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Abstract 

The present stuty was to investigate the cytoprotective effects of luteolin against the 

oxidative stress induced by hydrogen peroxide (H2O2). We found that luteolin scvanged 

superoxide and hydroxyl radicals generated by xanthine/xanthine oxidase and Fenton 

reaction (FeSO4/H2O2), respectively, in a cell-free chemical system. In addition, a 

marked increase in cellular reactive oxygen species (ROS) was observed in H2O2-

induced Chinese hamster lung fibroblasts (V79-4) cells. Luteolin significantly 

decreased the level of H2O2-induced intracellular ROS and damage to cellular 

components such as the lipid, DNA. Luteolin enhanced cell viability that decreased after 

H2O2 treatment and reduced H2O2-induced apoptosis via inhibition of mitochondria 

mediated caspases pathway. Luteolin reduced the levels of the active forms of caspase 9 

and 3, reduced the expression of Bax and elevated the expression of bcl-2. Furthermore, 

luteolin restored the level of reduced glutathione (GSH) by H2O2 treatment and protein 

expression of a catalytically active subunit of glutamate-cysteine ligase (GCL), which is 

a rate-limiting enzyme in GSH biosynthesis. In addition to, luteolin increased the 

activities and the protein expression of cellular antioxidant enzymes like, superoxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and hemeoxygenase-1 

(HO-1). Our data suggested that luteolin prevents the cellular damage against hydrogen 

peroxide by inhibition of ROS and induction of antioxidant enzymes. 

Key word: luteolin; reactive oxygen species; lipid peroxidation; DNA damage; 

antioxidant enzymes. 
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1. Introduction 

 

Reactive oxygen species (ROS) are free radicals such as superoxide anion (O2
-), hydroxyl 

radical (OH.) and hydrogen peroxide (H2O2). ROS is formed as a natural byproduct of the 

normal metabolism of oxygen and have important roles in immume response and cell 

proliferation [1-2]. In the other hands, environmental stress such as UV and ionizing radiation 

can significantly increase the ROS level and damage to the cell [3-4]. Overproduction of ROS 

causes many diseases incuding cancer, lung toxicity and asthma [5-7]. For the protection 

against ROS, the cells have a variety of antioxidant enzymes such as superoxide dismutases 

(SOD), catalase (CAT), glutathione (GSH) and glutathione peroxidase (Gpx). Superoxide 

dismutases can catalyze the of superoxide anion into hydrogen peroxide (H2O2) and water. 

Catalase decomposites the H2O2 into oxygen and water, glutathione peroxidase destroys toxic 

peroxides. Hemeoxygenase-1 (HO-1) is also a defensive enzyme against oxidative stress.  

HO-1 degrades heme into carbon monoxide (CO), iron, and biliverdin. It is strongly induced 

by the oxidative stress and protects jurkat T cell and microglial cell [8-9]. Flavonoids are 

abundantly found in fruits and vegetables. Flavonoids have been reported to exert ROS 

scavenging effects and antitumor effects [10-11].  
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Luteolin (3′,4′,5,7-tetrahydroxyflavone), a member of the flavonoid family, is isolated from 

celery, green peppers, perilla leaf, and camomile tea [12]. Moreover, luteolin has antitumor 

effect in a variety of cancer cells such as colorectal cancer, HCT116 colon cells and cervical 

cancer HeLa cells [13-14]. Furthermore, luteolin has protective effect against the toxicity in 

vivo [15-16]. Moreover, luteolin has anti-inflammtary properties [17]. Many reserchers have 

studied the effect of luteolin in a variety of cells. However, antioxident effect of luteolin in 

lung cells has not been reported until now. The present study to investigate the cytoprotective 

effect of luteolin via the antioxidant enzyme activation. 
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2. Materials and methods 

2.1 Reagents 

Luteolin (3′,4′,5,7-tetrahydroxyflavone, Fig.1) compound, 5,5-dimethyl-1-pyrroline-N-oxide 

(DMPO), Xanthine, Xanthine oxidase, 2′,7′-dichlorodihydrofluorescein diacetate(DCF-DA), 

Hoechst 33342 and Propidium iodide (PI) were purchased from Sigma Chemical company. 

