Antioxidant and Cytoprotective Activities of Ocimum Gratissimum Extracts against Hydrogen Peroxide Induced Toxicity in Human HepG2 Cells
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ABSTRACT

Ocimum gratissimum is used as a traditional folk medicine in many countries. The objective of this study was to evaluate the antioxidant activities of the aqueous Ocimum gratissimum extract (OGE) and its cytoprotective activity against hydrogen peroxide induced toxicity in Human HepG2 cells. The results revealed that the total phenolic content reached a high 20% of the OGE. In the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay, OGE reached 80% reduction of free radicals at the plateau concentration of 40 μg/mL, which indicates that OGE contains significant free radicals scavenging activity. OGE pre-treatment in a dose-dependent manner restored the decrease in cell viability in H2O2-treated HepG2 cells (P < 0.05) and effectively reduced thiobarbituric acid reactive substance (TBARS) formation at 20-80 μg/mL. These finding indicated that aqueous extract of Ocimum gratissimum exerts antioxidant capacity and protective effects on oxidative stress in HepG2 cell , which makes OGE a promising therapeutics in liver diseases.
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INTRODUCTION
Oxidative stress is defined as an increase in reactive oxygen species (ROS) and / or a decrease in the antioxidant defense mechanisms(1). Accumulation of highly reactive radicals above cells’ defenses may affect cellular functionality and integrity by damaging critical molecules such as lipids, proteins and nucleotides, which can ultimately cause pathological change and even cell death(2). Membrane lipids present in subcellular organelles are highly susceptible to free radical damage. During lipid peroxidation, a large number of toxic byproducts such as 4-hydroxy nonenal and malondialdehyde are formed, which can form adducts with DNA and induce mutagenesis, carcinogenicity and apoptosis(3). Antioxidants play an important role in inhibiting and scavenging radicals, thus providing protection against such pathologic processes.

The liver is the main organ responsible for metabolism of both endogenous and exogenous compounds and therefore one of the target organs for the toxic action of xenobiotics or their reactive metabolites
 ADDIN EN.CITE 

(4)
. These xenobiotics can generate ROS / free radicals during metabolic process in hepatocytes. Although hepatocytes physiologically use ROS as second messengers which play a role in modulating normal cellular functions
 ADDIN EN.CITE 

(5)
, imbalance between the production and removal of reactive oxygen species (ROS) causes oxidative stress. Oxidative stress has been recognized to be involved in the etiology of numerous liver diseases
 ADDIN EN.CITE 

(6, 7)
, and oxidative stress mediated-damage may result in inflammatory and fibrotic processes in the liver
 ADDIN EN.CITE 

(4)
. Appropriate levels of intracellular antioxidant capability to eliminate the harmful effects of ROS, including endogenous and exogenous antioxidant systems, is crucial for maintaining normal cellular function. Since the liver is the primary organ to collect exogenous antioxidant from gastrointestinal tract, oral natural antioxidant phytochemicals are known effective therapeutics in liver diseases
 ADDIN EN.CITE 

(7)
.

The genus Ocimum, belonging to the family Lamiaceae (previously known as Labiatae), has strong-smelling aromatic flavor and has been used as traditional herbs in many cultures since ancient time. Ocimum gratissimum, which is widely distributed in tropical and warm temperate geolocations, is one of the well-known medicinal plants in the Ocimum family and commonly used in folk medicine
 ADDIN EN.CITE 

(8-10)
.  It is also commonly used as a spice in its unprocessed form in most dishes in West Africa, where it is locally referred to as “Scent Leaf” and ”tree basil”(11). Ocimum gratissimum is known for its multiple pharmacological properties and has been prepared in a variety of forms for consumption, such as “Chit-Chan-Than” in Taiwan(12) and “Vana Tulsi.” in India
 ADDIN EN.CITE 

(13, 14)
. This medicinal plant has shown potential anthelmintic, antibacterial, antifungal, and antiviral activities
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(15-19)
, while more recent researches focus on its capabilities in immune-modulation
 ADDIN EN.CITE 

