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Antioxidative effects of Kimchi under different fermentation stage
on radical-induced oxidative stress
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BACKGROUND/OBJECTIVES: Kimchi is a traditional Korean fermented vegetable containing several ingredients. We investigated
the protective activity of methanol extract of kimchi under different fermentation stages against oxidative damage.
MATERIALS/METHODS: Fresh kimchi (Fresh), optimally ripened kimchi (OptR), and over ripened kimchi (OvR) were fermented
until the pH reached pH 5.6, pH 4.3, and pH 3.8, respectively. The radical scavenging activity and protective activity from
oxidative stress of kimchi during fermentation were investigated under in vitro and cellular systems using LLC-PK; cells.
RESULTS: Kimchi exhibited strong radical scavenging activities against 1,1-diphenyl-2-picrylhydrazyl, nitric oxide, superoxide
anion, and hydroxyl radical. In addition, the free radical generators led to loss of cell viability and elevated lipid peroxidation,
while treatment with kimchi resulted in significantly increased cell viability and decreased lipid peroxidation. Furthermore, the
protective effect against oxidative stress was related to regulation of cyclooxygenase-2, inducible nitric oxide synthase, nuclear
factor-kB p65, and IkB expression. In particular, OvR showed the strongest protective effect from cellular oxidative stress among
other kimchi.

CONCLUSION: The current study indicated that kimchi, particularly OptR and OvR, played a protective role against free radical-induced
oxidative stress. These findings suggest that kimchi is a promising functional food with an antioxidative effect and fermentation

of kimchi led to elevation of antioxidative activity.
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INTRODUCTION

Oxidative stress and nitrosative stress are known as precursors
for chronic and degenerative diseases, such as cardiovascular
disease, atherosclerosis, diabetes, Alzheimer’s, and Parkinson’s
diseases. They are defined as an imbalance between excessive
production of reactive oxygen species (ROS) and reactive
nitrogen species (RNS), and depletion of the biological
antioxidative defense system to detoxify and eliminate the
reactive intermediates [1]. These stressors are also important
mediators of cellular damage, including DNA damage and
protein modification [1,2]. Antioxidants that prevent oxidative
and nitrosative stress-induced cellular damage have been
considered as therapeutic agents for treatment of degenerative
diseases. However, synthetic antioxidants with preventive
effects against oxidative stress related diseases showed toxicity
and side effects [3]. Therefore, safe and effective natural
antioxidants from dietary agents are of great interest [4].

Kimchi is a traditional Korean fermented vegetable in which

salt, spices, and other condiments have undergone lactic acid
fermentation. It contains high levels of vitamins, minerals, dietary
fibers, and phytochemicals from the ingredients. Optimally
ripened kimchi (OptR) (pH 4.2-4.3, total acidity 0.6-0.7%)
contains higher levels of vitamin B complex, phytochemicals,
and lactic acid bacteria [5]. The functional activities of kimchi
include antimutagenic/anticancer [6], antiobesity [7], antiathero-
sclerotic, and immunomodulatory effects [8]. Several beneficial
effects of kimchi have been reported and fermentation is known
to affect the functional activity of kimchi. However, there is a
lack of scientific evidence to address the relationship between
fermentation state of kimchi and functionality. Therefore, the
current study was conducted for comparison of the protective
role of kimchi under different fermentation stages against nitric
oxide (NO), superoxide anion (O.), and peroxynitrite (ONOO))
-induced oxidative damage under an in vitro and cellular system.

This research (912001-2) was supported by grants from the Globalization of Korean Foods R&D program, funded by the Ministry of Food, Agriculture, Forestry

and Fisheries, Republic of Korea.

