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摘要 
 

學號：M10118039 

論文題目：海芙蓉莖部化合物生物活性之研究 

頁數: 73 

學校名稱：國立屏東科技大學                系 (所) 別：生物科技系 

畢業時間及摘要別： 1 0 1 學年度第二學期  碩士  學位論文摘要 

研究生：羅菲雅                            指導老師：張誌益 博士 

論文摘要內容： 

 
    蘄艾又稱海芙蓉，生長於台灣與東南亞沿海的石灰岩及珊瑚沉積地
區，被當作中草藥使用。這株植物傳統醫學用於治療感冒、麻疹、風濕
與支氣管炎。研究指出蘄艾全草萃取物具有抗增生、保肝及抗發炎活性，
但是僅有少數莖部具有抗菌、抗氧化與降血壓活性。蘄艾是一種祝明的
中草藥，但其在野外並不常見。因此，本研究將對其主要化合物進行分
析。有甲醇萃取物中共純化出十個化合物，經由儀器鑑定確定為：lupeol、
β-sitostenone、octadecyl (E)-p-coumarate、cycloeucalenol、oleanolic acid、
ursolic acid 、 stigmastan-3-one 、 betulin 、 ergone 與
24-ethyl-5α-cholest-7-en-3β-ol。此外，在生物活性部分則利用抗菌抑菌圈
試驗；DPPH 抗氧化試驗；ACE 抑制試驗；以及 MTT 及 t-BHP 細胞試驗。 
 
關鍵字：蘄艾，生物活性化合物，抗菌，抗氧化，抗高血壓，細胞毒     
        殺，保肝 
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ABSTRACT 
 

Student ID: M10118039 

Title of Thesis: Studies of Biological Properties of Major Bioactive Compounds from the  

    Stems of Crossostephium chinense (L.) Makino 

Name of Institute: Department of Biological Science and Technology, 

   National Pingtung University of Science and Technology 

               Degree Conferred: Master 

Advisors: Dr. Chi-I Chang 

       Prof. Ir. Simon Bambang Widjanarko, Ph. D., M. App. Sc 

Name of Student: Novia Nur Rosyida 

 

The Contents of Abstract in This Thesis: 

 Crossostephium chinense L., commonly known as Hai-Fu-Rung, was naturally 

distributed near coastal areas on limestone and coral formations in Taiwan and South east 

of Asia’s region and was used as a new source of herbal medicine. This plant is one of the 

famous TCM (Traditional Chinese Medicine) that was traditionally used for treating colds, 

measles, rheumatic, and bronchitis. Extracts of whole plant of C. chinense have been 

reported to exhibit diverse biological activities such as anti-proliferation, hepatoprotection, 

and anti-inflammation with ameliorative effect, but only a few of these studies mentioned 

its antimicrobial, antioxidant, and antihypertensive activity especially from stem part. 

Interestingly, even C. chinense is a famous herbal medicine, but it is still rare, threatened in 

the wild, and need further investigation especially for its stem part. Hence, this study was 

conducted to investigate the major bioactive compounds of this plant. Ten major 

compounds were obtained from the methanol extract of this plant and identified as: lupeol, 

β-sitostenone, octadecyl (E)-p-coumarate, cycloeucalenol, a mixture of oleanolic acid and 

ursolic acid, stigmastan-3-one, betulin, ergone and 24-ethyl-5α-cholest-7-en-3β-ol. 

Furthermore, some biological assays such as antimicrobial, antioxidant, antihypertensive, 

cytotoxic, and hepatoprotective activities were evaluated by inhibitory zone assay, DPPH 

assay, ACE inhibitory assay, MTT assay, and t-BHP assay, respectively. 

 

Keywords: Crossostephium chinense, bioactive compounds, antimicrobial, antioxidant,  

         antihypertensive, cytotoxic, hepatoprotective 
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I. INTRODUCTION 
 

1.1 Background 

 Crossostephium chinense L., commonly known as Hai-Fu-Rung, was naturally 

grows near coastal areas on limestone and coral formations in Taiwan and South east of 

Asia’s region and was used as a new source of herbal medicine. This plant is one of the 

famous TCM (Traditional Chinese Medicine) that was traditionally used for treating colds, 

measles, rheumatic, and bronchitis due to its compounds (Chang, et al., 2003). Previous 

studies of C. chinense had showed the isolation of taraxerol, taraxeryl acetate, and 

taraxerone (Sasaki, et al., 1965). Recent chemical studies of the whole plant of C. chinense 

reported the identification of 8 compounds including α-amyrin acetate, β-amyrin acetate, β-

sitosterol, 3β-acetoxy-12-ursen-11-one, uracil, and 5-O-methyl-myo-inositol. Besides that, 

a novel sesquiterpene, named crossostephin, and coumarin, named biscopoletin, also were 

originally found (Wu, et al., 2009).  

 Biological assay has been reported that both of methanol and water extract of C. 

chinense showed their ability to scavenge the reactive oxygen species (ROS) as free 

radicals in a dose-dependent manner (Chang, et al., 2009). Increased pro-oxidant and 

decreased antioxidant activities have been shown to be some of the mechanisms of the 

pathogenesis of hypertension (Dhalla, et al., 2000). As paper mentioned, ROS has emerged 

as a central common pathway by which disparate influences may induce and exacerbate 

hypertension, a major risk factor for chronic disease mortality. Data from WHO said that 

prevalence of hypertension remained stable in 1997-2010. Although hypertension 

awareness, management, and control improved, the overall rates remained poor, worse still, 

and no improvement was shown from 2007 to 2010 (Guo, et al., 2012).  

 Extracts of whole plant of C. chinense have been reported to exhibit diverse 

biological activities such as antimicrobial, antioxidant, anti-proliferation, hepatoprotection, 

and anti-inflammation with ameliorative effect, but only a few of these studies mentioned 

its antihypertensive agent especially from stem part. 

 Interestingly, although C. chinense is a famous herbal medicine, but it is still rare, 

threatened in the wild, and required further investigation. In view of the ethnobotanical 

reports of C. chinense being used in folk medicine particularly as a potent antihypertensive 

agent coupled with the paucity of studies on the biological activities, the present study was 

undertaken to further characterize the biological activities of C. chinense. 
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1.2 Research Motivation 

 The objective of this research is to isolate and purify the major bioactive 

compounds of the stem of C. chinense. Furthermore, those compounds will be identified 

using spectral method and evaluated the antimicrobial, antioxidant, antihypertensive, 

cytotoxic, and hepatoprotective activities to confirm its conventional uses. 

