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ABSTRACT 
 
Fimbristylis ovata (Burm.f.) Kern has long been used in traditional medicine for the treatment of inflammation-
associated diseases. However, there has been no scientific data on the active components or the biochemical or 
molecular mechanism responsible for these therapeutic effects. The aim of this study was to investigate the 
antioxidant activity of F.ovata and the effect of its extract on the regulation of RAGE gene in human lung 
adenocarcinoma epithelial cell line (A549). We investigated total phenolic content by Folin-Ciocalteu’s phenol 
assay and evaluated antioxidant activity by DPPH assay and ABTS assay. The effect of F. ovata ethanol extract on 
cell viability and RAGE gene expression were evaluated on A549 cells by MTT assay and RT-PCR respectively. 
Total phenolic content of F. ovata extracted by water and ethanol were 161.0 ± 15.2 and 777.7 ± 45.4 µg GAE/g 
dried F.ovata respectively. Antioxidant capacity of the water and ethanol extract were 34.0 ± 4.4 µg and 970.0 ± 
64.7 µg VCEAC/g dried F. ovata respectively. Antioxidant capacity of F. ovata extracted by water and ethanol were 
481.1 ± 98.1 and 6,717.0 ± 182.5 µg TEAC/g dried F. ovata respectively. Upon incubation with the ethanol extract 
at concentration up to 100 µg/ml, cell viability was more than 80%. Interestingly, the ethanol extract could 
significantly inhibit RAGE gene expression in human lung adenocarcinoma epithelial cell line.  
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INTRODUCTION 
 

Excessively high level of free radicals cause damage to cellular proteins, membrane lipids and nucleic acids, and 
eventually lead to cell death. Oxidative stress occurs when production of oxidants or reactive oxygen species (ROS) 
exceeds local antioxidant capacity. Oxidative stress plays a major role in the pathogenesis of many degenerative 
diseases such as cardiovascular disease, stroke, diabetes, cancer, and neurodegeneration [1]. The activation of 
RAGE in a variety of cells including monocytes was shown to link to generation of ROS by decreasing activity of 
superoxide dismutase [2]. Both of RAGE activation and oxidative damage have been implicated in chronic 
degenerative diseases including type 2 diabetes mellitus, cancer, and cardiovascular disease [3, 4].  
 
Numerous pure polyphenolic compounds and natural polyphenolic plant extracts possess antioxidant, anticancer, 
and anti-inflammatory activities [5-7]. Moreover, polyphenolic compounds in plant have biological activities such as 
carcinogen inactivation, antiproliferation, cell cycle arrest, induction of apoptosis, and inhibition of angiogenesis. In 
addition, polyphenolic compounds have an antioxidant activity that can prevent damage from reactive oxygen 
species [8, 9]. Many traditional Thai herbs have been used for therapeutic purpose in traditional medicine [10]. 
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Lagerstroemia speciosa (L) and Piper sarmentosum Roxb have an anti-inflammatory effects and anti-oxidant 
activity [11, 12]. Boesenbergia rotunda (L.)Mansf or Kra-chai has anti-inflammatory effect owing to several 
flavonoid derivatives [13, 14]. Momordica charantia Linn or bitter melon can improve immune system in cervical 
cancer patients by increasing NK cells [15].  
 
Fimbristylis ovata (Burm.f.) Kern has common name as flatspike sedge or “Ya-sae-ma” in Thai, belongs to Family 
Cyperaceae. [16]. It has been used for treatment of adenitis, scrofula, syphilis, and also in cough, bronchitis and 
asthma [17, 18]. Plants in Family Cyperaceae has been reported to consists of several components such as phenolic 
compounds, flavonoids, alkaloid, glycosides proteins, amino acids, tannins and saponins [19,20] . The aim of this 
study was to determine the antioxidant activity of Fimbristylis ovata (Burm.f.) Kern extracts and investigates its 
effect on the expression of RAGE gene. 
 

EXPERIMENTAL SECTION 
 

1. Plant material 
 Fimbristylis ovata was collected from a single source in Bangkok, Thailand. The voucher number of 013431(BCU) 
was identified at the Professor Kasin Suvatabhandhu Herbarium, Department of Botany, Faculty of Science, 
Chulalongkorn University, Thailand. The fresh plant was cleaned, cut into short pieces, and dried in laboratory 
drying oven at 45 °C for 5 days and grounded into powder. The plant powder was extracted with ethanol 1:10 (w/v) 
by maceration in shaking incubator at 37°C for 72 hours, the extract was filtered, the process was repeated twice, 
then all filtrate was evaporated using rotary evaporator. The plant powder was also extracted with water 1:10 (w/v) 
by boiling for 2 hours, the extract was filtered and then lyophilized. Crude extracts were dissolved in dimethyl 
sulphoxide (Merck, Germany) as stock solutions (100 mg/ml), protected from light, and stored at -20°C until used. 
 
