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Abstract: Objective: The aim of this study was to examine the effect of aflatoxin B1 (AFB1) on lymphocytes in patients with primary hepatocellular carcinoma (HCC) and the underlying mechanism. Methods: Peripheral blood
from 20 HCC patients (liver cancer group) and 10 healthy individuals (control group) were collected for isolating
peripheral blood lymphocytes. The peripheral blood lymphocytes of each patient were cultured in vitro and divided
into four subgroups; blank control subgroup and subgroups treated with AFB1 doses of 0.2 μg/mL (low toxicity), 2
μg/mL (mild toxicity), and 20 μg/mL (high toxicity). After incubation for 24 h, the level of the DNA damage marker,
8-hydroxyguanine (8-oxoG), was detected in the cells using flow cytometry and the activity of oxidative damage
markers, hydroxy radical (OH-) and oxygen free radical, were detected using Fenton method and Xanthine oxidase
method, respectively. Results: The content of 8-oxoG in liver cancer group was significantly higher than that in the
control group (P < 0.05). It increased in an AFB1-dose-dependent manner in both groups. The same trend was also
found with respect to the OH- content. However, the total superoxide dismutase (T-SOD) activity decreased with increasing dose of AFB1. Partial correlation analysis showed that the content of 8-oxoG was negatively correlated with
the T-SOD activity (r = 0.5539, P = 0.001), but positively correlated with the content of OH- (r = 0.3812, P = 0.038).
Conclusion: AFB1 causes more oxidative damage in lymphocytes of patients with HCC, by inducing peroxidation,
than in lymphocytes of healthy individuals.
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Introduction
Hepatocellular carcinoma (HCC), the most common type of liver cancer worldwide, is a major
health problem in Asia [1], especially among
the people of developing countries [2], including the Chinese [3]. A recent study revealed
that HCC causes the highest mortality rate in
China. HCC is caused mainly by viruses (such
as hepatitis B virus (HBV) and hepatitis C virus
(HCV)), alcohol consumption, aflatoxin exposure, metabolic disorders, and immune-related
factors [4]. Besides HBV infection [5] and an
increased susceptibility to HCC due to ethnic
variation [6], exposure to food contaminated
with Aflatoxin B1 (AFB1) is also an important
reason for the incidence of HCC [7].
Epoxide produced during the metabolism of
AFB1 in liver can react strongly with DNA and