(20, 21)
, and cancer chemoprevention
 ADDIN EN.CITE 

(22, 23)
. In a recent study from our laboratory, the extract of Ocimum gratissimum (OGE) protected the heart of Sprague Dawley rats against CCl4-induced cirrhosis-associated cardiac hypertrophy and fibrosis [Evidence-based Complementary and Alternative Medicine. 2012, 2012: 139045.; Chang HC, Chiu YW, Lin YM, Chen RJ, Lin JA, Tsai FJ, Tsai CH, Kuo YC, Liu JY, and Huang CY. Herbal Supplement Attenuation of Cardiac Fibrosis in Rats with CCl4-Induced Liver Cirrhosis. Chinese Journal of Physiology. In press. 2013] and attenuated H2O2-induced chromosome damage in cardiac H9c2 cells(29). The implication in these studies that OGE might be beneficial to the treatment of liver and heart diseases, prompts the further study into the mechanism of the antioxidant property of polyphenolics in OGE in its protection of the liver.
Dietary antioxidants, which have a protective role against oxidative stress, have been proposed as therapeutic agents to counteract liver oxidative damage. To elucidate the hepatoprotetive properties of OGE was adopted to simulate food ingestion and hepatic absorption in this study. The HepG2 human hepatoma cell line is considered to be a good model for studying in vitro xenobiotic metabolism and toxicity in the liver
 ADDIN EN.CITE 

(30)
. In this study, total phenolic content of OGE was tested and we evaluated the effects on free radicals scavenging, lipid peroxidation inhibition, and cytoprotective activity against hydrogen peroxide induced toxicity in Human HepG2 cells. 

MATERIALS AND METHODS

I. Plant Material and Preparation of Extract

Extraction procedures of O. gratissimum were performed in a qualified process. Briefly, the leaves and stems of O. gratissimum were harvested and washed in clear running water, and then air-dried for 1 week to make into a coarse powder. The powdered vegetal materials (400 g) were homogenized with distilled water (1000 mL) using a polytron. The homogenate was incubated at 95°C for 1 hour (h) and then filtered through two layers of gauze. The filtrate was centrifuged at 20,000 g, 4ºC for 15 min to remove insoluble pellets and the supernatant was thereafter collected, lyophilized and stored at -20°C until used. Before the assays, the extract powder (OGE) was dissolved at required concentration.
II. Total Phenolic Content Measurement
For polyphenol content measurement, a method used by Singleton et al. (1965)(31) was used: 10 mL distilled H2O, 0.5 mL Folin-Ciocalteu reagent, and 1 mL of the extract were mixed. After shaking the solution and placing it at room temperature for 15 mins, 3 mL of 20% Na2CO3 (sodium carbonate) was added, and heated at 100°C for 1 min in a water bath. The absorbance of samples was measured at 725 nm by using a spectrophotometer. 

Calibration was performed using caffeic acid and a calibration curve was obtained (y = 124.3x + 0.080; R2 = 0.9988 in the range 0 to 100 μg/10 ml). Food Chemistry, 100(4), 1544-1551 {Haiyan, 2007 #93}. Phenols were determined using a calibration curve for 0.5 mg kg−1, 1 mg kg−1, 2.5 mg kg−1, 5 mg kg−1, 10 mg kg−1 of caffeic acid {Buratti, 2007, 19071462}. The total phenolic content was calibrated to caffeic acid standard, which data were expressed as caffeic acid equivalent (mg CAE) of dry materials (g) by percentage (%) compared with caffeic acid (2 µg/mL)
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(32, 33)
. 
III. DPPH Scavenging Activity
The DPPH radical scavenging ability of OGE was determined basically according to the method of Shimada et al.
 ADDIN EN.CITE 

(34, 35)
 with some modification. Briefly, 5 mL of OGE, along with 5 mL of α-tocopherol and BHA methanolic solutions for reference, was mixed with 1 mL of freshly prepared DPPH (α,α-Diphenyl-β-picrylhydrazyl) solution (0.1 mM, in 95% Methanol). The reaction mixture, with varying concentrations of the extract or reference (0-140 μg/mL), was shaken well and incubated for 50 min at room temperature and the absorbance of the resulting solution was read at 517 nm against a blank. The radical scavenging activity was measured as a decrease in the absorbance of DPPH and was calculated using the following equation: 

Scavenging effect % = [1-(A517 of sample/A517 of control)]