  

1.3 Future Impact 

 Hopefully, C. chinense as a new source of herbal medicine could trigger and 

improve medicinal system for human and could be done not only in laboratorium scale, but 

also can scale up in industrial level.  
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II. LITERATURE REVIEW 
 

2.1 Herbal Medicine 

 Plants containing active chemical constituents in any of their part like root, stem, 

leaves, bark, fruit and seed. They termed as herbal medicine if they produce a definite 

curing physiological response in the treatment of various illness in humans and animals 

(Hamayun, et al., 2006). 

 In many cases, a specific definition of herbal medicinal products is available. This 

includes plants, parts of plants and their preparations, mostly presented with therapeutic or 

prophylactic claims. Different categories of medicinal products containing plant 

preparations exist or are in the process of being created. 

 The use of herbal and other naturally based medicines has a long history. However, 

the utilization of whole-plant or other crude preparations for therapeutic or experimental 

reasons can have several drawbacks, which include: 

1. Variation in the amount of the active constituent with geographic areas, from one 

season to another, with different plant parts and morphology, and with climatic and 

ecologic conditions. 

2. Co-occurrence of undesirable compounds causing synergistic, antagonistic, or other 

undesirable, and possibly unpredictable, modulations of the bioactivity. 

3. Losses of bioactivity due to variability in collection, storage, and preparation of the 

raw material. 

 Thus, the isolation of natural products that have biological activity toward 

organisms other than the source has several advantages, including: 

1. Pure bioactive compounds can be administrated in reproducible, accurate doses, 

with obvious benefits from an experimental or therapeutic point of view. 

2. It can lead to the development of analytic assays for particular compounds or for 

classes of compounds. This is necessary, for example, in the screening of plants for 

potential toxicity and for quality control of food for human or animal consumption. 

3. It permits the structural determination of bioactive compounds that may enable the 

production of synthetic material, incorporation of structural modifications, and a 

rationalization of mechanisms of action. This, in turn, will lead to reduced 

dependency on plants, for example, as sources of bioactive compounds and will 
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enable investigations of structure/activity relationships, facilitating the development 

of new compounds with similar or more desirable bioactivities. 

 A few herbal medicines have withstood scientific testing, but others are used 

simply for traditional reasons to protect, restore, or improve health. Most herbal medicines 

still need to be studied scientifically, although the experience obtained from their 

traditional use over the years should not be ignored. As there is not enough evidence 

produced by common scientific approaches to answer questions of safety and efficacy 

about most of the herbal medicines now in use, the rational use and further development of 

herbal medicines will be supported by further appropriate scientific studies of these 

products, and thus the development of criteria for such studies. 

2.1.1 Crossostephium chinense (L.) Makino 

 Crossostephium chinense (L.) Makino is a beautiful shrub and is a member of the 

daisy family, Asteraceae. This plant also called Artemisia chinense as a basionym. It 

occurs naturally in southern China, the Ryuku Islands, Taiwan and the Philippines where it 

grows near coastal areas on limestone and coral formations. The whole herbs of C. 

chinense are used for the treatment of diabetes, wind-cold type of common cold, carbuncle, 

and furuncle (Wu, et al., 2009). Next is the plant classification of C. chinense. 

Classification (www.gwannon.com/species/Crossostephium-chinense/pdf): 

 Kingdom: Plantae 

 Phylum: Angiospermae 

 Class: Dicotyledoneae 

 Order: Campalulanes 

 Family: Asteraceae 

 Genus: Crossostephium 

 Species: chinense 
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 Figure 1. Whole Plant                  Figure 2. Sketch Picture 

 

 Crossostephium chinense is admired for its aromatic, silver-colored, furry foliage 

and therefore an ideal candidate for planting up a silver-theme garden. It grows as a much-

branched shrub that can attain a height of 30 cm tall, adopting a bushier appearance near 

the ends of each growing point and older leaves are usually shed away. Older plants flower 

freely and produce daisy-like flowers with yellow ray florets. Fruits are seldom formed in 

the tropics. 

 Some papers were mentioned that extracts of dried whole plant of C. chinense 

yielded: 6 flavonoids (tricetin 3’,4’,5’-trimethylether, hispidulin, apometzgerin, selagin, 

quercetagetin-3,6-dimethylether and quercetagin) (Wang, et al., 2011) and some 

triterpenoid as seen picture below (Sasaki, et al., 1965). Besides that, a novel sesquiterpene, 

named crossostephin, and coumarin, named biscopoletin, also were originally found in C. 

chinense (Wu, et al., 2009). 

 

 

 

 

 

                  

       β-taraxerol             taraxerone             taraxerol acetate 

Figure 3. Triterpenoids of Whole Plant of C. chinense 
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 For further bioassay, some papers were mentioned that C. chinense have some 

biological activity, such as: 

1. Antioxidant activity: both water and methanol extract showed ability to dose-

dependently scavenge free radicals (Chang, et al., 2009). 

2. Insulin Secretion Effects: quercetagetin-3,6,7-trimethylether and 5-O-methyl-myo-

inositol showed to enhance rat islet insulin secretion while scopletin suppressed rat 

islet insulin secretion (Leil, et al., 2009). 

3. Anti-Inflammatory: scopoletin (6-methoxy-7-hydroxycoumarin) showed anti-

inflammatory effect probably related to a decrease in the level of MDA 

(malondialdehyde) (Chang, et al., 2012).  

4. Hepatoprotection activity: the results showed protection against acute liver damage 

through its radical scavenging ability (Chang, et al., 2011). 

 

2.2 Purification and Identification Methods 

  In order to isolate some active compounds from dried stems of C. chinense, 

extraction is the most important step to reach this purpose. In this experiment, extraction 

steps can divide into several sub-steps, start from maceration, partition, confirmation by 

TLC, isolation using HPLC, and identification by spectral method. 

2.2.1 Maceration 

 Maceration is preferably used with volatile or thermal instable products. It is a 

“cold” extraction of pulverized feed material in any solvent. The main disadvantage of this 

process is the sometimes long duration (hours) and the solvent consumption in a batch 

stirred tank (Bart, 2011). 

2.2.2 Partition 

 Partition is a method to separate compounds based on their relative solubility in 

two different immiscible liquids, usually water and an organic solvent. It is based on the 

transfer of a solute substance from one liquid phase into another liquid phase according to 

the solubility. Extraction becomes a very useful tool if it used a suitable extraction solvent. 

When a compound is shaken in a separatory funnel with two immiscible solvents, the 

compound will distribute itself between the two solvents. 

 Partition chromatography can be divided into liquid-liquid chromatography (LLC) 

and chromatography on chemically bonded phases. It involves two immiscible liquids, one 
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as the mobile phase and the other being fixed on a solid support as the stationary phase. 