form adducts at the N7 position of guanine [8],
which leads to cancerous transformation of
cells. It has been reported that individuals
exposed to AFB1 have a high likelihood to
develop HCC [9] and immune suppression [10].
Owing to the technical and ethical difficulties
associated with the preparation of normal
human liver cells, the relative weight of spleen
was used to evaluate the toxicity of AFB1. It has
been found that the relative weight of spleen in
the AFB1 group was significantly lower than that
in the control group [11]. A recent study showed
that human lymphocytes exposed to AFB1 (100
μM) in vitro, exhibit impairments in cellular respiration and caspase is activated, leading to
necrosis [12], indicating that the cytotoxicity of
AFB1 is mediated by apoptosis and necrosis.
Apoptosis has already been detected in some
studies [13]. DNA damage index in peripheral
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blood lymphocytes can reflect the degree of
carcinogen-induced damage to liver DNA [14].
Therefore, we isolated peripheral blood lymphocytes from blood of healthy individuals and
patients with HCC to establish an in vitro model
of AFB1-induced oxidative damage to cells.
Since the average dose of exposure to AFB1 in
the population in Eastern China is less than 0.5
mmol per day [15], different concentrations of
AFB1 were used in this study to determine its
toxicity to lymphocytic DNA and its effect on the
antioxidant capacity of lymphocytes.
Materials and methods
Study subjects
Twenty patients with HCC, hospitalized in the
First Affiliated Hospital of Guangxi Medical
University in 2013, were enrolled in the liver
cancer group, and 10 healthy individuals from
the medical center of the same hospital were
enrolled in the control group. Lymphocytes
were separated from 20 mL anticoagulanttreated peripheral blood of each subject, using
lymphocyte separating medium (TBDLTS1077,
from Tianjin Haoyang Biological manufacture
co., Ltd, Tianjin, China) and cultured in vitro.
This study was conducted in accordance with
the declaration of Helsinki. This study was conducted with approval from the Ethics Committee
of the First Affiliated Hospital of Guangxi
Medical University. Written informed consent
was obtained from all participants.
Experimental groups
Lymphocytes of each subject were divided into
four subgroups: lymphocytes treated with saline (blank control), lymphocytes treated with
0.2 μg/mL AFB1 (Sigma-Aldrich, USA) (low toxicity subgroup), 2 μg/mL AFB1 (mild toxicity
subgroup), and 20 μg/mL AFB1 (high toxicity
subgroup).
Flow cytometry
After incubation for 24 hours, cells were harvested for the detection of lymphocytic DNA
damage marker, 8-hydroxyguanine (8-oxoG), by
flow cytometry (Beckman Coulter, USA). The
cell suspension was introduced into the microfluidic channel and hydrodynamically focused
by sheath flow, ensuring that the cells travel in
the center of the fluidic channel at a uniform
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velocity. Fluorescence and backscattered light
from the sample were detected by two individual photomultiplier tubes (PMTs) in a widefield fluorescence microscope. The microfluidic
channel into which the cells were injected was
made of soft-molded PDMS bonded to a glass
substrate. To accommodate the geometry of
the microfluidic device, a laser beam was introduced to the optical interrogation site in the
fluidic channel by a miniature 45-degree dichroic mirror positioned in front of a 50X objective
lens (NA = 0.55, working distance = 13 mm).
The 45-degree dichroic mirror was small enough to allow the backscattered light (147° to
168° with respect to the normal incident light)
to pass the dichroic mirror and enter the objective lens. Both the fluorescent and backscattered light from a travelling cell are collected by
the objective lens and passed through the filter
before reaching their respective PMT detectors. Another dichroic mirror splits the light to
route the desired emission bands to the appropriate PMTs. Finally, the output of each PMT is
sent to a computer and processed to generate
images of cells using fluorescence and backscattering data.
Activity of total superoxide dismutase (T-SOD)
The activity of T-SOD in the cell supernatants
was determined using xanthine oxidase method. The hydroxyl radical (OH -) content was
determined using Fenton method.
Xanthine oxidase method: The substrate PG
electrode was first polished using rough and
fine sand papers. It was then polished to mirror
smoothness with aluminum oxide (particle size
of about 0.05 μm)/water slurry on silk. Finally,
the electrode was thoroughly washed by ultrasonication for 5 min each in double distilledwater and ethanol. A mixture of 10 μL 3.5 U/mL
XOD and 10 μL 1.0 mg/mL salmon sperm DNA
solution were evenly spread on the surface of
the PG electrode. The modified electrode was
dried overnight in dark, at room temperature,
and was thoroughly rinsed with double-distilled
water before use [16].
Fenton method: Fenton oxidation is commonly
used to degrade the organic components and
kill microorganisms during wastewater treatment. Fenton oxidation destroys the sludge
structure, releasing water and organics. This
reagent also oxidizes odorous substances, kills
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Figure 1. The 8-oxoG-positive lymphocytes increased in the liver cancer group after the treatment with AFB1.

Table 1. The positive rates of 8-oxoG+ lymphocytes in the liver cancer
group and the control group
Group
Liver cancer
Control
P

No. of
cases
20
10

8-oxoGP (%)
0 μg/mL
0.2 μg/mL
2 μg/mL
20 μg/mL
33.69±8.01 37.41±9.55 44.78±11.74** 60.83±14.78**
27.11±7.58 26.77±5.74 27.91±5.08
30.22±7.57
0.040*
0.001**
< 0.001**
< 0.001**

Data are shown as mean ± SD. **P < 0.01, compared with blank control subgroup using
ANOVA. *P < 0.05 and **P < 0.01, compared with control group using t-test.