IV.   Cell Culture
The human hepatoma cells HepG2 (BCRC No. 60025) were obtained from Bioresources Collection and Research Center and maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% v/v fetal bovine serum (Gibco BRL, Gaithersburg, MD, USA) and 100 μg/mL penicillin/streptomycin (Sigma-Aldrich Chemie, Munich, Germany) at 37℃ in a humidified atmosphere containing 5% CO2.  HepG2 cells were seeded in 24-well culture plates at an initial density of 2 × 105 cells/mL and grown to approximately 80% confluence. Oxidative stress was induced by treating with freshly prepared H2O2. Cells were pretreated with OGE at indicated concentrations for 24 h, and then the medium containing H2O2 (final concentration at 441 nM) was added and incubated for indicated amounts of time. After the incubation, the cells were washed with phosphate-buffered saline (PBS; 25 mM sodium phosphate, 150 mM NaCl, pH 7.2) and then collected for the subsequent analysis. For morphological analysis, the cells were observed for change in the size and number under Inverted Microscope (Olympus Corp., Japan) at 40X magnification.
V. MTT Assay
Cell viability was determined by MTT assay. HepG2 cells were exposed to H2O2 or with or without pretreatment of the test samples (OGE). To determine the cytotoxicity of hydrogen peroxide, HepG2 was treated with 5 different concentrations of H2O2 (441 nM, 882 nM, 1764 nM, 3528 nM, 7056 nM). 882nM of H2O2 caused over 50% cell death after 2 h, when compared with the untreated control cells. Thus, the concentration of 882 nM of H2O2 was chosen as appropriate concentration for subsequent experiments on the effect of OGE.  HepG2 cells were starved for 12 h and pretreated with various indicated concentrations of OGE for 24 h, and then treated H2O2 for 24 h. After treatments, medium was removed, and the HepG2 cells were incubated with MTT (0.5 μg/mL) at 37℃ for 4 h. The viable cell number was directly proportional to the production of formazan, which was dissolved in isopropanol and determined by measuring the absorbance at 570 nm using a microplate reader.
VI. TBARs Assay

Lipid peroxidation was determined based on the amount of thiobarituric acid-reactive substances (TBARS)(36) and with minor modifications and the result expressed as nmole of malondialdehyde (MDA)/mg protein(37). Briefly, equal volumes of leaf extract and 882 nM H2O2 in FBS free DMEM were added to each well and the cell plate was incubated for 24 h. HepG2 cells were lysed using a freezing-thawing method. After lysis, 0.2 mL cell suspension was added to the TBA reagent (1.5 mL of 20% acetic acid, 1.5 mL of 8.1% sodium dodecylsulfate and 1.5 mL of 0.8% TBA). This mixture was incubated at 90℃ for 1 h and then cooled. Four milliliters of a mixture of n-butanol and pyridine (15 : 1, v/v) was added, and the whole mixture was centrifuged (15 mins at 1500 g). The fluorescence of the samples was detected at an excitation wavelength of 515 nm and an emission wavelength of 555 nm in a F4500 fluorescence spectrophotometer (Hitachi, Japan) and 1, 1, 3, 3-tetramethoxypropane was used as the TBAR standard. 

VII.  Statistical Analysis

The experimental results are expressed as the mean ± SD. Data were assessed using analysis of variance (ANOVA). Student's t-test was used in the comparison between groups. P value less than 0.05 was considered statistically different.
RESULTS AND DISCUSSION

I. Qualification and Yields of Ocimum Gratissimum Extract Preparation

It is generally assumed that the use of food supplements is safe and efficacious, given that they have been used for human consumption for centuries. Much attention has been focused on the protective function in recent years, especially antioxidative effect, of naturally occurring compounds and on the mechanisms of their action. However, understanding their mechanisms of action as a preventive or therapeutic modality is one of the main challenges for modern science. In the area of natural extracts, it is very important that different information be considered simultaneously: agronomic, extraction process, chemical composition of the extracts and the functional properties. The extraction process as well as its condition defines the type of substances that will be extracted(25). Thus, qualification in whole process is necessary.
In our works, leaves and stems of Ocimum gratissimum were harvested at Nantou County, Taiwan, R.O.C in daytime during autumn season (September to November, 2006), and identified by Institute of Biochemistry and Biotechnology, Chung Shan Medical University. The powdered vegetal materials defined as dry starting material. Figure 1 showed the extract yields of the leaves and stems. The yield of Ocimum gratissimum extract (OGE) of leaves and stems were 18.0 (72 g/400 g) and 7.0% (28 g/ 400 g) respectively, with reference to the dry starting material. 