(St.Louis, Mo) DPPP (Diphenyl-1-pyrenylphosphine) was purchased from molecular probe 

company (USA) and thiobarbituric acid from BDH Laboratories. (Poole, Dorset, UK) The 

primary anti-phospho histone H2A.X antibody was purchased from Upstate Biotechnology 

(Lake Placid, NY, USA) and the primary anti-Bax, Bcl-2, Gpx from Santa Cruz Biotechnology 

Inc.(Santa Cruz, CA, USA) and the primary caspase-3, 9 from Cell Signaling Technology (MA, 

USA) and the primary γ-GCL and HO-1 from Stressgen Company (Victoria, Canada) and the 

primary SOD, Catalase from Biodesign International Company (Maine, USA). 

   FIG 1. Chemical structure of luteolin 
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2.2. Cell culture 

To study the effect of luteolin on oxidative stress, the chinese hamster lung fibroblast cells 

(V79-4) were used. The cells were maintained at 37 °C in an incubator, with a Humidified 

atmosphere of 5% CO2, and cultured in Dulbecco's modified Eagle's medium containing 10% 

heat-inactivated fetal calf serum, streptomycin (100µg/ml) and penicillin (100 U/ml). 

 

2.3. Detection of hydroxyl radical 

Hydroxyl radicals were generated by the Fenton reaction (H2O2+FeSO4), which were then 

quickly reacted with a nitrone spin trap, 5,5-dimethyl-1-pyrroline-N-oxide (DMPO). The 

resultant DMPO-OH adducts were detected using an ESR spectrometer. The ESR spectrum was 

recorded using JES-FA ESR spectrometer (JEOL, Tokyo, Japan), at 2.5 min after being mixed 

in a phosphate buffer solution (pH 7.4) with 0.2 ml of 0.3 M DMPO, 0.2 ml of 10 mM FeSO4, 

0.2 ml of 10 mM H2O2, and 2.5µg/ml luteolin. The parameters of the ESR spectrometer were set 

at the following conditions: magnetic field of 336.5 mT, power of 1.00 mW, frequency of 

9.4380 GHz, modulation amplitude of 0.2 mT, gain of 200, scan time of 0.5 min, scan width of 

10 mT, time constant of 0.03 s, and a temperature of 25 °C [18-19]. 

 

                                      4 



2.4. Detection of superoxide anion 

Superoxide anions were generated by Xanthine+xanthine oxidase which were then quickly 

reacted with a nitrone spin trap, 5,5-dimethyl-1-pyrroline-N-oxide (DMPO). The resultant 

DMPO-OH adducts were detected using an ESR spectrometer. The ESR spectrum was recorded 

using JES-FA ESR spectrometer (JEOL, Tokyo, Japan), at 2.5 min after being mixed in a 

phosphate buffer solution (pH 7.4) with 0.2 ml of 6M DMPO, 0.2ml of 10mM Xanthine,0.2ml 

of 0.5U xanthine oxidase and 2.5 µg/ml luteolin. The parameters of the ESR spectrometer were 

set at the following conditions: magnetic field of 336.5 mT, power of 1.00 mW, frequency of 

9.4380 GHz, modulation amplitude of 0.2 mT, gain of 200, scan time of 0.5 min, scan width of 

10 mT, time constant of 0.03 s, and a temperature of 25 °C [18-19]. 

 

2.5. Intracellular reactive oxygen species (ROS) measurement 

The DCF-DA method was used to detect the levels of intracellular ROS [20]. The image 

analysis for the generation of intracellular ROS was achieved by seeding the cells on a cover-

slip loaded six well plate at 1.5×105 cells/well. Sixteen hours after plating, the cells were treated 

with luteolin at 2.5µg/ml. After 30 min, 1mM of H2O2 was added to the plate. After changing 

the media, 100 µM of DCF-DA was added to each well and was incubated for an additional 30  
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min at 37 °C. After washing with PBS, the stained cells were mounted onto microscope slide in 

mounting medium (DAKO, Carpinteria, CA, USA). Microscopic images were collected using 

the Laser Scanning Microscope 5 PASCAL program (Carl Zeiss, Jena, Germany) on a confocal 

microscope. 

