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Abstract Camellia sinensis, Green tea, contains phenolic

compounds that act to scavenge reactive oxygen species (ROS),

such as catechin, epicatechin, etc. In contrast with the tea leaf, the

bioactivity of its fruit and the fruit peels remains still unclear. This

study focused on the effects of fruit and fruit peels of C. sinensis

(FC and PC) against oxidative DNA damage in NIH/3T3 cells.

The scavenging effects of FC and PC on ROS were assessed using

1,1-diphenyl-2-picryl hydrazyl or 2,2'-azino-bis(3-ethylbenzo-

thiazoline-6-sulfonic acid radicals. The measurement of ROS in

cellular levels was conducted by DCFDA reagent and the protein

expression of γ-H2AX, H2AX, cleaved caspase-3, p53, and, p-

p53 was analyzed by immunoblotting. The gene expressions of

p53 and H2AX were assessed using polymerase chain reaction

techniques. The major metabolites of FC and PC were

quantitatively measured analyzed and the amounts of phenolic

compounds and flavonoids in PC were greater than those in FC.

Further, PC suppressed ROS production, which protects the

oxidative stress-induced DNA damage through reducing H2AX,

p53, and caspase-3 phosphorylation. These results refer that the

protective effects of FC and PC are mediated by inhibition of p53

signaling pathways, probably via the bioactivity of phenolic

compounds. Thus, FC and PC can serve as a potential antioxidant

in DNA damage-associated diseases.

Keywords Camellia sinensis · Caspase-3 · H2AX · Oxidative

DNA damage · p53

Introduction

DNA damage is occurred under the influence of external factors

to the cell or produced by normal cell metabolism. DNA damage

works directly on DNA to change its structure or activity and

consequently, complicated signaling pathways in cells are

activated to react to the damage or promote apoptosis [1,2].

Reactive oxygen species (ROS), which known as the cause of

oxidative DNA damage, mediate apoptosis and activate DNA

damage responses (DDRs) such as expressions of p53 and H2AX

in cells [3]. Also, DNA damage has been connected to the

pathogenesis of various diseases such as heart disease, inflammation,

and cancer [4]. The activation of tumor suppressor p53 induces

apoptosis and causes cell cycle arrest, which mediates tumor

suppression [5,6]. p53 has been shown to regulate basal

expressions and DNA damage-induced levels of ROS [7-9]. This

regulation of p53 activated a series of kinases that a crucial role

in the expression of DNA repair proteins [10]. ROS-mediated

oxidative DNA damage regulates both cell death and survival via

the modification of histone H2AX [11-15]. Kinase-activated γ-

H2AX plays the main role in preventing DNA damage by

aggregating genes related to DNA repair to oxidative stress [16].

The expression of caspase 3 is known as one of the main factors

of apoptosis and its cleft are regarded as a primary mechanism of

apoptosis [17]. Thus, it is important to eliminate ROS for

protecting DNA and for inhibiting the progression of many

diseases in organisms [18]. Green tea (Camellia sinensis) is a

widely popular drink worldwide [19] and has been reported to

present bioactivities with benefits, such as diabetes, cardiovascular

diseases, obesity, and the prevention of cancers [20,21]. These

benefits are mainly due to its phenolics, flavonoids (catechins),

Joung-Jwa Ahn and Tae-Won Jang are contributed equally.

Jae-Ho Park (�)
E-mail: parkjh@jwu.ac.kr

1Department of Food Science and Technology, Jungwon University,
Goesan 28024, Republic of Korea

2Department of Pharmaceutical Science, Jungwon University, Goesan
28024, Republic of Korea

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.



238 J Appl Biol Chem (2021) 64(3), 237−244

xanthic bases (caffeine), vitamins, etc [22]. In previous studies,

green tea polyphenols have been shown to exert powerful

antioxidant activity [23-25]. However, a study on the bioactivity

of fruit and its peels which are by-products of green tea remains

to be elucidated, compared with a leaf of green tea. In the present

study, we assessed the protective effects of fruit and peels of C.

sinensis (FC and PC) on oxidative DNA damage.

Materials and Methods

Extracts plants materials

C. sinensis (whole plants) were purchased from Kyungdong

commercial market (Korea) and fruit (peeled) and peels of C.

sinensis (100 g each) were obtained by immersion in 70% ethanol

(1 L) and using a sonicator (40 kHz, 700 W). The ethanol extracts

of fruit (peeled) and peels were filtered to remove the reside and

concentrated by using N-1110S rotary vacuum evaporator

(EYELA, Tokyo, Japan). The ethanol extracts from fruit and peels

of C. sinensis (dry weights of FC and PC, 9.5 g, and 2.0 g) were

collected, and each collection was dissolved in dimethyl sulfoxide

(DMSO). FC and PC was refrigerated at 4 oC until use.

