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Abstract 
Eight compounds were purified from Mormodica charanti, and their chemical structures were determined in this 
study. Their anti-HBV and anti-inflammation activities were investigated. Compound EMCDO exhibited the 
most efficient effect in terms of reducing HBV surface antigen, e antigen and viral DNA levels in HBV particles 
or surface antigen-producing cells 2.2.15 and PLC/PRF/5, respectively. Tumor suppressor p53 played a 
significant role in EMCDO-mediated anti-HBV effects. Pretreatment with EMCDO prevented 2.2.15 
cells-induced tumor formation in a nude mice subcutaneous model. The anti-HBV and anti-tumor activities of 
EMCDO were better than those of oltipraz, an inhibitor of HBV transcription. EMCDO reduced the 
proinflammatory cytokines and mediators in LPS-treated RAW264.7 cells in a dose-dependent manner. The 
LPS-upregulated phosphorylation level of I was reduced in the presence of EMCDO. The transcription 
activity of NF-B was increased in cells treated with EMCDO. Utilization of a mouse ear edema model further 
confirmed the activity of EMCDO against TPA-elicited inflammation. 
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1. Introduction 
Hepatitis B virus (HBV) is the major cause of acute and chronic hepatitis and a serious liver disease (Maddrey, 
2000). Although HBV has been vaccine-preventable since 1981, the infection rates have not declined over the 
past several years, leading to the conclusion that we have allowed gaps in screening, prevention, and treatment to 
go unchecked (Chemin, 2010). Hepatocellular carcinoma therefore remains a significant problem, owing to the 
high mortality rate and difficulty in treatment using existing medical drugs and approaches. In view of the 
limited treatment options and grave prognosis, preventive control is considered the best strategy to lower the 
current morbidity and mortality associated with liver-related disease (Elgouhari, Abu-Rajab Tamimi, & Carey, 
2008). A close connection between inflammation and cancer has been long suspected. It is well-known that 
inflammation increases the risk and accelerates the development of various types of cancer. A clear example of 
inflammation-related cancer is hepatocellular carcinoma (HCC) (Berasain et al., 2009a). Thus, HBV chronic 
infection and hepatitis are two risk factors for hepato-carcinogenesis, suggesting that the strategy for the 
prevention of liver carcinogenesis should consist of anti-HBV and anti-inflammation approaches, which could 
reduce the further development of liver cirrhosis and carcinoma (Berasain et al., 2009b).  

There is a growing body of in vitro evidence demonstrating the inhibitory effects of certain natural products on 
liver cancer cells via various regulatory mechanisms (Aslam et al., 2012). Triterpenes have previously been 
purified from the bitter melon, and detailed analysis has shown that the compounds consist in the main of 
cucurbitane-type triterpenoids (Liao et al., 2012). The anti-carcinogenic activity of cucurbitane-type triterpenoids 
has been clearly demonstrated in two-stage carcinogenesis testing in skin tumors induced by peroxynitrite 
(ONOO–) as an initiator and TPA as a promoter in a specific pathogen-free mouse model (Takasaki et al., 2003). 
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Additionally, the inhibitory effects of mogroside V and 11-oxo-morgroside V on Epstein-Barr virus early antigen 
(EBV-EA) activation by TPA in Raji cells have been confirmed (Akihisa et al., 2007), and an anti-HIV inhibitory 
activity of some cucurbitane-type triterpenoids isolated from the tubers of Hemsleya endecaphylla has also been 
observed (Chen et al., 2008).  

Inflammation is a critical and complex immune event. An aberrant or intensified inflammatory response has been 
described for numerous diseases, including cancer progression (Marusawa & Jenkins, 2014). Several 
triterpenoids from various plants, such as lupeol, a triterpenoid isolated from Lonchocarpus araripensis Benth., 
reduce the production of mucus and overall inflammation in the lung (Vasconcelos et al., 2008); the triterpenoid 
acetyl-11-keto-β-boswellic acid (AKβBA) isolated from the oleogum resin of Boswellia carterii functioned as a 
NF-B inhibitor and alleviated skin inflammation in a psoriasis mouse model (Wang et al., 2009). 

Although many bioactive beneficial compounds have not yet been well-defined, there exists scientific evidence 
suggesting potential anti-virus, immune modulation and cancer prevention effects. The aim of this study was to 
evaluate the potential against HBV and acute inflammation of compound EMCDO isolated from Mormodica 
charantia, as well as elucidate the host factors and mechanisms involved. Taken together, the findings of this 
project will enable us to improve knowledge and understanding of the anti-HBV, anti-inflammation and 
chemoprevention effects and mechanisms of some potential natural products, and it is hoped that the outcome 
will also be of use in assisting the development of biological agents for the prevention of HBV replication and 
further reducing the incidence of liver cancer. 

2. Method 
2.1 Cell Culture 

2.2.15 cells secrete HBV surface antigen (HBsAg), e antigen (HBeAg), nucleocapsids and virions (Acs et al., 
1987). The hepatoma cell line PLC/PRF/5 possesses HBV DNA sequence integration at several sites and 
produces HBsAg into growth medium. RAW264.7 is a mouse leukemic monocyte macrophage cell line used for 
an anti-inflammation cell-based system. Three cell lines were cultured in DMEM supplemented with 10% FBS 
containing 100 U/mL of penicillin and 100 μg/mL of streptomycin at 37 °C in a 5% CO2 humidified incubator.  