The genus Ocimum, a member of the Lamiaceae family, contains more than 200 species(38). Botanical identification of the Ocimum species can be complicated due to several occurring varieties and the variation in chemical composition. Moreover, some studies reported that differences observed in the biological activity in essential oils of Ocimum species obtained in different seasons of the year(39). A previous report indicated that chemical composition of Ocimum species varies according to the time of plant collection and preparation of extract
 ADDIN EN.CITE 

(40)
. As a vegetable and food of Ocimum species, blanching could inactivate and wash out of the vitamin C but cause a signiﬁcant increase in the total phenol content of the vegetables(26). Considering factors to affect the constituents of boiled aqueous extract, our procedures of O. gratissimum extraction were performed under a qualified process. 
II. Total Phenolic Content of Ocimum Gratissimum Extract
Plants, the main sources of antioxidants, comprise a great diversity of compounds including flavonoids (eg. anthocyanins, flavonols, and flavones) and several classes of non-flavonoids (eg. phenolic acids) as phenolics
 ADDIN EN.CITE 

(41, 42)
. These polyphenolic compounds vary in structure, the number of phenolic hydroxyl groups and their position, leading to variation in their antioxidative capacity. Polyphenols are bioactive substances widely distributed in plants and are important constituents of the human diet. Determination of total phenolic content is one of important parameters to estimate the amount of antioxidants(43). 

The results of total phenolic content in the leaves stems are presented in Figure 1. The amount of phenolic content observed in leaves and stems extract were found to be 20 and 9% respectively. Our data showed that phenolic components of leaves extract are higher more than 2-fold of stems extract. To maintain high quality of phenolic content and extraction yield, we adopted extract of leaves in further experiments.
Caffeic acid (3,4-dihydroxycinnamic acid){Ye, 2010, 21056309}
III. Free Radical Scavenging Activity of Ocimum Gratissimum Extract
The DPPH scavenging effect of OGE is illustrated in Figure 2 with BHA and α-tocopherol as references. Concentration effects of OGE and references were observed, and radical-scavenging capacity increased with increasing concentration. At a concentration of 20 μg/mL, α-tocopherol and BHA reached near the plateau of radical-scavenging activities, while a similar ability of OGE was observed at 40 μg/mL. Under same experimental conditions with positive control counterparts, the scavenging effect of OGE, BHA, or -tocopherol, each at 100 μg/mL, on DPPH radical was 81, 78, or 86%, respectively, and in descending order: α-tocopherol > OGE > BHA. The result indicates that OGE exerts significant effect on scavenging free radicals.

In the DPPH assay, the ability of the examined extract which acts as donor of hydrogen atoms or electrons in transformation of DPPH[image: image1.png]


 into its reduced form DPPH-H was investigated. The DPPH radical has been widely used to test the free radical scavenging ability of various natural products and has been accepted as a model compound for free radicals originating in lipids(34). The examined extracts of O. gratissimum were able to reduce the stable, purple-colored radical DPPH into yellow-colored DPPH-H. Polyphenols easily transfer a hydrogen atom to lipid peroxil cycle and form the aryloxyl, which being incapable of acting as a chain carrier, couples with another radical thus quenching the radical process
 ADDIN EN.CITE 

(44, 45)
. Therefore, the content of total phenolic compounds in the extracts might explain their high antioxidant activities. The OGE at 40 μg/mL or above showed higher DPPH scavenging activity than those of BHA at same concentration. Nenadis et al.(46)reported that artificial antioxidants (BHA) have effective antioxidant activity even at low levels (50 μM); however, the toxicity of BHA has to be considered in the use of these artificial antioxidants. As compared with the commercial antioxidants of BHT or α-tocopherol, the plant, especially leaves, can be exploited as an important source of natural antioxidants with health-protective potentials. 
IV. Cytotoxicity Protection Activity of Ocimum Gratissimum Extract on HepG2 Cells
Hydrogen is a physiologic oxidant currently used in the evaluation of the antioxidant potential of phenolic compounds or plant extracts in cellular assays
 ADDIN EN.CITE 