Chemicals and reagents

Dulbecco’s modified Eagle’s medium (DMEM) and bovine calf

serum (BCS) were purchased from Biowest (Riverside, MO,

USA). Penicillin/streptomycin was purchased from HyClone

(Marlborough, MA, USA). Plasmocin prophylactic was purchased

from InvivoGen (San Diego, CA, USA). Radioimmuno-

precipitation assay buffer (RIPA) was purchased from Thermo

Fisher Scientific (Waltham, MA, USA). Hanks balanced salt

solution (HBSS) was purchased from Gibco (Waltham, MA,

USA). Bradford protein assay and sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE) related reagents

were purchased from Bio-Rad Laboratories (Hercules, CA, USA).

Bovine serum albumin (BSA) and agarose were purchased from

Biosesang (Korea). AlamarBlue® cell viability reagent was

purchased from Thermo Fisher Scientific. An anti-cleaved

caspase-3 polyclonal antibody (cat. no. ab13847), an anti-H2AX

polyclonal antibody (cat. no. ab11175), an anti-γ-H2AX (Ser139)

polyclonal antibody (cat. no. ab11174), an anti-p53 polyclonal

antibody (cat. no. ab131442), an anti-phosphorylated-p53 (p-p53;

Ser15) polyclonal antibody (cat. no. ab1431), and an anti-GAPDH

monoclonal antibody (cat. no. ab8245) were purchased from

Abcam (Cambridge, UK). An anti-mouse IgG monoclonal

antibody (cat. no. 18-8817-33) and anti-rabbit IgG monoclonal

antibody (cat. no. 18-8816-33) were purchased from Rockland

(USA). NucleoSpinTM RNA Plus kit was purchased from

Macherey-Nagel (Düren, Germany). ReverTra Ace-α-TM and

Quick Taq® HS Dye Mix were purchased from Toyobo Life

Science (Osaka, Japan). Quanti Tect® SYBR Green PCR kit was

purchased from Qiagen (Hilden, Germany). DNA SafeStain was

purchased from Lamda Biotech (St. Louis, MO, USA). 4′,6-

Diamidine-2′-phenylindole dihydrochloride (DAPI) was purchased

from Invitrogen (Waltham, MA, USA).

Antioxidant activity

For measuring the antioxidant activity of FC and PC, modified

methods [26,27] of 2,2'-azino-bis (3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt (ABTS) and 1,1-diphenyl-2-

picryl hydrazyl (DPPH) radical scavenging activity were applied

according to the previous study [28]. For ABTS and DPPH radical

scavenging activity, FC and PC were added to ABTS solution or

DPPH solution, which were measured by using a Xma-3000PC

ultraviolet (UV)/visible spectrophotometer (Human Corporation,

Korea). The scavenging capacity was measured as a reduced rate

in the absorbance of ABTS (in 734 nm) or DPPH (in 515 nm),

which calculated using the following formula: activity of radicals

scavenging (%) = [1−(AS−AB)/AC]x100 where ‘AS’ = Absorbance

values of radicals following treatment with the sample, ‘AB’ =

Absorbance values of ethanol or H2O and ‘AC’ = Absorbance

values of radicals.

Analysis of total phenolic compounds (TPC) and flavonoid

compound content (TFC)

TPC in extracts was measured by Folin-Denis's phenol method

[29]. Each sample was mixed with 2 N Folin-Ciocalteu reagent

and the 20% sodium carbonate solution was added. After 40 min,

the absorbance of the mixture was measured at 725 nm using a

UV/visible spectrophotometer. TPC were calculated by standard

curve of tannic acid. TPC was determined using an equation that

was obtained from the standard curve. TFC was determined using

the method [30]. Each sample was mixed with 10% aluminum

chloride, 1 M potassium acetate, and distilled water. After 30 min

at room temperature, the absorbance of the mixture was measured

at 415 nm using a UV/visible spectrophotometer. TFC were

calculated by standard curve of rutin. TFC was determined using

an equation that was obtained from the standard curve.

Cell culture

The murine NIH/3T3 cells were purchased from ATCC (ATCC®

CRL-1658TM). Cells were cultured in DMEM supplemented with

10% (v/v) BCS, 0.2% (v/v) anti-mycoplasma agents, and 1%

(v/v) antibiotics. Referring to previous studies [28], oxidative

damage (0.5 mM FeSO4 + 0.5 mM H2O2) was applied for

subsequent studies such as cell viability, western blotting, and

PCR assays.

