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Schisandra Chinensis Inhibits Oxidative DNA Damage and Lipid 
Peroxidation Via Antioxidant Activity
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Abstract - Schisandra chinensis have been traditionally used in Asia for the treatment of dyspnea, cough, mouth dryness, 
spontaneous diaphoresis, nocturnal diaphoresis, nocturnal emission, dysentery, insomnia and amnesia. The purpose of this 
study is to evaluate the protective effects of Schisandra chinensis on oxidative DNA damage and lipid peroxidation induced 
by ROS in non cellular and cellular system. DPPH radical, hydroxyl radical and hydrogen peroxide scavenging assay were 
used to measure the antioxidant activities. Phi X-174RF I plasmid DNA cleavage assay and intracellular DNA migration assay 
were used to evaluate the protective effect on oxidative DNA damage. MTT assay and lipid peroxidation assay were used 
for evaluating the protective effect on oxidative cell damage. It was found to scavenge DPPH radical, hydrogen peroxide and 
hydroxyl radical and it inhibited oxidative DNA damage, lipid peroxidation and cell death induced by hydroxyl radical. 
These data indicate that Schisandra chinensis possesses a spectrum of antioxidant and DNA-protective properties
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Introduction

Every cell in prokaryote or eukaryote is continuously exposed 
to exogenous and endogenous agents that damage its DNA 
(Barzilai and Yamamoto, 2004). Among DNA damage causing 
cancer development, approximately 80% of the damage is 
caused by the reactive oxygen species (ROS) such as hydrogen 
peroxide (H2O2), singlet oxygen (1O2), and hydroxyl radical 
(OH) (Ghosal et al., 2005). These compounds, when present 
in a high enough concentration, can damage cellular proteins 
and lipid or form DNA adducts that may promote carcinogenic 
activity (Seifried et al., 2007). Dietary factor that reduces the 
impact of ROS can protect DNA damage and thus lower cancer 
risks (Longwen et al., 1999). High intake of various teas has 
been associated with lower risks for many of the major human 
cancers, including stomach, esophagus, and lung. These pro-
tective benefits have been attributed to the richness of their 
major antioxidant agents (Lin et al., 1999).

Schisandra Chinensis have been traditionally used in Asia 
for the treatment of dyspnea, cough, mouth dryness, spontaneous 

diaphoresis, nocturnal diaphoresis, nocturnal emission, dys-
entery, insomnia and amnesia (Anonymous, 1992). In the past 
two decades, this crude drug has been developed as an alter-
native medicine for the treatment of various liver diseases as 
its capability to protect the liver from injuries induced by hepato- 
toxins has been well-documented (Pao et al., 1975). However, 
its antioxidant properties have not been well defined.

Therefore, it is important to understand the inhibitory 
mechanism of the extracts from Schisandra Chinensis on H2 

O2-induced oxidative damage causing DNA and cell damages 
since H2O2 is the major mediator of oxidative stress and a 
potent mutagen. Also, the evaluation of its inhibitory effects 
on oxidative DNA and cell damages is necessary for the medic-
inal use of it as the cancer chemopreventive agent. In this study, 
we evaluated antioxidant and inhibitory effect of oxidative 
DNA damage and lipid peroxidation. Major questions we wish 
to address in our study are: (1) What is the effect of Schisandra 
Chinensis on DPPH radical, hydroxyl radical and hydrogen 
peroxide?, (2) Can Schisandra Chinensis affect lipid peroxi-
dation in a cellular system?, and (3) What is the effect of 
Schisandra Chinensis on oxidative DNA damage induced by 
hydroxyl radical?
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Materials and Methods

Chemical regents 
Mouse skin fibroblast cell line, NIH 3T3, was purchased 

from ATCC, and the mediums used for the cell growth were 
purchased from GIBCO. All chemicals for extraction from 
Buddleja officinalis, DPPH (1,1diphenyl-2-picryl hydrazyl) 
and 2`,7`-dichlorofluorescin diacetate (DCF-DA) were obtained 
from Sigma Chemicals Co. (St. Louis, USA). φX-174 RF I 
plasmid was purchased from New England BioLabs (County 
Road Ipswich, MA)

