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Background: Malvidin is one of the most abundant components in red wines and black rice. The effects of malvidin on aging and 
lifespan under oxidative stress have not been fully understood. This study focused on the anti-aging effect of malvidin on stress-induced 
premature senescence (SIPS) in WI-38 human lung-derived diploid fibroblasts.
Methods: In order to determine the viability of WI-38 cells, MTT assay was conducted, and malondialdehyde level was determined using 
thiobarbituric acid-reactive substance assay. Protein expression of inflammation-related factors was also evaluated by Western blot analysis.
Results: Acute and chronic oxidative stress via hydrogen peroxide (H2O2) treatment led to SIPS in WI-38 cells, which showed decreased 
cell viability, increased lipid peroxidation, and a shortened lifespan in comparison with non-H2O2-treated WI-38 cells. However, malvidin 
treatment significantly attenuated H2O2-induced oxidative stress by inhibiting lipid peroxidation and increasing cell viability. Furthermore, 
the lifespan of WI-38 cells was prolonged by malvidin treatment. In addition, malvidin downregulated the expression of oxidative 
stress-related proteins, including NF-B, COX-2, and inducible nitric oxide synthase. Furthermore, protein expression levels of p53, p21, 
and Bax were also regulated by malvidin treatment in WI-38 cells undergoing SIPS. 
Conclusions: Malvidin may potentially inhibit the aging process by controlling oxidative stress.
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INTRODUCTION

Reactive oxygen species (ROS), including singlet oxygen, 

superoxide anions, hydroxyl radicals, and hydrogen peroxide, are 

a general output of aerobic metabolism and can also originate in 

response to insults such as heat, cytokines, hydrogen peroxide, 

and radiation.1,2 Under normal conditions, antioxidants in the 

body control ROS content; however, inadequate antioxidant 

content or ROS overproduction can result in pathophysiological 

conditions. The aging process is closely related to increased ROS 

levels. Excessive ROS accumulation disturbs normal biological 

redox balance and pushes organisms toward an oxidized 

condition that induces oxidative stress.3-5 Impaired homeostasis 

owing to ROS accumulation induces cellular damage and 

aging-related degenerative diseases. In addition, oxidative stress 

can trigger specific signaling pathways that can alter gene 

expression via activation of particular transcription factors. 

Oxidative stress can trigger the expression of inflammation-rela-

ted factors such as NF-B and its downstream genes, including 

inducible nitric oxide synthase (iNOS) and COX-2, eventually 

leading to aging through persistent inflammatory responses.2,6,7 

This upregulation of inflammatory reactions is common in 

age-related diseases such as cancer. Aging and environmental 

factors result in oxidative stress, and it causes metabolic changes 

including elevation of lipid peroxidation, ROS, protein, and DNA 

oxidation. Furthermore, DNA damage induced by reactive species 

may cause aberrant cell cycle entry and affect gene regulation of 

p53 and Wnt related with neurodegenerative diseases and cancer. 
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Upregulation of p53 and downregulation of Wnt are associated 

with apoptosis of neural cells, whereas the downregulation of 

p53 and upregulation of Wnt induce proliferation of cancer cells. 

Therefore, inflammation and oxidative stress caused by aging are 

considered as a general initiating factor of both neurodege-

neration and carcinogenesis.8 In addition, oxidative stress 

regulates apoptosis-associated transcription factor, such as Bax 

and Bcl-2.9,10 Aging, various age-related diseases, and even cell 

death can occur due to the effects of oxidative stress on cell 

signaling and gene expression.2

Antioxidants are capable of attenuating ROS-induced damage 

associated with oxidative stress by scavenging free radicals, 

including hydroxyl radicals and superoxide anions, thus protec-

ting organisms against the aging process. Malvidin (molecular 

weight: 331.3), one of the most abundant components of red 

wines and black rice, is an anthocyanidin that is well known for 

antioxidant. Previous studies revealed its anti-oxidative and 

anti-inflammatory effects in RAW 264.7 macrophages and anti- 

hypertensive effect through inhibiting angiotensin I-converting 

enzyme.6,11 In addition, malvidin inhibited TNF--induced 

increase of inflammatory factors, including monocyte 

chemoattractant protein-1 and intercellular adhesion molecule 1, 

and hindered the production of vascular cell adhesion molecule 1 

in the NF-B pathway in endothelial cells.12 However, the effects 

of malvidin on aging and lifespan under oxidative stress have not 

been reported.

