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Abstract. Centipedegrass originates from China and South 
America, and has been reported to contain several C‑glycosyl 
f lavones and phenolic compounds, including maysin 
and luteolin. The present study aimed to investigate the 
radioprotective activity of centipedegrass extract (CGE) in radi‑
ation exposed‑fibroblasts and to assess the affected molecular 
pathway. The radioprotective effects of CGE were determined 
in NIH‑3T3 cells using Cell Counting Kit‑8 and morphological 
changes were observed. Reactive oxygen species (ROS) levels 
and the apoptotic profile of NIH‑3T3 cells were also measured. 
The expression levels of B‑cell lymphoma‑2 (Bcl‑2) family 
proteins [Bcl‑2, Bcl‑2 like protein 4 (Bax), Bcl‑2‑associated 
death promoter (Bad), caspase‑3, poly(ADP‑ribose) poly‑
merase (PARP)], AKT and MAPK family proteins (ERK, p38 

and JNK) were measured in vitro. The results demonstrated 
that when 3T3 fibroblasts pretreated with CGE were subjected 
to H2O2‑induced cell damage, their viability was significantly 
decreased. Additionally, CGE pretreatment decreased ROS 
levels and the protein expression levels of cleaved PARP upon 
H2O2 treatment, indicating that CGE induced cytoprotective 
effects against H2O2‑induced oxidative stress. Moreover, 
significant protective effects of CGE against intracellular 
ROS, induced upon exposure to ionizing radiation (IR), were 
observed. The protective effects of CGE pretreatment were 
also determined by morphological observation of NIH‑3T3 
cells following exposure to IR. CGE pretreatment increased 
the expression levels of anti‑apoptotic signals (Bcl‑2, p‑BAD) 
and decreased the levels of pro‑apoptotic signals (Bax, 
Bad), and led to cleavage of PARP and caspase‑3 proteins. 
Additionally, in cells pretreated with CGE, the phosphoryla‑
tion of AKT and ERK was increased and that of p38 and JNK 
was decreased compared with in cells subjected only to IR. 
These results indicated that CGE may act as a radioprotector 
due to its anti‑oxidative activity, restoring cell homeostasis and 
redox balance in radiation‑exposed fibroblast cells. Therefore, 
it could be suggested that CGE may be an effective candidate 
in the treatment of oxidative stress‑related diseases and in 
radioprotection.

Introduction

Centipedegrass belongs to the genus Eremochloa (Poaceae), 
which includes eight species that inhabit China and Southeast 
Asia, and is one of the most popular grasses in South 
America  (1). It contains C‑glycosyl flavones and phenolic 
constituents as its common structural skeleton, which is 
biologically active (2). In a previous study, we isolated and 
analyzed the extract from centipedegrass, and found that these 
components included maysin, and maysin derivatives such 
as luteoin‑6‑C‑boivinopyranose, luteolin, Isoorientin, rham‑
nosylisoorientin, and derhamnosylmaysin (3). Particularly, 
centipedegrass extract  (CGE), a flavonoid‑rich chemical 
compound extracted from centipedegrass, has been reported to 
demonstrate free radical‑scavenging activity in vitro biochem‑
ical assays using DPPH‑radical scavenging activity (4). It was 
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also reported that maysin (a C‑glycoside flavone from centipe‑
degrass) and its precursor chemical components could exhibit 
anti‑oxidative activity via DPPH radical scavenging in vitro 
antioxidant model (5), and protect SK‑N‑MC cell lines against 
inhibition of H2O2‑induced apoptotic cell death (6). Despite 
these health benefits of maysin and flavonoid derivatives, its 
cytoprotective effects against ionizing radiation (IR)‑induced 
cell death in fibroblasts and the underlying mechanisms have 
not been elucidated yet.

Cancer remains a big challenge in global healthcare 
because it is one of the most rampant causes of death. Radiation 
therapy (RT) is one of the most important treatment strategies 
used in the treatment of more than two thirds of cancer cases 
worldwide (7). Advances in technology over the last decades 
have prompted the development of 3‑dimensional conformal 
RT techniques, including intensity‑modulated radiation 
therapy and stereotactic body radiation therapy (8). In addition 
to these advanced medical technologies, therapeutic strategies 
in radiation oncology have grown significantly with advances 
in physiology, immunology, and molecular biology, allowing 
us to explore the treatment outcome from a better, all‑inclusive 
perspective, and perform radiotherapy more efficiently.