2. Cell cultures  
Human lung adenocarcinoma epithelial cell line (A549) was cultured in RPMI-1640 medium (Hyclone, USA) 
supplemented with 10 % fetal bovine serum (Gibco Invitrogen, USA), 100 U/ml penicillin and 100 µg/ml 
Streptomycin in a humidified atmosphere with 5 % CO2 at 37 ºC.  
 
3. Total phenolic content 
Total phenolic content was determined by Folin-Ciocalteu method. A calibration curve of gallic acid (ranging from 
0.39 to 50 µg/ml) was prepared. 20 µl of F.ovata extracts or standard gallic acid solution was added to 100 µl Folin-
Ciocalteu’s reagent and 80 µl of 75 g/L sodium carbonate was added to the solution in the 96-well plate. The plate 
was incubated for 30 minutes in a dark condition. The absorbance was measured at 765 nm using a Microplate 
Reader (BioTek, USA). Total phenolic content of F.ovata extracts were expressed as µg Gallic acid Equivalent 
(GAE)/g of dried F.ovata. 
 
4. Antioxidant capacity using DPPH assay 
Antioxidant capacity was determined by reaction between DPPH (2, 2-Diphenyl-1-picrylhydrazyl) reagent and 
antioxidant content. A calibration curve of ascorbic acid (ranging from 1.56 to 100 µg/ml) was prepared. 20 µl of 
F.ovata extracts or standard gallic acid solution was added to 180 µl DPPH reagent in the 96-well plate. The plate 
was incubated for 30 minutes in a dark condition. The absorbance was measured at 517 nm using a Microplate 
Reader (BioTek, USA). Antioxidant capacity of F.ovata extracts were expressed as µg Vitamin C Equivalent 
Antioxidant Capacity (VCEAC)/g of dried F.ovata. 
 
5. Antioxidant capacity using ABTS assay 
Antioxidant capacity was determined by reaction between antioxidant and 2, 2’-azino-bis (3-ethylbenzthiazoline-6-
sulphonic acid) cation radical (ABTS*+). Fresh ABTS*+ solution was prepared for each assay by the reaction 
between ABTS reagent and potassium persulfate. A calibration curve of Trolox (ranging from 39 to 1250 µM) was 
prepared. 15 µl of F.ovata extracts or standard Trolox solution was added to 1000 µl ABTS working reagent in the 
96-well plate. The plate was incubated for 3 minutes in a dark condition at 30 ºC. The absorbance was measured at 
734 nm using a Microplate Reader (BioTek, USA).  Antioxidant capacity of F.ovata extracts were expressed as µg 
Trolox Equivalent Antioxidant Capacity (TEAC)/ /g of dried F.ovata. 
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6. MTT assay for cell viability 
Cell viability was determined by MTT assay, which is the measurement of mitochondrial dehydrogenase enzyme 
activity that reduces 3-(4,5-dimethyl-triazolyl-2-yl)-2,5-diphenyl tetrazolium bromide (Bio Basic, Canada) to purple 
formazan. A549 cells were seeded in density of 5x103 cells/well in 96-well plates and incubated in a humidified 5 % 
CO2 at 37 ºC for 24 hours. F. ovata extracts were added and incubated for 24 hours. Then, 20 µl of 0.5 mg/ml MTT 
was added and the plates were incubated for 4 hours in a humidified 5 % CO2 at 37 ºC. Culture medium was 
removed and 200 µl of dimethylsulfoxide (DMSO) was added to dissolve the formazan crystal. The absorbance was 
measured at 550 nm using a Microplate Reader (BioTek, USA). The percentage of cell viability was calculated using 
the following formula: 
 
 % cell viability = (absorbance of treatment group – blank) x 100 / absorbance of control group – blank 
 
7. Reverse-transcription polymerase chain reaction (RT-PCR) analysis 
Human lung adenocarcinoma epithelial cell line (A549) was seeded in density of 1x106 cells/ml in 6-well plates. 
F.ovata extracts were added and the cells were incubated for 24 hours. Total RNA was extracted from the cells by 
Tri-RNA Reagent (Favorgen Biotech Corp, Taiwan), and RNA was treated with deoxyribonuclease I (DNase I; 
Promega, USA). DNase I-treated RNA was reverse transcribed by ImProm-II Reverse Transcription System 
(Promega, USA) according to the manufacturer’s protocol. For PCR amplification of the cDNA, RAGE gene-
specific primer pair were 5’ GTGGGGACATGTGTGTCAGAGGGAA 3’ (Forward primer) and 5’ 
TGAGGAGAGGGCTGGGCAGGGACT 3’ (Reverse primer). β-actin gene-specific primer pair composed of 
Forward primer 5’ ACGGGTCACCACACTGTGC 3’ and Reverse primer 5’ 
CTAGAAGCATTTGCGGTGGACGATG 3’. The condition for amplification of cDNA using thermocycler 
(Eppendorf, Germany) for RAGE gene was 35 cycles of 95 °C for 30 s, 65 °C for 30 s, and 72 °C for 30 s , and for 
β-actin gene was 35 cycles of 95 °C for 30 s, 58 °C for 30 s, and 72 °C for 45 s. The product was separated on a 2% 
agarose gel, stained with ethidium bromide, and visualized with gel documentation system (SynGene, UK). 
 