Human diploid fibroblasts (HDFs) are a well-established 

experimental model for cellular aging-related studies. In cell 

culture, HDFs divide a limited number of times and cease growing 

and this phenomenon is known as cellular replicative senescence 

(RS). Following exposure to sub-lethal stressors such as ROS, 

HDFs show a cellular stress-induced premature senescence (SIPS) 

phenotype that is similar to the general morphology of cellular 

RS.2,13 This study investigated whether the anti-aging effect of 

malvidin and its associated mechanisms could protect WI-38 

human fibroblast cells in SIPS against aging. In addition, the effect 

of malvidin on lifespan was examined.

MATERIALS AND METHODS
1. Materials and reagents

Malvidin was purchased from Extrasynthese Co. (Genay, France). 

Basal medium eagle (BME), Triton X-100, and paraformaldehyde 

were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, 

USA). H2O2, calcium and magnesium-free PBS, MTT, dimethyl 

sulfoxide (DMSO), dimethyl formaldehyde, potassium 

ferrocyanide, Nonidet P-40 (NP-40), potassium ferricyanide, 

2-amino-2-hydroxymethyl-1,3-propanediol (Tris), and phenyl-

methane sulfonyl fluoride (PMSF) were purchased from Wako 

Pure Chemical Industries Ltd. (Osaka, Japan). FBS and trypsin 

solution were obtained from Life Technologies Inc. (Grand Island, 

NY, USA), and 5-bromo-4-chloro-3-indoyl-b-D-galactoside was 

obtained from Nakalai (Kyoto, Japan). Anti-iNOS, anti-COX-2, and 

anti--actin were obtained from Santa Cruz Biotechnology (Santa 

Cruz, CA, USA), and goat anti-rabbit IgG horseradish peroxidase- 

conjugated secondary antibodies were obtained from Amershan 

Corp. (Arlington Heights, IL, USA).

2. Cell culture and treatment

WI-38 cells (human normal embryonic lung-derived diploid 

fibroblasts, population doubling level [PDL] 23) were purchased 

from the ATCC (American Type Culture Collection, Manassas, VA, 

USA) and grown in BME with 10% FBS in an incubator with a 5% 

CO2 atmosphere. Cultured cells were re-fed 2-3 times per week, 

washed with PBS, and separated with 0.05% trypsin-0.02% EDTA. 

The collected cells were added to medium and subcultured at an 

interval of 4-5 days. Upon reaching confluence, WI-38 HDFs at 

PDL 26.0 were seeded at a density of 1 × 105 cells/mL in 6- or 

96-well culture plates and incubated for 2 hours. To induce acute 

and chronic oxidative stress, the method of Wolf et al.14 was used 

with slight modification. In case of acute oxidative stress, cells 

were treated with 50 M H2O2 for 1 hour, followed by treatment 

with malvidin for 24 hours. In addition, chronic oxidative stress 

was induced by treating 5 M H2O2 repeatedly for 4 days, with the 

malvidin treatment process also repeated for 4 days.

3. Cell viability

Cell viability was evaluated using the MTT colorimetric assay 

devised by Mosmann.15 MTT solution (1 mg/mL) was added to 

each well of a 96-well culture plate, which was incubated for 4 

hours at 37oC. After removing the medium containing MTT, 

DMSO was added to solubilize formazan crystals incorporated 

into viable cells. The absorbance of each well was read at 540 nm 

using a Microplate Reader (Model 3550-UV; Bio-Rad, Tokyo, 

Japan).