Extraction
One kilogram of Schisandra Chinensis was ground and then 

extracted with 3 L of 80% ethanol by shaking for 24 hours. The 
ethanol-soluble fraction was filtered, concentrated using by a 
vacuum evaporator and fractioned with a separating funnel. 
The ethyl acetate fraction was separated from the mixture, 
evaporated by a vacuum evaporator, prepared aseptically and 
kept in a refrigerator until use.

DPPH radical scavenging activity
The antioxidant activity of the extracts was evaluated first 

by monitoring its ability in quenching the stable free radical 
DPPH (Hus et al., 2006). Reaction mixture containing 40 μl 
of test samples (4 mg/ml dissolved in DMSO) and 760 μl of 
300 μM DPPH ethanol solution in micro tube were incubated 
at 37℃ for 30 min and absorbance was measured at 515 nm 
according to the increasing concentrations of the extracts. The 
DPPH quenching ability was calculated from the log-dose 
inhibition curve. All determinations were carried out in triplicate. 
Ascorbic acid was used as a positive control.

Hydroxyl radical scavenging assay
Hydroxyl radical scavenger ability was measured according 

to a literature procedure (Smirnoff and Cumbes, 1989) with a 
few modifications. Hydroxyl radical was generated from FeSO4 
and H2O2, and detected by their ability to hydroxylate salicylate. 
The reaction mixture (800 μl) contained 250 μl of FeSO4 (1.5 
mM), 175 μl of H2O2 (6 mM), 300 μl of sodium salicylate (20 
mM) and varying concentrations of the extracts. After a reaction 
for 30 min at 37℃, the absorbance of the hydroxylated salicylate 

complex was measured at 562 nm. Hydroxyl radical scavenging 
ability was calculated from the log-dose inhibition curve. All 
determination was carried out in triplicate. Ascorbic acid was 
used as a positive control.

Hydrogen peroxide scavenging assay
Hydrogen peroxide scavenging ability was measured ac-

cording to a literature procedure (Pick and Keisari, 1989). One 
hundred micro liter of 0.1 M phosphate buffer (pH 5.0), 40 μl 
of the extracts and 60 μl of 1 mM hydrogen peroxide were 
mixed, and then incubated for 5 min at 37℃. After 5 min, 400 
μl of 1.25 mM ABTS and 400 μl of peroxidase (1unit/ml) were 
added to the mixture, and then incubated for 10 min at 37℃. 
After 10 min, the absorbance was read at 405 nm. Hydrogen 
peroxide scavenger ability was calculated from the log-dose 
inhibition curve. All determination was carried out in triplicate. 
Ascorbic acid was used as a positive control.

Phi X-174RF I plasmid DNA cleavage assay
Conversion of the supercoiled form of plasmid DNA to the 

open-circular and further linear forms has been used as an index 
of DNA damage (Jung and Surh, 2001). Reaction mixtures (20 
μl) containing 5 μl of phi X-174 RF I plasmid DNA, 5 μl of 
varying concentrations of the extracts, 5 μl of 1 mM FeSO4 
or/and 5 μl of 1 mM H2O2 were incubated at 37℃ for 30 min. 
After 5 μl of a solution containing 50% glycerol (v/v), 40 mM 
EDTA and 0.05% bromophenol blue was added to stop the 
reaction, the reaction mixtures were electrophoresed on 1% 
agarose gel, and the DNA in the gel was visualized and photo-
graphed under ultraviolet light after ethidium bromide staining.