 

2.6. Lipid peroxidation assay 

Lipid peroxidation was estimated by using a DPPP fluorescent probe as described by Okimoto 

et al [21]. After V79-4 cells (1×105cell/ml) were incubated with 5 µM DPPP for 15 min in the 

dark, the images of DPPP fluorescence by reactive species were analyzed by the Zeiss Axiovert 

200 inverted microscope at fluorescence in the DAPI region (excitation, 351 nm; emission, 380 

nm). Lipid peroxidation was also assayed by the thiobarbituric acid reaction [22]. The cells were 

thenwashed with cold PBS, scraped, and homogenized in ice-cold 1.15% KCl. One hundred µl 

of the cell lysates was mixed with 0.2ml of 8.1% sodium dodecylsulfate, 1.5ml of 20% acetic 

acid (adjusted to pH 3.5) and 1.5 ml of 0.8% thiobarbituric acid (TBA). The mixture was made 

up to a final volume of 4 ml with distilledwater and heated to 95 °C for 2 h. After cooling to 

room temperature, 5ml of n-butanol and pyridine mixture (15:1, v/v) was added to each sample 

and shaken. After centrifugation at 1000 ×g for 10 min, the supernatant fraction was isolated,  
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and the absorbance was measured spectrophotometrically at 532 nm. The amount of 

thiobarbituric acid reactive substance (TBARS) was determined using standard curve with 1,1, 

3, 3-tetrahydroxypropane. 

 

2.7. Comet assay 

Cells were treated with luteolin at 2.5µg/ml for 30 min later, 1mM H2O2 was added and 

incubated for 15 min. The mixture was centrifuged at 13,000 ×g for 5 min and the cell pellet 

(0.5×105 cells) was mixed with 100 µl of 0.5% low melting agarose (LMA) at 39 °C and spread 

on a fully frosted microscopic slide that was pre-coated with 200 µl of 1% normal melting 

agarose (NMA). After solidification of the agarose, the slide was covered with another 75 µl of 

0.5% LMA and then immersed in lysis solution (2.5 MNaCl, 100mM Na-EDTA, 10mMTris, 

1% Trion X-100 and 10% DMSO, pH 10) for 1 h at 4 °C. The slides were then placed in a gel-

electrophoresis apparatus containing 300mMNaOHand 10mMNa-EDTA (pH 13) for 40min to 

allow DNA unwinding and the expression of the alkali labile damage. An electrical field was 

applied (300 mA, 25 V) for 20 min at 4 °C to draw negatively charged DNA toward an anode. 

After electrophoresis, the slides were washed three times for 5 min at 4 °C in a neutralizing 

buffer (0.4 M Tris, pH 7.5) and then stained with 75 µl of ethidium bromide (20µg/ml).  

                                      7 



The slides were observed using a fluorescence microscope and image analysis (Komet, Andor 

Technology, Belfast, UK). The percentage of total fluorescence in the tail and the tail length of 

the 50 cells per slide were recorded. 

2.8. Western blot analysis 

The cells were harvested, washed twice with PBS, lysed on ice for 30 min in 100 µl of a lysis 

buffer [120 mM NaCl, 40mM Tris (pH 8), 0.1% NP 40] and then centrifuged at 13,000×g for 15 

min. The supernatants were collected from the lysates and the protein concentrations were 

determined. Aliquots of the lysates (40 µg of protein) were boiled for 5 min and electrophoresed 

in 10% sodium dodecylsulfate-polyacrylamidegel. The blots in the gels were transferred onto 

nitrocellulose membranes (Bio-Rad, Hercules, CA, USA), which were then incubated with the 

primary antibodies. The membranes were further incubated with the secondary 

immunoglobulin-G-horseradish peroxidase conjugates(Pierce, Rockford, IL, USA). Protein 

bands were detected using an enhanced chemiluminescence Western blotting detection kit 

(Amersham, Little Chalfont, Buckinghamshire, UK), and then exposed onto X-ray film. 

  

2.9. MTT assay 

To determine the effect of luteolin on the cell viability in H2O2 treatment, the cells were treated  
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with luteolin for 1 h at 2.5µg/ml. Next, 1 mM of H2O2 was added to the plate, and the mixture 

was incubated for 24 h. Fifty µl of the [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium] 

bromide (MTT) stock solution (2 mg/ml) was then added into each well to attain a total reaction 

volume of 200µl. After incubating for 4 h, the plate was centrifuged at 800×g for 5 min and the 

supernatants were aspirated. The formazan crystals in each well were dissolved in 150µl of 

dimethylsulfoxide and read at 540nm on a scanning multi-well spectrophotometer [23].  