ANOVA or t-test. P <
0.05 is considered statistically significant.
Results
AFB1 elevated significantly the expression
of lymphocytic 8-oxoG
in liver cancer group

The expression of 8oxoG in lymphocytes
of both groups was
detected using flow
8-oxoGI (RFI)
No. of
Group
cytometry (FCM). The
cases
0 μg/mL
0.2 μg/mL
2 μg/mL
20 μg/mL
percentages of 8-oxoLiver cancer 20
30.31±7.24
33.91±7.39 36.33±7.84* 40.51±8.17**
G+ lymphocytes in the
Control
10
23.22±3.36 23.16±3.58 23.62±3.61 24.24±3.48
liver
cancer group and
P
< 0.001**
< 0.001**
< 0.001**
< 0.001**
the
control
group, beData are shown as mean ± SD. *P < 0.05 and **P < 0.01, compared with blank control
fore
treatment
with AFsubgroup using ANOVA. **P < 0.01, compared with control group using t-test.
B1, ranged from 21.5%
to 86.9% and 17.1% to
pathogenic bacteria, and stabilizes the sludge.
42.7%, respectively. The fluorescence intensities of 8-oxoG (8-oxoGI) of the two groups
Terephthalic acid (TA) traps OH-. The concentraranged from 20.1 to 54.2 and 18.4 to 29.5,
tion of TA was adjusted to 2 mM in sludge samrespectively. After treatment with AFB1 for 24
ples and the samples were then treated with U,
hours, both the proportion of 8-oxoG-positive
F, or U+F. The amount of OH- in the supernatant
cells and the fluorescence intensity of lymphowas measured after centrifugation (8000 rpm
cytes increased sharply in the liver cancer
for 10 min) [17].
group, but slowly in the control group (Figure 1;
Tables 1 and 2). Moreover, the proportion of
Statistical analysis
8-oxoG-positive cells and the fluorescence
All data were processed using SPSS software
intensity of lymphocytes increased with increasv10.0. Results are shown as mean ± standard
ing concentration of AFB1 in the liver cancer
deviation (SD) and compared using One-Way
group (Table 3).
Table 2. The fluorescence intensity of 8-oxoG+ lymphocytes in the liver
cancer group and the control group

13705

Int J Clin Exp Med 2017;10(9):13703-13709

Primary hepatocellular carcinoma
Table 3. The pearson correlation analysis among the concentration of AFB1 and variables
AFB1
Variables
The positive rates of 8-oxoG+
The fluorescence intensity of 8-oxoG+
T-SOD
OH-

Liver cancer
R
P value
0.655 < 0.001
0.368 0.001
-0.227 0.042
0.532 < 0.001

Control
R
P value
0.205 0.204
0.121 0.456
-0.185 0.254
0.673 < 0.001

Table 4. The activity of T-SOD in the liver cancer group and the
control group
No. of
cases

at each AFB1 dose tested (P <
0.01). However, compared with that in each subgroup of the
control group, the content of
OH- was significantly higher in
the corresponding dose subgroup of the liver cancer group,
especially at 0.2 and 20 μg/
mL doses (P < 0.05, Tables 3
and 5).
DNA damage in the lymphocytes correlated with OHcontent

AFB1 concentration (μg/mL)
0
0.2
2
20
5.54±2.34 5.14±2.19 4.81±2.20 4.09±1.65*
8.74±2.48 8.15±2.43 7.75±2.60 7.21±2.61
0.002**
0.002**
0.003**
< 0.001**