However, long‑term stimulation of IR in human tissues 
unavoidably leads to the development of free radical 
pathology. Generally, IR affects the body of patients indi‑
rectly; for example, upon interaction with water molecules 
in cells exposed to radiation, large amounts of free radicals 
and reactive oxygen species  (ROS) are produced, which 
oxidize cellular components, causing cellular damage (9). The 
cells that are exposed to radiation respond via generation of 
antioxidant enzymes depending on the degree of exposure, 
followed which free radical‑induced damage to the cellular 
structure is minimized or eliminated (10). However, when 
ROS are produced due to exposure of the body to radiation and 
excessive amounts of free radicals, they cannot be completely 
removed by intrinsic antioxidative enzymes.

Radiation‑induced skin reaction (RISR) is one of the main 
side effects of radiotherapy, and more than 95% of patients 
undergoing RT experience tissue damage (11). Moreover, acute 
RISR often has a big impact on the progress of RT due to limita‑
tion of the total therapeutic dose or breaks in radiotherapy (12). 
Radiation‑induced oxidative stress is known to be the main 
cause of RISR (13). Oxidative stress induced by IR results in 
damages of DNA, lipids, and proteins. The harmful effects 
stimulate early transcription factors and molecular signals 
leading to cellular damage. As a result, it causes damage to the 
skin tissue (14). Thus, in radiotherapy, IR‑induced oxidative 
stress is an important variable before and after IR, and it is 
essential to scavenge the IR‑induced free radicals or ROS to 
reduce/mitigate the damage caused by radiation.

Fibroblasts, the main type of cells constituting the dermal 
skin, play important roles in the development of healthy skin 
by producing the extracellular matrix and collagen. The 
occurrence of damaged fibroblasts, resulting in the presence 
of low levels of extracellular matrix proteins, is the result of 
skin aging, and is consequently responsible for the forma‑
tion of wrinkles (15). IR‑induced oxidative stress has been 
reported to cause damage with ROS inducing apoptosis in 
a variety of cells, including fibroblasts and keratinocytes, 
thereby reducing cell numbers and regenerative capacity (16). 

Additionally, persistent oxidative stress during RT can lead 
to severe cellular damage and irreversible tissue conditions, 
which makes tissue regeneration impossible (17). This consid‑
eration marked the beginning of the active development of a 
radioprotector for the prevention and treatment of IR‑induced 
free radical pathology with the use of antioxidant agents (18). 
Studies involving the use of vitamins, amino acids, animal‑ 
and plant‑based agents containing antioxidant enzymes are 
considered to be highly significant but less developed in the 
field of radiobiology. Considering the lack of efficient radio‑
protective agents made of natural raw materials, many studies 
have been undertaken with the purpose of finding radiopro‑
tective agents (19,20).

In this study, CGE, which contains flavonoid derivatives, 
was evaluated for its radioprotective effects against IR‑induced 
cell damage in NIH‑3T3 fibroblast cells.

Materials and methods

Preparation of CGE. CGE was prepared using the method 
described in our previous report (21). Briefly, seeds of centipe‑
degrass imported from the Fukukaen Nursery (Blu Co. Ltd.) 
were cultivated at the Korea Atomic Energy Research 
Institute in 2016 (KAERI). The leaves of the centipedegrass 
were harvested and stored at ‑80˚C until use. Dry leaves of 
centipede (5 kg) were crushed in a Wiley mill (Indian Weiber) 
and filtered through a sieve of pore size 420 µm. The final 
sample of ground leaves (1 kg) was extracted thrice using 80% 
methanol (MeOH, 100 liters; Merck) for 24 h with constant 
shaking at ambient temperature in the dark. The extracts 
were filtered using a No.  2 filter paper (Advantech) and 
concentrated in vacuum. MeOH extracts were fractionated 
successively using n‑hexane and ethyl acetate (EA). The layer 
separated using EA was concentrated in vacuum and the 
dried compound was dissolved in MeOH. The active MeOH 
extracts were diluted with 20% MeOH and chromatographed 
on a Toyopearl HW‑40C resin (Tosoh Corp.) column using 
70% MeOH (elution volume, 700 ml). Fractions were evapo‑
rated and lyophilized. The dried extract was diluted in dimethyl 
sulfoxide (DMSO) to carry out further experiments. Lastly, to 
confirm the active substances content, maysin, and maysin 
derivatives (the active ingredient of CGE) were confirmed by 
high‑performance liquid chromatography/mass (HPLC‑MS) 
analysis as previously described method (3).