The principle of the separation is an extraction process. The stationary liquid can either be 

fixed on the solid by physical adsorption (LLC), which is easy, but leads to a continuous 

loss of stationary phase, or by chemical bonds, which is now the most often applied 

method. 

 In the case of a polar stationary phase (usually on a silica or alumina support) and a 

non-polar mobile phase, the process is referred to as normal phase (NP) (liquid) liquid 

chromatography, for historical reasons. In the opposite case it is called reversed phase (RP) 

(liquid) liquid chromatography. Partition chromatography is suitable for a great number of 

substances in a wide polarity range (Bart, 2011).  

2.2.3 Thin Layer Chromatography (TLC) 

 Thin layer chromatography is one of the more popular of the separation techniques. 

This separation is possible due to the difference on the adhesion force of the molecules that 

are present in the mixture to a mobile phase (normally a solvent) and to a stationary phase 

(called thin layer, silica gel). This difference translates into more or less movement of each 

individual component, which allows its separation and identification.  

 Depending on the polarity of the components of the mixture, different compounds 

will travel different distances up the plate. More polar compounds will "stick" to the polar 

silica gel and travel short distances on the plate. Non-polar substances will spend more 

time in the mobile solvent phase and travel larger distances on the plate. Here are the steps 

for TLC: 

a. Preparation of  TLC plates. 

Before scoring the glass, use a ruler and a pencil to lightly mark baselines on the 

silica side of the plate (be careful not to remove any silica from the plate). Use a 

sharp glass cutter and a ruler as a guide. 

b. Determine an appropriate solvent system. 

In non-polar solvents like pentane and hexane, most polar compounds will not 

move, while non-polar compounds will travel some distance up the plate. In 

contrast, polar solvents will usually move non-polar compounds to the solvent front 

and push the polar compounds off of the baseline. A good solvent system is one 

that moves all components of your mixture off the baseline, but does not put 

anything on the solvent front – Rf values between 0.15 and 0.85. 

c. Fill TLC chamber with 1–2 ml of the desired solvent system.  
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d. Spot the compound on the baseline of the TLC plate.   

e. Run the TLC. Let the solvent go about 90% of the way up the plate.  

f. Remove the plate from the chamber and mark the solvent front immediately with a 

pencil.  

g. Let the solvent dry off of the plate.  

h. Visualize the TLC using non-destructive technique(s), such as UV lamp and circle 

any UV active spots with pencil.  

i. Visualize the TLC using a destructive method.  

This will be critical for compounds that are not UV-active. To use the stain, pick up 

the dried TLC plate with a pair of tweezers and dip it into the stain, making sure to 

cover the area from the baseline to the solvent front. Completely dry the back of the 

plate with a paper towel. Place on a hot plate and watch the development of the 

spots.  Remove the TLC plate from the heat once the spots are visible and before 

the background color obscures the spots.  

Some advantages of TLC are (Hamilton, et al., 1987): 

a. It is a very versatile technique that can be applied to almost any class of compound. 

b. The separations can be achieved for a minimum of expense, given a good adsorbent 

and pure solvents 

c. The separations can be achieved in the minimum of time. 

d. TLC is probably the one technique which guarantees success in the separation of an 

unknown mixture. 

2.2.4 High Performance Liquid Chromatography (HPLC) 

 Originally referred to as High Pressure Liquid Chromatography, but nowadays 

HPLC more commonly called High Performance Liquid Chromatography. HPLC itself is a 

separation method of mixture sample in shorter periods of time, utilizing very small 

particles, have small column diameters, have very high fluid pressures and yield some peak 

based on retention time of the individual compounds. Some factors that influence the 

HPLC performance are: internal diameter of column; the smaller in diameter, the higher in 

sensitivity; pump pressure which the higher in pressure, the higher in separation; size of 

sample; the polarity of sample, solvent and column; and the last factor is temperature 

which in higher of temperature, means the higher in separation. 

 Some advantages while using HPLC are: needs a small sample with a high 

accuracy and precision and also non-destructed sample during operation compared to GC. 
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2.2.5 Nuclear Magnetic Resonance (NMR) 

 Nuclear Magnetic Resonance (NMR) spectroscopy is the  most  powerful  tool  

available  for determining  the  structure  of  organic  compounds. This technique relies on 

the ability of atomic nuclei to behave like a small magnet and align them selves with an 

external magnetic field. 

 When irradiated with a radio frequency signal the nuclei in a molecule can change 

from being aligned with the magnetic field to being opposed to it. Therefore, it is called 

“nuclear” for the instrument works on stimulating the “nuclei” of the atoms to absorb radio 

waves.  The energy frequency at which this occurs can be measured and is displayed as an 

NMR spectrum. The most common nuclei observed using this technique are 1H and 13C, 

but also 31P, 19F, 29Si and 77Se NMR are available. 

 To get the nuclei in a molecule to all align in the same direction, a very strong 

magnetic field is generated using a superconducting electromagnet, which requires very 

low temperatures to function. The coils of the magnet are surrounded by liquid helium (-

269°C), which is prevented from boiling off too quickly by a surrounding layer of liquid 

nitrogen (-77°C).  These coolants are all contained in double-layer steel with a vacuum 

between the layers, to provide insulation just like a thermos.  There is a narrow hole 

through the middle of the magnet, and the sample tube and radio frequency coils ("probe”) 

are located there. 

 An NMR spectrum appears as a series of vertical peaks/signals distributed along 

the x-axis of the spectrum. Each of these signals corresponds to an atom within the 

molecule being observed. The position of each signal in the spectrum gives information 

about the local structural environment of the atom producing the signal. 

 

2.3 Biological Assays 

2.3.1 Antimicrobial Assay 

 Antimicrobial is one of the important parameters for biological activities of 

compounds. Due to its ability to infected and make disease for human, microbe has long 

been studied for this problem.  

 There are a number of reasons why bacterial resistance should be a concern for 

physicians. First, resistant bacteria, particularly staphylococci, enterococci, Klebsiella 

pneumoniae, and Pseudomonas spp are becoming common place in healthcare institutions. 

Bacterial resistance often results in treatment failure, which can have serious consequences, 
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especially in critically ill patients. Inadequate empiric antibacterial therapy, defined as the 

initial use of an antibacterial agent to which the causative pathogen was not susceptible, 

has been associated with increased mortality rates in patients with bloodstream infections 

due to resistant Pseudomonas aeruginosa, Staphylococcus aureus, K. pneumoniae, 

Escherichia coli, Enterobacter spp, and enterococci (Tenover, 2006).  

 Commonly, there are two kinds of microbe based on their membrane cell. 