§Corresponding Author: Eun Ju Cho, Tel. 82-51-510-2837, Fax. 82-51-583-3648, Email. ejcho@pusan.ac.kr

Received : March 20, 2014, Revised: July 2, 2014, Accepted: July 11, 2014

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Boh Kyung Kim et al. 639

MATERIALS AND METHODS

Preparation of kimchi and kimchi extract

Preparation of kimchi was based on the standardized kimchi
recipe of the Kimchi Research Institute at Pusan National
University (Table 1) [9]. Fresh kimchi (Fresh), OptR, and over
ripened kimchi (OvR) were fermented at 5°C until reaching pH
5.6, pH 4.3, and pH 3.8, respectively. All kimchi samples were
freeze-dried, powdered, and extracted with 20 volumes of
methanol (MeOH) for 24 h at room temperature. The MeOH
extraction was repeated three times. The extract of kimchi was
concentrated using a rotary evaporator and dissolved in
dimethyl sulfoxide.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity

Different concentrations (10-1000 pg/mL) of kimchi extracts
were prepared in 96-well plates and added to a 60 mM DPPH
solution. Following incubation for 30 min at room temperature,
the DPPH radicals were determined at 540 nm using a
microplate reader (model SPECTRAmax 340PC, Molecular Devices,
Sunnyvale, CA, USA). Scavenging activity was calculated using
the following formula: Scavenging activity (%) =1 - (Asample -
Asample blank)/Acontrol] X 100. Where Acontrol is the absorbance of the
DPPH solution without sample extracts, Asample is the absorbance
of DPPH solution + sample extracts, and the Asample blank iS the
absorbance of the sample extracts without DPPH solution.
Scavenging activity was plotted against concentration, and the
equation for the line was used to calculate the 1Cso value [10].

Nitric oxide scavenging activity

Nitric oxide was generated from sodium nitroprusside (SNP)
and measured using the Griess reaction according to the
method of Sreejayan and Rao [11]. Sodium nitroprusside (5 mM)
in phosphate buffered saline (PBS) was mixed with different
concentrations of kimchi and incubated at 25°C for 150 min.
The amount of NO produced by SNP was assayed by measuring
the accumulation of nitrite, using a microplate assay method
based on the Griess reaction.

Superoxide anion scavenging activity

Superoxide anion levels were measured following a previously
described method [12]. All kimchi samples were added to
microplate wells containing 200 pL of freshly prepared 0.125
mM ethylenediaminetetraacetic acid (EDTA), 62 mM nitro blue
tetrazolium (NBT), and 98 mM reduced nicotinamide adenine

Table 1. Ingredients ratio of standardized kimchi

Ingredients Weight (g)
Chinese cabbage 100.0
Radish 13.0
Green onion 20
Red pepper powder 35
Crushed garlic 14
Crushed ginger 0.6
Fermented anchovy juice 2.2
Sugar 1.0

Final salt concentration (%) 25

dinucleotide phosphate in 50 mM phosphate buffer (pH 7.4).
The reaction was initiated with the addition of 25 mL of freshly
prepared 33 mM 5-methylphenazium methyl sulfate in 50 mM
PBS (pH 7.4). The absorbance was continuously monitored at
540 nm over 5 min as an index of NBT reduction using a
microplate reader.

Hydroxyl radical (-OH) scavenging activity

The reaction mixture (2 mL) contained 0.2 M PBS (pH 7.0),
10 mM 2-deoxyribose, 10 mM FeSO4-EDTA, 10 mM hydrogen
peroxide, distilled water, and 75 pL of kimchi extract solutions.
After incubation of the reaction mixture at 37°C for 4 h, and
1 mL of 2.8% trichloroacetic acid (TCA) and 1 mL of 1% of
2-tribarbituric acid (TBA) solution were added. The solution was
boiled for 10 min, and the absorbance of the solution was
measured at 520 nm [13].

Cell culture

LLC-PK; renal tubular epithelial cells were obtained from the
American Type Culture Collection (Manassas, VA, USA). This cell
line, which is susceptible to oxidative stress, is widely used for
the study of materials with antioxidative activity [14]. Cells were
cultured in a culture flask with Dulbecco’s modified eagle
medium (pH 7.2) supplemented with 5% fetal bovine serum
and maintained at 37°C and 5% CO,. When cells were 80%
confluent, they were sub-cultured with 0.05% trypsin-EDTA.