Since we hypothesized that
DNA damage in the lymphoLiver cancer
20
cytes was associated with the
Control
10
antioxidant capacity of lymP
phocytes, we analyzed the reData are shown as mean ± SD. *P < 0.05 and **P < 0.01, compared with blank
lationship between the 8-oxocontrol subgroup using ANOVA. *P < 0.05 and **P < 0.01, compared with control
G content in the lymphocytes
group using t-test.
and the OH- and T-SOD contents in the supernatant of
AFB1 reduces the total superoxide dismutase
lymphocytes treated with 20 μg/mL AFB1 for
activity (T-SOD)
2 h. Partial correlation analysis showed that
8-oxoG content was positively correlated with
In order to investigate the effect of AFB1 on the
the OH- content (r = 0.3812, P = 0.0388) and
antioxidant capacity of lymphocytes, the T-SOD
negatively correlated with the T-SOD activity (r
activity in the supernatant of cultured lympho= 0.5539, P = 0.001).
cytes was examined by xanthine oxidase methDiscussion
od. T-SOD activity in the supernatant decreased
with increasing concentration of AFB1 (Table
Hepatocellular carcinoma is one of the most
3). When the concentration of AFB1 reached 20
common malignant cancers in China. Many
μg/mL, the activity of T-SOD in the supernatant
factors contribute to the occurrence of HCC,
was markedly lower in the liver cancer group,
including chronic HBV infection and prolonged
compared with that in the blank control subexposure to aflatoxin; especially the latter [4].
group (P < 0.05, Table 4), whereas it was only
Studies have shown that AFB1 binds readily to
mildly reduced in the control group. There was
the N7 position on the guanosine residues of
no significant difference among the control
DNA chain, leading to many types of DNA damsubgroups (Table 4). However, comparison of
age, including the formation of DNA adduct and
the liver cancer group and the control group
base damage, generation of no purine or no
showed statistically significant difference at
pyrimidine loci, breakage in single-stranded or
each dose (P < 0.01, Table 4).
double-stranded DNA, oxidative damage, increOH- content increased with increasing concenased frequency of sister chromosome exchantrations of AFB1
ge, and mismatch of DNA bases [14, 18, 19].
Group

OH- content in the supernatant, another parameter of the antioxidant capacity of lymphocytes,
was determined by Fenton method. AFB1
increased the OH- content in the liver cancer
group, in a dose-dependent manner. There was
significant difference between the OH- content
in the liver cancer group and that of blank group
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Hearse and others showed as early as in 1973
that excess production of oxygen free radicals
is very harmful to the body [20]. Present day
researchers believe that oxidation and antioxidation are in a dynamic balance in vivo, under
normal conditions [21]. The presence of a certain amount of free radicals in the body is nec-
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Table 5. The content of OH- in the liver cancer group and the control group
Group
Liver cancer
Control
P

No. of cases
20
10

0
412.38±168.14
229.30±150.23
0.072

AFB1 concentration (μg/mL)
0.2
2
892.38±212.66** 1029.84±304.76**
652.65±332.64** 773.21±378.93**
0.048*
0.074

20
1369.69±164.26**
1071.61±403.91**
0.034*

Data are shown as mean ± SD. *P < 0.05 and **P < 0.01, compared with blank control subgroup using ANOVA. *P < 0.05,
compared with control group using t-test.