Membrane cell is an important thing for microbe to attack and for resistance barrier on 

dangerous environment. Once membrane cell is broken, it means there is no barrier 

between microbe and environment which is very dangerous for their living. Gram positive 

of bacteria retain the color of the crystal violet stain in the Gram stain. This is 

characteristic of bacteria that have a cell wall composed of a thick layer of a particular 

substance (called peptidologlycan). On the other hand, gram negative showed lose the 

crystal violet stain (and take the color of the red counterstain) in Gram's method of staining. 

This is characteristic of bacteria that have a cell wall composed of a thin layer of a 

particular substance (called peptidoglycan). 

 Stenotrophomonas maltophilia is an environmental global emerging Gram-negative 

MDRO (multiple drug resistance organisms) that is most commonly associated with 

respiratory infections in humans. It can cause various serious infections in humans. S. 

maltophilia is a Gram-negative obligate aerobe that is rod shaped and motile with a few 

polar flagella. It is able to persist in nutrient-poor aqueous environments. 

 Pseudomonas aeruginosa is an example of such an MDRO that causes respiratory 

infections in patients, particularly those with cystic fibrosis (CF) or those with chronic lung 

diseases. P. aeruginosa has been reported to survive for months on dry surfaces, and it is 

able to persist and grow in contaminated antimicrobial hand soap containing triclosan, 

making it a significant issue of concern for hospital staff (Brooke, 2012). 

 Culture media have been developed to differentiate between the bacterial species 

present in mixed culture samples (e.g., colony color differences between S. maltophilia and 

P. aeruginosa reflect their different metabolic abilities). The production of acid from 

maltose but not from glucose by S. maltophilia has been used to distinguish it from P. 

aeruginosa, as P. aeruginosa produces acid from glucose and does not use maltose or 

lactose to a great extent. Colonies of S. maltophilia appear yellow and blue on BTB-

containing medium containing maltose and glucose, respectively, in contrast to P. 

aeruginosa colonies, which appear blue on BTB medium containing maltose and yellowish 
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green on medium containing glucose. A selective and differential agar medium, SM2i, 

contains Mueller-Hinton agar supplemented with maltose, dl-methionine, vancomycin, 

imipenem, amphotericin B, andbro-mothymol blue. S. maltophilia colonies are smooth, 

round, and green, with an olive green center with a peripheral lighter green area or a dark 

green center with an olive green peripheral area surrounded by a blue-green halo. The 

colony appearance of S. maltophilia is easily distinguished from those of other Gram-

negative bacteria, such as P. aeruginosa, which appears white or colored but very often 

silver. 

 Gram positive characterization was showed in Bacillus subtilis. Most of the species 

from the genus Bacillus are considered as safe microorganisms and they possess 

remarkable abilities to synthesize many substances that have been successfully used in 

agriculture and for industrial purposes. The secondary metabolites produced by several 

species and strains of the genus Bacillus have been found to show antibacterial or 

antifungal activity against different phyto-pathogens. In addition, they grow fast in liquid 

culture and form extremely resistant spores with high thermal tolerance. 

 The production of antimicrobial lipopeptides synthesized in a non-ribosomal 

manner is one of the possible ways for Bacillus isolates to exert their antimicrobial action. 

The antibacterial activity of this strain could be detected early in the logarithmic growth 

phase reaching the maximum at the beginning of the stationary phase, with no significant 

decrease during prolonged incubation of 120 h. Therefore, it seems that sporulation had no 

effect on the production of antimicrobial substance, which was very stable even in the 

culture after several days of incubation (Berij, et al., 2011). 

2.3.2 Antioxidant Assay 

 Free radicals are highly reactive and unstable compounds produced in the body 

during normal metabolic functions or introduced from the external environment such as 

pollution and cigarette smoke. Human bodies are protected from oxidative damage of free 

radicals through some complex defense systems which are called antioxidants. Antioxidant 

works to maintain the oxidant at optimum level and to reduce free radical, stopping it from 

forming before it can disrupt living cells in our body. However, excessive oxidants or free 

radicals can cause cell damage and lead to chronic diseases. 

 Reactive oxygen species exist in all aerobic cells in balance with biochemical 

antioxidants. Oxidative stress occurs when this critical balance is disrupted because of 
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excess ROS, antioxidant depletion, or both. To counteract the oxidant and to restore redox 

balance, cell must reset important homeostatic parameters (Waris, et al., 2006). 

2.3.2.1 Hypertension as an Oxidative Stress Relative Disease 

 Hypertension is an important risk factor for cardiovascular disease (CVD) in 

developing countries. Elevation of blood pressure (BP) is a risk factor for adverse 

cardiovascular outcomes, including stroke, myocardial infarction, renal failure and death. 

Prevention of increased BP therefore plays a crucial role in a reduction of those out-comes. 

Impaired balance between relaxing and contracting factors in the endothelium of blood 

vessels is an important pathogenic mechanism of hypertension. Increased pro-oxidant and 

decreased antioxidant activities have been shown to be some of the mechanisms of the 

pathogenesis of hypertension (Wichitsranoi, et al., 2011).  

 Regarding hypertension, endothelial cells play a major role in arterial relaxation. 

Nitric oxide is the factor released by the endothelium that causes vascular relaxation due to 

oxidative stress. The half-life of nitric oxide is only a few seconds, since it is rapidly 

degraded by the oxygen-derived free radical super-oxide anion. Superoxide anion is a 

major determinant of nitric oxide (NO) biosynthesis and bioavailability that can thus 

modify endothelial function. It can also act as a vasoconstrictor. In addition, nitric oxide 

synthase (NOS), and in particular the endothelial isoform of NOS (eNOS), is now 

recognized as an important source of superoxide. The finding that eNOS can generate 

superoxide rather than NO in response to atherogenic stimuli has led to the concept of 

“NOS uncoupling,” where the activity of the enzyme for NO production is decreased, in 

association with an increase in NOS-dependent superoxide production.  NADPH-driven 

generation of ROS and activation of reduction-oxidation (re-dox)-dependent signaling 

cascades are critically and centrally involved in the role of Ang II-induced hypertension 

(Ceriello, 2008). 

2.3.2.2 DPPH Assay 

 DPPH (diphenylpicrylhydrazyl) assay is one of method to determination the 

activity of antioxidant. This method is based on the reduction of DPPH, a stable free 

radical and any molecule that can donate an electron or hydrogen to DPPH can react with it 

and thereby bleach the DPPH absorption. Because of its odd electron, DPPH gives a strong 

absorption maximum at 517 nm by visible spectroscopy (purple colour). As the odd 

electron of the radical becomes paired off in the presence of a hydrogen donor, that is, a 

free radical scavenging antioxidant, the absorption strength is decreased and the resulting 
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decolorization is stoichiometric (visualized by residual pale yellow color) with respect to 

the number of electrons captured  (Zahin et al., 2009). 