Cell viability assay
This assay was carried according to literature procedure 

(Kang et al., 2005) with some modifications. NIH 3T3 cells 
(5×103cells/well) were cultured in 96-well plate at 37℃ for 
24 hours. After the incubation, the extracts were treated to each 
well according to the concentration, and then the cells were 
incubated at 37℃ for 30 min. After the treatment of the 
extracts, 1 mM H2O2 and 1 mM FeSO4 was applied to each well 
and then the cells were re-incubated at 37℃ for 24 hours. After 
50 μl of MTT solution (1 mg/ml) was treated to each well for 
4 hours, the supernatant was removed, and then 100 μl of DMSO 



Schisandra Chinensis Inhibits Oxidative DNA Damage and Lipid Peroxidation Via Antioxidant Activity

- 197 -

was treated to each well. The absorbance was measured by a 
microplate reader at 570 nm.

Intracellular DNA damage assay
This assay was carried according to literature procedure (Cho 

et al., 2008) with some modifications. NIH 3T3 cells (2×106) 
were cultured in 6-well plates for 24 hours at 37℃. After the 
cells were treated with the varying concentrations of the extracts 
for 30 min and then added with 1 mM FeSO4 and 1 mM H2O2 
for 1 hour. After 1 hour, each cell was harvested and then the 
supernatant was discarded. Each cell was re-suspended with 
20 µl of lysis buffer (50 mM Tris-HCl, pH 8.0, 10 mM EDTA, 
0.5% SDS and 0.5 mg/ml proteinase K) and then incubated at 
55℃ for 60 min. After lysis of the cells, each cell was centri-
fuged, 5 μl of RNase A was added to the supernatant, and each 
cell was incubated at 55℃ for another 60 min. After 60 min, 
each cell was spun briefly to remove any further cell debris and 
each supernatant was collected. Each lysate was heated at 70℃ 
for a few minutes and mixed with 10 μl of loading buffer (50% 
glycerol (v/v), 40 mM EDTA and 0.05% bromophenol blue). 
The reaction mixtures were electrophoresed on 2% agarose 
gel, and the DNA in the gel was visualized and photographed 
under ultraviolet light after ethidium bromide staining.

Lipid peroxidation assay
This assay was carried according to literature procedure (Kang 

et al., 2008) with some modification. NIH 3T3 cells were seeded 
in a 6-well plate at 2×106 cells/well for 16 hours. Sixteen hours 
after plating, the cells were treated with the varying concentra-
tions of extracts for 30 min. After 30 min, 1 mM H2O2 and 1 
mM FeSO4 were added to the plate and then each plate was 
incubated for 24 hours. The cells were then washed with cold 
phosphate-buffered saline (PBS), harvested, and homogenized 
in an ice-cold 1.15% KCl. One hundred microliter of the cell 
lysate was mixed with 0.1 ml of 8.1% sodium dodecylsulfate, 
0.75 ml of 20% acetic acid (adjusted to pH 3.5), and 0.75 ml 
of 0.8% thiobarbituric acid (TBA). The mixture was made up 
to a final volume of 4 ml with distilled water and heated to 9
5℃ for 2 hours. After cooling to room temperature, 2.5 ml of 
an n-butanol/pyridine mixture (15:1, v/v) was added and the 
mixture was shaken. After centrifugation at 1000ⅹg for 10 
min, the supernatant fraction was isolated and the absorbance 

was measured spectrophotometrically at 532 nm. The amount 
of thiobarbituric acid reactive substance (TBARS) was deter-
mined using standard curve with 1,1,3,3,-tetrahydroxypropane.

Statistical analysis
The series of experiments were performed as three or more 

independent examination with at least three replicates for each 
sample. Data were expressed as means ±S.D. Statistical com-
parison was performed using Student’s t-test.

Results

DPPH free radical scavenging activity of Schisandra 
Chinensis

The mechanism for antioxidants to remove free radical 
involves donating hydrogen to a free radical and hence its 
reduction to an unreactive species through removing the odd 
electron feature which is responsible for radical reactivity 
(Wang et al., 2008). In this assay, the DPPH radical absorptions 
at 515 nm were inhibited in the presence of the varying concen-
trations of the extracts from Schisandra Chinensis. This reduc-
tion in absorbance is related to the anti-radical efficiency of the 
extracts. The DPPH scavenging efficiency values of the extracts 
are presented in Fig. 1. DPPH free radical scavenging activities 
of the extracts were 3% at 0.32 μg/ml, 6% at 1.6 μg/ml, 18% 
at 8 μg/ml, 49% at 40 μg/ml and 94% at 200 μg/ml.