 

2.10. Nuclear staining with Hoechst 33342 

The cells were treated with luteolin at 5 µM. After 1 h, 1mM of H2O2 was added to the plate, 

and the mixture was incubated for 24 h. 1.5µl of Hoechst 33342 (stock 10  mg/ml), a DNA 

specific fluorescent dye, was added to each well and incubated for 10 min at 37°C.  The 

stained cells were then observed under a fluorescent microscope, which was equipped with a 

CoolSNAP-Pro color digital camera, in order to examine the degree of nuclear condensation. 

 

2.11. Flow cytometry analysis 

The cells were treated with luteolin at 2.5 µg/ml. After 1 h, 1 mM of H2O2 was added to the 

plate, and the mixture was incubated for 24 h. Flow cytometry was performed to determine the  
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content of apoptotic sub G1 hypo-diploid cells [24]. The cells were harvested, and fixed in 1ml 

of 70% ethanol for 30 min at 4°C.  The cells were washed twice with phosphate buffered 

saline (PBS), and then incubated for 30 min under dark condition at 37°C in 1 ml of PBS 

containing 100 µg propidium iodide and 100 µg RNase A. The flow cytometric analysis was 

performed and the proportion of sub G1 hypo-diploid cells was assessed by the histograms 

generated using the computer program, Cell Quest and Mod-Fit. 

 

2.12. GSH level detection 

The intracelluar GSH level was determined by using a GSH-sensitive fluorescence dye CMAC. 

V79-4 cells (1×105 cells/ml) were incubated with 5 µM CMAC cell tracker for 30 min. The 

images of CMAC cell tracker fluorescence by GSH were analyzed by the Zeiss Axiovert 200 

inverted microscope at fluorescence in the 4,6-diamidino-2-phenylindole (DAPI) region 

(excitation, 351 nm; emission, 380 nm) [25]. 

 

2.13. Catalase activity 

The cells were seeded at 1×105 cells/ml, and at 24 h after plating, the cells were treated with 

luteolin for 3 h. The harvested cells were suspended in 10 mM phosphate buffer (pH 7.5) and  
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then lysed on ice by sonication twice for 15 s. TritonX-100 (1%) was then added to the lysates 

which were further incubated for 10min on ice. The lysates were centrifuged at 5000×g for 30 

min at 4◦C to remove the cellular debris and the protein content was determined. For detection 

catalase activity, 50µg of protein was added to 50 mM of phosphate buffer (pH 7) containing 

100 mM (v/v) of H2O2. The reaction mixture was incubated for 2 min at 37◦C and the 

absorbance monitored at 240 nm for 5min. Changes in absorbance with time was proportional to 

the breakdown of H2O2. 

 

2.14. Glutathione peroxidase (Gpx) activity 

Fifty micrograms of the protein was added to 25 mM of the phosphate buffer (pH 7.5), 1 mM 

EDTA, 1 mM NaN3, 1 mM glutathione, 0.25 unit of glutathione reductase, and 0.1 mM 

NADPH. After incubation for 10 min at 37◦C, H2O2 was added to the reaction mixture at a final 

concentration of 1 mM. The absorbance was monitored at 340 nm for 5 min. The glutathione 

peroxidase activity was measured as the rate of NADPH oxidation at 340 nm [26]. The 

glutathione peroixdase activity is expressed as units/mg protein. 
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2.15. HO-1 activity assay 

HO-1 enzyme activity was measured as described previously [27] Cells were homogenized in 

0.5 ml ice-cold 0.25 M sucrose solution containing 50 mM potassium phosphate buffer (pH 7.4). 

