage, but
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13.6 mM actually increased the damage caused by incuba-
tion with H2O2. NAC and quercetin produced a significant
reduction in DNA damage after the cells had been da-
maged with hydrogen peroxide at concentrations from
1.56 to 25 mM. For NAC, concentrations from 1.56 mM to
6.25 mM seemed to offer the best protection. The protec-
tion by quercetin at concentrations from 12.5 to 25 mM
was more effective than at other concentrations (Fig. 1).
These results show that antioxidants are effective to pro-
tect oxidative DNA damage from oxygen stress.

2.2. Antioxidants affected the lymphocytes proliferation
and NK activity of umbilical blood

After 48 h and 72 h incubation with different concentra-
tions of antioxidants, 2� 105/well mononuclear cells were
harvested and the lymphocytes proliferation were detected
with 3[H]-thymidine uptake methods as described in the
experimental section. Fig. 2 shows the proliferation of um-
bilical blood mononuclear cells to IL-2 in the presence or
absence of various antioxidants. At 48 h, lymphocytes pro-
liferation of IL-2 was significantly stimulated by 1.74 mM

sodium selenite. At 72 h, 10–100 mM melatonin, 0.87–
3.48 mM sodium selenite, 1.25–5 mM NAC and 5–10 mM
quercetin greatly promoted the lymphocytes proliferation
to IL-2.
After incubation with K562 cells for 18 h, NK activity was
assayed by MTT methods. NK activity was greatly increased
by 1–100 mM melatonin and 0.87–3.48 mM sodium sele-
nite. 10 mM melatonin and 1.74 mM sodium selenite were
more effective in increasing NK activity than other con-
centrations. NK activity was not affected by NAC or quer-
cetin (Fig. 3). These antioxidants had no effect on the
growth of K562 cells themselves (data not shown).
These data suggest that antioxidants have the ability to
improve altered immune function of the umbilical blood.

3. Discussion

Our data show a direct protective activity of melatonin
against H2O2-induced DNA damage. Melatonin, an endo-
genously indolamine formed in adult humans, is a highly
effective antioxidant and free radical scavenger. Previous
studies have shown that melatonin protects against oxida-
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Fig. 1: The effect of supplementation ex vivo with different concentrations of antioxidants on H2O2-induced DNA damage of umbilical blood mononuclear
cells. * p <0.05, ** p <0.01, *** p <0.001 compared with H2O2 alone treated. þp >0.05 compared with control



tive DNA damage in animals challenged with oxidative
stress, e.g. melatonin can prevent the oxidative DNA da-
mage induced in the kidney by the carcinogen KBrO3

(Cadenas et al. 1999) and melatonin also prevented hepa-
tic DNA from oxidative damage following the administra-
tion of the chemical carcinogen safrole (Tan et al. 1994).
Selenium, as a component of the glutathione peroxidase,
is an important antioxidant (Rotruck et al. 1973). Our re-
sults show selenite sodium to protect DNA from damage
at lower concentrations, however, at higher concentrations,
the damage caused by incubation with H2O2 increases. It
was proposed that selenium toxicity is related to changes
in intracellular concentration of reduced glutathione (GSH),
and excess selenium has been shown to interact with cel-
lular sulfhydryls. Selenium in the oxidant selenite under-
goes reductive metabolism, utilizing GSH and NADPH as
a source of reducing equivalents (Ganther et al. 1986).
NAC also has antioxidant properties. As a sulfhydryl do-

nor, it may contribute to the synthetic precursor of intra-
cellular cysteine and GSH. NAC may have additional pro-
tective ability to reduce oxygen radical-related oxidant
processes by directly interfering with the oxidants, up-reg-
ulating antioxidant systems such as superoxide dismutase
(Aruoma et al. 1989; Beckman et al. 1996). Quercetin, one
of the most prevalent and thoroughly studied dietary fla-
vonoids, may interfere with oxidative processes both by
chelating metal ions, scavenging of hydroxyl and peroxy
radicals and inhibiting 15-lipoxygenase and LDL oxida-
tion (Zhou et al. 1991; Manach et al. 1996; Chen et al.
1990). The present study show a strong protecting effect
of NAC and quercetin against DNA damage. All these
data demonstrated that antioxidants have the ability to pro-
tect umbilical blood mononuclear cells against oxygen
stress.
The results from our research also suggest that antioxi-
dants affect the immune function of umbilical blood. This
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Fig. 2: Umbilical blood mononuclear cells proliferation in response to IL-2 only, and in combination with various antioxidants at different concentrations
and times. (þ) Significantly different to control values (þþþ P <0.001). (*) Significantly different to values stimulated with only IL-2 (* P <0.05,
** P <0.01). n ¼ 12