4. Thiobarbituric acid-reactive substance levels

Thiobarbituric acid (TBA)-reactive substance levels were 

evaluated using the method of Mihara and Uchiyama.16 Cell 

lysates were treated with 0.67% TBA and 20% trichloroacetic acid 

and boiled at 100oC for 45 minutes. The resulting mixtures were 

cooled on ice and extracted with n-BuOH. Centrifugation was 
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conducted at 4,000 ×g for 10 minutes and the fluorescence of the 

n-BuOH layer was measured at an excitation wavelength of 515 

nm and an emission wavelength of 553 nm using a fluorescence 

spectrophotometer (model RF-5300PC; Shimadzu, Kyoto, Japan). 

Lipid peroxide content was calculated in terms of the amount of 

malondialdehyde (MDA).

5. Cell lifespan

Classification of life span in fibroblast (young and old age) was 

referred to previous studies, and their intermediate value was 

used for middle age.14,17 Cell lifespan was evaluated as described 

by Cristofalo and Charpentier.18 The PDL of each culture was 

calculated as follows: current PDL = last PDL + log2 (collected cell 

number/seeded cell number).

6. Protein extraction, gel electrophoresis, and western 
blot analysis

Total cell lysates were obtained via lysis in an extraction buffer 

containing 25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA, 1% 

NP-40, 0.1 mM sodium orthovanadate, 2 g/mL leupeptin, and 

100 g/mL PMSF. Nuclear proteins were extracted by the method 

of Komatsu et al.19 with slight modification for determining the 

activated NF-B in nucleus level. Cells were lysed with lysis buffer 

containing 50 mM Tris-HCl (pH 7.5), 10 mM MgCl2, 15 mM CaCl2, 

1.5 M sucrose, 1 mM dithiothreitol (DTT), and a protease inhibitor 

cocktail and placed on ice for 10 minutes. After centrifugation, 

nuclear pellets were resuspended in nuclear extraction buffer 

containing 20 mM HEPES (pH 7.9), 15 mM MgCl2, 0.42 M NaCl, 0.2 

mM EDTA, 25% (v/v) glycerol, 10 mM DTT, and a protease 

inhibitor cocktail. Centrifugation was conducted, after which 

nuclear proteins were concentrated in the supernatants. Protein 

concentrations were determined with a Bio-Rad protein assay kit 

(Bio-Rad, Hercules, CA, USA). For Western blot analysis, total 

proteins and nuclear proteins were separated by SDS PAGE and 

electro-transferred to nitrocellulose membranes (Schleicher & 

Schuell, Keene, NH, USA), which were subjected to immunoblot 

analysis with the desired antibodies. Proteins on the membranes 

were visualized by enhanced chemiluminescence (ECL) (Amersham 

Corp.). 

7. Statistical analysis

All analyses were performed using SAS software (SAS Institute 

Inc., Cary, NC, USA). Data are presented as mean ± SD. A value of 

P ＜ 0.05 was considered statistically significant. Differences 

between groups were evaluated by one-way ANOVA followed by 

Duncan’s multiple range test. 

RESULTS
1. Effects of malvidin on cell viability and thiobar-

bituric acid-reactive substance generation under 
hydrogen peroxide-induced premature senescen-
ce in WI-38 cells

The effects of malvidin treatment on cell viability and lipid 

peroxidation following H2O2-induced premature senescence in 

WI-38 cells are shown in Figure 1. The SIPS group treated with 50 

M H2O2 showed 45% cell viability; however, the cell viability was 

improved by malvidin in a concentration-dependent manner. At 

a concentration of 0.5 g/mL, malvidin increased the cell viability 

to greater than 70%  (Fig. 1A). The untreated group showed 0.45 

nmol/mg protein MDA, but the SIPS group showed 1.15 nmol/mg 

protein MDA (2.2-fold higher than that of the normal group). 