2.2 Mormodica Charantia Compounds 

Fruit of M. charantia were purchased from contracted farmers in Kaohsiung, Taiwan. The plant material was 
identified by Prof. Sheng-Zehn Yang, Curator of the Herbarium, National Pingtung University of Science and 
Technology. A voucher specimen was deposited in the laboratory of Dr. Chi-I Chang (Pingtung, Taiwan). Dried 
fruit (30 kg) of M. charantia L. wild variant WB24 was mechanically powdered and extracted five times with 
methanol (60 L) at room temperature (7 days each). The combined MeOH extract was then evaporated under 
reduced pressure to afford a black residue, which was suspended in H2O (4 l) and partitioned sequentially using 
ethyl acetate (EA) and n-butanol (n-BuOH) (5 × 4 l). The n-BuOH fraction (966 g) was chromatographed on a 
Diaion HP-20 column (150 × 10 cm) and eluted using mixtures of water and methanol of reducing polarity as 
eluents to yield twenty-five fractions: fr. 1 [9000 ml, water], fr. 2 [6000 ml, water–methanol (98:2)], fr. 3 [6000 
ml, water–methanol (95:5)], fr. 4 [6000 ml, water–methanol (93:7)], fr. 5 [6000 ml, water–methanol (90:10)], fr. 
6 [6000 ml, water–methanol (88:12)], fr. 7 [6000 ml, water–methanol (85:15)], fr. 8 [6000 ml, water–methanol 
(83:17)], fr. 9 [6000 ml, water–methanol (80:20)], fr. 10 [(7000 ml, water–methanol (75:25)], fr. 11 [7000 ml, 
water–methanol (70:30)], fr. 12 [7000 ml, water–methanol (65:35)], fr. 13 [7000 ml, water–methanol (60:40)], fr. 
14 [7000 ml, water–methanol (55:45)], fr. 15 [7000 ml, water–methanol (50:50)], fr. 16 [1000 ml, 
water–methanol (45:55)], fr. 17 [7000 ml, water–methanol (40:60)], fr. 18 [7000 ml, water–methanol (35:65)], fr. 
19 [7000 ml, water–methanol (30:70)], fr. 20 [(7000 ml, water–methanol (25:75)], fr. 21 [7000 ml, 
water–methanol (20:80)], fr. 22 [7000 ml, water–methanol (15:85)], fr. 23 [7000 ml, water–methanol (10:90)], fr. 
24 [7000 ml, water–methanol (5:95)], and fr. 25 (10000 ml, methanol). Fraction 16 (6.1 g) was further subjected 
to Sephadex LH-20 column chromatography (5 × 50 cm) with gradient elution (water–methanol,1:1 to 0:1) to 
afford six fractions (800 ml each), frs 16A–16F. Fr. 16B (0.8 g) was subjected to column chromatography over Si 
gel with elution by CH2Cl2–MeOH (1:0 to 9:1) and semipreparative HPLC with elution by CH2Cl2–EA (10:1) to 
yield compound RA2-117 (95 mg). Fr. 16C (4.2 g) was subjected to column chromatography over Si gel with 
elution by CH2Cl2–MeOH (1:0 to 6:1) and semipreparative HPLC with elution by hexane–acetone (6.5:3.5) to 
yield compounds RA2-8 (21 mg), RA2-20 (27 mg), RA2-52 (12 mg), and CH93 (16 mg). Fr. 16D (2.2 g) was 
subjected to column chromatography over Si gel with elution by CH2Cl2–MeOH (1:0 to 4:1) and semipreparative 
HPLC with elution by hexane–EA (7:3) to yield compounds EMCDO (87 mg), RA2-11 (206 mg), and RA2-289 
(15 mg).  
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2.3 Reagents, Kits and Plasmids 

Oltipraz, an efficient anti-HBV compound (Chi et al., 1998), was purchased from Sigma. Lipopolysaccharide 
(LPS) is a well-known inflammation inducer on RWA264.7 cells, and the anti-inflammation compound curcumin 
could be served as positive control in this cell system. LPS, curcumin, as well as trypan blue were also purchased 
from Sigma. Dominant negative p53 (p53DN) was purchased from Clontech, which expressed mutated p53 
protein by a G to A conversion at nucleotide 1017. HBsAg and HBeAg ELISA kits were purchased from General 
Biological Corporation (Taipei, Taiwan). An -fetoprotein (AFP) testing ELISA kit was obtained from Panomics. 
Three cytokines ELISA kits were purchased from BD Biosciences. All antibodies were purchased from Cell 
Signaling Tecnology.  

2.4 Semi-Quantitative Polymerase Chain Reaction  

The primer design was derived from HBV S gene: forward primer 5′-CACATCAGGATTCCTAGGACC-3′(nt 
166 to 186); reverse primer 5′-GGTGAGTGATTGGAGGTTG-3′(nt 339 to 321) (Abe et al., 1999). 2.2.15 cells 
were treated with different concentrations of EMCDO or oltipraz for 3 days, and the HBV particles in 
conditioned medium were harvested and subjected to HBV DNA isolation using a viral DNA purification kit 
(Invitrogen). PCR cycles consisted of 3 min initial denaturation at 95 °C, then 30s denaturation at 94 °C, 45s 
annealing at 55 °C and 90s extension at 72 °C. The linearity of the PCR reactions was checked at different cycle 
numbers. The plateau phase became apparent after 32 cycles; thus, after a serial check of PCR product, we 
selected 28 cycles to analyze the HBV DNA level in our system (Netea et al., 1996). The 173bps PCR product 
was analyzed by electrophoresis on 2% agarose gels stained with ethidium bromide. The EC50s of the 
compounds were calculated according to the literature (Alexander, Browse, Reading, & Benjamin, 1999).  

2.5 Western Blotting and Luciferase Assay 

Western blotting analysis was performed as described in our previous studies (Chang et al., 2013; Shih et al., 
2013). p53-luc plasmid expressed the firefly luciferase gene is controlled by a synthetic promoter that contains 
direct repeats of the transcription recognition sequences for the p53 (Stratagene). NF-B-luciferase was also 
obtained from Stratagene. Cells were seeded and transfected with luciferase reporter plasmid together with 
pRKGAL plasmid using Lipofectamine reagent (Invitrogen). Luciferase activity was determined using a 
Luciferase Assay System (Promega) and normalized for transfection efficiency by measuring the β-galactosidase 
activity using a β-Galactosidase Enzyme Assay System (Promega).  

2.6 IC10 and IC50 Determination  

Cells were attached onto a 96-well plate then exposed to serial dilutions of compound (1-50 g/ml) for various 
durations of incubation. Medium containing the compound was changed every 2 days. The cell viability was 
measured by MTT assay (Stockert, Blazquez-Castro, Canete, Horobin, & Villanueva, 2012), and the cytotoxic 
response of RAW264.7 was evaluated by trypan blue exclusion (Shih, Kuo, Chuang, Cheng, & Doong, 2000). 
The 50% and 10% inhibitory concentrations of the compound were calculated using the formula: %IC = 
[1-(A570test/A570cont)] × 100, where % IC = % inhibition of cell proliferation, A570test = absorbance of test sample, 
A570cont = absorbance of control sample (Cetin & Bullerman, 2005).  