Treatment of radical generators and measurement of cell viability

The cells were plated into 96-well plates at 10*cells/mL and
allowed to adhere for 2 h. Next, 1.2 mM of SNP, 1.2 mM of
pyrogallol, and 1 mM of 3-morpholinosydnonimine (SIN-1) were
applied for generation of NO, O,, and ONOQO, respectively.
Kimchi extract was applied in the test wells at various
concentrations for 24 h. Cell viability was assessed using the
MTT colorimetric assay [15].

Determination of thiobarbituric acid reactive substances (TBARS)

The level of lipid peroxidant released from cultured cells was
estimated as TBARS according to a previously described method
[12]. One aliquot of medium was mixed with 1.5 mL of 0.67%
TBA aqueous solution and 1.5 mL of 20% TCA, and boiled at
95-100°C for 45 min. The mixture was cooled with water and
shaken vigorously with 3 mL of n-butanol. After the mixture
was centrifuged at 4000 x g for 10 min, the n-butanol layer was
removed, and the absorbance was measured at 520 nm on a
fluorescence spectrophotometer (Model FR-550, Shimadzu,
Kyoto, Japan) [16].

Assay of NO levels

The amount of NO production in cells was assayed by
measuring the accumulation of nitrite, using a microplate assay
method based on the Griess reaction [11]. Briefly, 100 pL of
culture supernatant was allowed to react with 100 pL of Griess
reagent, followed by incubation at room temperature for 5 min.
Optical density of the samples was measured at 540 nm using
a microplate reader.
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Western blot analysis

Western blot analysis was performed as previously described
[12]. Antibodies against cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS), nuclear factor-kB (NF-kB) p65, and
IxB were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). (-actin (Sigma, St. Louis, MO, USA) was used as a
loading control. For determination of NF-kB translocation to the
nucleus, nuclear protein was extracted using a nuclear extraction
kit (Sigma, St. Louis, MO, USA) by following the manufacturer’s
method. The membranes were subjected to immunoblot analysis
with desired antibodies and the proteins were visualized using
the enhanced chemiluminescence method.

Reverse transcription (RT)-polymerase chain reaction (PCR)

RT-PCR analysis for gene expression was performed as
previously described [12] using the Mastercycler (Eppendorf,
Hamburg, Germany) and the primers used in this research were
as follows: COX-2: 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3’ (sense)
and 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3' (antisense); iNOS:
5"-AGA-GAG-ATC-CGG-TTC-ACA-3' (sense) and 5-CAC-AGA-GCT-
GAG-GGT-ACA-3’ (antisense); GAPDH: 5'-CGG-AGT-CAA-CGG-ATT-
TGG-TCG-TAT-3' (sense) and 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-
GAC-3' (antisense). The amplified PCR products were run on
1.5% agarose gels and visualized by ethidium bromide (Sigma,
St. Louis, MO, USA).

Statistical analysis

Significance was verified by performing Duncan’s multiple
range tests using SAS software (version 6.0, SAS Institute, Cary,
NC, USA).

RESULTS

Radical scavenging activity

The DPPH radical scavenging activity of kimchi under different
fermentation stages is shown in Table 2. Treatment with Fresh,
OptR, and OVR inhibited DPPH formation by 50% at a
concentration (ICsp) of 345.4 pg/mL, 208.8 ug/mL, and 287.8
pg/mL, respectively. The scavenging effects of kimchi on NO,
O,, and ‘OH radicals were also measured under in vitro
conditions (Table 3). Treatment with kimchi under different
fermentation stages showed strong dose-dependent scaven-
ging activity against radicals. At a concentration of 1000 pug/mL
of Fresh, OptR, and OvR, NO was scavenged by 24.9%, 64.8%,
and 54.9%, respectively. In addition, O, was also scavenged by
30.1%, 52.8%, and 34.8%, respectively. Fresh, OptR, and OvR
also exerted -OH radical scavenging effects of 42.2%, 53.8%, and
43.2%, respectively.