 

 

 

 

 

 

 

Figure 4. DPPH Reaction 

(blog.naver.com) 

 

2.3.2.3 FTC Assay 

 The FTC method was used to measure the amount of peroxide at the beginning of 

the lipid peroxidation, in which peroxide will react with ferrous chloride and form ferric 

ion. The ferric ion will then unite with ammonium thiocyanate and produce ferric 

thiocyanate. The substance is red in colour and denser color is indicative of higher 

absorbance (Rahmat, et al., 2003). 

2.3.2.4 TBA Assay 

 TBA test is used to measure the secondary product of oxidation such as aldehyde 

and ketone (Huda-faujan, et al., 2007). The TBA test is a colorimetric technique in which 

the absorbance of the red chromogen formed between TBA and malondialdehyde (MDA) 

is measured (Hanachi, 2009). The first step in lipid oxidation is the abstraction of a 

hydrogen atom from a fatty acid and subsequent oxygen involvement gives a peroxy 

radical. Peroxide then gradually decomposes to lower molecular compound; mainly MDA 

during oxidation process and MDA can be determined by TBA method. At low pH and 

high temperature, MDA binds TBA to form a red complex that can be measured at 532 nm. 

Generally, antioxidants suppress the hydrogen atom abstraction from fatty acid, which 

leads to the decrease of hydroperoxide formation. It is well known that phenolic compound, 

triterpenic acid acts as hydrogen donors in that reaction mixture and therefore, the 

formation of hydroperoxides were decreased (Nugraheni, et al., 2011). 
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2.3.3 Antihypertensive in vitro Assay 

 Hypertension is a common progressive disorder leading to several chronic disease 

such as cardiovascular disease, stroke, renal disease and diabetes. One-quarter of the 

world’s adult population is afflicted by hypertension, and this is likely to increase to 29% 

by 2025. 

 Angiotensin converting enzyme (ACE) plays a significant role in RAAS (rennin 

angiotensin aldosterone system), by converting the precursor angiotensin I into angiotensin 

II which is the peptide responsible in triggering blood pressure increasing mechanisms. 

Therefore, inhibition of ACE is a promising way of controlling over expression of RAAS. 

 ACE itself is a dipeptidyl carboxypeptidase with a zinc atom. The enzyme has a 

less substrate specifity in vitro. ACE consists of a single polypeptide chain containing two 

domains: N and C. There are two catalytic sites in each of these domains. Actually, there 

are number of method used in detection of ACE inhibition. One of them is HPLC method. 

As there is less substrate specifity for ACE, several substrates heve employed for in vitro 

enzyme inhibitory studies. One commonly used substrate for HPLC analysis is hippuryl-L-

histidyl-L-leucine (HHL) and producing hippuric acid (HA) (Balasiruya and Rupasinghe, 

2011). 

2.3.4 Cytotoxic Assay 

 Cytotoxic assays are widely used in in vitro toxicology studies. The MTT assay is a 

cell viability assay often used to determine cytotoxicity following exposure to toxic 

substances. It has been used in SK-Hep1 cells after exposure to tetra-chloride as well as in 

oligodendrocytes to assess cell viability. 

 MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltet-razolium bromide) is a water 

soluble tetrazolium salt, which is converted to an insoluble purple formazan by cleavage of 

the tetrazolium ring by succinate dehydrogenase within the mitochondria. The formazan 

product is impermeable to the cell membranes and therefore it accumulates in healthy cells. 

The MTT assay was tested for its validity in various cell lines. More recent evidence 

suggests that reduction of MTT can also be mediated by NADH or NADPH within the 

cells and out of mitochondria.  

 MTT, the tetrazolium dye, was designed for the quantification of both cell 

proliferation and cell viability in a cell population using a 96-well plate format. This 

colorimetric assay is based on the conversion of the yellow tetrazolium bromide salt (MTT) 

to the red formazan derivative by mitochondrial succinate dehydrogenase in viable cells. 
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The absorbance of this colored solution can be quantified by measuring at a certain 

wavelength (usually between 500 and 600 nm) by a spectrophotometer. The absorption 

maximum is dependent on the solvent employed (Fotakis and Trimbell, 2006). 

2.3.5 Hepatoprotective Assay 

 The liver plays a central role in transforming and clearing chemicals and is 

susceptible to the toxicity from these agents. Other chemical agents, such as those used in 

laboratories and industries, natural chemicals (e.g., microcystins) and herbal remedies can 

also induce hepatotoxicity. Before a natural compounds was used as herbal remedy, it is 

better to measure the effect of its compounds to liver. 

 In this assay, it has been used HepG2 (human hepatoma cell line) cells to know the 

effect of compounds in liver. Silymarin, an extract from the seeds of the milk thistle plant, 

Silybum marianum, has been used as positive control due to its hepatoprotectant activity. 

Silymarin displayed the most potent suppression of T-cell proliferation. T-cell or T 

lymphocytes are a type of lymphocytes (itself a type of white blood cells) that play a 

central role in cell-mediated immunity, which it will become cytotoxic cell in greater 

number (Polyak, et al., 2010). 

 t-BHP has been known to decrease cellular proliferative life span and increase the 

proportion of cells’ positive senescence-associated enzyme activity. Thus, t-BHP has been 

used for the induction of stress-induced premature senescence. In addition, t-BHP damages 

DNA, resulting in cell death. Fuchs’ endothelial dystrophy and bullous keratopathy have 

been reported to be related to oxidative stress and apoptosis. (Shin, 2009). 
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III. MATERIALS AND METHODS 

 
3.1 Time and Place 

  This research was conducted in the Laboratory of Natural Products at National 

Pingtung University of Science and Technology in Pingtung, Taiwan. Research was 

conducted for 8 months from September 2012 until April 2013. 

 

3.2 First Research Stage 

 In figure below, it showed the first research stage to obtain the isolated compounds 

from air-dried stems of C. chinense. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
Figure 5. First Research Stage 

 

 

 

Air dried stems of C. chinense 
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Water layer  n-BuOH (normal buthanol) 
layer  

Water layer EtOAc (Ethyl Acetate) 
layer  

Extracted with MeOH 

Partition with ethyl acetate:water = 1:1 

Partition with n-BuOH:water = 1:1 
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3.2.1 Parts of Plant were Used 

 Freshly stems of C. chinense were used in this experiment. Plant was collected 

from Kinmen county, Taiwan. The picture of sample of this experiment was seen in Figure 

6. 

