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Abstract: The objective of the present study was to investigate the in vitro and in vivo 

hepatoprotective properties of Cichorium endivia L. extract (CEE), and to identify its 

chemical constituents. CEE significantly blocked the oxidative stress and cytotoxicity 

induced by tert-butyl hydroperoxide (t-BHP) in HepG2 cells. Meanwhile, oral 

administration of CEE to mice before the treatment of t-BHP exhibited a markedly 

protective effect by lowering serum levels of ALT and AST, inhibiting the changes in liver 

biochemistry including MDA, SOD, GSH and GST, as well as ameliorating the liver 

injuries according to the histopathological observations. According to the acute oral 

toxicity test, the LD50 of CEE was greater than 5,000 mg/kg, which demonstrates that the 

CEE can be considered practically non-toxic. Phytochemical analysis of CEE showed the 

presence of five compounds identified as 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-

[5,4-c]-1H-cinnoline, which is a new cinnoline derivative derived from a natural source but 

not synthesis, 2-phenylethyl-β-D-glucopyranoside, kaempferol-3-O-β-D-glucoside, kaempferol, 

and adenosine. In the ORAC assay, CEE and its constituents kaempferol and kaempferol-

3-O-β-D-glucoside had considerable antioxidant potency. Taken together, CEE protects 

hepatic tissue from oxidative damage in vitro and in vivo, potentially due to its phenolic 
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substances, and does not cause acute oral toxicity, which suggests that CEE may be a valid 

and safe remedy to cure liver disease. 

Keywords: Cichorium endivia L.; hepatoprotective activity; oxidaitive damage;  

2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline; kaempferol 

 

1. Introduction 

Due to the limited prevention and treatment options, liver diseases are considered to be one of the 

most serious health problems in the World [1]. Exposure of the liver to the free radicals derived from 

some xenobiotics and drugs leads to oxidative stress, which is recognized to be an important factor 

responsible for liver injury or be involved in the pathogenesis of liver disorders [2,3]. Therefore, 

studies on scavenging free radicals or reactive oxygen species (ROS) as well as reducing oxidative 

stress, and thereby avoiding hepatotoxicity, have received much attention [4-6]. 

Cichorium endivia L. (Compositae), either cooked or eaten raw in salads, is a favorite cultivated 

vegetable around the World. The popularity of C. endivia is attributed to its healthy properties, which 

are mainly due to its high levels of antioxidant compounds [7]. In China, there are three species in  

the genus Cichorium: Cichorium intybus L., C. glandulosum Boiss. Et Huet and C. endivia L. Except  

C. endivia, the another two Cichorium species are considered to be folk medicines used for the 

treatment of liver diseases [8], and their hepatoprotective effects related to their antioxidant capacity 

was demonstrated in previous studies [9-11]. Nevertheless, C. endivia is also capable of scavenging 

free radicals, as well as protecting the microsome membrane of rat hepatocytes and Staphylococcus 

aureus cultures from oxidative injury [12,13]. In addition, it shares some biological active constituents 

such as sesquiterpenes and phenolic compounds with C. intybus [14-16]. Whereas there are a relatively 

large number of studies concerning the pharmacological and biological action of C. intybus, the 

bioactivity of C. endivia has been largely neglected. In our previous study, we found that a 60% 

ethanol eluate extract from C. endivia named CEE showed considerable antioxidant potency in vitro [17]. 

According to these results, we put forth a hypothesis of hepatoprotective activity of CEE associated 

with its antioxidant capacity, and present in the present study the hepatoprotective activities and 

phytochemistry of the extract. 

2. Results and Discussion 

2.1. In Vitro Hepatoprotective Activity of CEE 

To confirm the antioxidant capacity as well as the hypothesis of hepatoprotective activtiy on CEE, 

HepG2 cells were co-treated with tert-butyl hydroperoxide (t-BHP) and different concentrations of 

CEE for 3 h (for the cell viability assay) or 1 h (for intracellular ROS production measurements), 

respectively. As shown in Figure 1, the viability of HepG2 cells treated by 0.4 mM t-BHP alone 

decreased to 71.35 ± 1.13% of the normal control group. CEE prevented t-BHP-induced cell death  

(p < 0.01) and the cytotoxicity-inhibitory activity was dependent on the concentration of CEE. In the 

meantime, an increase in ROS production was observed over time in the presence of 0.4 mM t-BHP 
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compared to unstressed controls (p < 0.01). With addition of CEE, the fluorescence intensities were 

significantly (p < 0.01) and concentration-dependently diminished compared to t-BHP only-treated 

cells (Figure 2). The results mentioned above suggest that CEE reduced t-BHP-induced cell death 

associated with its effects on the suppression of intracellular ROS production. Thus, the antioxidant 

bioactivity of CEE on hepatocyte, as an efficient inhibitor of intracellular ROS production as well as a 

good protector against hepatic damage, is demonstrated. 

Figure 1. Effect of CEE on cytotoxicity of t-BHP-induced HepG2 cells (N = 6). HepG2 

cells were treated with CEE (12.5, 25, 50 or 200 g/mL) in the presence of t-BHP  

(0.4 mM) for 3 h, and cell viability was determined by MTT assay. a p < 0.01, compared 

with control; b p < 0.01, compared with t-BHP-treated cells. CEE: Cichorium endivia L. 

extract; t-BHP: tert-butyl hydroperoxide. 

 

2.2. In Vivo Hepatoprotective Activity of CEE 

In addition to the biological activity in HepG2 cells, CEE was expected to display hepatoprotective 

activity in vivo. To confirm this, the t-BHP-induced acute liver injury mice model was used. Many 

studies have pointed out that t-BHP, as a well-known pro-oxidant, causes leakage of alanine 

aminotransferase (ALT) and aspartate aminotransferase (AST), formation of malondialdehyde (MDA), 

and reduction of level of glutathione (GSH) and activities of antioxidant enzymes in rodents [18-22]. 

These evidences suggest that liver injury induced by t-BHP in animals can serve as an in vivo model for 

screening the hepatoprotective activities of drugs. 
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Figure 2. Effect of CEE on ROS Production in t-BHP treated HepG2 cells (N = 3). Cells 

were co-treated with t-BHP (0.4 mM) and CEE (12.5, 25, 50, or 200 g/mL) for 1 h. The 

fluorescent probe DCFH-DA (50 M) was added 30 min before monitoring the level of 

intracellular ROS with (A) a fluorescence microscope and (B) fluorometer. DCFH-DA 

staining, magnification 100×; a p < 0.01, compared with control group. b p < 0.01, 

compared with t-BHP-treated cells. CONT: Non-treated control cells, t-BHP: t-BHP 

treated cells; CEE1,2,3 and 4 represent 12.5, 25, 50, and 200 g/mL of CEE, respectively. 