Cell viability

The cell viability was measured using alamarBlue® reagent, and

the manufacturer's protocols were followed to obtain the range of

toxic and nontoxic concentrations. The results were calculated as

the percentage of viable cells over non-treated cells [31].
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Measurement of intracellular reactive oxygen species (ROS)

For measuring ROS, DCF-DA assay was conducted by using a

CKX53 microscope (Olympus, Tokyo, Japan). DCF-DA gets into

the cell inside and responds with ROS to generate a fluorescent

color (green) compound dichlorofluorescein (DCF) [32,33]. A

working solution of 100 μM DCF-DA (Sigma-Aldrich, St. Louis,

MO, USA) was prepared with culture medium. Cells were treated

with FC and PC for 24 h. Then cells were treated with H2O2 for

30 min. After then, the cells were washed with HBSS and

incubated with the working solution for 30 min at 37 oC. The

slides were mounted to capture images using a microscope. The

intensity of fluorescence was analyzed using the ImageJ software

v1.51K (developed at the National Institutes of Health, USA,

http://rsb.info.nih.gov/ij).

Immunoblotting

Cells were lysed using RIPA buffer supplemented with a protease

inhibitor cocktail (Sigma-Aldrich). The protein concentration of

cell lysates was calculated using Bradford solution. A certain

amount of protein was separated by SDS-PAGE on gels of

appropriate concentration and then transferred to PVDF

membrane (Bio-Rad Laboratories). The membrane was blocked

with 5% BSA (TBST) for 1 h at room temperature, then incubated

with primary antibodies in 3% BSA overnight at 4 oC. After

washing, membranes were incubated with secondary antibodies

for 1 h. Visualized bands by ECL solution were detected by

Chemi-Doc imaging system (Bio-Rad Laboratories). The intensity

of bands was analyzed using the ImageJ software v1.51K.

Reverse transcription (RT)-semi-quantitative PCR (qPCR)

and Quantitative PCR analysis

Total RNA was isolated from NIH/3T3 cells using the

NucleoSpinTM RNA Plus kit. cDNA was synthesized using

ReverTra Ace-α-TM according to the manufacturer’s protocol. RT-

PCR was carried out using Quick Taq® HS Dye. RT-qPCR was

performed using Quanti Tect® SYBR Green PCR kit on a 7500

Real-Time PCR system (Applied Biosystems, Waltham, MA,

USA, USA). The amplifications were performed with initial

denaturation at 95 oC for 2 min, followed by 35 cycles of 95 oC

for 30 s and appropriate melting temperature (Tm) value for 30

sec using Thermal cycler (Bio-Rad Laboratories). Primer

sequences using Primer 3 program 0.4.0 (http://bioinfo.ut.ee/

primer3-0.4.0/) are presented in Table 1. DNA density was

visualized by 2% agarose gel with DNA SafeStain. Transcription

levels were normalized to GAPDH. The 2−ΔΔCt formula was used

to analyze mRNA expression levels, where ΔΔCt = (Cttarget-

CtGAPDH)sample− (Cttarget− CtGAPDH)control [34]. Density was analyzed

using the ImageJ software 1.51K.2.9. 

Immunofluorescence staining

For immunofluorescence staining, a glass coverslips (BD

Biosciences, USA) were prepared with attached cells, then fixed

with 4% paraformaldehyde. The fixed cells were blocked for 1 h

with 3% BSA contained 0.1% Triton X-100. Nuclei were stained

using DAPI. Cells were incubated with primary antibodies at 4 oC,

then with with Alexa Fluor488 and Alexa Fluor568-conjugated

secondary antibodies (Abcam) in the dark. The fluorescence

images captured using a CKX53 fluorescence microscope

(magnification, x400; Olympus).

Statistical analysis

All results were analyzed by GraphPad Prism 5.0 (San Diego, CA,

USA) and are presented as mean ± standard deviation (n ≥3). The

section of antioxidant activity was analyzed by paired Student’s t-

test. Other values were analyzed by ANOVA followed by Tukey’s

post hoc test were used to compare the means across multiple

groups. p <0.05 was considered to indicate a statistically significant

difference.

Results

Analysis of phenolic compounds and flavonoid contents

Upon analysis of phenolic compounds and flavonoid contents, FC

and PC showed 76.59±0.01 and 172.97±0.01 mg/g GAE of

phenolic compounds, respectively, based on a calibration curve

(y =0.5828x−0.1099, R2=0.9998). FC and PC showed flavonoid

content at 8.45±0.01 and 10.77±0.01 mg/g QAE, respectively,

based on a calibration curve (y =3.02x−0.0922, R2=0.9864).