Chemicals and reagents. All the chemicals and reagents were 
used without further purification. A cell counting kit‑8 was 
purchased from Sigma‑Aldrich; Merck  KGaA. Anti‑AKT 
(#4691), anti‑p‑AKT (#4060), anti‑ERK (#4695), anti‑p‑ERK 
(#4377), anti‑p38 (#9212), anti‑p‑p38 (#9215), anti‑JNK (#9252), 
anti‑p‑JNK (#9251), anti‑caspase‑3 (#9662), anti‑cleaved 
caspase‑3 (#9664), anti‑Bcl‑2 (#2870), anti‑Bax (#5023), 
anti‑Bad (#9292), anti‑p‑Bad (#9291), anti‑poly(ADP‑ribose) 
polymerase (PARP) (#9532), anti‑cleaved PARP (#9541), 
anti‑GAPDH (#2118), and anti‑α‑tubulin (#2144) were 
purchased from Cell Signaling Technology, Inc. Dulbecco's 
modified Eagle's medium  (DMEM), penicillin/strepto‑
mycin (P/S), and fetal bovine serum (FBS) were purchased 
from Lonza. Annexin  V and oxidative stress kits were 
purchased from Millipore.
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Cell culture. The NIH‑3T3 cell line (mouse, fibroblast) was 
obtained from the Korean Cell Line Bank (Seoul, Korea). 
The cells were cultured under sterile conditions at 37˚C in a 
humid environment containing 5% CO2. The culture medium 
consisted of DMEM supplemented with FBS (10%), glutamine 
(4 mM), and penicillin/streptomycin (1%).

Morphological analysis and cell viability. The morphology 
of NIH‑3T3 cells was monitored using an Olympus IX71 
fluorescence microscope (Olympus Corp.). In order to deter‑
mine the half‑maximal inhibitory concentration (IC50 value) 
of H2O2 or the effects of CGE on NIH‑3T3 cells, 1x104 cells 
(from a single‑cell suspension) were seeded into individual 
wells of 96‑well plates and incubated for 24 h at 37˚C before 
H2O2 treatment (125‑500 µM). For H2O2 treatment, each well 
received a 1:2 sequential dilution of H2O2 from 500 µM to 
125 µM. Alternatively, CGE was also added sequentially to the 
wells (25‑100 µg/ml), after which, the cells were incubated for 
24 h. 0.1% DMSO was used as vehicle control. CCK‑8 solution 
was added to each well and the plates were incubated for 1 h at 
37˚C to allow the reaction to take place before removal of the 
culture medium. Cell viability was determined using a spec‑
trophotometer and the absorbance was measured at 450 nm 
(Tecan). The cell viability for each group was calculated as a 
percentage of that of the control group.

Measurement of intracellular ROS levels. NIH‑3T3 cells 
(1x105 cells/well for fluorescence and oxidative stress assays, 
1x104 cells for the DCF‑DA assay) grown on coverslips in 
6‑well/96‑well plates were incubated with CGE (100 µg/ml) for 
24 h at 37˚C before H2O2 treatment (500 µM) or IR exposure 
(4 Gy). The following procedures were conducted: i) DCF‑DA 
staining: the cells were treated with DCF‑DA according to the 
manufacturer's instructions and examined using a fluorescence 
microscope or microplate reader (excitation: 485 nm, emission: 
535 nm). ii) Oxidative stress assay: Cellular populations under‑
going oxidative stress were measured quantitatively using 
the Muse™ Cell Analyzer and Muse™ Oxidative Stress kit 
(EMD Millipore). According to the manufacturer's protocol, 
the cells were detached, resuspended to obtain 1x106 cells/ml 
and incubated at 37˚C for 30 min with the Muse™ Oxidative 
Stress working solution. The number of oxidized cells was 
counted using the Muse™ Cell Analyzer based on the inten‑
sity of red fluorescence. The results were obtained from four 
independent experiments.

Apoptotic assay. NIH‑3T3 cells (3x105 cells/well) grown in a 
65‑mm culture dish were incubated with CGE (100 µg/ml) for 
24 h at 37˚C before H2O2 treatment (500 µM). The following 
procedures were conducted to determine apoptosis in the cells: 
i) Fluorescence imaging: Cells were incubated with DAPI 
according to the manufacturer's instructions and examined 
using a confocal microscope (Zeiss AG). ii) Annexin V assay: 
To quantitatively analyze the apoptotic and necrotic dead cells, 
Muse Annexin V and Dead Cell Assay kits (MCH100105; 
EMD  Millipore) were used. The cells were harvested 
and washed with DPBS. The cells were then stained with 
Annexin V and the Dead Cell reagent for 20 min, following 
which flow cytometric assessment was performed using the 
Muse™ Cell Analyzer. The number of apoptotic cells were 

expressed as the percentage of the live, early/late apoptotic, 
and dead cells, which was determined by the Muse analysis 
software (Muse 1.1.2; EMD Millipore).

gamma‑ray irradiation. gamma‑ray irradiation was performed 
at room temperature at the dose rate of 1 Gy/min using a Cs137 
gamma cell (MDS Nordion). The cells were directly irradiated 
in the flasks. After irradiation, they were incubated at 37˚C 
and 5% CO2 until they could be harvested for direct experi‑
mentation or were stored at appropriate temperatures until 
further use.