However, malvidin treatment at concentrations of 0.5, 2.5, and 10 

g/mL decreased the MDA content to 0.53, 0.47, and 0.43 

nmol/mg protein, respectively (Fig. 1B). 

In addition, repeated low-dose H2O2 treatment reduced WI-38 

cell viability to 65% by inducing premature senescence through 

chronic oxidative stress (Fig. 1). However, malvidin treatment 

protected against SIPS induced by chronic oxidative stress and 

increased the cell viability in a concentration-dependent manner. 

At concentrations of 0.5 and 10 mg/mL, malvidin increased the 

cell viability to 72% and 88%, respectively (Fig. 1C). MDA level of 

the normal group was 0.13 nmol/mg protein, but that of the SIPS 

group under chronic oxidative stress was 0.49 nmol/mg protein. 

However, the MDA content in SIPS group was decreased signifi-

cantly by repeated malvidin treatment. In particular, treatment 

with 10 g/mL malvidin decreased the MDA content from 0.490 

nmol/mg protein to 0.15 nmol/mg protein (Fig. 1D).

2. Effect of malvidin on the lifespan of WI-38 
fibroblasts

The effect of malvidin on WI-38 cell lifespan is shown in Table 1. 

In all age groups, malvidin treatment extended cellular lifespan. 

WI-38 cells at PDL 26 showed growth to PDL 64, while their lifespan 

was extended to PDL 67 by malvidin treatment. In the cells of 

moderate and extended age, malvidin treatment prolonged cellular 

lifespan in comparison with that of the non-treated group. Table 1 

also shows the effects of malvidin on the lifespan of cells with SIPS 

induced by H2O2. In the young group, cell lifespan under SIPS 

induced by H2O2 showed a PDL of 28. However, malvidin treatment 

recovered the cellular lifespan to PDL 34. In addition, malvidin 

treatment also extended the lifespan of the moderately aged group 
with SIPS to PDL 49, whereas the H2O2-treated moderately aged 
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Group

Life span (PDL)

None
Plus 

malvidin
H2O2

H2O2 plus 
malvidin

Young age (yr) 26 → 64 26 → 67 26 → 28 26 → 34
Middle age (yr) 42 → 62 42 → 66 42 → 42 42 → 49
Old age (yr) 58 → 62 58 → 63 - -

PDL = last PDL + log2 (collected cell number/seeded cell number). 
PDL, population doubling level. 

Table 1. Effect of malvidin on the lifespan of WI-38 fibroblast cells

Figure 1. Effect of malvidin on cell viability and oxidative stress in WI-38 cells. (A) Cell viability and (B) thiobarbituric acid-reactive substance 
(TBARS) generation were measured after H2O2-induced premature senescence in WI-38 cells and (C) cell viability and (D) TBARS generation 
were also measured in WI-38 cells with premature senescence induced by repeated low-dose H2O2 treatment. Values are mean ± SD (n 
= 6). PSC, premature senescence control; MDA, malondialdehyde. a∼fMeans with the different letters are significantly different (P ＜ 0.05) 
by Duncan’s multiple range test.

group of WI-38 cells showed a PDL of 42.

3. Protective mechanisms of malvidin on stress- 
induced premature senescence

Figure 2 shows the effect of malvidin on protein expression 

related to SIPS. Protein levels of NF-B, COX-2, and iNOS were 

upregulated in the SIPS group in comparison with those of the 

normal group; however, malvidin treatment downregulated 

protein levels of NF-B, COX-2, and iNOS. In particular, NF-B, 

COX-2, and iNOS levels were markedly downregulated at a 

malvidin concentration of 10 g/mL. Exposure of WI-38 cells to 

H2O2 increased protein levels of p53 and p21; however, these 

protein levels were downregulated by malvidin treatment (Fig. 3). 

Figure 4 shows the protein levels of pro-apoptosis regulator Bax 

and anti-apoptosis regulator Bcl-2. Similar to other proteins 

related to oxidative stress, Bax protein expression was decreased 

by malvidin treatment in comparison with that of the SIPS group. 