2.7 Toxicity in Mice  

Two groups of both sexes mice were formed, each containing 6 mice. The first group was used as the control 
group, which received corn oil solvent, while the second group of mice was administered 500 mg/kg body 
weight of EMCDO via the intraperitoneal route. During 14 days observation, the general behavior was recorded 
every day. At the end of the experiment, all mice were sacrificed, the organs examined, and blood collected and 
subjected to biochemical analysis. During the period, the behaviors displayed, such as nervous excitation, 
depression, reflexes, muscular and activities weakness, salivation, food ingestion and diarrhea, were recorded. 
All collected organs were weighed and subjected to histopathological investigation by two independent 
pathologists. On the 15th day, serum was collected and the biochemical markers of liver and renal function were 
studied. Liver and renal functions were evaluated by determination of glutamic oxaloacetic transaminase (GOT), 
glutamic pyruvic transaminase (GPT), creatinine and blood urea nitrogen (BUN) (Wu et al., 2011). 

2.8 Tumor Prevention in a Mouse Model 

18 6-week-old nude mice were purchased from BioLASCO (Taiwan). The mice were divided into 3 groups 
randomly, one negative control group treated with corn oil, one group treated with 50 mg/kg EMCDO, and the 
final group treated with 50 mg/kg oltipraz. The sample was injected every day via the intraperitoneal route for 7 
days, then 1×106 2.2.15 cells in100l medium were inoculated via the subcutaneous route. Mice were injected 
with sample every 2 days for 8 weeks, and the tumor size was measured. The general behavior was also recorded. 
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At the 56th day after 2.2.15 cell inoculation, blood was collected and serum was isolated, then subjected to liver 
and renal function evaluation. 

2.9 TPA-Induced Ear Edema Mouse Model 

8-week-old Balb/c mice were divided into 5 groups, each containing 5 mice. Edema was induced by topical 
application of 2 g/20 l acetone to the inner and outer ear surfaces of each ear. Thirty minutes later, the inner 
and outer surfaces of both ears were treated with 20 l of the tested compounds, including acetone vehicle, 
anti-inflammation drug indomethacin 1.25 g/20 l acetone per ear and EMCDO at three different 
concentrations. The ear thickness was measured using a pocket thickness gauge before and 30 mins after 
inflammation induction, followed by compound treatment. The ear thickness was then measured at various time 
points. The anti-inflammation ability was expressed as a edema inhibition percentage: % inhibition = (Tc-Tt)/Tc, 
where Tc and Tt respectively represented the average thickness with vehicle and compound treatment.  

2.10 Statistical Analysis 

Data were analyzed by Student’s t-test; the data are presented as the mean  standard deviation (SD). P < 0.05 
was taken to indicate significant differences. 

3. Results 
3.1 Chemical Structure, Physical and Spectral Data (IR, MS, and NMR) of the Eight Tested Compounds 

Eight cucurbitane-type triterpenes, 5β,19-epoxy-19(R)-methoxycucurbita-6,23(E),25-triene-3β-ol (RA2-8), 
5β,19-epoxy-25-methoxycucurbita-6,23(E)-dien-3β-ol (EMCDO), (23E)-7β,25-dimethoxycucurbita-6,23(E)-
dien-3β-ol (RA2-11), 5β,19-epoxy-19(S)-methoxycucurbita-6,23(E)-diene-3β,25-diol (RA2-20), (23E)-3β-
hydroxy-7β,25-dimethoxycucbita-5,23-dien-19-al (RA2-52), 5β,19-epoxy-19(S),25-dimethoxycucurbita-
6,23(E)-diene-3β-diol (RA2-117), (23E)-7β-methoxycucurbita-6,23(E)-diene-3β,25-diol (RA2-289), and (23E)-
3β,7β,25-trihydroxycucbita-5,23-dien-19-al (CH93), were isolated from the n-BuOH soluble fraction of the 
methanol extract of M. charantia fruit (Figure 1). The chemical structures of these compounds were identified by 
comparing their physical and spectral data (IR, MS, and NMR) with the values described in the literature. The 
IR, MS, and NMR data of RA2-10, RA2-11, RA2-117, and RA2-289 were reported in our previous study 
(Chang et al. 2008).Here, we only describe the physical and spectral data of the remaining four compounds, 
RA2-8, RA2-20, RA2-52 and CH93.5β,19-epoxy-19(R)-methoxycucurbita-6,23(E),25-trien-3β-ol (RA2-8) 
Amorphous white powder; lH NMR (400 MHz, CDC13) δ: 0.83 (3H, s, H-30), 0.85 (3H, s, H-18), 0.87 (1H, d, J 
= 6.4 Hz, H-21), 0.92 (3H, s, H-28), 1.20 (3H, s, H-29), 1.81 (3H, s, H-26), 3.41 (1H, brd, J = 6.9 Hz, H-3), 3.42 
(3H, s, 19-OCH3), 3.94 (1H, brd, J = 9.6 Hz, 3-OH), 4.63 (1H, s, H-19), 4.84 (2H, brs, H-27), 5.60 (1H, brd, J = 
15.6 Hz, H-23), 5.60 (1H, dd, J = 3.2, 10.0 Hz, H-7), 5.97 (1H, dd, J = 2.4, 10.0 Hz, H-6), 6.10 (1H, d, J = 15.6 
Hz, H-24); 13C NMR (100 MHz, CDCl3) δ: 14.7 (C-18), 17.4 (C-1), 18.7 (C-26), 18.7 (C-21), 19.8 (C-30), 20.5 
(C-29), 23.2 (C-11), 24.1 (C-28), 27.2 (C-2), 28.0 (C-16), 30.5 (C-12), 33.5 (C-15), 36.6 (C-20), 37.3 (C-4), 39.8 
(C-22), 40.5 (C-10), 41.6 (C-8), 45.1 (C-13), 48.0 (C-9), 48.3 (C-14), 50.3 (C-17), 58.3 (19-OCH3), 76.2 (C-3), 
86.7(C-5), 112.1 (C-19), 114.1 (C-27), 129.4 (C-23), 131.0 (C-6), 132.8 (C-7), 134.1 (C-24), 142.2 (C-25); EI-
MS (70 eV) m/z (rel. int.): 450 [M-H2O] + (10), 408 (82), 389 (30), 309 (55), 173 (90), 157 (50), 109 (82), 81 
(100). 5β,19-epoxy-19(S)-methoxycucurbita-6,23(E)-diene-3β,25-diol (RA2-20) Amorphous white powder, lH 
NMR (400 MHz, CDC13) δ: 0.82 (3H, s, H-30), 0.85 (3H×2, s, H-18, H-28), 0.86 (3H, d, J = 5.4 Hz, H-21), 1.21 
(3H, s, H-29), 1.27 (3H×2, s, H-26, 27), 2.22 (1H, brs, H-8), 2.26 (1H, m, H-10), 3.37 (3H, s, 19-OCH3), 3.40 
(1H, brs, H-3), 3.70 (1H, d, J = 10.4 Hz, 3-OH), 4.40 (1H, s, H-19), 5.49 (1H, dd, J = 3.2, 10.0 Hz, H-7), 5.56 
(2H, m, H-23, 24), 6.07 (1H, dd, J = 2.0, 10.0 Hz, H-6); 13C NMR (100 MHz, CDCl3) δ: 15.0 (C-18), 16.5 (C-1), 
18.6 (C-21), 19.9 (C-30), 20.6 (C-29), 21.4 (C-2), 24.4 (C-28), 27.1 (C-11), 27.8 (C-16), 29.8 (C-26), 29.9 (C-
27), 30.3 (C-12), 33.4 (C-15), 36.2 (C-20), 37.0 (C-4), 37.8 (C-10), 39.0 (C-22), 45.1 (C-13), 48.0 (C-14), 48.9 
(C-9), 49.7 (C-8), 50.1 (C-17), 57.3 (19-OCH3), 70.6 (C-25), 76.1 (C-3), 85.0 (C-5), 114.7 (C-19), 125.2 (C-23), 
130.5 (C-7), 133.0 (C-6), 139.5 (C-24); EI-MS (70 eV) m/z (rel. int.): 426 [M-HCO2CH3]