Homogenates were centrifuged at 200 g for 10 min. The supernatants were centrifuged at 9000g 

for 20 min, and further centrifuged at 105,000 g for 60 min. The pellet was then resuspended in 

50 mM potassium phosphate buffer (pH 7.4) and the amount of protein was determined by 

Bradford method [28]. The reaction mixture (200 µl) containing 0.2 mM of the substrate hemin, 

500g/ml of cell lysate, 0.5 mg/ml rat liver cytosol as a source of biliveridin reductase, 0.2 mM 

MgCl2, 2mM glucose-6-phosphate, 1 U/ml glucose-6-phosphate dehydrogenase, 1 mM NADPH 

and 50mM potassium phosphate buffer (pH 7.4) was incubated at 37◦C for 2 h. The reaction 

was stopped with 0.6 ml of chloroform and after extraction, the chloroform layer was measured 

spectrophotometrically. Bilirubin formation was calculated from the difference in absorption 

between 464 and 530 nm. 

 

2.16. SOD activity assay 

The V79-4 cells were seeded in a culture dish at a concentration of 1×105 cells/ml and, 24 h 

after plating, were treated with luteolin at 2.5 µg/ml. After 1 h, 1 mM H2O2 was added to the  
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plate, which was incubated more for a further 1 h. The cells were then washed with cold PBS 

and scraped. The harvested cells were suspended in 10 mM phosphate buffer (pH 7.5) and then 

lysed on ice by sonicating twice for 15 s. Triton X-100 (1%) was then added to the lysates and 

incubated for 10 min on ice. The lysates were clarified, by centrifugation at 5,000xg for 10 min 

at 4◦C, to remove cellular debris. The protein content of the supernatant was determined by the 

Bradford method, using bovine serum albumin as the standard. The total SOD activity was used 

to detect the level of epinephrine auto-oxidation inhibition [29]. Fifty microgram of protein was 

added to 500 mM phosphate buffer (pH 10.2) and 1mM epinephrine. Epinephrine rapidly 

undergoes auto-oxidation at pH 10 to produce adrenochrome, a pink-colored product, which 

was assayed at 480 nm using a UV/VIS spectrophotometer in the kinetic mode. SOD inhibits 

the auto-oxidation of epinephrine. The rate of inhibition was monitored at 480 nm, and the 

amount of enzyme required to produce 50% inhibition was defined as one unit of enzyme 

activity. The total SOD activity was expressed as units per milligram protein. 
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2.17. Statistical analysis 

All the measurements were made in triplicate and all values were represented as means ± 

standard error (SE).The results were subjected to an analysis of the variance (ANOVA) using 

the Tukey test to analyze the difference. P<0.05 were considered significantly. 
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3. Results 

 

3.1. The effect of luteolin on ROS scavenging in cell-free system and intracellular system. 

The hydroxyl radicals generated by the Fenton reaction (FeSO4+H2O2) in a cell-free system was 

detected by ESR spectrometery. The ESR data revealed that a signal was not observed for the 

control and luteolin at 2.5 µg/ml, however, the signal of the hydroxyl radical increased up to 

2621 in the FeSO4+H2O2 system. Pretreatment of luteolin decreased hydroxyl radical signal to 

237. (Fig.2A) Superoxide radicals which are generated by Xanthine/xanthine oxidase were 

detected by ESR spetrometery. As shown Fig.2.B, the signal of the Superoxide radicals 

increased up to 902 in the Xanthine/xanthine oxidase system. Pretreatment of luteolin decreased 

superoxide radical signal to 573 (Fig.2B) Intracellular reactive oxygen species (ROS) detected 

by 2′,7′-dichlorodihydrofluorescein diacetate (DCF-DA) dye. Confocal microscopy revealed 

that luteolin reduced the red fluorescence intensity with H2O2 treatment (Fig. 2C) 
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A. 

 

B. 

 

FIG 2. Effect of luteolin on the scavensing of hydroxyl radicals and superoxide radicals and     

intracellular ROS. (A) Hydroxyl radicals generated by the fenton reaction (H2O2+FeSO4) were  

reacted with DMPO, and the resultant DMPO-OH adducts were detected by ESR spectrometry. 

(B) Superoxide radicals generated by the xanthine and xanthine oxidase were reacted with 

DMPO, and the resultant DMPO-OOH adducts were detected by ESR spectrometry. 
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C. 