In contrast, Bcl-2 expression was slightly increased by malvidin 

treatment (Fig. 4). 
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Figure 2. Effect of malvidin on protein expression of inducible nitric oxide (iNOS), COX-2, and NF-B in WI-38 cells under H2O2-induced 
premature senescence. Cells were incubated with malvidin for 48 hours and lysed. Cellular and nuclear proteins were separated by SDS 
PAGE and transferred onto nitrocellulose membranes, which were probed with anti-NF-B, anti-COX-2, and anti-iNOS antibodies. (A) Proteins 
were visualized using an enhanced chemiluminescence detection system. Actin was used as an internal control. Graphs represent relative 
expression of (B) COX-2, (C) iNOS, and (D) nuclear NF-B to actin expression. PSC, premature senescence control. a∼dMeans with the different
letters are significantly different (P ＜ 0.05) by Duncan’s multiple range test.

Figure 3. Effect of malvidin on 
protein expression of p53 and p21 
in WI-38 cells under H2O2-induced 
premature senescence. Cells were 
incubated with malvidin for 48 
hours. (A) The protein levels of p53 
and p21 were detected by Western 
blotting. Actin was used as an in-
ternal control. Graphs represent rel-
ative expression of (B) p53 and (C) 
p21 to actin expression. PSC, prema-
ture senescence control. a∼dMeans 
with the different letters are sig-
nificantly different (P ＜ 0.05) by 
Duncan’s multiple range test.
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Figure 4. Effect of malvidin on 
protein expression of Bax and Bcl-2 
in WI-38 cells under H2O2-induced 
premature senescence. Cells were 
incubated with malvidin for 48 
hours. (A) The protein levels of Bax 
and Bcl-2 were analyzed by Western 
blotting. Actin was used as an in-
ternal control. Graphs represent rel-
ative expression of (B) Bax and (C) 
Bcl-2 to actin expression. PSC, pre-
mature senescence control. a∼dMea-
ns with the different letters are sig-
nificantly different (P ＜ 0.05) by 
Duncan’s multiple range test.

DISCUSSION

ROS-induced oxidative stress is the factor primarily respon-

sible for the aging process at both cellular and organism levels. 

ROS accumulation and oxidative stress increase with age and are 

accompanied by a decline in capability of the cellular recovery 

system.4 Therefore, aging is a progressive functional loss of the 

ability of an organism to withstand stress or insults. Aging is 

related to the occurrence of age-related diseases and death.20 In 

addition, ROS production by the mitochondrial respiratory 

system can generate nitric oxide and reactive nitrogen species 

(RNS) during cellular metabolism, which affect cellular signaling 

pathways involving NF-B, iNOS, p53, and COX-2, resulting in 

apoptosis or aging.21 Acute oxidative stress suppresses mito-

chondrial respiration and can lead to changes in membrane 

potential and abnormal morphology, which can also be caused by 

age-associated chronic oxidative stress during aging in a similar 

manner.22 Because oxidative stress is regulated by the balance 

between ROS levels and antioxidants in organisms and cellular 

system and anti- oxidants, studies on antioxidants have attracted 

much attention. Malvidin is an anthocyanin that has two OCH3 

substituents on ring B, and previous study showed that malvidin 

is the strongest oxidation inhibitor in human low-density 

lipoproteins and lecithin liposome system among 5-different 

anthocyanins.23 Furthermore, it was demonstrated that malvidin 

and malvidin compounds including mavldin-3-glucoside, malvi-

din-3-galctoside, and malvidin-3,5-digulcoside had anti-radical and 

anti-oxidative activity.24 The O2-scavenging activity of malvidin 

was higher than peonidin in a hypoxanthine-xanthine oxidase 

system.25 In addition, malvidin-3-glucoside was effective to 

attenuate intracellular reactive species generated by dihydrofluo-

rescein diacetate, which has ability to permeate cell membranes 

and can be oxidized by reactive species.26 However, its protective 

effect against cellular senescence by oxidative stress using WI-38 

cells has not been studied yet.