Antioxidant activity of FC and PC

FC and PC suppressed the DPPH radicals in a dose-dependent

Table 1 Sequences of primers used in the RT-PCR and RT-qPCR analysis

A, RT-semi-qPCR Forward (5'-3') Reverse (5'-3')

H2AX
p53

GAPDH

TTGCTTCAGCTTGGTGCTTAG AACTGGTATGAGGCCAGCAAC

CGGATAGTATTTCACCCTCAAGATCCG AGCCCTGCTGTCTCCAGACTC

AACTTTGGCATTGTGGAAGG ATGCAGGGATGATGTTCTGG

B, RT-qPCR Forward (5'-3') Reverse (5'-3')

H2AX
p53

GAPDH

GCGTCTTTGCTTCAGCTTG CACACTGGCCTACGAATGG

GATGTTCCGGGAGCTGAAT GCCCCACTTTCTTGACCAT

CCTCCAAGGAGTAAGAAACC CTAGGCCCCTCCTGTTATTA



240 J Appl Biol Chem (2021) 64(3), 237−244

manner (Fig. 1A). DPPH radical scavenging activity was

increased from PC (88.4±3.1) compared with FC (49.0±1.7) at

200 µg/mL. Also, FC and PC suppressed ABTS radicals in a

dose-dependent manner (Fig. 1B). ABTS radical scavenging

activity was increased from PC (99.6±0.1) compared with FC

(88.9±0.8) at 200 µg/mL. IC50 (half-maximal inhibitory concentration)

values of FC and PC were 318.1 and 6.66 µg/mL, respectively.

Cytotoxicity of FC and PC in NIH/3T3 cells

To determine whether FC and PC had any cytotoxic effect, NIH/

3T3 cells were cultured with FC and PC concentrations ranging

between 2 and 100 µg/mL; cell viability was then assessed

following 24 h incubation. FC and PC did not affect cell viability

(Fig. 2).

Fig. 1 Antioxidant activities of FC and PC. (A) DPPH radical scavenging activity. (B) ABTS radical scavenging activity. Data are presented as the

mean ± standard deviation of ≥3 independent experiments. ***p <0.001 vs. PC at the same concentration

Fig. 2 FC and PC provide the viability of NIH/3T3 cells. NIH/3T3 cells

were treated with various concentrations of FC and PC (0-100 µg/mL)

for 24 h and was assessed using the alamarBlue® cell viability reagent.

Data are presented as the mean ± SD of ≥3 independent experiments.

*p <0.05, **p <0.01 and ***p <0.001 vs. untreated group

Fig. 3 FC and PC suppressed the ROS production. (A) Representative fluorescence image of NIH/3T3 cells treated with DCF-DA probe in the

presence or absence of FC and PC under oxidative stress (100 μM H2O2). The fluorescence intensity was visualized using a fluorescence microscope

(magnification, ×400). Scale bar, 40 μm (B) Bar graphs indicated the fluorescence intensity of ROS in NIH/3T3 cells. Data are presented as the

mean ± SD of ≥3 independent experiments. #p <0.001 vs. Control, *p <0.05, **p <0.01, and ***p <0.001 vs. Non-treated group without oxidative

damage
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Effect of FC and PC on oxidative damage-induced ROS

production

To investigate whether an increase in oxidative damage was

suppressed by treatment with FC and PC, DCF-DA assay was

performed (Fig. 3A). The results showed that oxidative damage

increased intracellular ROS production (6.1±1.6-fold of the

control) in NIH/3T3 cells. However, FC and PC significantly

decreased the ROS production (3.1±0.2 and 2.1±0.3-fold)

compared to the non-treated group with oxidative damage (Fig.

3B).

Fig. 4 FC and PC increased protective effects on oxidative DNA damage in NIH/3T3 cells. (A) Western blot analysis revealed the expression of each

proteins (B) RT-PCR analysis revealed the levels of genes (C) Bar graphs indicated the density of the expression of each proteins (D) Bar graphs

indicated the density of the levels of genes (E) Bar graphs indicated 2-ΔΔCt of genes. Data are presented as the mean ± standard deviation of the mean of

at least three independent experiments. #p <0.001, vs. untreated group, *p <0.05, **p <0.01 and ***p <0.001 vs. oxidatively damaged group
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Effect of FC and PC on oxidative DNA damage in NIH/3T3

cells

Immunoblotting results (Fig. 4A and 4B) indicated that the

expression of p-p53 (388.0±9.4%), γ-H2AX (524.9±8.2%), and

cleaved caspase-3 (274.9±9.8%) were increased after oxidative

damage treatment. FC and PC significantly suppressed the

expression of p-p53 (232.6±2.8 and 72.1±1.4%, respectively), γ-

H2AX (152.5±4.7 and 154.9±1.9%, respectively), and cleaved

caspase-3 (136.7±4.2 and 120.1±1.5%, respectively) at 10 μg/mL.