+ (10), 408 (14), 309 
(15), 281 (9), 239 (11), 187 (21), 172 (39), 157 (31), 109 (50), 91 (100), 84 (100), 69 (59), 55 (78). 3β-hydroxy-
7β,25-dimethoxycucurbita-5,23(E)-dien-19-al (RA2-52) Amorphous white powder; lH NMR (400 MHz, CDC13) 
δ: 0.71(3H, s, H-30), 0.87 (1H, d, J = 6.8 Hz, H-21), 0.88 (3H, s, H-18), 1.02 (3H, s, H-28), 1.20 (3H×2, s, H-26, 
27), 1.21 (3H, s, H-29), 3.09 (1H, s, 25-OCH3), 3.16 (1H, brs, H-7), 3.20 (1H, s, 7-OCH3), 3.41 (1H, brd, J = 6.4 
Hz, 3-OH), 3.56 (1H, brs, H-3), 5.34 (1H, d, J = 15.6 Hz, H-24), 5.48 (1H, ddd, J = 5.6, 8.4, 15.6 Hz, H-23), 
5.90 (1H, d, J = 8.4 Hz, H-6), 9.70 (1H, s, H-19); 13C NMR (100 MHz, CDCl3) δ: 14.8 (C-18), 18.0 (C-30), 18.7 
(C-21), 20.7 (C-1), 22.2 (C-11), 25.2 (C-29), 25.7 (C-27), 26.0 (C-26), 26.9 (C-28), 27.3 (C-16), 28.3 (C-2), 28.8 
(C-12), 34.7 (C-15), 35.9 (C-10), 36.0 (C-20), 39.2 (C-22), 41.4 (C-4), 44.4 (C-8), 45.5 (C-13), 47.3 (C-14), 49.8 
(C-9), 49.9 (C-17), 50.2 (25-OCH3), 55.9 (7-OCH3), 74.8 (C-25), 75.1 (C-7), 76.1 (C-3), 121.7 (C-6), 128.3 (C-
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23), 136.7 (C-24), 146.2 (C-5), 206.7 (C-19); EI-MS (70 eV) m/z (rel. int.): 500 [M] + (8), 470 (20), 455 (22), 
440 (40), 309 (13), 203 (33), 187 (31), 172 (97), 157 (47), 149 (52), 133 (49), 121 (60), 109 (100), 99 (72), 81 
(37), 69 (34), 55 (60). (23E)-3β,7β,25-trihydroxycucbita-5,23-dien-19-al (CH93) Amorphous powder; IR 
(KBr)νmax : 3425, 1715, 1660, 1470, 1380, 1000, 980 cm-1; 1H NMR (400 MHz, CDCl3) : δ 0.72 (3H, s, H-30), 
0.86 (3H, s, H-18), 0.88 (3H, d, J = 6.0 Hz, H-21), 1.03 (3H, s, H-29), 1.21 (3H, s, H-26), 1.22 (3H, s, H-27), 
1.23 (3H, s, H-28), 3.55 (1H, br s, H-3), 3.95 (1H, br d, J = 5.2 Hz, H-7), 5.56 (2H, m, H-23, H-24), 5.87 (1H, d, 
J = 5.2 Hz, H-6), 9.70 (1H, br s, H-19); EI-MS (70 eV) m/z 454 [M-H2O]+ (2), 436 (6), 418 (43), 389 (100), 375 
(8), 337 (10), 309 (17), 171 (29), 109 (31), 81 (16). 