HDFs are a classical experimental model of cellular aging and 

age-related changes in human cells.27 HDFs cease division after a 

definite number of population doublings in vitro in a process of 

limited cell division known as RS.13,28 Telomere shortening is 

observed at each cell division, leading to a telomere of certain 

length.28 SIPS in HDFs is a telomere-independent senescent 

phenotype model that can be induced by several factors, including 

exhaustion of cellular proliferation potential, alteration of 

electron transport potential, weakness of the antioxidant defense 

system, and oxidant generation.4 In addition, senescent HDFs 

display an increased cellular ROS level. Indeed, acute and chronic 

oxidative stress may induce a senescence phenotype in cells.29 

Therefore, H2O2-induced SIPS in WI-38 HDFs is an appropriate 

model for the study of cellular aging and for assessing the 

anti-aging properties of agents effective against oxidative stress. 

Therefore, WI-38 cells were employed to assess the anti-aging 

effects of malvidin and to identify protective mechanisms that 
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may explain its anti-aging activity in cells under SIPS.

Several studies have demonstrated delayed HDF growth under 

cellular senescence conditions.30,31 Consistent with these reports, 

our study demonstrated that SIPS was induced by acute and 

chronic oxidative stress, as manifested by decreased cell viability 

and increased lipid peroxidation. However, malvidin improved 

the viability of WI-38 cells under SIPS through attenuation of the 

oxidative stress induced by acute and chronic H2O2 treatment.

It is well established that oxidative stress exerts a negative 

influence on intracellular molecules including lipids, proteins, 

and DNA, and can even induce cellular senescence. ROS and RNS 

trigger excessive lipid peroxidation that is responsible for produc-

tion of some biomarkers, such as MDA and 4-hydroxylnonenal.21,32 

Human skin fibroblasts treated with ultraviolet-A, tert-butyl-

hydroperoxide, and H2O2 showed increased levels of TBA- 

reactive substances, indicating elevated cellular lipid peroxi-

dation.33 In the current study, H2O2 exposure significantly 

elevated MDA content in WI-38 cells under SIPS (Fig. 1). However, 

malvidin treatment inhibited MDA production, suggesting that 

malvidin protects against oxidative stress. 

Oxidative stress and inflammation play crucial roles in 

determining lifespan and mediate age-related disease.34 The 

lifespan of HDFs was extended by malvidin treatment (Table 1). 

Malvidin treatment effectively prolonged the lifespan of fibro-

blasts of all age groups. Moreover, malvidin treatment also 

increased the lifespan of HDFs with premature senescence 

induced by H2O2. It was established that there is a positive correla-

tion between the cellular lifespan of an organism and its 

longevity. Fibroblasts show a reduced proliferative lifespan with 

age. In addition, fibroblasts of patients with syndromes of prema-

ture aging have a reduced lifespan.35,36 Therefore the current 

result demonstrating extension of the lifespan of HDFs by 

malvidin treatment indicates that malvidin may affect the 

lifespan of cells in vitro and the longevity of treated organisms, 

although further studies must be conducted to explore this 

possibility. These findings also suggest that malvidin could 

inhibit the aging process and increase lifespan.

NF-B is a ubiquitous transcription factor that is regulated by 

the intracellular reduction-oxidation state. A previous study has 

demonstrated the connection between NF-B activation and 

aging.37 In its inactive state, NF-B is attached to an inhibitory 

protein known as inhibitor of kappa B (IB) in the cytoplasm. 