Clonogenic assay. The NIH‑3T3 cells (1,000  cells/well) 
grown on coverslips in 6‑well plates were incubated with CGE 
(100 µg/ml) for 24 h at 37˚C prior to IR exposure (4 Gy). After 
exposure to various doses (1‑12 Gy) of gamma‑rays, the cells 
were incubated with fresh media for 7 days, fixed using pure 
MeOH for 20 min at room temperature and stained using 
Wright stain (Thermos Fisher Scientific, Inc.) for 20 min. The 
number of colonies containing more than 50 cells was counted.

Western blot analysis. NIH‑3T3 cells were washed with 
PBS and lysed with radioimmunoprecipitation assay buffer. 
The proteins (30‑50  µg) were separated via 10% sodium 
dodecyl sulfate‑polyacrylamide gel electrophoresis and were 
then transferred onto polyvinylidene difluoride membranes. 
The membranes were blocked with 5% non‑fat dry milk for 
1 h at room temperature and then incubated overnight with 
1:1,000‑diluted primary antibodies at 4˚C. The membranes 
were washed with tris‑buffered saline and incubated with 
horseradish peroxidase (HRP)‑conjugated secondary anti‑
bodies (anti‑rabbit IgG, HRP‑linked antibody, #7074; Cell 
Signaling Technology, Inc.) for 2 h at room temperature. The 
proteins were then visualized using an enhanced chemilu‑
minescence reagent (Millipore Corp.) and exposure to an 
X‑ray film.

Statistical analysis. Each experiment was performed at least 
three times, and the results were expressed as the mean ± stan‑
dard deviation. For multiple comparisons, one‑way analysis of 
variance was used followed by Tukey's multiple comparisons 
test. P≤0.05 was considered to indicate a statistically signifi‑
cant difference.

Results

CGE protects NIH‑3T3 cells from H2O2‑induced damage. 
The cytotoxic effect of CGE was determined by measuring 
the viability of cells treated with increasing concentrations of 
CGE using a colorimetric CCK‑8 assay. Stimulation with CGE 
did not have a significant effect on cell viability at any tested 
concentration (25‑100 µg/ml) over a period of 24 h (Fig. 1A). 
Thus, all the subsequent experiments were conducted at the 
concentration of 100 µg/ml. Next, the effect of H2O2 (potent 
pro‑oxidant)‑induced damage in NIH‑3T3 cells was examined 
to determine the protective effect of CGE against oxidative 
stress. It was observed that the viability of H2O2‑stimulated 
NIH‑3T3 cells had reduced to 65 and 43% at the concentra‑
tions of 250 and 500 µM, respectively (Fig. 1B). Therefore, the 
cell viability was evaluated next, and the cellular morphologies 
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were observed to examine whether CGE exhibits any protec‑
tive effect in NIH‑3T3 cells stimulated with 500 µM of H2O2. 
As shown in Fig. 1C, CGE exhibited a protective effect on 
H2O2‑induced cytotoxicity; additionally, this effect was 
confirmed by a decrease in the irregular morphology observed 
due to H2O2‑induced cellular damage (Fig. 1D). These data 
indicate that CGE could inhibit H2O2‑induced cytotoxicity in 
NIH‑3T3 cells.

CGE regulates H2O2‑mediated intracellular ROS levels. To 
investigate the effect of CGE on ROS levels, we determined 
whether CGE treatment could attenuate H2O2‑mediated oxida‑
tive stress. The NIH‑3T3 cells were stimulated with H2O2 in 
the presence or absence of CGE, after which, the production 
of ROS was observed using the fluorescent probe 2,7‑dichloro‑
dihydrofluorescein‑diacetate (H2DCFDA) of the cellular ROS 
detection kit. Treatment with H2O2 alone resulted in robust 
intracellular generation of ROS, whereas H2O2‑induced ROS 
generation in NIH‑3T3 cells was significantly attenuated by 
CGE treatment (Fig. 2A). Moreover, decrease in the oxidative 
stress was quantified via the dihydroethidium (DHE) reac‑
tion. DHE is cell permeable and is considered to react with 
superoxide anions, thus undergoing oxidation upon binding 
to DNA (22). As shown in Fig. 2B, CGE treatment led to a 
decrease in the number of cells demonstrating high ROS 
production. A significant decrease in the oxidative stress was 
observed in the NIH‑3T3 cells. These results implied that 
pretreatment with CGE reduces the accumulation of intracel‑
lular ROS in NIH‑3T3 cells.