 

 
Figure 1. Chemical structures of eight compounds isolated from M. charantia fruit. The chemical structures of 
RA2-8, EMCDO, RA2-11, RA2-20, RA2-52, RA2-117, RA2-289, and CH93 are shown; their formal chemical 

names are stated in the text 

 

3.2 Cytotoxicities of Compounds towards Two Hepatoma Cell Lines  

To determine the non-toxic maximum working concentrations for cell-culture based assay, an MTT assay was 
utilized to evaluate the cytotoxicities of the isolated Mormodica charantia compounds and the anti-HBV positive 
control oltipraz (Chi et al., 1998). 2.2.15 (Doong, Tsai, Schinazi, Liotta, & Cheng, 1991) and PLC/PRF/5 
(Marshall, Coulepis, Pringle, Dimitrakakis, & Gust, 1983) accumulate HBsAg and HBeAg after a longer period 
of culture; thus, the IC10 and IC50 of 9 days of treatment for 2.2.15 and 6 days for PLC/PRF/5 were determined. 
Table 1 illustrates the IC10 and IC50 concentrations of the tested compounds on two hepatoma cell lines. Based on 
these results, the working concentrations for further biological assays were: 5 g/ml of EMCDO, 
RA2-11,oltipraz on both cell lines; 10 g/ml of RA2-52 and RA2-117 on both cell lines; 10 g/ml of RA2-8 on 
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2.2.15; 10 g/ml of RA2-20, RA2-289 and CH93 on PLC/PRF/5; 7.5 g/ml of RA2-8 on PLC/PRF/5; 7.5 g/ml 
of RA2-289 and CH93 on 2.2.15; 5 g/ml of RA2-20 on 2.2.15. Under our treatment conditions, more than 90% 
cells were viable.  

 

Table 1. IC10 and IC50 of tested compounds on 2.2.15 and PLC/PRF/5 cell lines 

   RA2-8 EMCDO RA2-11 RA2-20 RA2-52 RA2-117 RA2-289 CH-93 oltipraz 

2.2.15 

day 3 
IC10 21.1 ± 2.1 20.4 ± 2.6 18.4 ± 0.8 12.2 ± 0.9 17.1 ± 1.3 16.8 ± 1.6 12.4 ± 1.0 13.7 ± 1.1 12.4 ± 1.3

IC50 23.5 ± 2.3 16.8 ± 2.2 21.3 ± 2.0 14.4 ± 1.4 23.8 ± 2.1 24.1 ± 2.3 17.8 ± 1.5 24.8 ± 2.3 18.5 ± 1.5

day 6 
IC10 12.4 ± 1.2 7.8 ± 1.8 9.8 ± 0.3 10.1 ± 0.7 12.4 ± 1.1 13.8 ± 1.1 9.8 ± 0.7 10.1 ± 0.6 9.8 ± 0.7

IC50 21.4 ± 1.9 12.7 ± 1.3 18.6 ± 1.2 12.7 ± 1.1 19.6 ± 1.3 18.9 ± 1.4 13.1 ± 1.9 13.7 ± 1.2 13.9 ± 0.9

day 9 
IC10 10.9 ± 0.8 5.1 ± 0.2 6.8 ± 0.4 6.4 ± 0.2 10.2 ± 0.9 10.1 ± 0.8 7.6 ± 0.3 7.8 ± 0.8 6.7 ± 0.2

IC50 19.4 ± 1.8 8.1 ± 0.3 14.2 ± 0.8 9.5 ± 0.7 16.1 ± 1.0 15.2 ± 1.2 10.8 ± 0.6 11.6 ± 1.0 10.2 ± 0.4

PLC/PRF/5 

day 2 
IC10 14.1 ± 1.2 11.2 ± 1.0 11.9 ± 1.1 16.3 ± 0.9 20.4 ± 2.2 19.4 ± 1.9 14.3 ± 0.8 13.9 ± 0.7 11.1 ± 0.9

IC50 17.4 ± 1.6 14.8 ± 1.3 14.7 ± 1.2 18.7 ± 0.8 28.4 ± 2.4 21.1 ± 2.0 16.2 ± 1.0 18.7 ± 1.3 13.7 ± 1.1

day 4 
IC10 11.5 ± 0.8 7.1 ± 0.5 8.9 ± 1.0 13.7 ± 0.7 14.5 ± 1.3 13.7 ± 1.3 12.3 ± 0.9 11.9 ± 1.0 8.4 ± 0.8

IC50 16.2 ± 0.9 8.4 ± 0.4 12.6 ± 1.1 14.9 ± 0.6 19.5 ± 1.2 15.4 ± 1.4 13.4 ± 0.7 14.4 ± 1.2 9.7 ± 0.4

day 6 
IC10 8.7 ± 0.4 5.2 ± 0.3 6.8 ± 0.5 10.6 ± 0.3 11.1 ± 0.8 9.7 ± 0.6 9.8 ± 0.3 10.3 ± 0.6 5.4 ± 0.3

IC50 13.2 ± 0.6 7.6 ± 0.4 10.4 ± 0.6 13.2 ± 0.7 15.9 ± 1.0 12.1 ± 0.9 11.2 ± 0.7 12.3 ± 1.0 8.8 ± 0.9

 

3.3 Efficient Inhibition of HBs, HBe Antigen Production and Secreted HBV DNA by EMCDO 

First of all, the suppression abilities of the compounds on HBs and HBe antigen production of cultured hepatoma 
cell lines were measured by ELISA assay. EMCDO revealed a dramatic inhibition effect after 3-9 days of 
treatment, which was comparable to the well-established HBV inhibitor oltipraz (Figures 2A and 2B). The 
significant HBsAg suppression activity of EMCDO exhibited an identical pattern on the PLC/PRF/5 cell line 
(Figure 2C). In addition to measuring the antigen production, the amount of HBV DNA in the culture medium 
was quantified. 2.2.15 cells were treated with various concentrations of EMCDO or oltipraz for 3 days. The EC50 
of HBV DNA suppression was 4.58 g/ml for oltipraz and 1.31 g/ml for EMCDO; thus, EMCDO exhibited a 
better anti-HBV ability than oltipraz (Figure 2D). 
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Figure 2. Reduction of HBV antigen and HBV DNA upon compound addition. 2.2.15 cells were treated with the 

indicated compounds for various time periods. Surface antigen (A) and e antigen HBe (B) levels were 
determined by ELISA and normalized against DMSO-treated cells. (C) PLC/PRF/5 cells were treated as 

indicated, and the surface antigen level was determined and normalized against DMSO-treated cells. Significant 
antigen inhibition is indicated by “*”. (D) 2.2.15 cells were treated with EMCDO or oltipraz at various 
concentrations for 3 days, then the secreted HBV DNA was purified and subjected to semi-quantitative 

polymerase chain reaction. The EC50 concentration was calculated and is shown 
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3.4 p53 Involvement in EMCDO-Mediated Anti-HBV Effects 