CEE: Cichorium endivia L. extracts; DCFH-DA: 2′,7′-dichlorofluorescin diacetate;  

t-BHP: tert-butyl hydroperoxide. 
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A single dose of t-BHP given to mice by injection i.p. after 24 h caused elevations of serum ALT 

and AST, increased levels of MDA, led to depletion of GSH, and reduced activities of antioxidant 

enzymes superoxide dismutase (SOD) and glutathione S-transferase (GST) in the liver compared with 

the vehicle control group (Table 1, p < 0.05 or 0.01). Pretreatment of CEE significantly attenuated the 

effect of t-BHP (p < 0.05 or 0.01), and its hepatoprotective effect at high dosage (800 mg/kg body 

weight) was comparable to the reference agent diphenyldimethyl bicarboxylate (DDB, 150 mg/kg 

body weight, i.g.), a result further indicating that CEE has the potential to reduce the hepatotoxicity 

induced by t-BHP. Histological examination showed that treatment of mice with t-BHP alone led to 

acidophilic degeneration with areas of patchy necrosis in parenchyma (Figure 3B), but pretreatment 

with CEE and DDB inhibited the pathological change of liver injury (Figures 3C–F). 

Consistent with the evidences mentioned above, our results showed that acute administration of  

t-BHP produced a marked elevation of the serum levels of ALT and AST in treated animals when 

compared with that of the vehicle control group. Pretreatment with CEE significantly reduced the 

elevated levels of the enzymes. Decreased serum levels of ALT and AST by CEE is an indication of 

stabilization of plasma membrane as well as repair of hepatic tissue damage caused by chemical  

pro-oxidant. The above changes can be considered as an expression of the functional improvement of 

hepatocytes, which may be caused by an accelerated regeneration of parenchyma cells [23]. 

Figure 3. Effect of CEE on t-BHP-induced liver damage in mice. The mice were 

pretreated with CEE (200, 400 or 800 mg/kg, i.g.) and DDB (150 mg/kg, i.g.) once daily 

for 8 consecutive days. Vehicle control mice were given normal saline. Four hours after the 

final treatment, the mice were treated with t-BHP (0.2 mmol/kg i.p.). Mice were sacrificed 

24 h after t-BHP administration. (A) Vehicle control group; (B) Animals treated with  

t-BHP (0.2 mmol/kg), showed acidophilic degeneration with areas of patchy necrosis in 

parenchyma (arrow). Animals treated with (C) DDB, and (D) 200, (E) 400 or (F) 800 mg/kg 

CEE, respectively, and then with t-BHP showed normal morphology; hematoxylin and 

eosin staining; magnification 100×. CEE: Cichorium endivia L. extracts; DDB: diphenyl 

dimethyl bicarboxylate; t-BHP: tert-butyl hydroperoxide. 
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Table 1. Effect of CEE on t-BHP-induced hepatotoxicity in mice *. 

Group 
Serum ALT 

(Karmen unit) 
Serum AST 

(Karmen unit) 

MDA 
(mol/g 
protein) 

SOD 
(U/mg protein) 

GSH 
(mol/g 
protein) 

GST 
(U/mg protein) 

Vehicle control 11.88 ± 4.31 24.75 ± 4.56 0.81 ± 0.20 290.20 ± 10.88 8.25 ± 1.06 32.90 ± 1.36 
t-BHP treatment 198.70 ± 30.72 b 118.03 ± 11.58 b 2.28 ± 0.29 b 222.30 ± 17.41 b 2.46 ± 0.32 b 27.81 ± 2.78 a 
150 mg/kg DDB 33.16 ± 14.15 d 41.13 ± 14.45 d 1.07 ± 0.27 d 262.69 ± 15.36 d 6.10 ± 0.39 d 36.32 ± 4.14 d 
200 mg/kg CEE 144.28 ± 17.17 c 84.52 ± 10.94 d 1.52 ± 0.16 d 246.18 ± 5.86 c 3.08 ± 0.57 c 32.42 ± 5.03 
400 mg/kg CEE 75.85 ± 14.83 d 51.67 ± 15.22 d 1.22 ± 0.11 d 253.09 ± 6.50 c 4.05 ± 0.24 d 35.64 ± 2.87 d 
800 mg/kg CEE 33.10 ± 9.71 d 38.76 ± 9.50 d 1.03 ± 0.07 d 271.47 ± 13.38 d 4.79 ± 0.31 d 36.14 ± 1.81 d 

* The mice were pretreated with CEE (200, 400 or 800 mg/kg, i.g.) once daily for 8 consecutive days. Control mice were given normal saline. Four hour 
after the final treatment, the mice were treated with t-BHP (0.2 mmol/kg i.p.). Hepatotoxixity was determined 24 h later by quantifying the serum activities 
of ALT and AST, as well as hepatic lipid peroxidation, SOD, GSH and GST. Values are expressed as the mean ± S.D. (N = 8). Means within the same 
column bearing different superscript letters are significantly different (p < 0.05) as determined by analysis of variance by Dunnett's test. a p < 0.05, b p < 0.01, 
compared with vehicle control group, c p < 0.05, d p < 0.01, compared with t-BHP-treated group. ALT: alanine aminotransferase; AST: aspartate 
aminotransferase; CEE: Cichorium endivia L. extracts; DDB: diphenyldimethyl bicarboxylate; GSH: glutathione; GST: glutathione S-transferase;  
i.g.: intragastrically; i.p.: intraperitoneally; MDA: malondialdehyde; SOD: superoxide dismutase; t-BHP: tert-butyl hydroperoxide. 
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The body has an effective antioxidant defense system against free radicals and ROS induced 

damage, in which the endogenous enzymatic and non-enzymatic antioxidants such as GSH, SOD and 

GST play an important role [24,25]. GSH is as an essential intracellular reducing substance for the 

maintenance of thiol groups on intracellular proteins and antioxidant molecules in living organisms [26]. 

Perturbation of GSH status in a biological system has been reported to lead to serious consequences [27]. 