essary for maintaining normal physiological
functions, but excess free radicals are harmful
to the system. The mechanism by which free
radicals damage the various systems in the
body is quite complex, which can be summarized as follows. Free radicals can damage the
structure and function of cell membrane, leading to cell death [22], cell senescence, and
apoptosis [23, 24]. Secondly, ischemia reperfusion injury in tissues induces gene mutation or
canceration, playing a role in the development
of inflammation [25]. Third, the excess free
radicals can attack almost all the biological
macromolecules, including DNA, protein, lipid
and carbohydrate, producing a variety of different adverse effects [26].
Among the oxidative damages to DNA, 8-oxoG
formation, which has the strongest mutagenic
ability, occurs with the highest frequency and is
closely associated with the occurrence and
development of tumors [27]. 8-oxoG is the biomarker of the damage to nuclear and mitochondrial DNA caused by oxygen free radicals.
Thus, 8-oxoG is often used to estimate the
degree of oxidative damage in DNA. 8-oxoG is
also one of the potential indices for clinical
diagnosis of precancerous condition. Its content had a strong positive correlation to the
incidence of cancer [28]. The presence and
content of 8-oxoG in nuclear DNA in the cells
can reliably reflect the oxidative damage to
DNA caused by environmental chemicals, and
is helpful in exploring the mechanism by which
environmental chemicals cause tissue lesions
and tumor formation. It may even enable the
early detection of tumors in susceptible individuals. AFB1 has oxidative activity and its
action on DNA produces 8-oxoG. Thus, 8-oxoG
is an important indicator of DNA oxidative damage. Other studies also show that 8-oxoG is
associated with the process of AFB1-induced
gene mutations. In this study, we detected at
molecular level, oxidative damage to lympho-
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cyte DNA, using FCM, a method used by Peng
[29]. The results showed that both 8-oxoGI and
8-oxoGP contents in liver cancer group were
higher than those in the control group and the
difference was statistically significant (P <
0.05), indicating a state of high oxidative stress
in the lymphocytes of patients with HCC, which
causes the accumulation of intracellular DNA
oxidative damage products, including an excess
of 8-oxoG. In this study, treatment with moderate and high levels of AFB1 caused significantly
higher production of 8-oxoGI and 8-oxoGP in
liver cancer group, while it caused no significant change in the control group, suggesting
that lymphocytes in patients with HCC are more
sensitive to AFB1. The production of 8-oxoGP
and 8-oxoGI in lymphocytes in patients with
HCC increased with increasing concentration of
AFB1 and further aggravated DNA damage. In
contrast, lymphocytes in healthy people could
tolerate exposure to a low concentration of
AFB1, demonstrating that the repair mechanism in patients with HCC is compromised,
compared to that in healthy individuals or that
there is a defect in the DNA repair machinery in
patients with HCC.
Approximately, 1.0 × 1011 free oxygen radicals
are produced by cells every day during the
course of cellular metabolism. These free oxygen radicals have an extremely short half-life of
about 10 -3 second, because of the presence of
a variety of enzymatic and non-enzymatic systems in vivo, which neutralize the free radicals
and maintain physiological balance, protecting
the body from damage. Therefore, the concentration of active free radicals in the body at any
given time is very low. As one of the key enzymes
of free radical neutralization, superoxide dismutase (SOD) occurs widely in various tissues
and cells. The main function of SOD is the disproportionation of O2 into H2O2. H2O2 is further
decomposed by hydrogen peroxidase to generate H2O.

Int J Clin Exp Med 2017;10(9):13703-13709

Primary hepatocellular carcinoma
This study established a lymphocyte oxidative
damage model and studied the effect of treating the cells with different concentrations of
AFB1. T-SOD activity of lymphocytes treated
with different concentrations of AFB1 was measured to evaluate the effect of AFB1 on the antioxidant levels in lymphocytes. The results showed that AFB1 treatment reduced the T-SOD
activity of lymphocytes in patients with HCC in
a concentration-dependent manner (P < 0.05).
Lymphocytes in liver cancer group showed significantly lower T-SOD activity, compared to that
in the control group (P < 0.01), indicating lymphocytes in patients with HCC had weaker oxidative damage resistance than those in the
healthy individuals, especially when they were
influenced by other oxidative damage factors.
OH-, the worst of the active free radicals in
cells, may induce chemical modification of DNA
bases. The OH- radical reacts with DNA at C-4,
C-5 and C-8 positions of purine residues leading to the formation of 8-oxoG [30]. The presence of 8-oxoG may cause mismatches during
DNA replication and miscoding during transcription, resulting in genetic mutations. Treatment with AFB1 increased the content of free
hydroxyl radical significantly, in a concentration-dependent manner (P < 0.01), indicating
that the oxidative damage is mainly associated
with AFB1 exposure.
In this study, we found that there was a strong
positive correlation between the OH- and 8oxoG contents with a correlation coefficient of
0.3813, suggesting that excess production of
OH- may lead to DNA damage and exhaust
SOD. This result also confirmed that the free
radical with the most harmful activity in cells is
OH-. AFB1 exposure can result in the lymphocytes producing excessive OH- leading to serious damage.