Oltipraz inhibits HBV via modulation of p53 (Chi et al., 1998). We then investigated whether EMCDO exerts its 
anti-HBV function through the activation of p53. The results clearly demonstrated the induction of p53 protein 
upon EMCDO and oltipraz treatment, and p53 expression showed more significant accumulation in cells treated 
with EMCDO (Figures 3A and 3B, panel 1). p53 phosphorylation at N-terminal serine residues is closely 
correlated with the transcriptional activation of its downstream genes (Jenkins, Durell, Mazur, & Appella, 2012). 
Our results showed greater serine phosphorylation induction and accumulation in EMCDO-treated cells than in 
oltipraz-treated cells (Figures 3A panels 2-5 and 3B panels 2-3). A p53-luc reporter was transfected into the cells, 
and activation of the synthetic promoter by the treatment will result in the stimulation of reporter expression. 
EMCDO and oltipraz induced luciferase activity in a dose-dependent manner, and the luciferase activity was 
fully inhibited in the cells co-transfected with dominant negative p53 (Figure 3C). Importantly, the p53 
activation degree was greater in the EMCDO-treated cells than in the oltipraz-treated cells.  

 

 

 
Figure 3. Activation of p53 by EMCDO. Western blotting analysis of (A) EMCDO- and (B) oltipraz-treated 

2.2.15 cells. Total p53, phosphor-p53 and internal control GAPDH expression levels were determined by 
indicated antibodies. (C) Luciferase assay. 2.2.15 cells were treated with DMSO, EMCDO or oltipraz for 2 hrs, 

then transfected with p53-Luc reporter plasmid combined with pRKGAL for 48hrs of incubation. p53DN 
plasmid was cotransfected into the indicated cells. The luciferase activation fold was calculated according to the 

transfection efficiency and normalized against time “0”. Significant activation is indicated by “*” 

 

3.5 Toxicity of EMCDO in Mice 

In order to understand the possible application in vivo, we then evaluated the safety in a mouse model. Within 14 
days observation, intraperitoneal injection of 500 mg/kg EMCDO did not produce any changes as compared with 
the control group. No mouse deaths suggested that EMCDO is not toxic at a dose of 500 mg/kg. Table 2 shows 
the mean body weight, organ weight and concentrations of liver and renal function markers. The liver function 
markers GOT and GPT, and renal function markers BUN and CRE, were all within the normal ranges. The body 
weight and organ weight of all mice at the end of experiment did not exhibit any significant changes. 
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Table 2. Biochemical analysis and organ weights of controls and EMCDO-treated mice 

 Normal range Control mice EMCDO-treated mice 

GOT (U/L) 59-247 159.5 ± 68.6 170.5 ± 32.5 

GPT (U/L) 28-132 22.5 ± 9.8 26.2 ± 6.31 

BUN (mg/dL) 18-29 22.8 ± 3.1 21.4 ± 1.62 

CRE (mg/dL) 0.2-0.8 0.45 ± 0.06 0.49 ± 0.01 

Heart (g)  0.126 ± 0.001 0.126 ± 0.001 

Liver (g)  1.046 ± 0.002 0.965 ± 0.002 

Spleen (g)  0.144 ± 0.001 0.161 ± 0.003 

Lung (g)  0.160 ± 0.002 0.140 ± 0.004 

Kidney (g)  0.301 ± 0.001 0.324 ± 0.002 

Stomach (g)  0.264 ± 0.001 0.276 ± 0.003 

Body weight (g)  24.5 ± 0.5 24.8 ± 0.4 

 

3.6 Tumor Prevention Ability of EMCDO in a Nude Mouse Model 

Subcutaneous inoculation of 2.2.15 cells induces tumor formation (Wu et al., 2011). EMCDO and oltipraz, as 
well as the negative control corn oil, were injected into nude mice via the peritoneal route. Compound injection 
was performed for 7 days, then 2.2.15 cells were inoculated. The observation period was 8 weeks, and 
compounds were injected once every 2 days within the 8-week period. At the end of the experiments, serum 
HBsAg, HBeAg and hepatoma marker AFP were dramatically reduced in EMCDO- and oltipraz-treated mice 
(Figure 4A). By monitoring the tumor size every 5 days after 2.2.15 inoculation, the average tumor size was 
observed to be much smaller in EMCDO- and oltipraz-treated mice (Figure 4B). Critically, the tumor 
suppression ability of EMCDO was a little better than that of oltipraz, especially during the later phase. The 
results clearly demonstrated the EMCDO is a good tumor prevention agent, the tumor suppression effect could 
be lasted for more longer time than oltipraz. 
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Figure 4. Tumor growth inhibition in a mouse model. (A) Serum was collected at the end of the experiment. The 
levels of HBV surface antigen, e antigen and AFP were determined by ELISA. Corn oil-treated mice served as 

the control. The antigen reduction percentages in EMCDO- or oltipraz-treated mice are shown in the y-axis. 
Significant reduction is indicated by “*”. (B) Suppression of tumor volume of EMCDO- or oltipraz-injected 

mice. The x-axis indicates the days post-2.2.15 cells inoculation; the y-axis shows the average tumor volume of 
6 mice 

 