Table 2. DPPH radical scavenging effect of kimchi under different fermentation
stage

Table 3. NO, O;, and ‘OH radical scavenging effects of kimchi under different
fermentation stage

Concentration Scavenging effect (%)

Material 1Cso (Mg/mL)
Fresh 3454 +49°
OptR 208.8 +6.2°
OvR 287.8 +4.9°

Values are expressed as mean + SD (n=23),
“Means with different letters are significantly different (P<0,05) by Duncan’s
multiple range,

(ug/ml) NO 0, -OH
Fresh 50 23+06™ 1.0+03™ 52+1.1
100 6.8+02" 45+05 169+ 0.6
250 129+08 153+06 272+03
500 20.8 +0.4° 202+04' 31.7£0.2°
1000 249+03f 30.1+£0.9° 422+09°
OptR 50 142+07 82+03" 13.7 £0.6*
100 189+09" 229+04" 245 +03°
250 448+04° 392+ 0.6 38.5+0.7
500 528 +0.5° 482+08° 471 £04°
1000 64.8+0.2° 528+09° 538+ 06°
OWR 50 49+05 70+12¢ 58+0.2
100 182+ 1.1" 192+ 04 182+06
250 38.1+03° 248+0.7° 20.8+09"
500 442+0.7° 28.1+0.9 383+1.1¢
1000 549 +0.8° 348+1.1¢ 432+03°

Values are expressed as mean + SD (n=3),
*“"Means with different letters are significantly different (£<0.05) by Duncan’s
multiple range,

Protective effects of kimchi against NO-induced oxidative stress

The protective effects of kimchi against NO-induced oxidative
stress by SNP are shown in Fig. 1. NO generation by SNP
resulted in markedly reduced cell viability compared to control
of non-treated cells. However, kimchi increased cell viability in
a dose-dependent manner. At the concentration of 500 pg/mL,
treatment with Fresh, OptR, and OvR elevated cell viability from
18.7% to 60.8%, 79.7%, and 56.1%, respectively. The cellular lipid
peroxidation levels were increased in SNP-treated cells from
0.220 nmol malondialdehyde (MDA)/mg protein to 0.796 nmol
MDA/mg protein. At the concentration of 500 ug/mL, Fresh,
OptR, and OvR decreased lipid peroxidation to 0.424 nmol
MDA/mg protein, 0415 nmol MDA/mg protein, and 0.483 nmol
MDA/mg protein, respectively.

Protective effects of kimchi against O,-induced oxidative stress

The protective activity of kimchi under different stages of
fermentation from oxidative stress by pyrogallol is shown in
Fig. 2. Treatment with kimchi resulted in amelioration of
pyrogallol-induced cytotoxicity in LLC-PK; cells. Cell viability
declined to 19.3% by O, generated by pyrogallol. However,
treatment with Fresh, OptR, and OvR at a concentration of 500
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Fig. 1. Protective effect of kimchi under different fermentation stage on cell
viability and TBARS generation in SNP-treated LLC-PK; cells. Values are expressed
as mean = SD (n=3), *Means with different letters are significantly different (A< 0,05)
by Duncan’s multiple range.
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Fig. 2. Protective effect of kimchi under different fermentation stage on cell
viability and TBARS generation in pyrogallol-treated LLC-PK; cells. Values are
expressed as mean + SD (n = 3), “*Means with different letters are significantly different
(P<0,05) by Duncan’s multiple range.

pg/mL resulted in recovery of cell viability to 48.1%, 63.2%, and
59.4%, respectively. O, elevated MDA formation from 0.203
nmol MDA/mg protein to 0.764 nmol MDA/mg protein. However,
treatment with Fresh, OptR, and OvR resulted in inhibition of
MDA level to 0.376 nmol MDA/mg protein, 0.271 nmol MDA/mg
protein, and 0.301 nmol MDA/mg protein, respectively.