CGE inhibits H2O2‑induced cell death in NIH‑3T3 
cells. To elucidate the protective effects of CGE against 
H2O2‑induced damage in NIH‑3T3 cells, the effects of CGE 
on H2O2‑mediated apoptosis were investigated. The results 
of the cell nucleus staining showed that treatment with H2O2 

alone had significantly increased the number of cells with 
condensed or blebbing nuclei. Contrarily, when cells were 
pretreated with CGE, the nuclear damages were markedly 
reduced (Fig. 3A). The results of the flow cytometry consistently 
indicated that H2O2 treatment had increased the population of 
Annexin V+/PI‑apoptotic cells. However, as shown in Fig. 3B, 
pretreatment of the cells with CGE prior to their exposure to 
H2O2 led to effective protection of the cells against apoptosis. 
Likewise, results of western blotting indicated a significant 
increase in the expression of cleaved PARP, a well‑known 
substrate of caspase‑3 in the apoptotic cell death, compared 
to that of the control. However, in alignment with previous 
results, Fig. 3C showed that the H2O2‑induced PARP degrada‑
tion was reduced by pretreatment of the cells with CGE. Taken 
together, these results indicated that CGE pretreatment could 
inhibit H2O2‑induced apoptotic cell death in NIH‑3T3 cells.

CGE increases the viability of IR‑exposed NIH‑3T3 cells. 
To investigate whether the IR‑induced cell damage could 
be prevented by CGE pretreatment, first, the morpho‑
logical changes in NIH‑3T3 cells were evaluated. As shown 
in Fig. 4A, it was confirmed that pretreatment with CGE could 
decrease the irregular morphology observed in IR‑exposed 
NIH‑3T3 cells. In addition, to further investigate the relation‑
ship between cell fractions retaining reproductive integrity 
and absorbed radiation dose, the clonogenic survival curves 
were determined. The cell survival fraction in the IR‑exposed 
NIH3/T3 cells was evaluated by the cell survival curve. As 
shown in Fig. 4B, IR caused cell death in proportion to the 
amount of exposure. However, pretreatment with CGE signifi‑
cantly increased cell viability 24 h after irradiation over the 
full range of doses. Particularly, the 50% lethal dose (LD 50%) 
of cells pretreated with CGE reduced from 4.51 to 3.41 Gy. 
Previous experiments have confirmed that CGE is capable of 
inhibiting H2O2‑induced cell damage. As IR has been shown 

Figure 1. CGE protects NIH‑3T3 fibroblast cells from H2O2‑induced damage. (A) NIH‑3T3 cells treated with increasing concentrations of CGE or a vehicle 
control for 24 h. (B) NIH‑3T3 cells stimulated with H2O2 (125‑500 µM) for 24 h. Cell viability was assessed by the CCK‑8 assay. (C and D) NIH‑3T3 cells 
were treated with CGE (100 µg/ml) for 24 h before H2O2 stimulation (500 µM). After 24 h, the effects of CGE on (C) cell viability and (D) protection of the 
NIH‑3T3 cells were assessed with an inverted phase‑contrast microscope. Scale bar, 200 µM. Data are presented as mean ± SD. *P≤0.05, **P≤0.01 vs. Co; 
#P≤0.05 vs. H2O2 only. CGE, centipedegrass extract; H2O2, hydrogen peroxide; Con, control; SD, standard deviation.
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to adversely affect cells via ROS generation, we investigated 
whether one possible mechanism for the cytoprotective effect 
of CGE against damages induced by IR is based on its ROS 
scavenging capacity. To investigate whether CGE could reduce 
IR‑induced ROS generation, H2DCFDA was used for a fluo‑
rescence assay. Fig. 4C represents the quantitative analysis of 
the cellular ROS levels. When the cells were pretreated with 
CGE, the fluorescence intensity of H2DCFDA was found to 
be significantly reduced. These results demonstrated that IR 
caused cell damage by inducing overproduction and accumu‑
lation of intracellular ROS, which was effectively prevented 
by CGE.