 

 

 

 

 

 

 

 

Figure 6. Air Dried Stems of C. chinense 

(DIYT.com) 

 

3.2.2 Sample Preparation 

 After collected, cut, and dried, sample were weighed and prepared for the next step. 

3.2.3 Extraction 

 Before extraction, firstly sample was macerated by methanol 95% for 5 days. The 

methanol as result of maceration was evaporated using rotary evaporation in 60°C and 55 

rpm. Crude methanol extract then prepared for partition step. 

3.2.4 Partition 

 Crude methanol extract was partitioned sequentially to obtain various layers by 

polarity differences. The crude methanol extract was suspended in water and partitioned 

sequentially using ethyl acetate and n-butanol. Partition was conducted using separatory 

funnel. 1 part of ethyl acetate or n-butanol was added with 1 part of water as solvent 

comparison. The water residue of ethyl acetate partition process was used for further step 

to obtain n-butanol layer. This process was taken for 1 hour to obtain n-butanol layer after 

water residue was added with n-butanol. Each step was repeated for 3 times. Each layer 

was concentrated using rotary evaporator at 60°C to obtain concentrated residue (brown 

color) and used for further bioactivity analysis. 
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3.2.5 Isolation using Column Chromatography 

 Compounds of ethyl acetate layer were isolated using column chromatography. The 

ethyl acetate layer was subjected on silica gel (230-400 mesh, E. Marck) with column size 

5x56 cm. Hexane and ethyl acetate solvent mixtures were used as an eluent by increasing 

the polarity and yielded some fractions. Fractions were collected in erlenmeyer about 250 

ml then concentrated using rotary evaporator and put on scintillation vial. For the last 

eluent, methanol was used to obtain fractions with high polarity. Finally, each fraction 

from column chromatography was confirmed by Thin Layer Chromatography (TLC). The 

ratio of eluent in column chromatography was showed in Table 1. 
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Table 1. Eluents for Silica Gel Chromatography of EtOAc Layer  

Fraction Solvent Composition and Ratio Volume (ml) 

Fr. 1 

Fr. 2 

Fr. 3 

Fr. 4 

Fr. 5 

Fr. 6 

Fr. 7 

Fr. 8 

Fr. 9 

Fr. 10 

Fr. 11 

Fr. 12 

Fr. 13 

Fr. 14 

Fr. 15 

Fr. 16 

Fr. 17 

Fr. 18 

Fr. 19 

Fr. 19 

Fr. 20 

Fr. 21 

Fr. 22 

Fr. 23 

Fr. 24 

Fr. 25 

n-hexane 

n-hexane/ EtOAc (99/1) 

n-hexane/ EtOAc (95/5) 

n-hexane/ EtOAc (92/8) 

n-hexane/ EtOAc (90/10) 

n-hexane/ EtOAc (88/12) 

n-hexane/ EtOAc (85/15) 

n-hexane/ EtOAc (80/20) 

n-hexane/ EtOAc (77/23) 

n-hexane/ EtOAc (75/25) 

n-hexane/ EtOAc (70/30) 

n-hexane/ EtOAc (67/33) 

n-hexane/ EtOAc (65/35) 

n-hexane/ EtOAc (60/40) 

n-hexane/ EtOAc (57/43) 

n-hexane/ EtOAc (55/45) 

n-hexane/ EtOAc (50/50) 

n-hexane/ EtOAc (47/53) 

n-hexane/ EtOAc (45/55) 

n-hexane/ EtOAc (40/60) 

n-hexane/ EtOAc (30/70) 

n-hexane/ EtOAc (25/75) 

n-hexane/ EtOAc (20/80) 

n-hexane/ EtOAc (10/90) 

EtOAc 

MeOH 

2000 

2000 

1500 

1500 

2000 

1500 

5000 

1500 

2000 

1500 

1500 

2000 

2000 

1500 

1500 

1500 

1500 

2000 

1500 

1500 

2000 

1500 

1500 

1500 

2000 

5000 

3.2.6 Confirmation by Thin Layer Chromatography (TLC) 

 Thin layer chromatography is a separation method to identify compounds present in 

a given mixture. Dried sample on vials were dissolved in dichloromethane (DCM). 

Samples then developed with suitable mobile phase. Compound separation was detected 

using UV light at 254 nm for short wavelength and 365 nm for long wavelength.  
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3.2.7 Separation using High Performance Liquid Chromatography (HPLC) 

 The preparative HPLC equipment used was Hitachi L-7110 LaChro Elite (Hitachi 

Inc., Japan) chromatography system, equipped with Waters R401 Differential 

Refractometer Detector or Bischoff Diffrential Refractive Index Detector RI 8120. The 

HPLC column was semi-preparative Thermo hypersilkeyston BETASIL silica 100 (5µm, 

250x10mm) column. The injection volume was 2 ml at a flow rate 1-2 ml/min. The HPLC 

results were collected in a vial. Spots and bands appearances were confirmed by TLC. Pure 

compound show in single spot of TLC and the structure was confirmed by NMR analysis. 

3.2.8 Identification by Nuclear Magentic Resonance (NMR) 

 1H NMR and 13C NMR spectra were measured using Varian, the Mercury Plus 400 

MHz, NMR. TMS (tetramethylsilane) was used as internal standard, δ chemical shifts ‘s’ 

as single peak (singlet), ‘d’ as double peaks (doublet)’ ‘t’ for three peaks (triplet), ‘q’ for 

quadropole peaks (quartet), ‘br’ stands for the broad peak (broad), and ‘m’ represents the 

multiple peaks (multiplet). 

 Proton or carbon nuclear test were conducted by dissolved samples in deuterated 

solvent of chloroform-d, kept sample in 5 mm NMR tube, determined by NMR which 

yield the peaks as electromagnetic wave absorption signal. Chemical shift is expressed in 

parts per million (ppm) unit relative to TMS as an internal standard. 

 

3.3 Preliminary Assays and Second Research Stage  

3.3.1 DPPH Assay 

 Antioxidant activity was conducted by their determination of scavenging activity 

against DPPH while the inhibition of lipid peroxidation production was conducted by FTC 

and TBA methods. 

 Radical scavenging activity against DPPH radical was determined with some 

modification according to Shimada, et al. (1992) method. Measured 2.1 mg DPPH radical 

and dissolved in 10 ml methanol as a 400 µM solution (final concentration is 0.4 mM). 