SOD, GST and other antioxidant enzymes constitute a mutually supportive team of defense against 

ROS. SOD is a metalloproteinase to detoxify superoxide anions as an efficient dismutative mechanism 

and is the first enzyme involved in the antioxidant defense [28]. GTS plays a vital role in liver by 

eliminating toxic compounds by conjugating them with GSH [29]. However, once the balance between 

ROS production and antioxidant defenses is lost, oxidative stress will consequently occur, which 

through a series of biological events deregulates the cellular functions leading to various pathological 

conditions [27]. In the present study, elevated level of MDA in t-BHP-treated mice indicates excessive 

formation of free radicals and activation of lipid peroxidation system resulting in hepatic damage. 

MDA produced as byproducts of lipid peroxidation that occurs in hydrophobic core of bio-membranes [30]. 

The significant decline in the concentration of MDA in the mice’s liver tissue treated with both t-BHP 

and CEE indicates anti-lipid peroxidative effect of C. endivia. Meanwhile, pretreatment of CEE 

effectively blocked the t-BHP reduced abnormal changes in the level of GSH, and the activity of SOD 

and GST in mice liver reveals that CEE has a potent antioxidant property towards chemical-induced 

hepatic injury. 

2.3. Acute Oral Toxicity of CEE in Mice 

Acute oral toxicity of CEE for mice of 10 males and 10 females was assessed following a single 

dose administered by gavage at a dose of 5,000 mg/kg body weight. Mortality, clinical signs and body 

weights of the mice were measured for 14 days following the administration of CEE. All animals 

gained weight and did not show any abnormal signs within the trial period. The mean body weight of 

female mice increased from 18.11 ± 1.26 g to 24.29 ± 2.21 g during the period, and that of males 

increased from 19.23 ± 1.68 g to 33.53 ± 1.54 g. After sacrifice on the 14th day, macroscopic and 

gross pathology observations conducted at the necropsy examination revealed no visible lesions in any 

animals. Thus, no evidence of acute toxicity of CEE in mice was found. The oral LD50 values for 

female and male mice must be greater than 5,000 mg/kg body weight. According to the literature [31], 

substances that present LD50 higher than 5,000 mg/kg by oral route can be considered practically  

non-toxic. As such, in the present study, significant adverse health effects following a therapy with 

CEE would not be expected, but this must be confirmed by further toxicological studies. 

2.4. Structural Determination of Major Compounds from CEE 

Five compounds 1–5 have been isolated so far as the main components of CEE. Compound 1 gave 

the molecular formula C16H12N2O2 by HRESIMS ([M+H]+ m/z 265.0975; required 265.0972), which 

was confirmed by its NMR spectra. Besides a singlet due to a methyleneoxy group at δH 4.70 (2H, s), 

two AB-type spin systems belonged to olefinic protons at δH 8.22 (1H, d, J = 5.1 Hz) and 7.92 (1H, d, 

J = 5.1 Hz), and 7.16 (1H, d, J = 3.0 Hz) and 6.52 (1H, d, J = 3.0 Hz). An ABCD-type spin system that 

showed the characteristics of the o-substituted benzene ring at δH 8.10 (1H, d, J = 8.1 Hz), 7.63 (1H, d, 
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J = 8.1 Hz), 7.51 (1H, t, J = 7.5 Hz), 7.21 (1H, t, J = 7.5 Hz) were determined from the signals in the 
1H-NMR spectrum of compound 1. The 13C-NMR spectrum of 1 showed 16 carbon signals, which 

were ascribed to one methylene, eight methines, and seven quaternary carbons with the analysis of 

HSQC spectrum. This result was consistent with that of the 1H-NMR spectrum. The identification  
of 1 as a new compound, 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline, was 

unambiguously demisntrated by the result of the HMBC spectrum, which showed long-range 

correlations of δH 4.70 with δC 157.2 (C-2') and 110.96 (C-3'), δH 7.92 with δC 134.2 (C-11), 154.2 (C-5'), 

132.1 (C-4), and 132.4 (C-3); δH 8.22 with δC 132.1 (C-4), 122.1 (C-4a), and 132.4 (C-3), δH 8.10 with 

δC 122.1 (C-4a), 132.1 (C-4), and 143.0 (C-8a). Other key long-range correlations in the HMBC 

spectrum are shown in Figure 4. 

Figure 4. Chemical structure and key HMBC correlations (H→C) of compound 1  

(2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline). 

 

Compounds 2, 3, 4 and 5 were identified as 2-phenylethyl-β-D-glucopyranoside (2) [32]; 

kaempferol-3-O-β-D-glucoside (3) [33]; kaempferol (4) [34,35] and adenosine (5) [36]; and their structures 

were identified by comparing spectroscopic data (1H- and 13C-NMR, MS) with literature values. 

2.5. Antioxidant Activity of the CEE and Its Compounds 

The result of ORAC assay (Figure 5) exhibited that the antioxidant activity of CEE (ORAC  

values = 7675.54 μmol TE/g) was approximately two times stronger than ascorbic acid (ORAC  

values = 3529.32 μmol TE/g or 0.62 ± 0.01 μmol TE), which suggests that CEE had considerable 

antioxidant potency potentially associated with its hepatoprotective activity. Besides, the most potent 

antioxidant in these compounds was kaempferol followed by kaempferol-3-O-β-D-glucoside (Table 2).  

Table 2. Antioxidant activity of the constituents from CEE in ORAC assay *. 

Compound 1 2 3 4 5 AA 
ORAC value 
(μmol TE) 

0.85 ± 0.01 a 10.20 ± 0.13 15.30 ± 0.19 1.12 ± 0.03 0.62 ± 0.01 

* The constituents from C. endivia include 2-Furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-
1H-cinnolin (1), 2-phenylethyl-β-D-glucopyranoside (2), kaempferol-3-O-β-D-glucoside (3), 
kaempferol (4) and adenosine (5). AA: ascorbic acid, a reference agent. The determinations on the 
presence of various samples were done in triplicate for three independent measurements, and the 
values are expressed as the mean ± S.D. (N = 3); a No activity observed. 

  



Molecules 2011, 16 9057 

 

Figure 5. Fluorescence (FL) decay curve during oxygen radical absorbance capacity 

(ORAC) assay in the presence of CEE (60% ethanol eluate of C. endivia, 2 μg/mL), and 

AA (ascorbic acid, 2 μg/mL). AAPH (−): the blank which treated without 2,2′-Azobis  

(2-methylpropionamidine) dihydrochloride (AAPH) and any other samples; AAPH (+): the 

blank treated with AAPH and without any other samples. 