(47-49)
. It can easily cross cell membranes, producing deleterious effects within the original or neighboring cells, being regarded as one of the principal intermediaries of cytotoxicity induced by oxidative stress(50). Thus, the cyto-protective properties of OGE against H2O2 -induced cell death or damage can be observed by the cell viability enhancement.
When HepG2 cells alone were exposed to H2O2, cell viability significantly decreased in comparison with untreated control cells (see Table 1). Figure 3 showed that HepG2 cells exposed to H2O2 (882 nM) was inhibited by about 75% compared with untreated cells, and this was reduced by pretreatment with OGE (20 - 100 µg/mL). The morphological change of HepG2 cells were demonstrated on Figure 4. As could be seen from Figure 3, the OGE was capable of inhibiting H2O2-induced cell death with viability rates of 34 ± 5.01%, 45 ± 4.68%, 51 ± 5.28%, 60 ± 4.85% and 65 ± 5.70 % at extract concentrations of 20, 40, 60, 80 and 100 μg/mL, respectively. When compared with H2O2-treated groups (26 ± 5.12%), all concentrations used in this study significantly abrogated the toxicity induced in the cells by H2O2 (P < 0.05) in a dose-dependent manner. These results demonstrated that OGE have significant protective effects against H2O2-induced cytotoxicity in HepG2 cells. 

Human HepG2 cells represent a well-characterized, reliable model that has been widely used to study the biochemical variation in antioxidant defense systems
 ADDIN EN.CITE 

(51, 52)
. HepG2 cells retain the activity of many phase I, phase II and antioxidant enzymes ensuring that they constitute a good tool to study cytoprotective, genotoxic and antigenotoxic effects of the testing compounds
 ADDIN EN.CITE 

(53, 54)
. In addition, the steady-state antioxidant defense level is higher in HepG2 cells than other hepatic cells, which makes it easier to detect variations in the responses under different conditions 
 ADDIN EN.CITE 

(55, 56)
. On Table 1, OGE alone did not affect HepG2 cell viability at concentrations below 100 µg/mL. Therefore, our findings suggest that OGE is safe at therapeutic level and has the significant ability to prevent oxidative stress. It may protect cells from oxidative stress by H2O2 mediated disruption of cellular antioxidant systems.
V. Effects of Ocimum Gratissimum Extract on Lipid Peroxidation
Lipid peroxidation is an autocatalytic process, which is a common consequence of cell damage and death. This process may cause peroxidative tissue damage in inﬂammation, cancer, toxicity of xenobiotics and aging(57). TBARS assay has been a very popular method extensively used to evaluate the antioxidant activity of a compound or group of compounds in lipid peroxidation systems(58).  Hydrogen peroxide toxicity led to severe oxidative stress in Human HepG2 cells. Table 1 shows that the amount of TBARS increased about 3.5-fold in H2O2 (882 nM) treated HepG2 cells when compared with control cells. We examined whether pretreated with the OGE extract contribute TBARS decrease in H2O2-induced HepG2 cells. As could be seen from Table 1, the dramatic increase in the TBARS level of the H2O2- treated group (0.33 ± 0.07 nmol/mg) compared with the control group (0.09 ± 0.05 nmol/mg). The extracts significantly reduced the elevated TBARS levels at the 20 - 80 μg/mL dose levels (see Figure 5).  The OGE was capable of inhibiting TBARS formation when compared with H2O2-treated HepG2 cells, with levels of 0.17 ± 0.04 nmol/mg, 0.15 ± 0.05 nmol/mg and 0.23 ± 0.03 nmol/mg at extract concentrations of 20, 40 and 80 μg/mL, respectively.  Pretreatment with OGE caused a significantly decrease in the concentration of TBARS (p < 0.05).

 Lipid peroxidation is one of the reactions induced by oxidative stress and is a key process in many pathological events
 ADDIN EN.CITE 

(59)
. ROS may initiate and propagate lipid peroxidation, of which, the end product MDA possesses genotoxic and mutagenic properties
 ADDIN EN.CITE 

(60)
. Increased MDA accumulation has been noted in response to H2O2 and can induce damage to various biological macromolecules, including DNA, RNA, proteins and lipids. The cytotoxic effects of H2O2 on HepG2 cells were shown by its strong inhibition of cell viability and MDA formation. Our results indicate that the OGE is capable of reducing H2O2- induced cytotoxicity and lipid peroxidation. Thus, the prevented lipid peroxidation may explain its cytoprotective property on the cell membrane damage caused by the radicals. 
CONCLUSION

These findings indicate that the aqueous Ocimum gratissimum extracts exert antioxidant and protective activity against oxidative stress induced by hydrogen peroxide on Human HepG2 cells. The polyphenolic contents and the antioxidant activity proved OGE to possess higher values of antioxidant phytochemicals. The exhibited properties of aqueous Ocimum gratissimum extracts may implicated to the promising oral nutraceuticals in hepatoprotective effects by diary supplements or pharmacological preparations.
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	Table 1. 
　
	Cell viability (%)
	MDA (nmol/mg of protein)