finding agrees with the generally accepted idea that im-
mune cells are very sensitive to oxygen stress and antiox-
idants have the ability to improve altered immune func-
tion. The present study showed in vitro the beneficial
effects of melatonin on lymphocytes proliferative response
to IL-2 and NK activity of human umbilical blood. In vivo
supplementation with melatonin is reported to promote
lymphocyte proliferation (Garcia-Maurino 1999). Some of
the antitumor effects of melatonin could be related to in-
creased NK cell cytotoxicity. Melatonin could increase
NK cells cytotoxicity via an increased production both
IL-2 and IL-12 (Garcia-Maurino 1999). Our findings that
selenite sodium increased lymphocytes proliferative re-
sponse and NK activity were consistent with others.
Selenium deficiency significantly inhibited the ability of
the lymphocytes to proliferate in response to mitogens,
whereas selenium supplementation significantly enhanced
this response. Supplementation with selenium resulted in
a significant increase in NK cell number and NK activity
of mice (Kiremidjian-Schumacher et al. 1996, 1998). The
favourable effect of NAC on lymphocyte function have
been already described by other authors and may be due

to both it’s antioxidative role and some specific meta-
bolic actions as a thiolic compound. NAC modulates im-
mune function through different pathways, such as in-
creasing lymphocyte proliferation, IL-2 production and
IL-2 receptor expression (Aruoma et al. 1989; Omara
et al. 1997). These results are consistent with ours that
NAC promoted lymphocytes proliferative response. How-
ever, in our study, quercetin increased lymphocyte prolif-
erative response which is in contrast to other studies
showing inhibition (Mookerjee et al. 1986). Probably in
our study, quercetin increased the lymphocytes prolifera-
tive response by regulating the oxygen stress status of
umbilical blood mononuclear cells caused by birth. Our
results show that NAC and quercetin did not affect NK
activity. This implies that another mechanism may be in-
volved in this process. Above data indicate that the lower
immune function of umbilical blood maybe related with
oxygen stress.
In other words, antioxidants are effective in resistant oxy-
gen stress and preserve adequately immune function of
umbilical blood. These results will supply new experimen-
tal data for using umbilical blood therapeutically.
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Fig. 3: Effect of various antioxidants at different concentrations on the killing activity of NK cells towards K562 cells. The results are expressed as the
tumoricidal activity. (*) Significantly different to control values (* P <0.05, ** P <0.01, *** P <0.001). n ¼ 6
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4. Experimental

4.1. Reagents

Melatonin, N-acetyl-l-cysteine (NAC), quercetin, MTT (3-[4,5-dimetylthia-
zol-2-yl]-2,5-diphenyltetrazolium bromide), low and normal melting point
agarose (LMA, NMA), Triton-X-100, ethidium bromide, were purchased
from Sigma Chemical Company. Sodium lauroyl sarcosine was produced
by Amresco. Culture medium (RPMI-1640) was obtained from Gibco La-
boratories. Calf serum was purchased from Si-Ji-Qing Biotechnology Com-
pany (Hangzhou, China). Lymphocyte separation medium and selenite so-
dium were produced by Shanghai Second Reagent Company (Shanghai,
China). All other reagents were of analytical purity.

4.2. Methods

4.2.1. Isolation of umbilical blood mononuclear cells

Human umbilical blood was obtained from the Obstetrics and Gynaecol-
ogy Hospital of Lanzhou and ethical approval for the study was granted.
Informed consent was obtained from all the mothers. In this study, blood
samples were collected from healthy full term neonates. Mononuclear cells
were separated using lymphocyte separation medium, washed in PBS and
suspended in culture medium RPMI-1640 supplemented with 10% heat-
inactive calf serum, benzylpenicillin 100 U/ml, and streptomycin 100 mg/
ml in a 5% CO2 atmosphere at a concentration of 2� 106/ml cells. Cell
viability was tested using trypan blue dyes exclusion. The cell viability
was more than 90%.

4.2.2. Antioxidant pre-treatment and H2O2 challenge

All the antioxidants were diluted to the required concentrations using PBS.
Cells were incubated with different concentrations of antioxidants for
20 min in a dark incubator together with untreated control samples. Then
H2O2 (final concentration 25 mM) was added to the medium which incu-
bated for 10 min at 4 �C. Control samples were treated with PBS alone
without H2O2. Samples were then centrifuged at 1000� g for 10 min and
the cells washed with PBS.