NF-B is activated by separation from IB, which is induced by 

various stimuli, including inflammation, infection, and oxidative 

stress. Oxidative stress induced by ROS, including H2O2 and 

external insults, can induce IB phosphorylation, upon which it 

is degraded and separated from NF-B, which rapidly translocates 

from the cytoplasm to the nucleus and alters transcriptional 

activity. Because ROS, including H2O2, activate NF-B signaling, 

this pathway can be blocked by antioxidants such as vitamin E 

and butylated hydroxyanisole.37,38 NF-B activation can cause 

both oxidative stress and inflammation.34 In addition, oxidative 

stress and the resulting lipid peroxidation may produce free 

radical chain reactions, activating NF-B signaling and accele-

rating the production of inflammatory mediators.34 Indeed, 

chronic oxidative stress as well as inflammatory reactions is 

positively associated with several disorders related to aging, 

while NF-B activation increases with age due to inhibition of 

IB.39 It was demonstrated that malvidin attenuated nuclear 

translocation and DNA binding activity of NF-B in both 

lipopolysaccharide (LPS)-treated and unstimulated RAW264.7 

cells. In addition, investigation of LPS-induced NF-B activation 

by luciferase reporter assay showed strong effect of malvidin in 

RAW264.7 cells.6 Consistent with these reports, our results 

revealed that SIPS triggered by H2O2 in WI-38 HDFs caused 

upregulation of NF-B. However, malvidin treatment 

downregulated NF-B protein expression, demonstrating the 

inhibitory effect of malvidin on NF-B signaling. 

We also investigated protein expression of iNOS and COX-2. 

iNOS and COX-2 expression levels are regulated by translocation 

of activated NF-B and mediate the aging process through tissue 

damage and chronic inflammation.40 iNOS is a crucial enzyme 

that produces NO and thus plays a major role in oxidative stress 

and inflammation.21 COX-2 also has a critical role in inflamma-

tion since it produces various prostaglandins associated with the 

pathogenesis of chronic diseases.21,41 Therefore, iNOS and COX-2 

are considered to be useful biomarkers of cellular oxidation.42 

Corroborating these findings, this study demonstrated that 

protein levels of iNOS and COX-2 were increased by H2O2- 

induced SIPS in HDFs but malvidin treatment inhibited 

expression of both enzymes in a dose-dependent manner. 

Inhibition of iNOS and COX-2 protein expression by malvidin 

may be related to regulation of NF-B signaling.

The tumor suppresser protein p53 is activated by DNA damage 

induced by oxidative stress and triggers expression of p21, which 

influences cell aging.13 Moreover, p53 and p21 activation can lead 

to intracellular ROS production during establishment of 

senescence.43 Activation of p53 leads to overexpression of 

cyclin-dependent kinase inhibitors, including p21, and may 

influence HIF-1, which is related to adaptation to oxidative stress. 

Indeed, activated p53 induced by oxidative stress can lead to 

apoptosis or growth arrest at the G1 phase.28 In our study, expres-



 

Hye Rin Seo, et al: Antiaging Effect of Malvidin 39

sion levels of p53 and p21 were elevated under SIPS induced by 

H2O2. However, malvidin treatment produced dose-dependent 

downregulation of p53 and p21 protein expression. These results 

suggest that malvidin produces anti-aging effects through 

regulation of the cell cycle and apoptotic processes. Numerous 

proteins are involved in the process of apoptosis, including 

pro-apoptotic regulator Bax and anti-apoptotic regulator Bcl-2.44 

Bax regulates the activities of tumor suppressor factors such as 

p53, caspases, and endonucleases by extricating cytochrome c from 

mitochondria, while Bcl-2 prevents the release of cytochrome c.45 

Corresponding to previous studies, our present study showed 

that HDFs under SIPS strongly upregulated Bax expression and 

downregulated Bcl-2 expression. However, malvidin treatment 

regulated protein expression both Bax and Bcl-2, suggesting a 

protective effect against apoptosis.

The present study demonstrates that malvidin protects against 

premature cellular senescence induced by oxidative stress. 

Malvidin treatment following induction of SIPS elevated cell 

viability and inhibited lipid peroxidation. Malvidin treatment 

regulated the NF-B signaling pathway and apoptosis-related 

factors. Furthermore, malvidin treatment extended the cellular 

lifespan. These results demonstrate that malvidin could inhibit 

the aging process by attenuating oxidative stress.
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