 

Adenosine and 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline had moderate 

antioxidant activity. No activity of 2-phenylethyl-β-D-glucopyranoside was detected, in agreement 

with the previous literature [37]. Kaemferol, one of flavonoids found in plant-derived foods that are 

intrinsic components of human diets, is considered to be a potent antioxidant. The antioxidant 

characteristic of kaemferol is attributed to its possession of B-ring hydroxyl configuration, a 2-3 double 

bond with a 4-oxo function and 3-hydroxyl free group, which are responsible for electron delocation 

between the A- and B- rings, stabilizing the flavonoid radical and preventing redox cycling after 

hydrogen donation [38]. The 3-hydroxyl group on kaempferol is considered to be the most important 

feature responsible for its antioxidant activity [39,40]. Our results confirm the importance of the  

3-hydroxyl in that the antioxidant activity of kaempferol-3-O-β-D-glucoside was less potent than 

kaempferol in the ORAC assay. The literature demonstrates that the glycosylation of kaempferol at C-3 

moderates the antioxidant activity, due to 3-O-glycosylation interfering with the coplanarity of the  

B-ring with the rest of the flavonoid and the ability to delocalize electrons [38,41,42]. Besides 

kaempferol-3-O-β-D-glucoside, there are another two kaempferol conjugates in C. endivia: 

kaempferol-3-O-β-D-glucuronide and kaempferol-3-O-(6-O-malonyl)-glucoside [43], but neither was 

isolated from CEE in the present study. Anyway, according to the present results, kaempferol and 

kaempferol-3-O-β-D-glucoside were considered to be the major antioxidant active compounds in CEE 

thus far. Futher, Kim et al. reported that kaempferol had significantly hepatoprotective activity [44], 

but kaempferol-3-O-β-D-glucoside failed to show it [45]. According to these, kaempferol more than its 

conjugate(s) may play an important role as the major constituent responsible for hepatoprotective 

activity in CEE. 
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Adenosine is an endogenous and ubiquitous nucleotide, which is a breakdown product of adenosine 

triphosphate and has a wide range of physiological functions in organisms. Adenosine has been 

reported as an antioxidant due to its purine base possessing nitrogen and oxygen atoms, which may 

quench radicals and chelate certain metal ions [46], however in this study the antioxidant activity of 

adenosine was not significant among the compounds from C. endivia. 

Interestingly, the isolated new compound 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-

1H-cinnoline is being reported for thefirst time as a cinnoline derivative found in C. endivia and even 

in Nature. Cinnoline is a toxic nitrogenous organic base and has antibacterial activity against Escherichia 

coli [47]. None of its derivatives have been found in Nature [48]. Synthetic cinnoline compounds are of 

the interest due to their broad spectrum of pharmacological activities, such as antimicrobial activities [49], 

anti-inflammatory properties [50], antitumor activity [51], and so on. Although 2-furanmethanol-

(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline was not as potent as other compounds from  

C. endivia as an antioxidant in this study, the other potential bioactivity has intrigued us into studying 

it further in the future. 

3. Experimental 

3.1. General 

2,2′-Azobis(2-methylpropionamidine) dihydrochloride (AAPH), ascorbic acid (AA), 2′,7′-dichloro-

fluorescin diacetate (DCFH-DA), ethylenediaminetetraacetic acid (EDTA), 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and Trolox were purchased from Sigma-Aldrich (St. 

Louis, MO, USA). Fluorescein (FL) were purchased from Sinopharm Chemical Reagent Beijing Co., 

Ltd (Beijing, China). tert-Butylhydroperoxide (t-BHP) was purchased from Sinopharm Chemical 

Reagent Beijing Co. Ltd. (Beijing, China). 1,1,3,3-Tetramethoxypropane (TEP) was purchased from 

J&K Scientific Ltd. (Beijing, China). Kits for a Bio-Rad protein assay, ALT, AST, SOD, GSH and GST 

were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Diphenyldimethyl 

bicarboxylate (DDB) was purchased from Beijing Union Pharm (Beijing, China). Other chemicals and 

solvents were of analytical grade. 1H- and 13C-NMR spectra were recorded on a Varian Mercury-400 

spectrometer. Chemical shifts (δ) were given in ppm using tetramethylsilane (TMS) as internal 

standard (δ 0.00). ESI/MS were measured on an Agilent 1100 series LC-MSD-Trap-SL spectrometer. 

Preparative HPLC was carried out on a Shimadzu LC-6AD, equipped with a SPD-10A detector. A 

reversed-phase C18 column (YMC-Pack ODS-A Ф 20 × 250 mm, 10 µm) was employed. Column 

chromatography (CC) was performed with silica gel (200–300 mesh, Qingdao Marine Chemical Group 

Co., Qingdao, China) and Sephadex LH-20 (Pharmacia Biotech AB, Uppsala, Sweden). TLC was 

carried out with glass plate precoated silica gel G. Spots were visualized under UV light or by spraying 

with 10% H2SO4 in 95% EtOH followed by heating. 

3.2. CEE Preparation 

C. endivia was purchased from a local market in Beijing on July 2009, and was authenticated by 

Professor Ma Lin (Institute of Material Medica, Chinese Academy of Medical Sciences and Peking 

Union Medical College). A voucher specimen (No. 1082) was deposited at the New Drug Safety 
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Evaluation Center, Institute of Materia Medica, Peking Union Medical College and Chinese Academy 

of Medical Sciences, Beijing, China. The air-dried whole plant of C. endivia (5.8 kg) was extracted 

three times under conditions of reflux with 95% ethanol (EtOH, 80 L, 2 h; 70 L, 1 h; 68 L, 1 h). The 

combined ethanol extracts were suspended in 70% aq EtOH (3.5 L). The resulting suspension was 

defatted by petroleum ether (2 L, 1.5 L, 1.5 L, 1.5 L), extracted with ethyl acetate (EtOAc, 1.5 L, 1.2 L, 

1.2 L), applied to a Daion HP-20 column (10 × 60 cm), and eluted with a H2O-EtOH series (100:0, 14 L; 

40:60, 15 L; 5:95, 15 L). The 60% EtOH fraction was evaporated under vacuum to yield a black 

residue (40 g, CEE), which was dissolved in dimethylsulfoxide (DMSO) for in vitro experiments, and 

suspended in normal saline for the in vivo hepatoprotective test and acute oral toxicity study, respectively. 