Hydroxyl radical scavenging activity of Schisandra
Chinensis

Among the oxygen radicals, hydroxyl radical is the most 
reactive and induces severe damage to adjacent biomolecules 
(Sakanaka et al., 2005). Hydroxyl radical scavenging is an im-
portant antioxidant activity because of very high reactivity of 
hydroxyl radical which enables it to react with a wide range of 
molecules found in living cells such as sugars, amino acids, 
lipids and nucleotides (Stohs and Bagchi, 1995). In this assay, 
the extracts removed hydroxyl radical by 8% at 0.32 μg/ml, 
15% at 1.6 μg/ml, 41% at 8 μg/ml, 78% at 40 μg/ml and 94% 
at 200 μg/ml, respectively (Fig. 2).

Hydrogen peroxide scavenging activity of Schisandra
Chinensis
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Fig. 1. DPPH free radical scavenging activities of the extracts 
from Schisandra chinensis. Reaction mixture containing 40 μl 
of test samples (4 mg/ml dissolved in DMSO) and 760 μl of 300 
μM DPPH ethanol solution were incubated at 37℃ for 30 min 
and absorbance was measured at 515 nm. The absorbance values
were converted to scavenging effects (%) and data plotted as the 
means of replicate scavenging effect (%) values ± 5 S.D. (n=3) 
against extract concentration in μg extract per ml reaction volume.
Ascorbic acid was used for the positive control.

Fig. 2. Hydroxyl radical scavenging activities of the extracts 
from Schisandra chinensis. The reaction mixture (800 μl) contained
250 μl of FeSO4 (1.5 mM), 175 μl of  H2O2 (6 mM), 300 μl of 
sodium salicylate (20 mM) and varying concentrations of the 
extracts. After a reaction for 30 min at 37 oC, the absorbance of 
the hydroxylated salicylate complex was measured at 562 nm. 
The absorbance values were converted to scavenging effects 
(%) and data plotted as the means of replicate scavenging effect 
(%) values ± 5 S.D. (n=3) against extract concentration in μg 
extract per ml reaction volume. Ascorbic acid was used for the 
positive control.

Fig. 3. Hydrogen peroxide scavenging activities of the extracts 
from Schisandra chinensis. One hundred micro liter of 0.1 M 
phosphate buffer (pH 5.0), 40 μl of the extracts and 60 μl of 1 
mM hydrogen peroxide were mixed, and then incubated for 5 
min at 37℃. After 5 min, 400 μl of 1.25 mM ABTS and 400 μl 
of peroxidase (1unit/ml) were added to the mixture, and then 
incubated for 10 min at 37℃. After 10 min, the absorbance was 
read at 405 nm. The absorbance values were converted to 
scavenging effects (%) and data plotted as the means of 
replicate scavenging effect (%) values ± 5 S.D. (n=3) against 
extract concentration in μg extract per ml reaction volume. 
Ascorbic acid was used for the positive control.

Hydrogen peroxide can attack many cellular energy-producing 
systems (Hyslop et al., 1998). Hydrogen peroxide itself is not 
very reactive, but it can sometimes be toxic to cells, since it 
may give rise to hydroxyl radicals inside the cell (Halliwell and 
Aruoma, 1991). In this assay (Fig. 3), the extracts removed hy-
drogen peroxide by 1% at 0.32 μg/ml, 12% at 1.6 μg/ml, 38% 
at 8 μg/ml, 78% at 40 μg/ml and 96% at 200 μg/ml, respectively.