Protective effects of kimchi against ONOO -induced oxidative
stress

Generation of ONOO by SIN-1 decreased cell viability to
15.8% of non-treated control cells. Treatment with kimchi
resulted in significant, dose-dependent inhibition of reduction
of cell viability from ONOO*-induced oxidative stress. Cells
exposed to Fresh, OptR, and OvR at 500 ug/mL recovered the
viability to 58.1%, 65.4%, and 59.1%, respectively. The cellular
lipid peroxidation levels in SIN-1-treated LLC-PK; cells were
increased from 0.189 nmol MDA/mg protein to 0.813 nmol
MDA/mg protein, while treatment with kimchi resulted in a
decrease in MDA levels. At the concentration of 500 pg/mL,
Fresh, OptR, and OvR decreased lipid peroxidation from 0.813
nmol MDA/mg protein to 0.387 nmol MDA mg/protein, 0.337
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Fig. 3. Protective effect of kimchi under different fermentation stage on cell
viability and TBARS generation in SIN-1-treated LLC-PK; cells. Values are expressed
as mean + SD (n = 3), “*Means with different letters are significantly different (P< 0,05)
by Duncan’s multiple range,

Table 4. Protective effect of kimchi under different fermentation stage against
SIN-1-induced NO production in LLC-PK; cells

Treatment (500 pg/mL) NO formation (%)

Control 268+ 05°
SIN-1 573+36°
Fresh 50.6+1.2°
OptR 408+ 2.8°
OwR 502+ 1.7°

Values are expressed as mean + SD (n=23),
*IMeans with different letters are significantly different (2<0,05) by Duncan’s
multiple range,

nmol MDA mg/protein, and 0.338 nmol MDA mg/protein,
respectively (Fig. 3). The protective effects of kimchi against
SIN-1 induced production of NO in LLC-PK; cells are shown in
Table 4. NO production was increased by SIN-1 treatment
compared to non-treated cells. However, treatment with kimchi
resulted in significantly decreased production of NO. Fresh,
OptR, and OvVR caused a reduction of NO level from 57.3% to
50.6%, 40.8%, and 50.2%, respectively.
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Fig. 4. Effect of kimchi under different fermentation stage on mRNA and protein expression of COX-2 and iNOS in SIN-1 treated LLC-PK; cells. COX-2 and iNOS mRNA
expressions and protein levels were measured by RT-PCR (A), and western blot analysis (B). Values are expressed as mean + SD (n=3), **Means with different letters are significantly

different (P<0.05) by Duncan’s multiple range,
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Fig. 5. Effect of kimchi under different fermentation stage on NF-xB p65 and IkB protein levels in SIN-1 treated LLC-PK; cells. NF-kB p65 and kB protein levels were
measured by western blot analysis, Values are expressed as mean = SD (n=3). ““Means with different letters are significantly different (£<0,05) by Duncan’s multiple range,

Effects of kimchi on expression of oxidative stress-related genes

We observed the protective effect of kimchi on mRNA and
protein expression of COX-2, iNOS, NF-kB p65, and IkB against
SIN-1 (Fig. 4 and Fig. 5). The mRNA and protein expressions
of COX-2 and iNOS were elevated in SIN-1-treated LLC-PK; cells
(Fig. 4). However, treatment with 500 pug/mL of kimchi resulted
in markedly decreased mRNA and protein expression of COX-2
and iNOS. In particular, OvR caused more significant down-
regulation of these expressions than other kimchi extract-treated
groups. SIN-1 also increased the protein expression of NF-kB
p65, while OVR caused a marked decrease of this expression
(Fig. 5). In parallel, 1xB expression was decreased against the
SIN-1-treated group, however, treatment with kimchi resulted
in up-regulated expression of lkB.

DISCUSSION

Kimchi is the traditional Korean fermented food; Chinese
cabbage is the main ingredient and other ingredients include
radish, green onion, red pepper, fermented anchovy sauce,
ginger, and garlic. These ingredients contain a large amount
of vitamin C, [B-carotene, dietary fiber, chlorophylls, and
polyphenols [17,18]. Several active components of ingredients
with known health beneficial effects include (3-sitosterol from
Chinese cabbage, capsaicin from red pepper, sulfur compounds,
S-methylcysteinsulfoxide and S-allylcysteinsulfoxide from garlic,
etc. In addition, beneficial lactic acid bacteria are increased by
fermentation. The fermentation process affects the elevation of
the health beneficial effect as well as the taste of kimchi [19].
Therefore, in the current study, we prepared the different
fermentation stages of kimchi and compared their protective
role against oxidative stress.