Acknowledgements
This work was supported by the grant from
the project of Guangxi Natural science fund
(No. 2013jjAA40112).
Disclosure of conflict of interest
None.
Address correspondence to: Xinping Ye, Department of Hepatobiliary Surgery, The First Affiliated
Hospital of Guangxi Medical University, No. 6
Shuangyong Road, Nanning 530021, Guangxi
Zhuang Autonomous Region, China. Tel: +86 771
5356528; Fax: +86 771 5356528; E-mail: xinpingyedoc@163.com

References
[1]

[2]
[3]

[4]

[5]

[6]

[7]

Conclusion
This study established an in vitro model for
AFB-1-induced oxidative damage by using human peripheral blood lymphocytes. Our results
showed that the peripheral blood lymphocytes
in patients with HCC exhibited more severe oxidative damage and higher 8-oxoG levels than
those in healthy people. This damage may have
resulted from AFB1-induced peroxidation.

13708

[8]

[9]

Goh GB, Chang PE and Tan CK. Changing epidemiology of hepatocellular carcinoma in Asia.
Best Pract Res Clin Gastroenterol 2015; 29:
919-928.
Kew MC. Hepatocellular carcinoma in developing countries: prevention, diagnosis and treatment. World J Hepatol 2012; 4: 99-104.
Rongrui L, Na H, Zongfang L, Fanpu J and Shiwen J. Epigenetic mechanism involved in the
HBV/HCV-related hepatocellular carcinoma tumorigenesis. Curr Pharm Des 2014; 20: 17151725.
Chitapanarux T and Phornphutkul K. Risk factors for the development of hepatocellular carcinoma in thailand. J Clin Transl Hepatol 2015;
3: 182-188.
Lord R, Suddle A and Ross PJ. Emerging strategies in the treatment of advanced hepatocellular carcinoma: the role of targeted therapies.
Int J Clin Pract 2011; 65: 182-188.
Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A and Thun M. Cancer disparities by race/ethnicity and socioeconomic
status. CA Cancer J Clin 2004; 54: 78-93.
Long XD, Zhao D, Wang C, Huang XY, Yao JG,
Ma Y, Wei ZH, Liu M, Zeng LX, Mo XQ, Zhang JJ,
Xue F, Zhai B and Xia Q. Genetic polymorphisms in DNA repair genes XRCC4 and XRCC5
and aflatoxin B1-related hepatocellular carcinoma. Epidemiology 2013; 24: 671-681.
Besaratinia A, Kim SI, Hainaut P and Pfeifer
GP. In vitro recapitulating of TP53 mutagenesis
in hepatocellular carcinoma associated with
dietary aflatoxin B1 exposure. Gastroenterology 2009; 137: 1127-1137.
Hamid AS, Tesfamariam IG, Zhang Y and Zhang
ZG. Aflatoxin B1-induced hepatocellular carcinoma in developing countries: geographical

Int J Clin Exp Med 2017;10(9):13703-13709

Primary hepatocellular carcinoma

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]
[19]

[20]