CGE inhibits apoptosis in IR‑exposed NIH‑3T3 cells via regu‑
lation of the ERK‑, p38‑, JNK‑MAPKs signaling. Radiation 
is known to mainly induce intrinsic apoptotic cascades such 
as the mitochondrial release of cytochrome c and subsequent 
formation of the apoptosome. However, depending on dosage 
and cell type, the extrinsic apoptotic pathway might also 
induce cell death (23). In this study, to explore the possible 
molecular mechanism underlying the radioprotective effects 
of CGE in NIH‑3T3 cells exposed to radiation, first, the 
protein expression related to the intrinsic apoptotic pathway 
was examined. The intrinsic apoptotic pathway is controlled 
and regulated by the activities of the members of the Bcl‑2 
protein family involved in mitochondrial membrane perme‑
ability and which may be pro‑apoptotic or anti‑apoptotic (24). 
As shown in Fig. 5, radiation activates the expression of the 
pro‑apoptotic Bcl‑2 proteins Bax (Bcl‑2 like protein 4), Bad, 

PARP, and cleaved caspase‑3, whereas it inhibits the expres‑
sion of the anti‑apoptotic protein Bcl‑2. However, when cells 
were pretreated with CGE, the expression of anti‑apoptotic 
proteins was significantly decreased. Additionally, pretreat‑
ment with CGE has been shown to lead to phosphorylation of 
BAD by inducting AKT phosphorylation, thereby rendering 
these signal proteins inactive in apoptotic processes.

Previous studies have reported that exposing cells to IR 
and various other toxic stresses can induce simultaneous 
target activation of multiple MAPK pathways (25). This has 
been related with the factor‑mediated regulation of various 
cell longevity factors such as proliferation, differentiation, 
aging, and apoptosis. Thus, the expression of MAPK family 
(ERK1/2, p38 and JNK), which plays a role in the extrinsic 
apoptotic pathway, in IR‑exposed cells was explored using 
immunoblot analysis. Fig. 6A and B shows that the expression 
levels of p‑ERK in IR‑exposed NIH‑3T3 cells were downregu‑
lated whereas those of p‑JNK and p‑p38 were upregulated. 
Conversely, these changes in the expression levels were largely 
alleviated by pretreatment with CGE. Collectively, these results 
supported the hypothesis that pretreatment with CGE protects 
the NIH‑3T3 cells against IR‑induced cell death via inhibition 
of the intrinsic apoptotic pathway as well as the regulation of 
the ERK‑, p38‑, JNK‑MAPKs signaling.

Discussion

ROS plays diverse roles depending on the concentration 
present in cells. ROS participate in the molecular signaling 

Figure 2. CGE regulates H2O2‑mediated intracellular ROS generation. NIH‑3T3 cells were treated with CGE (100 µg/ml) for 24 h and stimulated with H2O2 
(500 µM) for 4 h. (A) Cells were stained with H2DCFDA for 30 min to measure intracellular hydrogen peroxide (H2O2) levels using fluorescence microscopy. 
Scale bar, 25 µM. (B) Cells were treated with DHE for 30 min to measure intracellular superoxide (O2‑) levels and were analyzed using a Muse™ Cell 
analyzer. Representative oxidative stress plots for the NIH‑3T3 cells. CGE, centipedegrass extract; H2O2, hydrogen peroxide; ROS, reactive oxygen species; 
H2DCFDA, 2,7‑dichlorodihydrofluorescein‑diacetate; DHE, dihydroethidium; Con, vehicle control (0.1% DMSO).
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Figure 4. CGE increases the viability of IR‑exposed NIH‑3T3 cells. (A) The protection of NIH‑3T3 cells after their exposure to IR was assessed using an 
inverted phase‑contrast microscope. Magnification, x100. (B) Clonogenic assay was performed to evaluate NIH‑3T3 cell viability. (C) NIH‑3T3 cells were 
stained with H2DCFDA for 30 min to measure intracellular H2O2 levels using a microplate reader. The bar graph presents a quantitative analysis of the genera‑
tion of intracellular hydrogen peroxide. Data are presented as mean ± SD. *P≤0.05, **P≤0.01 vs. IR only. CGE, centipedegrass extract; H2O2, hydrogen peroxide; 
IR, ionizing radiation; H2DCFDA, 2,7‑dichlorodihydrofluorescein‑diacetate; Con, vehicle control (0.1% DMSO); SD, standard deviation.