3.3. Cell Culture 

HepG2 cells kindly donated by Professor Li Yan (Institute of Materia Medica, Peking Union 

Medical College and Chinese Academy of Medical Sciences) were cultured in DMEM medium 

containing 10% fetal calf serum (FCS) under a 5% CO2 atmosphere at 37 °C. 

3.4. Cell Viability Assay 

For cell viability assay [18], HepG2 cells were dispensed into 96 well plates at the concentration of 

1 × 104 cells per well. After 24 h incubation, cells were co-treated with t-BHP (0.4 mM) and various 

concentrations of CEE (dissolved in 0.5% DMSO) for 3 h. The cells were added with MTT (0.5 

mg/mL) and incubated for another 4 h, and then the cell medium was replaced by 200 L DMSO. 

Absorbance at 570 nm was determined with a microplate reader (Molecular Devices Spectra MAX 190, 

Sunnyvale, CA, USA) and used for the measurement of the proportion of surviving cells. Control cells 

were treated with 0.5% DMSO and various concentrations of CEE, respectively, and they had no 

noticeable effect on the assay system. 

3.5. Measurement of Intracellular ROS Level 

To measure intracellular ROS production [22], HepG2 cells were planted in 6-well plates (2 × 106 

cells per well) for 24 h incubation, and then were exposed to t-BHP (0.4 mM) and various 
concentrations of CEE for 1 h. The fluorescent probe 2′,7′-dichlorofluorescin diacetate (DCFH-DA,  

50 M) was added 30 min before monitoring the level of intracellular ROS with a fluorescence 

microscope (Olympus, IX-70, Nagano, Japan) and a fluorometer at an excitation of 485 nm and an 

emission of 530 nm using a fluorescence microplate reader (Molecular Devices Spectra Max Gemini 

XS, Sunnyvale, CA, USA). No noticeable effect of 0.5% DMSO and various concentrations of CEE 

on intracellular ROS production had been observed. 

3.6. Animals 

ICR mice of either sex (weighing 18–20 g) were purchased from Vital River Laboratory Animal 

Technology Co. Ltd. (Beijing, China). The Administrative Committee on Animal Research in the 

Institute of Materia Medica, Peking Union Medical College and Chinese Academy of Medical Sciences 

approved all the protocols for animal experiments. Also, all the animal experiments were performed in 
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compliance with the Guiding Principles for the Care and Use of Laboratory Animals, Peking Union 

Medical College, China. The animals were provided standard rodent chow/feed and water ad libitum. 

3.7. Acute Liver Injury Induced by t-BHP in Mice 

Male ICR mice were randomly divided into six groups (8 mice/group). To study the protective 

effect against the t-BHP-induced hepatotoxicity, CEE (200, 400 or 800 mg/kg body weight) and 

positive reference DDB was administrated intragastrically (i.g.) to the animals for 8 consecutive days. 

On day 8, the animals were intraperitoneally (i.p.) given injection of t-BHP (0.2 mmol/kg body weight) 

except for the vehicle control group, and 24 h later the mice were sacrificed by decapitation under 

anesthesia and the blood samples were collected for the assays of ALT and AST. The livers were 

excised from the animals and assayed for the level of malondialdehyde (MDA), SOD, GSH and GST, 

and pathological histology was performed according to the procedures described below. 

3.7.1. Hepatotoxicity Assessment 

The hepatic enzymes ALT and AST were used as the biochemical indicators for the acute liver 

injury. The serum ALT and AST activities were determined by commercial kits (Nanjing Jiancheng 

Bioengineering Institute, Nanjing, China). 

3.7.2. Lipid Peroxidation Assay 

Lipid peroxidation assay was performed as described in [52], with small modifications. Briefly, 

after being weighed, the livers were minced into small pieces, and rinsed twice with ice-cold 

homogenization buffer composed of 250 mM sucrose, 50 mM Tris-HCl, pH 7.4, 1 mM EDTA, and 

then homogenized in nine volumes of ice-cold homogenization buffer employed by a Teflon pestle. 

The homogenates were centrifuged at 1,000 g for 10 min, and the supernatants were centrifuged at 

12,000 g for 30 min again. The final supernatant protein contents were determined by a commercial 

Bio-Rad protein assay (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Lipid 

peroxidation product, MDA, was assayed according to an improved thiobarbituric acid fluorometric 

method at 515 nm ex/550 nm em using TEP as the standard [53]. 

3.7.3. Antioxidant Enzyme Activity Assay 

The liver homogenate supernatants collected as previously described were used for the SOD, GSH 

and GST assay followed by the commercial kits (Nanjing Jiancheng Bioengineering Institute). 

3.7.4. Pathological Histology 

The liver tissues were removed from the animals and immediately fixed in 10% formalin. 

Subsequent processing included dehydrating in increasing ethanol solutions (50–100%), clearing in 

xylene and embedding in paraffin. Sections (4–5 μm) were prepared and then stained with 

hematoxylin/eosin dye for photomicroscopic observations. 
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3.8. Acute oral Toxicity Test 

A single-dose oral study was conducted in ICR mice to evaluate the potential toxicity of high 

exposure to CEE. After overnight fasting (12 h), groups of 10 male and 10 female mice were 

administrated 5,000 mg/kg body weight by oral gavage. Each animal was provided with water and 

food ad libitum 4 h after the treatment. Signs or symptoms of possible toxicity and for mortality were 

observed every hour for the first 6 h and every day for 14 days. On the 14th day, all mice were 

sacrificed under anesthesia and subjected to necropsies [54,55]. 

3.9. Oxygen Radical Absorbance Capacity (ORAC) Assay 

The antioxidant activity was determined following a procedure similar to that previously described [56]. 

The reaction was carried out in potassium phosphate buffer (75 mM, pH 7.4). FL and AAPH were 

dissolved in the phosphate buffer in a certain concentration. The samples of extracts, compounds, and 

reference standards were dissolved in DMSO, and then diluted with phosphate buffer (0.1% DMSO, v/v). 

The samples (20 μL) in different concentrations (0−2 μg/mL of extracts, and 0–10 μmol/L of 

constituents) mixed in 96 black well microplates (Costar, USA) with FL (100 μL, 122.4 nM) and 

maintained at 37 °C for 5 min. Oxidation reaction was started after adding AAPH (80 μL, 47.5 mM) to 

each well. The FL fluorescence was excited at 485 nm, and the fluorescence emission was detected at 

538 nm. The decay of FL fluorescence was monitored every 1 min at 37 °C until the fluorescence of 

the last reading had declined to less than 5% of the first reading using a fluorescence microplate reader 

(Molecular Devices Spectra Max Gemini XS, USA). The microplate was shaken prior to each reading. 