DPPH solution (150 µl) was added to 50 µl of tested samples or BHT (2 mg/ml) in 

methanol in each well of a 96-well flat-bottom EIA microtitration plate. The mixture kept 

in the dark for 90 min. The absorbance was measured using ELISA reader at 517 nm 

(Thermo Scientific Multiskan FC Microplate Photometer) against methanol without DPPH 

as the blank reference. 
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 The percentage of DPPH scavenging effect was calculated using the following 

equation: 

   Scavenging effect (%): [1-(A/A0)] x 100%, 

 A is the absorbance of samples and A0 is the absorbance of the control 

3.3.2 FTC Assay 

 FTC assay was conducted using Mackeen et al. method (Mackeen et al., 2000). 

Phosphate buffer 0.05 M (pH 7.0) prepared by measured 3.55 g of Na2HPO4 (disodium 

hydrogen phosphate) and 3.45 g of NaH2PO4·H2O (monosodium phosphate monohydrate) 

that dissolved in 1:1 of double destiled water (ddH2O). Measure pH value by pH meter 

(Syntex pH meter sp-2300). 

 1 mg sample was measured and dissolved in 1 ml ethanol (99.5%) and then put into 

screw cap vial 7 ml, added 1.025 ml of 25% linoleic acid, 2.0 ml of 0.05 ml phosphate 

buffer (pH 7.0) and mix solution with 0.975 ml of double destiled water. Mixed solution 

was put in oven in dark place at 40°C for 24h. 

 After 24 hours incubation, solution was mixed with 2.45% ethanol (v/v) and 25 µl 

30% ammonium thiocyanate. 3 minutes after added 25 µl of 3.5.5 hydrochloric acid in 

2x10-2 M ferrous chloride, measured the absorbance of mixture solution at 532 nm in 

ELISA reader (Thermo Scientific Multiskan FC Microplate Photometer). This step was 

repeated every 24 h interval until the control reach its maximum absorbance value. 

3.3.3 TBA Assay 

 TBA assay was used result of FTC assay as the sample. 0.3 ml of sample solution 

was added, 0.3 ml of 20% trichloroacetic acid and 0.5 ml of 0.67% thiobarbituric acid. The 

final sample concentration was 0.02% w/v. Kept sample in water a bath 100°C for 10 min. 

After cooling in room temperature, it was centrifugated at 3000 rpm for 20 min. 

Absorbance was measured at 532 nm in ELISA reader (Thermo Scientific Multiskan FC 

Microplate Photometer) by taking out 200 µl of supernatant and put in 96 well microtiter 

plates.  

 

3.4 Analysis of Data  

 Analysis of data for preparation, extraction, and partition sample was presented in 

gram (g). For DPPH and TBA assays, experiments were done in 4 replicate. The average 

of 4 replicate was added with standard deviation. Data were presented in graphic or table. 
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3.5 Research Framework 

 Research framework of this experiment can be seen in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Research Framework 

 

3.6 Biological Assays 

3.6.1 Antimicrobial Assay 

 Antimicrobial assay was divided into several parts, which are: 

 Preparation of paper disk: 

1. Prepare the solid agar plate and kept on 4 °C.  

Solid agar: dissolved 16 g medium powder in 400 ml of RO water  

2. Prepare the soft agar and put at 5 ml of glass tube, kept on 55 °C in water bath. 

Soft agar: NB (3.2 g of medium powder dissolved in 400 ml RO water), added by 

2.8 g Agar 

3. Add 200 µl of the bacterial suspension on soft agar (OD value is 0.3-0.4). 

4. Put the agar that contain the bacterial into the solid agar plate, made of double-layer 

tablet, wait until it solidified. 

5. Paper disk plane was added by 40 µl (1mg/ml) of antibiotics.   

Air dried stems of C. chinense 

Extraction and partition 

Crude extract and partitioned layers 

Isolation and purification of compounds by Column 
Chromatography, TLC, HPLC, and NMR 

Pure compounds 

Biological assays 

Preliminary assay: antioxidant assays 
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Final concentration of antibiotic is1 mg/ml: take 10 µl stock solution (10 mg/100 µl 

sterile water) and added to 90 µl of sterile water. 

6. Add 40 µl of tested sample solution:  

Blank group: 40 µl of 25% DMSO. 

Pure compound: The final concentration is 1 mg/ml: take 10 µl of stock solution (1 

mg/100 µl DMSO) and added to 90 µl 25% DMSO. 

7. Kept in 37 °C (incubator) for 15 hrs. 

3.6.2 Antihypertensive Assay 

 Antihypertensive activity was conducted by in vitro method. 1 µl of sample (1 

mg/ml) was added by 40 µl of HHL and placed this solution on 37 °C for 5 mins. After 5 

mins, add the solution by 20 µl of ACE and mixed it using vortex and kept on 37 °C for 30 

mins. To stop the reaction, the mixed solution should added by 30 µl ACN. 10 µl of 

Ferulic acid (2.5 mg/ml) was used as control. Finally, the mixed solution was centrifugated 

at 1000 rpm for 10 mins.  

 To determine the peak area by HPLC, it was used 2 kinds of solvent, which are 

acetic acid (aq) 80% as solvent A and 20% of solvent B (mixed of ACN and 2.5.% of acetic 

acid). Wavelength for HPLC is 228 nm with UV-Vis as the detector. 

3.6.3 Cytotoxic Assay 

 Cyototoxic assay was conducted by MTT assay. SK-Hep1 cells was used in this 

assay and prepare it on plate reader (1x105 cell/ml cell 96-well plate) with the 

concentration is 100 µl/well. After kept on 37 °C in 5% of CO2 for 12 hours, it was added 

by sample (25 µg/ml). And then, kept on 37 °C in 5% of CO2 for 48 hours, remove the 

medium and wash it twice time with PBS. About 20 µl of MTT solution (5 mg/ml) was 

added to each well and kept on 37 °C in 5% of CO2 for 4 hours. Remove all the solution 

again and wash it twice time by PBS. Finally, add 200 µl of DMSO to each well and 

measure the absorbance in 570 nm by spectrophotometer. 

3.6.4 Hepatoprotective Assay 

 Almost same with cytotoxic assay, this hepatoprotective assay also used MTT 

solution to read the absorbance. Firstly, prepare 3x105 cell/ml cell in 96-well plate (100 

µl/well) and kept it on 37 °C, 5% of CO2 for 24 hours. After that, add the sample (25 µg/ml) 

and kept it again in same condition like before (37 °C, 5% of CO2) for 2 hours. 10 µl of 

1.25mM t-BHP was added and kept on 37 °C, 5% of CO2 for 2 hours. Finally, do the same 

steps like MTT assay before. 
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IV. RESULTS 

 
4.1 Preliminary Assays Results 

4.1.1. DPPH Assay 

 DPPH assay was used to determine antioxidant activity of sample using DPPH 

reagent. From the picture below, it showed that only EtOAc and n-BuOH extracts showed 

higher antioxidant activity than BHT as positive control. From those results, EtOAc and n-

BuOH were selected as the candidate of further steps. 