Figure 3. CGE suppresses H2O2‑induced apoptosis. NIH‑3T3 cells were treated with or without CGE for 24 h and incubated with H2O2 (500 µM) for 24 h. 
(A) Changes in nuclear morphology examined by Hoechst 33342 nuclear staining. Arrows indicate apoptotic nuclei. Scale bar: 50 µm. (B) Cells stained with 
Annexin V‑FITC and analyzed using a cell sorting system with Muse™. (C) Whole cell lysates prepared and immunoblotted with antibodies against cleaved 
PARP. (D) Western blots were analyzed quantitatively. The band intensities were normalized to GAPDH. Data are presented as mean ± SD. **P≤0.01 vs. H2O2 
only. CGE, centipedegrass extract; H2O2, hydrogen peroxide; ROS, reactive oxygen species; PARP, poly(ADP‑ribose) polymerase; GAPDH, glyceraldehyde 
3‑phosphate dehydrogenase; Con, vehicle control (0.1% DMSO); SD, standard deviation.
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Figure 5. IR exposure‑induced oxidative stress and CGE treatment resulted in altered apoptosis signaling in NIH‑3T3 cells. (A) Lysates of IR‑exposed 
cells in the presence or absence of CGE were immunoblotted with anti‑Bcl‑2, anti‑Bax, anti‑Bad, anti‑p‑Bad, anti‑caspase‑3, anti‑C‑caspase‑3, anti‑PARP, 
anti‑C‑PARP, or anti‑GAPDH antibodies. (B) The western blots were analyzed quantitatively. Band intensities were normalized to those of the normal form of 
each protein, GAPDH, or α‑tubulin. **P≤0.01 vs. IR only. IR, ionizing radiation; CGE, centipedegrass extract; Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2 like pro‑
tein 4; p‑, phosphorylated; Bad, Bcl‑2‑associated death promoter; PARP, poly(ADP‑ribose) polymerase; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase; 
Con, vehicle control (0.1% DMSO); SD, standard deviation.

Figure 6. CGE inhibits apoptosis in IR‑exposed NIH‑3T3 cells by regulating the ERK‑, p38‑, JNK‑MAPKs signaling. (A) Lysates of IR‑exposed cells in 
the presence or absence of CGE were immunoblotted with anti‑AKT, anti‑p‑AKT, anti‑ERK, anti‑p‑ERK, anti‑p38, anti‑p‑p38, anti‑JNK, anti‑p‑JNK, or 
anti‑GAPDH antibodies. (B) Western blots were analyzed quantitatively. The band intensities were normalized to those of the normal form of each protein or 
GAPDH. **P≤0.01 vs. IR only. CGE, centipedegrass extract; IR, ionizing radiation; p‑, phosphorylated; ERK, extracellular‑signal‑regulated kinase; JNK, c‑Jun 
N‑terminal Kinase; MAPK, mitogen‑activated protein kinase; AKT, protein kinase B; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase; Con, vehicle 
control (0.1% DMSO); SD, standard deviation.
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and is essential for homeostasis in normal physiological levels; 
however, they function as toxic elements at aberrant levels 
and are associated with abnormal cell proliferation (26‑28). 
IR strongly induces intracellular accumulation of ROS and 
RNS (29). Humans are exposed to natural sources of radiation 
such as those in water, soil, and vegetation, as well as those 
from human‑made sources such as X‑rays and medical 
devices (30). Notably, IR is used for RT, generally, as part of 
cancer treatment to control or kill malignant cells. However, 
some people undergoing RT experience dryness, itching, 
blistering, or peeling. This reversible effect depends on which 
part of the body has been exposed to radiation (31). One of 
the most common reversible effects is a skin condition called 
radiation dermatitis (32), in which, the ionizing radiation inter‑
acts directly or indirectly with the target macromolecules or 
water in cells leading to the occurrence of oxidizing events 
that alter cell molecular composition  (29,33). In addition, 
oxidative damage can get extended from the target to neigh‑
boring non‑target bystander cells through a redox‑regulated 
intercellular proximity mechanism (34). Ultimately, the RT 
fails, resulting in unexpected damages to the cancer as well as 
normal cells due to IR‑induced oxidative stress.