3.7 Inhibition of Inflammatory Mediators by EMCDO 

Due to the close relationship between inflammation and cancer development, we studied further whether the 
anti-HBV effect of EMCDO is related to the anti-inflammation mechanism. LPS-treated RAW264.7 is a 
well-used model to evaluate the anti-inflammatory response (Kim, Hwang, & Han, 2013). The IC10 and IC50 

cytotoxicities were determined in RAW264.7 cells upon EMCDO addition (Figure 5A); thus, the working 
concentration of the following experiments ensured the more than 90% of cells were viable. In a 24-hr 
experiment, we used a maximum EMCDO concentration of 5 g/ml. The suppression dose effect of iNOS by 
curcumin was monitored (Figure 5B), and the effective concentration was correlated with a previous study 
(Cheung, Khor, & Kong, 2009). The LPS-stimulated expressions of inflammatory markers inducible nitric oxide 
synthase (iNOS) and cyclooxygenase-2 (COX-2) were repressed in the presence of EMCDO ranging from 1.25 
to 5 g/ml, and the repression efficiency was better than that of 7.5 g/ml curcumin, a well-known efficient 
natural anti-inflammation polyphenol compound (Wang, Sun, Huang, & Zheng, 2013) (Figure 5C). LPS-treated 
RAW264.7 cells exhibited proinflammatory cytokines production and secretion, including TNF-, IL-6 and 
IL-1 (Qi et al., 2012). As expected, the three proinflammatory cytokines were dramatically repressed in the 
presence of EMCDO in a dose-dependent manner. At a non-cytotoxic concentration of 5 g/ml EMCDO, the 
cytokine repression ability was comparable to that of the well-known anti-inflammation compound curcumin 
(Figure 5D).  
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Figure 5. Anti-inflammation ability of EMCDO. (A) Trypan blue exclusion assay. RAW264.7 cells were 
incubated with various concentrations of EMCDO for 24, 48 and 72 hrs. The viable and dead cells were 

differentiated by trypan blue dye. The y-axis shows the viable cell percentage normalized against non-treated 
cells; the IC50 and IC10 are indicated. (B) Curcumin inhibits LPS-induced iNOS expression. Western blotting 

analysis of RAW264.7 cells treated with LPS and curcumin for 24 hrs of incubation. 50 g soluble protein were 
subjected to SDS-PAGE. The iNOS expression fold was normalized against GAPDH and compared with lane 1. 

(C) EMCDO suppressed iNOS and COX-2 expression dose-dependently. Western blotting analysis of 
RAW264.7 cells treated as indicated. The expression level was normalized against GAPDH and compared with 
lane 1. (D) Measurement of proinflammatory cytokines by ELISA. The y-axis shows the cytokine secretion fold 

normalized against conditioned media of non-treated RAW264.7 cells. The x-axis indicates the compound 
treatment of cells 
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3.8 Activation of NF-B, Not MAPK Signaling, by EMDCO 

Previous studies have indicated that MAPK signaling and NF-B play roles in mediating anti-inflammation in 
some cell culture-based systems, including RAW264.7 cells (Yuan, Chen, Sun, Guan, & Xu, 2013). In these 
assay systems, LPS increases IB and MAPKs phosphorylation (Yoon et al., 2010; Meng, Yan, Deng, Gao, & 
Niu, 2013). To investigate the host cell signaling participation in mediating the EMCDO effects, the 
phosphorylation levels of JNK, p38, ERK and IB were examined by specific phospho-antibodies. The results 
clearly showed that phosphorylation of JNK, p38 and ERK was not altered upon EMCDO or curcumin treatment 
(Figure 6A, panel 1-3), while the increased phosphorylation of IB by LPS was reduced by 5 g/ml EMCDO 
and curcumin (Figure 6A, panel 4). To further confirm the involvement of NF-B, a luciferase reporter plasmid 
containing an upstream NF-B responsive element was transfected into compound-treated cells. Figure 6B 
illustrates that the up-regulated luciferase activity by LPS was reduced by EMCDO in a concentration-dependent 
pattern, comparable to the positive control curcumin. Thus, the current findings suggested that NF-B-related 
signaling may have a critical regulation in EMCDO’s anti-HBV and anti-inflammation effects. 

 

 
Figure 6. (A) Western blotting analysis. RAW264.7 cells were pre-treated with the indicated compound for 2 hrs, 

then LPS was added for a further 6 hrs of incubation. Soluble cell lysates were harvested and subjected to 
SDS-PAGE. The phosphor-protein expression level and internal control GAPDH are shown. The fold induction 

was determined using software and compared with lane 1. (B) Luciferase assay. Compounds were pre-treated for 
2 hrs then co-transfected with NF-B-Luc and pRKGAL. After 24 hrs, LPS was added and incubated for an 

additional 24 hrs. Luciferase and -galatosidase activities were measured. The data are expressed as the 
luciferase activation fold by normalization of the transfection efficiency and compared with non-treated control 

cells. Significant suppression is indicated by “*” 
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3.9 Anti-Inflammation Ability of EMCDO in vivo 

In the case of the ear edema mouse model, EMCDO effectively inhibited the ear thickness in a dose-dependent 
manner by topical application. Comparison of indomethacin and EMCDO using the same concentration of 1.25 
g/20 l showed that the edema inhibition ability of EMCDO is better than that of the classic non-steroidal 
anti-inflammatory drug indomethacin after 6 and 16 hrs of treatment. Importantly, the anti-inflammation 
efficiency of EMCDO was still significant at 1.25 g/20 l after 24 hrs of application. At a lower concentration 
of EMCDO, the anti-inflammation effect was apparent after 6 hrs of application (Figure 7). Taken together, these 
results showed that EMCDO is a low-toxicity, highly-effective anti-inflammation compound. The 
inflammation-relaxing ability of EMCDO is rapid and more potent than that of indomethacin. 

 

 
Figure 7. Inhibition of ear edema by EMCDO. Ear thickness was measured before and after TPA application at 
30 min. Then, indomethacin and various concentrations of EMCDO were topically applied for different time 

periods. The y-axis represents the ear thickness reduction percentage. Significant inhibition of ear thickening is 
indicated by “*” 

 

4. Discussion 
The current investigation demonstrated that one Mormodica charantia compound, EMCDO, isolated in our 
laboratory possessed good anti-HBV, anti-tumor and anti-acute inflammation activities. Based upon the 
HBV-secreting cell line, a mouse macrophage model and in vivo assays, it was confirmed that EMCDO is a 
low-toxicity compound of high biological efficacy.  