	Control
	100 ± 0.02
	0.09 ± 0.05

	Treatment (OGE)
	
	

	20 ug/mL
	99 ± 0.27
	0.11 ± 0.02

	40 ug/mL
	96 ± 2.75
	0.143 ± 0.04

	80 ug/mL
	93 ± 2.78
	0.12 ± 0.05

	H2O2 882 nM
	26 ± 5.12*
	0.33 ± 0.07#


Cell were pre-culture in 24 well (2 ×105 cell/well in 10 mL of complete DMEM medium) and starved for 12h and then incubate with indicated concentrations of OGE or H2O2 882 nM alone for 24h. Data were expressed as mean ± SD (n = 3) . *P < 0.01 significant different compare with the all other group (n = 3). #P < 0.05 compare with all other group (n = 3).
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Figure 4. 

[image: image6.jpg]



[image: image7.jpg]


[image: image8.jpg]



[image: image9.jpg]



[image: image10.jpg]


[image: image11.jpg]




Figure 5.
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Figure Legends
Figure 1.  Relative yield and total phenolic content of O. gratissimum extract (OGE) of leaves and stems.
Figure 2. DPPH radical scavenging activities of OGE.  Results are presented as the mean ± SD of 3 independent experiments in triplicate. 

Figure 3. Effect of Ocimum gratissimum L. extract (OGE) on HepG2 cell viability. HepG2 cells were preculture in 24 well (2 ×105 cell/well in 10 mL of complete DMEM medium) and starved for 12 h, then pretreated with OGE at the indicated concentrations for 24h prior to incubation with 882 nM H2O2. Cell viability was then determined by MTT assay and expressed as mean ± SD, n = 3. ＃P < 0.01 significant different compare with the control normal cells (n = 3). * P < 0.05 in comparison with H2O2 treated cells.

Figure 4. The effect of Ocimum gratissimum L. extract (OGE) on HepG2 morphology under H2O2- induced cytotoxicity. Microphotographs (40×objective; phase contrast optics) of HepG2 cells were taken after treating for 24 h as described in Section 2. (A) control, (B) H2O2 882 nM, (C) OGE 40 µg/mL + H2O2 882 nM, (D) OGE 60 µg/mL + H2O2 882 nM, (E) OGE 80 µg/mL + H2O2 882 nM, and (F) OGE 100 µg/mL + H2O2 882 nM.

Figure 5. Cell were preculture in 10-cm dish (4 ×106 cell/dish in 10mL of complete DMEM medium) for 12 h and then incubated with various concentration OGE before the addition of H2O2 for 24 h. Data were expressed as mean ± SD. *P < 0.01 significant different compare with the control group (n = 3). #P < 0.05 compare with the treatment with H2O2 alone (n = 3). 

七層塔水萃物的抗氧化活性以及對人類HepG2細胞在過氧化氫誘導之毒性下的細胞保護效果
邱永偉1,2、 羅鴻仁3、黃昕瑀4,5,、趙佩玉6,7、黃俊銘8、黃珮芸9、黃士哲、劉哲育10,11、賴德仁2,12
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中文摘要
七層塔在許多國家都被作為傳統民俗藥物之用。本研究主要目的是評估七層塔水萃物的抗氧化活性，以及其對過氧化氫誘導人類HepG2細胞產生毒性的保護作用。研究的結果顯示，七層塔水萃物的總酚含量高達20%，且在DPPH試驗中，七層塔的濃度在40 μg/mg時，自由基清除活性可以達到80 %並接近高原期，顯示七層塔具有顯著的掃除自由基的能力。在過氧化氫處理的HepG2細胞先以七層塔作前處理，七層塔能夠依劑量依賴性的方式來復原細胞的存活率(P < 0.05)，並於濃度20至80 mg/mL時，可有效地減少TBARS的形成。綜上所述，七層塔水萃物不僅具抗氧化活性，對HepG2細胞的氧化壓力有保護作用，未來可能可以開發作為治療肝臟相關疾病藥物之用途。
＃本文第一、第二作者貢獻相同
＊通訊作者: 劉哲育、賴德仁
(C) OGE 40 μg/mL 


+ H2O2 882 nM





(A) Control: 100%





(B) H2O2 882 nM





(D) OGE 60μg/mL


+ H2O2 882 nM








(F) OGE 100 μg/mL 
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