Inhibitory effect of Schisandra Chinensis on oxidative DNA 
damage induced by hydroxyl radical

The inhibitory effects of the extracts from Schisandra Chinensis 
on oxidative DNA damage caused by hydroxyl radical were 
investigated through in vitro DNA double strand break assay 
using φX-174 RF I plasmid DNA and DNA migration assay 
in the cellular system. Excessive ROS (e.g. hydrogen peroxide) 
can lead to DNA oxidation, causing cell damage to all cellular 
constituents. Irreparable DNA damage is involved in carcino-
genesis, aging and other degenerative diseases (Cozzi et al., 
1997). Oxidative DNA damage can lead to mutations and is 
suspected to be a major cause of cancer (Schwarz et al., 1984). 
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(a) (b)
Fig. 4. Inhibitory effect of the extracts from Schisandra chinensis on hydroxyl radical-induced DNA damage. (A) Oxidative damage of φ
X-174 RF I plasmid DNA caused by hydroxyl radical. The plot shows % inhibition of the extracts against the conversion of SC into 
OC induced by hydroxyl radical. % inhibition was calculated by the density using the software Un-SCAN-IT gel Version 5.1 (Silk 
Scientific, Inc.). (B) Intracellular DNA damage assay of NIH 3T3 cells caused by hydroxyl radical. Lane 1 is treated with nothing, and 
lane 2 is treated with 1 mM FeSO4 and 1 mM H2O2 without extracts. Lane 3~5 were treated with varying concentrations of the extract 
(1.6, 8, 40 and 200 μg/ml) in presence of 1 mM FeSO4 and 1 mM H2O2. Hydroxyl radical was generated from Fenton reaction 
between FeSO4 and H2O2.

The extracts inhibited the conversion of supercoiled form (SC) 
to open-circular form (OC) induced by hydroxyl radical in φ
X-174 RF I plasmid DNA by 19% at 8 μg/ml, 69% at 40 μg/ml 
and 93% at 200 μg/ml (Fig. 4A). In addition, it inhibited DNA 
migration induced by ROS in a does-dependent manner (Fig. 
4B). DNA migration assay is a sensitive biomarker of the DNA 
damage.

Inhibitory effect of Schisandra Chinensis on oxidative cell 
damage induced by hydroxyl radical

Inhibitory effect of the extracts from Schisandra Chinensis 
on oxidative cell damage induced by ROS was examined using 
MTT assay and lipid peroxidation assay. ROS damage involves 
injury to cellular membranes. Measurement of lipid peroxidation 
is used as an indicator of membrane damage in mammalian 
cells. Lipid peroxidation can cause a cascade effect of lipid- 
derived radicals, thereby causing additional membrane damage. 
The products of lipid peroxidation, malondialdehyde and other 
group of aldehyde products may also cause DNA damage 
(Vaca et al., 1988). It has also been proposed that free radicals 
derived from lipid peroxidation may function as tumor initiator 
(Esterbauer, 1982). Our result showed that the extracts inhibit 

the lipid peroxidation by 22% at 1.6 μg/ml, 42% at 8 μg/ml, 
69% at 40 μg/ml and 88% at 200 μg/ml (Fig. 5A). In MTT assay, 
the treatment of hydrogen peroxide induced the cell death by 
about 49% while the extracts prevented the cells from the death 
by 12% at 1.6 μg/ml, 44% at 8 μg/ml, 63% at 40 μg/ml and 90% 
at 200 μg/ml (Fig. 5B). The treatment of the extracts from 
Schisandra Chinensis without H2O2 had no effect on lipid 
peroxidation and cell viability (not shown).

Discussion

The results from this study demonstrate that Schisandra 
Chinensis inhibits oxidative DNA and cell damage induced 
by hydroxyl radical via its antioxidant activities. In non-cellular 
systems, the extracts from Schisandra Chinensis effectively 
scavenged DPPH radical, hydrogen peroxide and hydroxyl 
radical, and prevented DNA damage induced by hydroxyl 
radical. In a cell system, the extracts also effectively inhibited 
intracellular DNA damage, lipid peroxidation and cell death 
induced by hydroxyl radical. 