All the isolated compounds, except for RA2-11 and RA2-52, showed anti-HBV activity. Comparing their 
structures, the cucurbitane-type triterpenes with a 5β,19-epoxy moiety in the skeleton, RA2-8, EMCDO, RA2-20, 
and RA2-117, always exhibited a significant anti-HBV effect. In particular, EMCDO without the methoxy 
substituent at C-19 showed the greatest level of anti-HBV activity. Additionally, RA2-289 possesses a hydroxy 
group at C-25 in the side chain, and exhibited a higher anti-HBV activity than its methyl ether derivative, 
RA2-11. Furthermore, the simultaneous methylation at C-7 and C-25 decreased the activity level as compared 
with the activity results of CH-93 and RA2-52. Thus, for the cucurbitane-type triterpenes, a 5β,19-epoxy moiety 
in the skeleton, along with the hydroxy free form at C-7 and C-25 in the side chain, may be important for their 
anti-HBV activity expression. 

The underlying molecular mechanisms participating in hepatocellular carcinoma development remain 
incompletely understood. It is well-known that intrinsic and extrinsic inflammatory signaling pathways converge 
and cooperate in amplifying the cancer risk and driving cancer cell formation. However, the cancer-associated 
inflammation response is often persistent and chronic, inducing uncontrolled pathological signals in the tumor 
microenvironment; thus, cellular proliferation, migration, invasion and angiogenesis will occur (Wai & Kuo, 
2012).  

HBV and HCV infections result in liver inflammation and further liver cancer development. During acute 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 4; 2015 

125 

infection, viral antigens activate immune cells and could induce the infected cells undergoing apoptosis. The 
result of cell death caused cell regeneration (Bertoletti, Maini, & Ferrari, 2010). Furthermore, current evidence 
indicates that chronic inflammation will lead to gene mutation and genome instability, and the accumulated 
mutated gene plays critical roles in liver carcinogenesis (Brechot et al., 2010). For example, HBV X protein and 
HCV core protein are expressed during infection, and these viral oncoproteins interact with the cellular 
homeostasis machinery, affect cellular gene expression and regulation, and also participate in liver inflammation 
(Ray, Steele, Meyer, & Ray, 1997).  

Various cellular pathways are activated during a prolonged inflammation process in the liver, such as NF-B 
(Assenat, Grebal-Chaloin, Maurel, Vilarem, & Pascussi, 2006) and JAK/STAT3 (Park et al., 2010), as well as 
MAPK signalings (Ma, Ding, Zhang, & Liu, 2014). EMCDO alleviated the inflammation mediator production 
and ear inflammation, possibly through the activation of NF-B in the RAW264.7 system, but no effects on 
MAPK were observed. Previous studies have indicated a dual function of NF-B in hepatocarcinogenesis: 
NF-B can activate cell-protecting gene expression and then prevent excess cell death, thus limiting the 
subsequent cell transformation (Luedde et al., 2007). On the other hand, NF-B may constitute a link between 
inflammation and cancer (Pikarsky et al., 2004). Additionally, the inflammation response also regulates 
epigenetic change, including DNA methylation, histone modifications, as well as non-coding RNAs in 
hepatocytes (Martin & Herceg, 2012).  

One important component of the immune system to cope with foreign antigens is cytokines. The liver contains 
many various cell types that are susceptible to the influences of cytokines. Hepatocytes bear cytokine receptors, 
such as IL-6, IL-1 and TNF-. The cytokines released from Th1 cells normally function as proinflammatory 
cytokines; on the other hand, Th2 cytokines, such as IL-4, IL-8, IL-10, and IL-5, induce anti-inflammatory 
responses. In fact, many cytokines have pleiotrophic activities, which could function in synergistic or 
antagonistic manner. Due to the enriched immune cells located in liver, the evidence had been indicated these 
inflammatory cells secreted cytokines and further cause liver injury characteristic of acute HBV (Rehermann, 
2003). In addition, hepatic viruses are able to evade the immune system and persist via a variety of mechanisms, 
the major way being to rapidly mutate under immune pressure. Recently, several studies have described that 
changes in Th1 and Th2 cytokines expression result from various treatment regimens which correlated in HCC 
metastasis or recurrence in patients (Budhu & Wang, 2006).  

Malignant neoplasia is the result of multiple genetic defects successively accumulating over a period of time in 
genes mainly controlling proliferation, differentiation and cell death (Stephenson, Abouassaly, & Klein, 2010), 
yet most current anticancer therapies involve mainly or only the modulation of a single target. As a result, 
research concentrating on the discovery of multi-target new agents and new treatment strategies is therefore of 
vital importance (Guruswamy & Rao, 2008). Broadly defined, cancer chemoprevention applies to the inhibition 
or reversal of oncogenesis, at a variety of time points, to suppress the occurrence of in situ or invasive cancers 
using natural, synthetic, biologic or chemical agents (Desai et al., 2008). Although the principle of 
chemoprevention has been clearly demonstrated in both animal and clinical trials, none of the existing 
chemopreventive agents is ideal, because of either a lack of efficacy or toxic side effects (Lam, Macaulay, 
Leriche, & Gazdar, 2003). Accumulation of in vitro evidence demonstrating the inhibitory effects of certain 
natural products on liver cancer cells (Fang, Hsu, Lin, & Yen, 2010). The anti-carcinogenic activity of 
cucurbitane-type triterpenoids has been clearly demonstrated in two-stage carcinogenesis testing in skin tumors 
(Takasaki et al., 2003). The triterpenoid saponin-rich G. oldhamiana root extract (TGOE) selectively inhibited 
the proliferation of hepatoma SMMC-7721 cells in a dose-dependent manner, while the cytotoxic effects of 
TGOE on normal hepatocyte L02 cells were much lower. TGOE preferentially induced apoptosis in 
SMMC-7721 cells due to the regulation of caspase-3 and mitogen-activated protein kinases (MAPKs) (Zhang, 
Luo, Zhang, & Kong, 2013). In conclusion, the chemical structure determination of 8 isolated Mormodica 
charantia compounds. EMCDO significantly reduced HBV antigens and DNA secretion in hepatoma cell lines, 
prevented the tumor formation induced by a HBV-producing cell line in nude mice model. In addition, EMCDO 
downregulated inflammatory mediators in LPS-treated RAW264.7 cells and inhibited edema in the TPA-treated 
mouse ear. Our data suggested that EMCDO may have potential beneficial effects against HBV and 
inflammation response, subsequently preventing hepatocellular carcinoma development. To prove the clinical 
uses of EMCDO, efforts to elucidate the underlying mechanism and more animal tests are needed.  
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