8. Statistical analysis 
The data was presented as mean ± SEM of three experiments. Statistical significant differences were determined by 
one way ANOVA followed a by post hoc Tukey test. Differences were considered statistically significant at p < 
0.05. 
 

RESULTS 
 

Total phenolic content of F.ovata  
Total phenolic content of F.ovata was determined by Folin-Ciocalteu’s method, we found that total phenolic content 
of F.ovata extracted by water and ethanol were 161.0 ± 15.2 and 777.7 ± 45.4 µg GAE/g dried F.ovata respectively. 
Water extract had significantly lower total phenolic content than ethanol extract (p < 0.05) as shown in Table 1.  

 
Table 1 Total phenolic content of F.ovata was determined by Folin-Ciocalteu’s method. Data were shown as mean ± SEM of triple 

determinations (*p<0.05). 
 

F. ovata extracts Total phenolic content (µg GAE/g dried F. ovata) 
Water extract                                161.0 ±15.2* 
Ethanol extract                                777.7 ±45.4* 

 
Antioxidant capacity using DPPH assay and ABTS assay 
Antioxidant capacity of F.ovata was determined by DPPH assay. As shown in Table 2, antioxidant capacity of water 
and ethanol extracts were 34.0 ± 4.4 and 970.0 ± 64.7 µg VCEAC/g dried F. ovata respectively. It was noticeable 
that antioxidant capacity of water extract was remarkedlyly lower than ethanol extract (p < 0.05).  

 
Table 2 Antioxidant capacity of F.ovata was determined by DPPH assay. Data was shown as mean ± SEM of triple determinations (* 

p<0.05). 
 

F. ovata extracts Antioxidant Capacity by DPPH assay (µg VCEAC/g dried F. ovata) 
Water extract                                34.0 ±4.4* 
Ethanol extract                                970.0 ±64.7* 
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Antioxidant capacity of F.ovata was determined by ABTS assay. As shown in Table 3, antioxidant capacity of water 
and ethanol extracts were 481.1 ± 98.1 and 6,717.0 ± 182.5 µg TEAC/g dried F. ovate respectively. Antioxidant 
capacity of water extract was as well much lower than ethanol extract (p < 0.05). 

 
Table 3 Antioxidant capacity of F.ovata was determined by ABTS assay. Data was shown as mean ± SEM of triple determinations (* 

p<0.05). 
 

F. ovata extracts Antioxidant Capacity by ABTS assay (µg TEAC/g dried F. ovata) 
Water extract                                481.1 ±98.1* 
Ethanol extract                                6,717.0 ±182.5* 

 

 
Effect of F.ovata extracts on cell viability of A549  
The effect of F.ovata extracts on cell viability was investigated by MTT assay. A549 cells were incubated with 
various concentration of F.ovata extracts for 24 hours. The result showed that there was no significant difference in 
cell viability after treatment of cells with the extracts in the concentration range of 0.78 to 100 µg/ml. Cell viability 
of A549 cells were over 80% as shown in Figure1. 

 
 

Figure1.   Cell viability was determined by MTT assay after incubation of A549 cells with ethanol extract of F.ovata. Data was shown as 
mean±SEM of triple determinations. 

 
F.ovata extracts down regulate gene expression of RAGE 
 A549 cells were incubated with F.ovata extracts in the concentration of 25-100 µg/ml for 24 hours, and then RAGE 
gene expression was determined using RT-PCR. We found that RAGE gene expression in cells which were 
incubated with the extracts was significantly decreased (p<0.05) when compared with the control cells which had no 
exposure to the extracts as shown in Figure 2  
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extract of F.ovata on RAGE mRNA expression in treated cells compared with 
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DISCUSSION 
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CONCLUSION 
 

The experimental results showed that Fimbristylis ovata extracted by water or ethanol had phenolic compounds and 
antioxidant activity. The ethanol extract could inhibit RAGE gene expression in human lung adnenocarcinoma 
epithelial cell line (A549). This suggested that the antioxidant property of Fimbristylis ovata may involve in its 
inflammation-related inhibitory action via RAGE gene signaling pathway. 
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