In a previously published study, maysin derived from corn 
silk was reported to increase cell viability under conditions 
of oxidative stress via upregulation of a neuronal anti‑
oxidative action (17). Conversely, it was reported that maysin 
(C‑glycosyl flavone) isolated from the silks of Zea mays L. 
has a higher antioxidative activity than other compounds 
(rutin, quercetin, luteolin), thus, it has potential as a powerful 
antioxidant compound. In this study, the ability of CGE to 
rescue fibroblast cells from oxidative stress‑induced apoptosis 
was demonstrated and the underlying effects were examined. 
In general, apoptosis has been recognized as an indication 
of cell death induced by oxidative stress followed by cell 
senescence  (35). One of the most pivotal molecular path‑
ways that are damaged by oxidative stress is that involving 
damage to the DNA (36). Previous studies have reported that 
DNA damage mediated by reactive oxygen intermediates 
causes enzymatic inactivation through cleavage of PARP, 
which is an important step in apoptosis (37). The function 
of cleaved PARP is to prevent repair of DNA strand breaks 
during apoptotic cell death, which is now widely known as 
the key marker of type 1 programmed cell death (38). PARP 
is cleaved by caspase‑3 into two fragments of 89 and 24 kDa 
during apoptotic cell death in various cell lines (39). In this 
study, we demonstrated that CGE plays a role in cytoprotec‑
tive effect on H2O2‑induced cell death in mouse‑derived 
fibroblasts. Pretreatment of NIH‑3T3 cells with CGE (up to 
100 µg/ml) before H2O2 treatment significantly attenuated cell 
death induced by oxidative stress, as observed by cell density 
and viability. CGE significantly inhibited PARP cleavage and 
prevented sustenance of DNA damage. Additionally, it was 
confirmed that CGE could significantly reduce the number of 
Annexin V‑ and PI‑positive cells, indicating that pretreatment 
with CGE could significantly alleviate apoptosis induced 
by oxidative stress. Taken together, the results of this study 
suggest that due to its antioxidant activity, CGE has a cellular 
protective effect against oxidative stress‑induced apoptosis in 
NIH‑3T3 cells and may potentially act as a protective agent 
against IR‑induced cell damage.

Furthermore, we have demonstrated that CGE pretreat‑
ment rescues NIH‑3T3 cells subjected to IR exposure. 
Exposure to IR induced cell death and increased intracel‑
lular ROS levels; however, CGE pretreatment counteracted 
the cellular damages. In published reports, IR has been 
shown to activate three MAPKs (ERK1/2, p38, JNK MAPK 
pathway) in a cell type‑dependent manner (25,40), and it has 
been shown that the phosphorylated JNK translocates to 
the nucleus, phosphorylates c‑Jun (41,42). Phosphorylation 
of c‑Jun leads to the formation of AP‑1, JNK‑AP‑1 pathway 
is involved in the increased expression of pro‑apoptotic 
genes (43). Our results have shown that pretreatment with 
CGE decreases the activation of JNK and p38 MAPKs 
followed by the apoptosis pathway. Taken together, these 
results indicated that CGE has protective effects against 
IR‑induced apoptotic cell death and the mechanism under‑
lying this effect is ROS scavenging and JNK‑, ERK1/2‑, 
p38‑MAPK pathway modulation.

Several trials are being conducted to develop a radiopro‑
tector via the inhibition of p38 and JNK pathways in normal 
tissues, and some derivates from natural plants have shown 
protective effects against IR‑induced ROS stress (44,45). In 
the previous study, it was reported that maysin (the major 
constituent of centipedegrass) not only plays a role as a ROS 
scavenger but also is able to increase the amount of antioxidant 
enzymes in a mammalian cell. Notably, in this study, CGE 
also exhibited protective effects against overwhelming ROS 
deposition induced by H2O2, and reduced the extent of apop‑
totic cell death induced by IR via downregulation of MAPK 
signaling (ERK, p38, JNK) in fibroblasts.

Therefore, CGE could be considered as an efficient radio‑
protector or a radiation palliative remedy, which could help 
reduce tissue damage induced by exposure to radiation in 
patients or sufferers unintentionally exposed to radiation or 
undergoing RT. However, to demonstrate the protective effect 
of CGE on skin tissue, experiments conducted with a single cell 
line derived from mice may be a limitation. To address this, 
human‑derived skin cell experiments need to be performed. 
Additionally, in this study, the effects of individual constitu‑
ents of CGE are still not be explored and should be explored 
in further studies. Furthermore, for the clinical application 
of any compound as a candidate for radiation protection, it is 
essential to avoid unacceptable clinical risks; therefore, abso‑
lute certainty about its safety for normal tissues is required. 
In laboratory studies, several compounds have been tested 
as radioprotectants; however, most did not reach the clinical 
stage due to the toxicity and side effects in animal models. 
Similarly, in this study, CGE was found to be non‑toxic under 
normal conditions in fibroblasts; however, in vivo studies using 
animals with tumors are needed to investigate whether CGE 
has preferential radioprotective action in normal tissues over 
tumor tissues.

In conclusion, CGE contains C‑glycosyl flavones and 
phenolic components, which protected mouse‑derived fibro‑
blasts from IR‑induced apoptotic cell death by blocking ROS 
production and inhibiting ERK‑, p38‑, JNK‑MAPKs signaling. 
Although large‑scale animal studies and clinically relevant 
tests are needed to confirm the effectiveness of CGE, poten‑
tial applications of CGE as a useful radioprotectant may be 
proposed.
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