4.2.3. Comet assay

Reactive oxygen species (ROS) can cause DNA damage. Comet assay is a
rapid and sensitive technique for analysis of DNA breakage in single mam-
malian cells. The comet assay has been used in various studies to investi-
gate the effect of ROS on DNA, and the protective effects of antioxidants
(Collin et al. 1995; Duthie et al. 1997).
DNA damage, measured by the comet assay, was performed as described
by Singh (1988) with minor modification. 25 ml mononuclear cell suspen-
sion were mixed with 50 ml 1% low melting point agarose at 37 �C, and
then placed on a microscope slide which precoated with 0.5% normal melt-
ing point agarose and covered with a coverglass. The slides were kept at
4 �C for 5 min for solidification of the agarose. After removal of the cover-
glass, the slides were immersed in lysing solution (1% sodium lauroyl
sarcosine, 2.5 M NaCl, 100 mM Na2-EDTA, 10 mM Tris, pH 10, and 1%
Triton-X-100, 10% DMSO added freshly) for 70 min to lyse the cells
and to permit DNA unfolding. The slides were then placed in an electro-
phoretic buffer (1 mM Na2-EDTA and 300 mM NaOH) for 20 min for
DNA unwinding followed by 20 min electrophoresis at 34 V and 310 mA.
These electrophoresis conditions had been identified in prior experiments
as a suitable range of DNA damage in adult peripheral blood mononuclear
cells.
All of the steps described above were conducted in subdued light to pre-
vent DNA damage from UV light. Afterwards, the slides were washed
with cold neutralizing buffer (0.4 M Tris, pH 7.5) twice, dried gently and
stained with 25 ml of 20 mg/ml ethidium bromide each slide, followed by
covering the slide with a coverglass.
Cells were viewed at � 200 magnification with a fluorescent microscope
(BH-2 OLYMPUS, excited by green light and a barrier filter of 590 mm)
within 24 h. Photomicrographs were taken using a Lucky black and white
film ASA 400 (Xiamen, China). For each sample three slides were scored,
with at least 50 cells counted randomly on each slide. Cells without da-
maged DNA retain a circular appearance. DNA strand breaks in cells mi-
grates towards the anode during electrophoresis, the cell appears as a co-
met. Cells with damaged DNA were graded by eye into two categories
corresponding to the length of the comet tail. Comet was defined as hav-
ing a tail longer than the diameter of comet head according to Everett
(2000). So the percentage of comet (the comet %) reflected the level of
DNA damage in cells.

4.2.4. Target cells

A human erythroleukemic cell line (K562 cells), was obtained from Shang-
hai Cell Biology Institute, Chinese Academy of Sciences. The cells were
cultivated at 37 �C in an atmosphere containing 5% CO2. The culture med-
ium was RPMI-1640 supplemented with 10% heat-inactivated calf serum,
benzylpenicillin 100 U/ml, and streptomycin 100 mg/ml.

4.2.5. Lymphocyte proliferation assay

Various antioxidants (melatonin, sodium selenite, NAC and quercetin),
with or without 100 U/ml interleukin-2, were added and the cultures, with
mononuclear cells (2� 105 cells/well), were incubated in 96-well culture
plates for 48 h and 72 h in a humidified incubator containing 5% CO2 at
37 �C. Mononuclear cells were then pulsed with 2 mCi/well of 3H-thymi-
dine for 4 h before being harvested with a harvester. Mononuclear cell
proliferation, as determined by 3H-thymidine uptake, was assessed with a
b-counter.

4.2.6. NK activity assay

To obtain a significant NK activity, the different effector/target rate were
used. As a result, mononuclear cells and K562 cells ratios used-40/1-al-
lowed us to observe significant results. Mononuclear cells (4� 105/well),
K562 cells (1� 104 /well) or then mixtures were cultured for 18 h in the
presence or absence of various antioxidants. Then the culture medium was
removed and 100 ml per well of MTT (2 mg/ml) dye solution was added.
Cell proliferation was assayed by reduction of MTT. The percentage of
tumoricidal activity was calculated according to the formula previously
described (Hruby and Beck 1997):

Activity ð%Þ ¼ 1�

OD ðmononuclear cellsþ K562 cellsÞ
�OD ðmononuclear cells aloneÞ

OD ðK562 cells aloneÞ

0
BB@

1
CCA� 100 ð1Þ

The effect of antioxidants on tumor cell growth was calculated as:

Activity ð%Þ ¼ OD ðK562 cellsþ antioxidantÞ
OD ðK562 cells aloneÞ � 100 ð2Þ

4.2.7. Statistics

The data (X� SD) were analyzed for statistically significance by two-tailed
t test for paired data, using the SPSS/PC þ4 statistical package (SPSS Inc,
Chicago, IL). Difference was considered significant at P <0.05.
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