ROS have been associated with pathogenic processes including 
carcinogenesis through direct effects on DNA directly and by 
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Fig. 5. Inhibitory effect of the extracts from Schisandra chinensis on oxidative cell damage induced by hydroxyl radical. (A) The 
inhibitory effect of the extracts on the inhibition of lipid peroxidation was evaluated by measuring the amount of TBARS formation using 
NIH 3T3 cells. (B) The viability of NIH 3T3 cells was evaluated by a MTT assay. Hydroxyl radical used in lipid peroxidation assay and 
MTT assay was generated from Fenton reaction between 1 mM H2O2 and 1 mM FeSO4.The treatment of the extracts from Schisandra 
chinensis without H2O2 had no effect on lipid peroxidation and cell viability (not shown).

acting as a tumor promoter (Wiseman and Halliwell, 1996). 
ROS damage can be affected by two factors: (1) scavenging 
of radicals formed during reactions and (2) inhibiting the radi-
cal generation (Leonard et al., 2006). Cellular systems generate 
a variety of ROS such as superoxide, hydrogen peroxide and 
hydroxyl radical. Hydroxyl radical is an extremely reactive 
species, reacting with virtually all known bio-molecules at 
diffusion-limited rates of reactions (~107-1010 M/s). Moreover, 
this radical has been shown to per-oxidize lipids, oxidize protein, 
and promote DNA strand scission (Grisham, 1992). This DNA 
damage by hydroxyl radical has been shown to play a key role 
in the carcinogenesis (Barreto et al., 2005). Although hydrogen 
peroxide is a more powerful oxidant than is superoxide, it is 
relatively unreactive toward most biologic substrates. However, 
the Fenton reaction between Fe2+ and H2O2 generates Fe3+ 
and hydroxyl radical (Halliwell and Gutteridge, 1992). The 
scavenging of hydroxyl radical by the extracts from Schisandra 
Chinensis demonstrates its effectiveness against biologically 
generated radicals. Moreover, the scavenging of H2O2 by the 
extracts from Schisandra Chinensis demonstrates its effec-
tiveness for inhibiting the radical generation. The present 
investigation also examined the ability of the extracts from 
Schisandra Chinensis to inhibit DNA damage in phi X-174 
RF I plasmid DNA cleavage and intracellular DNA migration 
from exposure to hydroxyl radical. Hydroxyl radical was gen-
erated from the Fenton reaction between Fe2+ and H2O2. The 

result of the present study indicates that the extracts from 
Schisandra Chinensis can inhibit DNA damage caused by 
hydroxyl radical. Carcinogens such as chromium, asbestos 
and nickel exert their carcinogenic effect, in part, through 
production of ROS (Leonard et al., 2004). Another aspect of 
ROS damage involves injury to cellular membranes. Measure-
ment of lipid peroxidation is used as an indicator of membrane 
damage (Leonard et al., 2006). Lipid peroxidation can cause 
a cascade effect of lipid-derived radicals, thereby causing addi-
tional membrane damage. The products of lipid peroxidation, 
malondialdehyde and other groups of aldehyde products may 
also cause DNA damage (Vaca et al., 1988). It has also been 
proposed that free radicals derived from lipid peroxidation 
function as tumor initiators (Esterbauer, 1982). Our result showed 
that the extracts from Schisandra Chinensis were effective in 
inhibiting lipid peroxidation of cellular membranes. 

The results of the present investigation indicate the followings: 
(1) the extracts from Schisandra Chinensis scavenged DPPH 
radical, hydrogen peroxide and hydroxyl radical; (2) DNA damage 
from hydroxyl radical produced by the Fenton reaction was 
inhibited by the extracts from Schisandra Chinensis; (3) cell 
death and lipid peroxidation in cell membranes caused by ex-
posure to hydroxyl radical were inhibited by the extracts from 
Schisandra Chinensis;. Together, these data indicate that Schi-
sandra Chinensis possesses a spectrum of antioxidant and 
DNA-protective properties.
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