Final fluorescence measurements were expressed relative to the initial reading. Results were calculated 

based on differences in areas under the FL decay curve between the blank and a sample. They were all 

expressed as trolox equivalents (μmol/g weight of extracts or μmol/μmol of compounds). Ascorbic 

acid was used as a positive control. 

3.10. Statistical Analysis 

Statistical analysis was performed using SPSS (version 11.0; SPSS, Chicago, IL, USA).The data 

were expressed as means ± SD, and significant differences were determined by One-way analysis of 

variance (ANOVA) followed with Duncan’s multiple range tests. A p-value of less than 0.05 was 

considered statistically significant. 

3.11. Isolation and Identification of CEE 

In order to isolate the main compounds from CEE and determine their chemical structures, the 60% 

ethanol fraction was re-dissolved in n-butanol and washed with aq. 5% NaHCO3 and H2O (2 × 1000 mL), 

respectively. Evaporation of n-butanol under reduced pressure gave 5.5 g of brown green residue, 

which was dissolved in methanol and purified by preparative RP-HPLC eluted with 60%, 80%, and 

100% methanol in water to provide 13 fractions according to the HPLC profile. Fraction 2 was 

repurified by preparative RP-HPLC eluted with 40% methanol in water to give compound 1 (70 mg). 

Fraction 4 was repurified by preparative RP-HPLC eluted with 40% methanol in water to give 

compound 2 (24 mg) and 3 (43 mg). Fraction 10 was repurified by preparative RP-HPLC eluted with 
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80% methanol in water to give compound 4 (31 mg). Fraction 13 was repurified by preparative RP-HPLC 

eluted with 75% methanol in water to give compound 5 (13 mg). 

3.12. Characterization of 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline (1) 

White amorphous powder; ESI-MS: m/z 265 [M+H]+, 287 [M+Na]+; HRESIMS: m/z 287.0794 

[M+Na]+ (calcd for C16H12N2O2Na, 287.0791), 265.0975 [M+H]+ (calcd for C16H13N2O2, 265.0792); 
1H-NMR (300 MHz, CD3OD) δ: 8.21 (1H, d, J = 5.1 Hz, H-9), 8.10 (1H, d, J = 8.1 Hz, H-5), 7.92 (1H, 

d, J = 5.1 Hz, H-10), 7.63 (1H, d, J = 8.1 Hz, H-8), 7.51 (1H, t, J = 7.5 Hz, H-7), 7.21 (1H, d, J = 7.5 Hz, 

H-6), 7.16 (1H, d, J = 3.0 Hz, H-4'), 6.52 (1H, d, J = 3.0 Hz, H-3'), 4.70 (2H, s, H2-1"); 13C-NMR  

(100 MHz, CD3OD) δ: 157.2 (C-2'), 154.2 (C-5'), 143.0 (C-8a), 138.5 (C-9), 134.2 (C-11), 132.4 (C-3), 

132.1 (C-4), 130.0 (C-7), 122.5 (C-5), 122.1 (C-4a), 121.2 (C-6), 114.9 (C-10), 113.2 (C-8), 111.0 (C-3'), 

110.9 (C-4'), 57.6 (C-1"). 

4. Conclusions 

Our data demonstrated that CEE possessed a powerful hepatoprotective capacity and was 

practically non-toxic. Phytochemical analysis suggests that this capacity may be attributed to the 

presence of phenolic substances, especially kaemferol. Noticeably, one new compound isolated from  

C. endivia, 2-furanmethanol-(5'→11)-1,3-cyclopentadiene-[5,4-c]-1H-cinnoline, is a kind of cinnoline 

derivative that have not been found in Nature before. Taken together, the results suggest that CEE 

could be beneficial for health due to its antioxidant capacity, and might potentially cure liver diseases. 

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgement 

This work was supported by the Chinese research grant of National Science and Technology Major 

Project “Creation of Major New Drugs” (2008ZX09305-001). 

References and Notes 

1. Amat, N.; Upur, H.; Blazekovic, B. In vivo hepatoprotective activity of the aqueous extract of 

Artemisia absinthium L. against chemically and immunologically induced liver injuries in mice.  

J. Ethnopharmacol. 2010, 131, 478-484. 

2. Jaeschke, H. Reactive oxygen and mechanisms of inflammatory liver injury: Present concepts.  

J. Gastroenterol. Hepatol. 2011, 26, 173-179. 

3. Kaplowitz, N. Biochemical and cellular mechanisms of toxic liver injury. Semin. Liver. Dis. 2002, 

22, 137-144. 

4. Gowri Shankar, N.L.; Manavalan, R.; Venkappayya, D.; David Raj, C. Hepatoprotective and 

antioxidant effects of Commiphora berryi (Arn) Engl bark extract against CCl4-induced oxidative 

damage in rats. Food Chem. Toxicol. 2008, 46, 3182-3185. 



Molecules 2011, 16 9063 

 

5. Huang, B.; Ban, X.; He, J.; Tong, J.; Tian, J.; Wang, Y. Hepatoprotective and antioxidant activity 

of ethanolic extracts of edible lotus (Nelumbo nucifera Gaertn.) leaves. Food Chem. 2010, 120, 

873-878. 

6. Sunitha, S.; Nagaraj, M.; Varalakshmi, P. Hepatoprotective effect of lupeol and lupeol linoleate on 

tissue antioxidant defence system in cadmium-induced hepatotoxicity in rats. Fitoterapia 2001, 

72, 516-523. 

7. Llorach, R.; Martínez-Sánchez, A.; Tomás-Barberán, F.A.; Gil, M.I.; Ferreres, F. Characterisation 

of polyphenols and antioxidant properties of five lettuce varieties and escarole. Food Chem. 2008, 

108, 1028-1038. 

8. Chinese Phamacopoeia Commision. Chinese Pharmacopoeia; Chemical Industry Press: Beijing, 

China, 2005; p. 217. 

9. Ahmed, B.; Al-Howiriny, T.A.; Siddiqui, A.B. Antihepatotoxic activity of seeds of Cichorium intybus. 

J. Ethnopharmacol. 2003, 87, 237-240. 

10. Zafar, R.; Mujahid Ali, S. Anti-hepatotoxic effects of root and root callus extracts of Cichorium 

intybus L. J. Ethnopharmacol. 1998, 63, 227-231. 