In pathophysiological conditions, electron-transport mechanisms
in the mitochondrial respiratory chain are impaired, resulting
in mitochondria damage with over production of ROS and RNS.
These are also causes of oxidative stress and nitrosative stress
that are well-known critical risk factors of degenerative disease
[20]. LLC-PK; renal epithelial cells are vulnerable to free radical-
induced oxidative stress and are widely used as a cellular model
for study of oxidative stress-associated molecular changes [21].
Therefore, cellular oxidative stress in LLC-PK; cells induced by
free radical generators is considered useful for examining the
protective effects of kimchi against free radicals. The current
results indicate that kimchi, particularly OvR, attenuated oxidative

damage induced by NO through inhibition of lipid peroxidation
and elevation of cell viability. Nitric oxide and O, react rapidly
to form ONOQO, a powerful oxidation, resulting in occurrence
of oxidation and nitration of proteins [22]. Our results showed
that NO, O,, and ONOO-induced cellular damage by SNP,
pyrogallol, and SIN-1 in LLC-PK; cells through a decrease in
viability and increases of lipid peroxidation. However, treatment
with kimchi resulted in amelioration of free radical induced
oxidative stress by recovery of cell viability and decrease of lipid
peroxidation.

NF-kB, an oxidative-stress responsive transcription factor,
plays a critical role in cellular signaling under oxidative stress
[23,24]. It is known to mediate the expression of inducible genes
such as iNOS, COX-2, VCAM-1, and ICAM-1 in immune and
inflammatory responses. In an unstimulated state, NF-kB is
present in the cytosol as a NF-kB/IkB complex, through the p65
unit. Extracellular signals trigger phosphorylation of IkB and are
ubiquinated and degraded by ubiquitine-proteasome. Removal
of IkB allows translocation of NF-kB from the cytosol to the
nucleus for induction of its downstream genes such as COX-2
and iNOS [25-27]. NF-«B is activated by ROS and oxidative stress
by the IkB kinase (IKK)-dependent pathway. IKK complex
subunit is regulated by an essential NF-kB protein modulator
and it can also regulate IKK complex activation [28,29]. In
endothelial cells, ONOO is known to increase iNOS through the
NF-kB pathway [30]. Therefore, the expression of SIN-1-induced
NF-kB and its downstream genes, COX-2 and iNOS, was
investigated under cellular oxidative stress in LLC-PK; cells. NF-x
B protein level was markedly increased by ONOO™ generated
by SIN-1, whereas treatment with kimchi decreased this expression.
In particular, OvR caused significant down-regulation of this
protein expression, indicating that kimchi, particularly OptR and
OvVR, would regulate expression of COX-2 and iNOS through
the NF-kB pathway. In addition, the fermentation state would
also be related to the NF-kB pathway. Several studies have also
demonstrated that OvR exerted a stronger antioxidative effect
than Fresh [31]. Total phenolic content, DPPH and nitrite
scavenging activity of long-term fermented kimchi was higher
than those of short-term fermented kimchi. Although further
study on the relationship between fermentation and antioxidative
effect has to be supported, the bioactive compounds would
be produced more during the fermentation period and would
be responsible for the stronger biological activity.

In the current study, treatment with kimchi, particularly OptR
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and OVR, showed strong radical scavenging activity against
DPPH, NO, O, and -OH under in vitro conditions. In addition,
treatment with kimchi resulted in attenuation of cellular
oxidative stress through increases in cell viability and inhibition
of lipid peroxidation under the cellular system. In addition, this
study indicated that protective effects of kimchi against
oxidative stress were related to regulation of COX-2, iNOS, NF-i
B p65, and IkB expression. In addition, findings of this study
implied that fermentation of kimchi would affect the protective
role from oxidative stress, suggesting that kimchi is a promising
functional food with a protective effect against oxidative stress,
although the in vivo and human study has to be supported.
Further research on the antioxidative mechanisms of kimchi in
relation to fermentation stage in detail should be conducted.
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