 

 

FIG 2. Effect of luteolin on the scavensing of hydroxyl radicals and superoxide radicals and 

intracellular ROS. (A) Hydroxyl radicals generated by the fenton reaction (H2O2+FeSO4) were 

reacted with DMPO, and the resultant DMPO-OH adducts were detected by ESR spectrometry. 

(B) Superoxide radicals generated by the xanthine and xanthine oxidase were reacted with 

DMPO, and the resultant DMPO-OOH adducts were detected by ESR spectrometry. (C) 

Intracellular ROS was detected by the DCF-DA method.  
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3.2. The effect of luteolin on H2O2-induced lipid peroxidation. 

The ability of luteolin to inhibit membrane lipid peroxidation in H2O2-treated cells was 

investigated. Lipid peroxidation was tested by diphenyl-1-pyrenylphosphine. (DPPP) DPPP 

reacts with lipid hydroperoxides stoichio-metrically to yield highly fluorescent product DPPP 

oxide [30]. As shown in Fig. 3A, DPPP fluorescent intensity had dramatically increased in 

hydrogen peroxide treated cells, however, treatment with 2.5 µg/ml luteolin decrease the 

fluorescent intensity. Moreover, Fig.3B, V79-4 cells exposed to H2O2 revealed an increase in 

lipid peroxidation, which was substantiated by the generation of TBARS. However, luteolin 

prevented the H2O2-induced peroxidation of lipids. 

 

3.3. The effect of luteolin against the damage of DNA 

Cellular DNA damage induced by H2O2 exposure was detected by an comet assay. Treatment of 

H2O2 was found to increase the tail length and percentage of DNA in the tail to 77%, however, 

pretreatment with luteolin at 2.5µg/ml decreased the tail length and percentage of DNA in the 

tail to 51% (Fig. 4B). The phosphorylation of the nuclear histone H2A.X is a sensitive marker 

for DNA double strand breakage [31]. As shown fig 4C, Pretreatment of luteolin decreased the 

Phospho H2A.X expression compared with the H2O2 treated cell. 
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A. 

 

 

B. 

 

 

FIG 3. The effect of luteolin on H2O2 induced lipid peroxidation. (A) Lipid peroxidation 

detected by DPPP staining and (B) by measuring the amount of TBARS. *significantly different 

from H2O2 treated cells (p<0.05) 
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A. 

 

 

B. 

 

FIG 4. The effect of luteolin on H2O2 induced DNA damage. (A) Representative images and (B) 

percentage of cellular DNA damage were detected by an alkaline comet assay. The 

measurements were made in triplicate and the values were expressed as means±SE. 

*significantly different from H2O2 treated cells (p<0.05) 

20 



 

 

 

 

 

C. 

 

 

FIG 4. The effect of luteolin on H2O2 induced DNA damage. (C) Protein expression of phospho 

H2A.X was determined by western blot analysis. 
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3.4. The effect of luteolin on cell survival in H2O2 

In order to know the effect of the luteolin on cell viability, Cells were treated with luteolin at 2.5 

µg/ml for 1 h prior to the addition of H2O2. The cell viability was determined 24 h later by the 

MTT assay. As shown in Fig. 5A, Combination with luteolin at 2.5µg/ml and H2O2 increased 

the cell viability up to 77% compared to 54% in H2O2-treated cells. Moreover, to evaluate the 

cytoprotective effects of luteolin on apoptosis induced by H2O2, the nuclei of the V79-4 cells 

were stained with Hoechst 33342 and assessed by microscopy. As shown Fig. 5B, H2O2-treated 

cells induced the significant nuclear fragmentation, apoptotic morphology. However, when the 

cells were pretreated with luteolin for 1 h prior to H2O2 treatment, a decrease in nuclear 

fragmentation was observed. As shown in Fig. 5C, H2O2-treated cells revealed a 33% increase 

in the apoptotic sub-G1 DNA content. Moreover, Pretreatment with 2.5 µg/ml of luteolin 

decreased the apoptotic sub-G1 DNA content to 12%. Next, We examined the Bcl-2 families 

and caspase 3 (17 kDa) and caspase 9 (37 kDa) protein expression detected by western blot. 