11. Upur, H.; Amat, N.; Blazekovic, B.; Talip, A. Protective effect of Cichorium glandulosum root 

extract on carbon tetrachloride-induced and galactosamine-induced hepatotoxicity in mice.  

Food Chem. Toxicol. 2009, 47, 2022-2030. 

12. Papetti, A.; Daglia, M.; Gazzani, G. Anti- and pro-oxidant water soluble activity of Cichorium 

genus vegetables and effect of thermal treatment. J. Agric. Food Chem. 2002, 50, 4696-4704. 

13. Papetti, A.; Daglia, M.; Grisoli, P.; Dacarro, C.; Gregotti, C.; Gazzani, G. Anti-and pro-oxidant 

activity of Cichorium genus vegetables and effect of thermal treatment in biological systems. 

Food Chem. 2006, 97, 157-165. 

14. Seto, M.; Miyase, T.; Umehara, K.; Ueno, A.; Hirano, Y.; Otani, N. Sesquiterpene lactones from 

Cichorium endivia L. and C. intybus L. and cytotoxic activity. Chem. Pharm. Bull. 1988, 36, 

2423-2429. 

15. Kisiel, W.; Michalska, K. Sesquiterpenoids and phenolics from roots of Cichorium endivia var. 

crispum. Fitoterapia 2006, 77, 354-357. 

16. Papetti, A.; Daglia, M.; Aceti, C.; Sordelli, B.; Spini, V.; Carazzone, C.; Gazzani, G. 

Hydroxycinnamic acid derivatives occurring in Cichorium endivia vegetables. J. Pharm. Biomed. 

Anal. 2008, 48, 472-476. 

17. Chen, C.J.; Qin, H.L.; Deng, A.J.; Wang, A.P. Antioxidant activity of extract from Cichorium 

endivia L. Food Drug 2011, 13, 93-96. 

18. Lee, H.U.; Bae, E.A.; Han, M.J.; Kim, N.J.; Kim, D.H. Hepatoprotective effect of ginsenoside Rb1 

and compound K on tert-butyl hydroperoxide-induced liver injury. Liver Int. 2005, 25, 1069-1073. 

19. Lee, H.U.; Bae, E.A.; Han, M.J.; Kim, D.H. Hepatoprotective effect of 20(S)-ginsenosides Rg3 

and its metabolite 20(S)-ginsenoside Rh2 on tert-butyl hydroperoxide-induced liver injury.  

Biol. Pharm. Bull. 2005, 28, 1992-1994. 

20. Liu, C.L.; Wang, J.M.; Chu, C.Y.; Cheng, M.T.; Tseng, T.H. In vivo protective effect of 

protocatechuic acid on tert-butyl hydroperoxide-induced rat hepatotoxicity. Food Chem. Toxicol. 

2002, 40, 635-641. 

  



Molecules 2011, 16 9064 

 

21. Lee, K.J.; Choi, J.H.; Hwang, Y.P.; Chung, Y.C.; Jeong, H.G. Protective effect of caffeic acid 

phenethyl ester on tert-butyl hydroperoxide-induced oxidative hepatotoxicity and DNA damage. 

Food Chem. Toxicol. 2008, 46, 2445-2450. 

22. Noh, J.R.; Gang, G.T.; Kim, Y.H.; Yang, K.J.; Hwang, J.H.; Lee, H.S. Antioxidant effects of the 

chestnut (Castanea crenata) inner shell extract in t-BHP-treated HepG2 cells, and CCl4- and high-fat 

diet-treated mice. Food Chem. Toxicol. 2010, 48, 3177-3183. 

23. Ganie, S.A.; Haq, E.; Masood, A.; Hamid, A.; Zargar, M.A. Antioxidant and protective effect of 

ethyl acetate extract of podophyllum hexandrum rhizome on carbon tetrachloride induced rat liver 

injury. Evid. Based. Complement. Alternat. Med. 2011, 2011, 1-12. 

24. Chow, C.K. Nutritional influence on cellular antioxidant defense systems. Am. J. Clin. Nutr. 1979, 

32, 1066-1081. 

25. Blokhina, O.; Virolainen E.; Fagerstedt, K.V. Antioxidants, oxidative damage and oxygen 

deprivation stress: A review. Ann. Bot. 2003, 91, 179-194. 

26. Davis, W., Jr.; Ronai, Z.; Tew, K.D. Cellular thiols and reactive oxygen species in drug-induced 

apoptosis. J. Pharmacol. Exp. Ther. 2001, 296, 1-6. 

27. Bandyopadhyay, U.; Das. D.; Banerjee, R.K. Reactive oxygen species: Oxidative damage and 

pathogenesis. Curr. Sci. 1999, 77, 658-666. 

28. Salvemini, D.; Riley, D.P.; Cuzzocrea, S. SOD mimetics are coming of age. Nat. Rev. Drug Discov. 

2002, 1, 367-374. 

29. Hayes, J.D.; Pulford, D.J. The glutathione S-transferase supergene family: Regulation of GST and 

the contribution of the isoenzymes to cancer chemoprotection and drug resistance. Crit. Rev. 

Biochem. Mol. Biol. 1995, 30, 445-600. 

30. Halliwell, B.; Chirico, S. Lipid peroxidation: Its mechanism, measurement, and significance.  

Am. J. Clin. Nutr. 1993, 57, 715S-724S. 

31. Kennedy, G.L., Jr.; Ferenz, R.L.; Burgess, B.A. Estimation of acute oral toxicity in rats by 

determination of the approximate lethal dose rather than the LD50. J. Appl. Toxicol. 1986, 6, 145-148. 

32. Umehara, K.; Hattori, I.; Miyase, T.; Ueno, A.; Hara, S.C.K. Studies on the constituents of leaves 

of Citrus unshiu Marcov. Chem. Pharm. Bull. 1988, 36, 5004-5008. 

33. Awaad, A.S.; Maitland, D.; Soliman, G. Hepatoprotective activity of Schouwia thebica webb. 

Bioorg. Med. Chem. Lett. 2006, 16, 4624-4628. 

34. Wei, F.; Yan, W. Studies on the chemical constitutens of Vicia amoena Fisch. Acta Pharmacol. Sin. 

1997, 32, 765-768. 

35. Rao, Y.J.; Reddy, C.R.; Gangadhar, N.; Krupadanam, G.L.D. Phytochemical investigation of the 

whole plant of Astragalus leucocephalus. Ind. J. Chem. 2009, 48, 1329-1332. 