RT-PCR analysis (Fig. 4C and D) showed increased expression of

p53 (796.7±7.0%) and H2AX (555.1±3.9%) genes after oxidative

damage treatment. FC and PC significantly suppressed the levels

of p53 (436.1±6.6 and 282.1±5.9%) and H2AX (216.9±3.1 and

244.2±3.8) genes at 10 μg/mL. The expression levels of p53 and

H2AX gene, as detected by RT-qPCR, followed the same pattern

as levels of p53 and H2AX gene detected by RT-PCR (Fig. 4E).

Cells were stained with immunofluorescence to detect p-p53 and

γ-H2AX, markers of DNA damage (Fig. 5). The expression

intensity of γ-H2AX and p-p53 increased after oxidative damage

and was decreased with FC and PC treatment compared to the

non-treated group. These results suggest that FC and PC inhibit

oxidative damage-induced apoptosis by regulating the expression

of p53 and H2AX induced by ROS generation. Further, the

protective effect of PC was significantly higher than those of FC.

Discussion

Plant-derived natural antioxidants such as phenolic compounds,

L-ascorbic acid, and flavonoids, help to interfere with the

oxidation process by reacting with free radicals, chelating catalytic

metal ions, and scavenging oxygen [35,36]. These biologically

active molecules are called phytochemicals [37,38]. Phenolic

compounds containing a resonance structure have electron-

donating potential, and their antioxidant potential can suppress the

levels of ROS such as superoxide radicals, hydroxyl radicals, and

peroxyl radicals. [39,40]. Green tea contains phenolic compounds

such as catechins, phenolic acids, and flavonoids. In the results of

this study, PC showed higher amounts of phytochemicals compared

to FC. Overall, this suggests a deep relationship between radical-

scavenging activity and phytochemicals. These results indicated

that PC scavenged DPPH and ABTS radicals more effectively

than FC. As a further study, decreasing DNA damage by ROS at

the cellular levels was considered to the indicator which represents

Fig. 5 FC and PC regulated the expression of γ-H2AX (green) and p-p53 (red) in NIH/3T3 cells. Fluorescence microscopy showed the expression of

anti-p-p53 and anti-γ-H2AX antibody treated for 24 h with oxidative damage (150 µM FeSO4 and 600 µM H2O2) + FC or PC (10 µg/mL). Scale bar,

40 µm. DAPI, 4, 6-diamidino-2-phenylindole (blue)
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the bioactivity of FC and PC against DNA damage response

(DDR). DNA damage activates DDR, which include DNA

damage recognition, activation of checkpoints, cell cycle arrest,

and eventual outcomes of repair, apoptosis, and immune clearance

[41,42]. In addition, oxidative DNA damage plays a major role in

diseases including aging, neurodegenerative disorders (Alzheimer’s

disease), cancer, multiple sclerosis, and so on [43-46]. Oxidative

stress increases H2AX phosphorylation by inducing DNA double-

strand breaks (DSBs), and H2AX phosphorylation is affected by

DDR signaling factor (phosphatidylinositol 3-kinase, PI3K) [47].

Furthermore, γ-H2AX recruits multiple components of DDR to

the site of DNA double-strand breaks (DSBs) to initiate DNA

DSB repair [16,48]. The p53 pathway is a key effector of DDR,

and phosphorylated p53 (p-p53) might regulate the cellular

response to DNA damage [49,50]. In p53-dependent pathways,

pro-caspase-3 is cleaved, thereby inactivating PARP, which

repairs DNA lesions and eventually leads to apoptosis [51].

Therefore, expression of cleaved caspase-3, γ-H2AX, and p-p53

may play distinct roles in DNA damage responses. In the present

study, FC and PC treatment suppressed the phosphorylation of

p53, cleaved caspase-3, and γ-H2AX in oxidative damage-

induced NIH/3T3 cells. Furthermore, the gene expression levels

of H2AX and p53 were suppressed. Although there might be

other ways to explain these suppressions effects, this study

demonstrates that FC and PC could decrease ROS, leading to

protect DNA against oxidative damage.
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