Fig.5D showed that the Bax, a pro-apoptotic protein, decreased in H2O2 treated cells and the 

Bcl-2, a anti-apoptotic protein, recovered in luteolin and H2O2 cells. It was also observed the 

decreased activation of caspase 3 (17 kDa), caspase 9 (37, 39kDa) in pretreated with luteolin. 
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A. 
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FIG 5. The effect of luteolin on H2O2 induced apoptosis. (A) Cell viability was determined by 

MTT assay. *significantly different from the value of  H2O2 treated cells (p<0.05)  (B) 

Apoptotic body was observed by Hoechst 33342 staining. Apoptotic bodies are indicated by 

arrows.  
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FIG 5. The effect of luteolin on H2O2 induced apoptosis. (C) Apoptotic sub G1 content was 

detected by flow cytometry. (D) Western blot analysis was performed using anti-Bax, Bcl-2, 

Caspase-3 and 9 antibodies. 
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3.5. The effect of luteolin on glutathione(GSH) and g-GCL 

The intracelluar GSH level was determined by using a GSH-sensitive fluorescence dye CMAC. 

As shown in Fig. 6.A, Pretreated with H2O2 cell showed significant reduction of GSH level in 

confocal data. However, treated with luteolin for 1 h prior to H2O2 treatment, a increase in GSH 

level was observed. To investigate the upstream of GSH, We examined the effect of γ-GCL by 

western blot. Gamma-glutamylcysteine synthetase (glutamate cysteine ligase, GCL) is the first 

enzyme in the glutathione biosynthesis. Fig 6.B showed the H2O2 treatment cell significantly 

decrease the γ-GCL protein expression, However, pretreated with luteolin increase the protein 

expression level. 

 

3.6. The Effect of luteolin on Intracellular Antioxidant enzymes  

In order to know the Intracellular Antioxidant enzymes protein expression, western blot analysis 

was performed. Fig.7A showed that H2O2 treated cells decreased the Cu/Zn SOD, CAT, GPx, 

HO-1 protein expression. However, luteolin restored the protein expression compared with the 

H2O2 treated cells. Moreover, pretreatment of luteolin increased the SOD (28.5 units/mg 

protein), CAT (17.3 units/mg protein), Gpx (17.3 units/mg protein), HO-1 (16.7 pmol of 

bilirubin/mg protein/min) enzyme activities compared with H2O2 treated SOD (22.5 units/mg  
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protein), CAT (8.6 units/mg protein), Gpx (8.6 units/mg protein), HO-1 (8.6 pmol of 

bilirubin/mg protein/min) enzyme activities. (Fig.7B) 
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FIG 6. The effect of luteolin on glutathione(GSH) and g-GCL. (A) Intracelluar GSH level was 

determined by using CMAC dye. (B) Western blot analysis was performed using anti-γ-GCL 

antibody.  
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   FIG 7. The effect of luteolin on intracellular Antioxidant enzymes. (A) Western blot 

analysis was performed using Cu/Zn SOD, CAT, Gpx, HO-1 specific antibodies. 
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 FIG 7. The effect of luteolin on intracellular Antioxidant enzymes. (B) The CAT, SOD, GPx 

activity is expressed as the average enzyme U/mg protein ± SE. HO-1 activity is expressed as 

pmole of bilirubin per mg protein ± standard error. Asterisk indicates significant difference from 

the values of H2O2-treated cells. (p<0.05) 
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B 

 

FIG 7. The effect of luteolin on intracellular Antioxidant enzymes. (B) The CAT, SOD, GPx 

activity is expressed as the average enzyme U/mg protein ± SE. HO-1 activity is expressed as 

pmole of bilirubin per mg protein ± standard error. Asterisk indicates significant difference from 

the values of H2O2-treated cells. (p<0.05) 
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4.Discussion 

 

Flavonoid has polyphenol groups which are found in coffee, beer, wine and fruits and 

vegetables. Polyphenols have reported to reduce the risk of cardiovascular disease and cancer 

[32]. In addition, it has antioxidant capacity in KB cells [33]. Flavonoids also contain the 

polyphenol groups. For the reason, many researchers have studied on the flavonoid compounds. 