distribution, mechanism of action and prevention. Oncol Lett 2013; 5: 1087-1092.
Quist CF, Bounous DI, Kilburn JV, Nettles VF
and Wyatt RD. The effect of dietary aflatoxin on
wild turkey poults. J Wildl Dis 2000; 36: 436444.
Chen K, Peng X, Fang J, Cui H, Zuo Z, Deng J,
Chen Z, Geng Y, Lai W, Tang L and Yang Q. Effects of dietary selenium on histopathological
changes and T cells of spleen in broilers exposed to aflatoxin B1. Int J Environ Res Public
Health 2014; 11: 1904-1913.
Al-Hammadi S, Marzouqi F, Al-Mansouri A, Shahin A, Al-Shamsi M, Mensah-Brown E and
Souid AK. The cytotoxicity of aflatoxin B1 in human lymphocytes. Sultan Qaboos Univ Med J
2014; 14: e65-e71.
Luongo D, Russo R, Balestrieri A, Marzocco S,
Bergamo P and Severino L. In vitro study of
AFB1 and AFM1 effects on human lymphoblastoid Jurkat T-cell model. J Immunotoxicol 2014;
11: 353-358.
Stärkel P, Sempoux C, Van Den Berge V, Stevens M, De Saeger C, Desager JP and Horsmans Y. CYP 3A proteins are expressed in human neutrophils and lymphocytes but are not
induced by rifampicin. Life Sci 1999; 64: 643653.
Wang LY, Hatch M, Chen CJ, Levin B, You SL, Lu
SN, Wu MH, Wu WP, Wang LW, Wang Q, Huang
GT, Yang PM, Lee HS and Santella RM. Aflatoxin exposure and risk of hepatocellular carcinoma in Taiwan. Int J Cancer 1996; 67: 620-625.
Han Y and Lo YH. Imaging cells in flow cytometer using spatial-temporal transformation. Sci
Rep 2015; 5: 13267.
Gong C, Jiang J, Li D and Tian S. Ultrasonic application to boost hydroxyl radical formation
during Fenton oxidation and release organic
matter from sludge. Sci Rep 2015; 5: 11419.
Hoeijmakers JH. Genome maintenance mechanisms for preventing cancer. Nature 2001;
411: 366-374.
Spatzenegger M, Horsmans Y and Verbeeck
RK. CYP1A1 but not CYP1A2 proteins are expressed in human lymphocytes. Pharmacol
Toxicol 2000; 86: 242-244.
Hearse DJ, Humphrey SM and Chain EB. Abrupt
reoxygenation of the anoxic potassiummarrested perfused rat heart: a study of myocardial enzyme release. J Mol Cell Cardiol 1973;
5: 395-407.

13709

[21] Gille JJ, Pasman P, van Berkel CG and Joenje H.
Effect of antioxidants on hyperoxia-induced
chromosomal breakage in Chinese hamster
ovary cells: protection by carnosine. Mutagenesis 1991; 6: 313-318.
[22] Zeidler U, Wilhelm M and Stark G. The effect of
free radicals on the conductance induced by
alamethicin in planar lipid membranes: activation and inactivation. Biochim Biophys Acta
1996; 1281: 73-79.
[23] Reaume AG, Elliott JL, Hoffman EK, Kowall NW,
Ferrante RJ, Siwek DF, Wilcox HM, Flood DG,
Beal MF, Brown RH Jr, Scott RW and Snider
WD. Motor neurons in Cu/Zn superoxide dismutase-deficient mice develop normally but
exhibit enhanced cell death after axonal injury.
Nat Genet 1996; 13: 43-47.
[24] Ambrosio G and Chiariello M. Myocardial reperfusion injury: mechanisms and management--a review. Am J Med 1991; 91: 86-88.
[25] Brown DM, Upcroft JA and Upcroft P. Free radical detoxification in Giardia duodenalis. Mol
Biochem Parasitol 1995; 72: 47-56.
[26] de Zwart LL, Meerman JH, Commandeur JN
and Vermeulen NP. Biomarkers of free radical
damage applications in experimental animals
and in humans. Free Radic Biol Med 1999; 26:
202-226.
[27] Poulsen HE, Prieme H and Loft S. Role of oxidative DNA damage in cancer initiation and
promotion. Eur J Cancer Prev 1998; 7: 9-16.
[28] Tagesson C, Chabiuk D, Axelson O, Barański B,
Palus J and Wyszyńska K. Increased urinary
excretion of the oxidative DNA adduct, 8-hydroxydeoxyguanosine, as a possible early indicator of occupational cancer hazards in the
asbestos, rubber, and azo-dye industries. Pol J
Occup Med Environ Health 1993; 6: 357-368.
[29] Peng T, Shen HM, Liu ZM, Yan LN, Peng MH, Li
LQ, Liang RX, Wei ZL, Halliwell B and Ong CN.
Oxidative DNA damage in peripheral leukocytes and its association with expression and
polymorphisms of hOGG1: a study of adolescents in a high region for hepatocellular carcinoma in China. World J Gastroenterol 2003; 9:
2186-2193.
[30] Halliwell B and Aruoma OI. DNA damage by
oxygen-derived species. Its mechanism and
measurement in mammalian systems. FEBS
Lett 1991; 281: 9-19.

Int J Clin Exp Med 2017;10(9):13703-13709