36. Otsuka, H.; Takeuchi, M.; Inoshiri, S.; Sato, T.; Yamasaki, K. Phenolic compounds from Coix 

lachryma-jobi var. ma-yuen. Phytochemistry 1989, 28, 883-886. 

37. Braham, H.; Mighri, Z.; Jannet, H.; Matthew, S.; Abreu, P. Antioxidant phenolic glycosides from 

Moricandia arvensis. J. Nat. Prod. 2005, 68, 517-522. 

38. Heim, K.E.; Tagliaferro, A.R.; Bobilya, D.J. Flavonoid antioxidants: Chemistry, metabolism and 

structure-activity relationships. J. Nutr. Bichem. 2002, 13, 572-584. 

  



Molecules 2011, 16 9065 

 

39. Hendrickson, H.P.; Sahafayen, M.; Bell, M.A.; Kaufman, A.D.; Hadwiger, M.E.; Lunte, C.E. 

Relationship of flavonoid oxidation potential and effect on rat hepatic microsomal metabolism of 

benzene and phenol. J. Pharm. Biomed. Anal. 1994, 12, 335-341. 

40. Oliveira, E.J.; Watson, D.G. In vitro glucuronidation of kaempferol and quercetin by human  

UGT-1A9 microsomes. FEBS Lett. 2000, 471, 1-6. 

41. Bors, W.; Heller, W.; Michel, C.; Saran, M. Flavonoids as antioxidants: determination of radical-

scavenging efficiencies. Methods Enzymol. 1990, 186, 343. 

42. Van Acker, S.; De Groot, M.; Van den Berg, D.J.; Tromp, M.; Donne-Op den Kelder, G.; Van der 

Vijgh, W.; Bast, A. A quantum chemical explanation of the antioxidantd activity of flavonoids. 

Chem. Res. Toxicol. 1996, 9, 1305-1312. 

43. DuPont, M.S.; Mondin, Z.; Williamson, G.; Price, K. Effect of variety, processing, and storage on 

the flavonoid glycoside content and composition of lettuce and endive. J. Agric. Food Chem. 

2000, 48, 3957-3964. 

44. Song, E.K.; Kim, J.H.; Kim, J.S.; Cho, H.; Nan, J.X.; Sohn, D.H.; Ko, G.I.; Oh, H.; Kim, Y.C. 

Hepatoprotective phenolic constituents of Rhodiola sachalinensis on tacrine-induced cytotoxicity 

in HepG2 cells. Phytother. Res. 2003, 17, 563-565. 

45. Oha, H.; Kimb, D.H.; Chob, J.H.; Kim, Y.C. Hepatoprotective and free radical scavenging 

activities of phenolic petrosins and flavonoids isolated from Equisetum arvense. J. Ethnopharmacol. 

2004, 95, 421-424. 

46. Matsushita, S.; Ibuki, F.; Aoki, A. Chemical reactivity of the nucleic acid bases. I. Antioxidative 

ability of the nucleic acids and their related substances on the oxidation of unsaturated fatty acids. 

Arch. Biochem. Biophys. 1963, 102, 446-451. 

47. Bekhit, A. Fused cinnolines: Synthesis and biological activity. Boll. Chim. Farm. 2001, 140, 243. 

48. Lewgowd, W.; Stanczak, A. Cinnoline derivatives with biological activity. Arch. Pharm. 2007, 

340, 65-80. 

49. Cirrincione, G.; Almerico, A.M.; Barraja, P.; Diana, P.; Lauria, A.; Passannanti, A.; Musiu, C.; 

Pani, A.; Murtas, P.; Minnei, C. Derivatives of the new ring system indolo [1, 2-c] benzo [1, 2, 3] 

triazine with potent antitumor and antimicrobial activity. J. Med. Chem. 1999, 42, 2561-2568. 

50. Nargund, L.V.; Badiger, V.V.; Yarnal, S.M. Synthesis and antimicrobial and anti-inflammatory 

activities of substituted 2-mercapto-3-(N-aryl)pyrimido[5,4-c]cinnolin-4-(3H)-ones. J. Pharm. Sci. 

1992, 81, 365-366. 

51. Stefaska, B.; Arciemiuk, M.; Bontemps-Gracz, M.M.; Dzieduszycka, M.; Kupiec, A.; Martelli, S.; 

Borowski, E. Synthesis and biological evaluation of 2, 7-Dihydro-3H-dibenzo [de, h] cinnoline-3, 

7-dione derivatives, a novel group of anticancer agents active on a multidrug resistant cell line. 

Bioorg. Med. Chem. 2003, 11, 561-572. 

52. Duh, P.D.; Wang, B.S.; Liou, S.J.; Lin, C.J. Cytoprotective effects of pu-erh tea on hepatotoxicity 

in vitro and in vivo induced by tert-butyl-hydroperoxide. Food Chem. 2010, 119, 580-585. 

53. Liu, C.L.; Wang, J.M.; Chu, C.Y.; Cheng, M.T.; Tseng, T.H. In vivo protective effect of 

protocatechuic acid on tert-butyl hydroperoxide-induced rat hepatotoxicity. Food Chem. Toxicol. 

2002, 40, 635-641. 

  



Molecules 2011, 16 9066 

 

54. Huang, Y.N.; Zhao, Y.L.; Gao, X.L.; Zhao, Z.F.; Jing, Z.; Zeng, W.C.; Yang, R.; Peng, R.; Tong, T.; 

Wang, L.F.; et al. Intestinal alpha-glucosidase inhibitory activity and toxicological evaluation of 

Nymphaea stellata flowers extract. J. Ethnopharmacol. 2010, 131, 306-312. 

55. Ribnicky, D.M.; Poulev, A.; O’Neal, J.; Wnorowski, G.; Malek, D.E.; Jager, R.; Raskin, I. 

Toxicological evaluation of the ethanolic extract of Artemisia dracunculus L. for use as a dietary 

supplement and in functional foods. Food Chem. Toxicol. 2004, 42, 585-598. 

56. Huang, D.; Ou, B.; Hampsch-Woodill, M.; Flanagan, J.; Prior, R. High-throughput assay of 

oxygen radical absorbance capacity (ORAC) using a multichannel liquid handling system coupled 

with a microplate fluorescence reader in 96-well format. J. Agric. Food Chem. 2002, 50, 4437-4444. 

Sample Availability: Samples of the tested compounds are available from the authors.  

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