EGCG (Epigallocatechin gallate) from green tea extract protects the human retinal pigment 

epithelial cells against the UV irradiation [34] and esculetin inhibit the cell proliferation in 

human leukemia U937 cells [35]. Flavonoids have reported to exext the antioxidant effect via 

the antioxidant enzyme activation [36]. Luteolin, one of the flavonoids, has reported the benefit 

effects in the cells and in vivo [13-16]. Although many studies have reported the antioxidant 

activity of flavonoids, there is no report on the antioxidant effect of luteolin in lung fibroblast 

cells. In this study, we investigate the effect of luteolin in lung fibroblast cells. ROS are very 

small molecules that include oxygen ions and peroxides. ROS can attact to the cell damage and 

finally cause many diseases [3-7]. H2O2 is one of the reactive oxygen species and causes the 

oxidative damage. In this study, Luteolin scavenged the superoxide anions and hydroxyl radicals 

in a cell-free system. (Fig 2a,b) Furthermore, pretreatment of luteolin dramatically reduced the 

intracellular ROS level. (Fig 2c)  
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ROS attacked the cell membrane then to generate the lipid peroxidation [37]. In our study, H2O2 

significantly induced the lipid peroxidation in the cofocal date and TBARS formation. (Fig 

3a,b), However, Luteolin prevented the cell membrane lipid peroxidation. H2O2 can induce 

cellular DNA damage including DNA base modification and DNA strand breakage [38]. In this 

study, Treatment of H2O2 cells increased the DNA damage and phospho-H2A.X protein, 

However, pretreatment of luteolin reduced DNA damage as well as the H2A.X protein 

expression. H2O2 can significantly induce the apoptosis, however, luteolin inhibited the 

apoptosis. Cells treated with H2O2 exhibited the cell death, apoptotic bodies, apoptotic sub-G1 

DNA contents. (Fig 5a-c) In order to know the mechanisms of apoptosis, we observed the 

mitochondrial cell death pathway related protein. Mitochondrial cell death pathway is the major 

target of cell death pathway. In many cells, ROS induced apoptosis through the mitochondrial 

cell death pathway [39-40]. As shown Fig 5D, Luteolin reduced the levels of the active forms of 

caspase 9 and 3, reduced the pro-apoptotic protein bax and elevated the anti-apoptotic protein 

bcl-2. In order to prevent the oxidative damage, cells have antioxidant enzymes. Antioxidant 

enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) 

and Hemeoxygenase-1 (HO-1) protect the cells against the cellular damage by the ROS [41-44]. 

In our study, we observed the decreased level of SOD, CAT, Gpx, HO-1, protein expression and  
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activities in H2O2 treated cells and pretreated of luteolin restored the protein expression and 

activities. (Fig 7) Taken together we have shown that luteolin can inhibit the ROS formation by 

reducing the cellular damage via the increasing the actioxidant enzyme activities. 
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                                6. Abstract in Korean 

 

이 논문은 H2O2로 유도된 산화적 스트레스에 대한 luteolin의 세포보호 효과에 대해 

연구 하였다. Lyteolin은 xanthine/xanthine oxidase 와 Fenton 반응을 통해 생성된  

superoxide radical과 hydroxyl radical을 cell free system에서 소거함을 나타내었다. 

게다가 V79-4 chinese hamster lung fibroblast cell에서 H2O2처리시 세포 내 ROS가 

상당히 증가함을 확인할 수 있었다. Luteolin처리시 H2O2로 유도된 세포 내 ROS와 

cellular components인 lipid와 DNA손상을 줄임을 확인하였다. 

Luteolin처리시 세포 생존률을 증가시켰으며, H2O2로 유도된 apoptosis를 mitochondria 

mediated caspases pathway를 통해 억제함을 나타내었다. Luteolin은 active caspase 3, 9 

그리고 Bax의 발현을 줄였고, bcl-2의 발현을 증가시켰다. 

게다가 Luteolin은 환원형 글루타치온 reduced glutathione (GSH) level을 회복시켰으며, 

GSH합성에 관여하는 효소인 glutamate-cysteine ligase (GCL) 발현도 증가시켰다. 

게다가 Luteolin은 세포 내 항산화 효소인 superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx) and hemeoxygenase-1 (HO-1) 활성과 발현을 증가시켰다. 

따라서 이 논문에서 Luteolin은 ROS소거와 항산화 효소의 활성을 통해 H2O2로 

유도된 세포손상을 보호함을 나타내었다. 
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