 

 

 

 

 

 

 

 

 
Figure 8. Graphic of DPPH Result Assay 

 

4.1.2. FTC and TBA Assays 

 FTC and TBA assays were conducted to make sure of selected extract for the next 

steps. Both of FTC and TBA assays are include on antioxidant assay. Antioxidant activity 

is one of the most important properties of a substance due to its pathway was correlated 

with many chronic diseases.  Most of chronic diseases are begin from oxidizing reaction. A 

substance can called as inhibitor of chronic disease if that substance can act as antioxidant. 
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Figure 9. Graphic of FTC Result Assay 

Table 2. Result of FTC Assay 

Days control BHT 
MeOH 

extract 

EtOAc 

extract 

n-BuOH 

extract 

water 

extract 

0 0 0 0 0 0 0 

1 0.9 0.73 0.71 0.7 0.66 0.66 

2 0.95 0.84 0.61 0.68 0.84 1.07 

3 1 0.82 0.89 0.99 1.1 1.02 

4 1.12 0.81 0.74 0.57 0.77 0.96 

 

 As mentioned before, FTC assay is a method to determine antioxidant activity on 

inhibition of lipid peroxidation, in which the absorbance is maximum. Figure 9 showed 

that on the 3rd day the absorbance of all sample are maximum and in the 4th day, EtOAc 

extract showed the lowest absorbance. It indicated that EtOAc could inhibit the 

peroxidation reaction better than BHT as control. Due to the stability of lipid peroxide as 

first result of oxidation is less, FTC assay should be continued by TBA assay to measure 

2nd product of oxidation. 
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Figure 10. Graphic of TBA Result Assay 

 TBA assay was conducted to determine the MDA (malonaldehyde) as 2nd product 

of lipid peroxidation. Figure 10 showed that both of EtOAc and n-BuOH extracts have 

same antioxidant activity. While it was compared with BHT, those extracts showed lower 

antioxidant activity than BHT. 

 From FTC and TBA assay of EtOAc extract, it can conclude that EtOAc extract has 

better antioxidant acitivity of 1st product lipid peroxidation than the 2nd product. Also, from 

all antioxidant assays, EtOAc extract was choosen as selected layer for further step due to 

wider polarity index (4.4) than n-BuOH extract (4.0) which wider polarity means it can 

dissolve more organic compounds.  
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4.2 First Stage Experiment Result 

4.2.1 Extraction, Partition, and Isolation  

 Extraction processes including extraction, partition, and isolation was yield 50.4 g 

of EtOAc layer and continued by further experiment which obtained  bioactive major 

compounds, as seen in figure below. 

 

 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

Figure 11. Result of First Stage Experiment 

Fraction 

Air dried stems of C. 
chinense (2950 g) 

MeOH extract (228.5 g) 

Water layer (32.4 g) n-BuOH  layer (80 g) 

Water layer EtOAc  layer (50.4 g) 

1    2    3    4    5    6    7    8    9   10   11  12  13  14  15  16  17  18  19  20  21  22  23 24  25 
            1     2     3    5        7 
                          4    5 
              6    9 
              8 
 

Extracted with MeOH 

Partition with EtOAc:water = 1:1 

Partition with n-BuOH:water = 1:1 
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 EtOAc layer was used for further isolation using column chromatography. 25 

fractions were obtained from this layer and the weight of each fraction was summarized in 

Table 3.  

Table 3. Weight of Each Fraction from EtOAc Layer 

Fraction Weight (g) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1.3 

4.1 

0.7 

2.3 

0.7 

2.7 

2.7 

2.6 

3.5 

2.5 

2.9 

4.1 

2.7 

1.4 

1.2 

3.2 

4.7 

3.9 

11.4 

7.5 

4.3 

9.6 

3.7 

20.5 

13.5 
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4.2.2 1H NMR Results 

1. Lupeol  

    
HO

 

Figure 12. Chemical Structure of Lupeol 

 Lupeol (C27H44O3) with a molecular weight, 426.72 (Saleem, 2009) was identified 

as the first compound of C. chinense with compound data below.  

White amorphous powder; 1H-NMR (400 MHz, CDCl3) δH: 0.76, 0.80, 0.94, 1.00 (each 3 

H, s), 1.66 (3 H, s), 2.39 (1 H, m), 3.20 (1 H, dd, J= 4.8, 10.8 Hz), 4.54 (1 H, br s), 4.66 (1 

H, br s).  

 13C-NMR (CDCl3, 50 MHz) δ/ppm: 38.72 (t, C-1), 27.99 (t, C-2), 78.99 (d, C-3), 

38.86 (s, C-4), 55.31 (d, C-5), 18.33 (t-C-6), 34.30 (t, C-7), 40.84 (s, C-8), 50.45 (d, C-9), 

37.18 (s, C-10), 20.94 (t, C-11), 25.15 (t, C-12), 38.06 (d, C-13), 42.83(s, C-14), 27.42 (t, 

C-15), 35.59 (t, C-16), 43.00 (s, C-17), 47.98 (d, C-18), 48.31 (d, C-19), 150.93 (s, C-20), 

29.86 (t, C-21), 40.01 (t, C-22), 27.99 (q, C-23), 15.37 (q, C-24), 16.12 (q, C-25), 15.98 (q, 

C-26), 14.56 (q, C-27), 18.01 (q, C-28), 109.32 (t, C-29), 19.31 (q, C-30); EI-MS m/z 

(relative intensity) 426 ([M]+, 54), 411 (13), 220 (11), 218 (56), 207 (83), 189 (100), 175 

(37) (Chen et al., 1998). 
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Figure 13. 1H-NMR Spectrum of Lupeol (400 MHz, CDCl3) 

 

2. β-sitostenone 

O  

Figure 14. Chemical Structure of β-sitostenone 

 Second compound was identified as β-sitostenone with spectral data as follow: 1H-

NMR (400 MHz, CDCl3) δH: 0.68 (3 H, s, H-18), 0.79 (3 H, d, J=6.8 Hz, H-27), 0.80 (3 H, 

d, J=6.8 Hz, H-26), 0.82 (3H, t, J=7.6 Hz, H-29), 0.90 (3H, d, J=6.8 Hz, H-21), 1.15 (3H, s, 

H-19), 5.67 (1H, br s). 

 Prachayasittikul et al. (1998) reported that spectral data of β-sitostenone are: m.p. 

97-99°C; FTIR υmax (KBr) cm–1: 2936, 1681, 1464, 1378, 1228; 13C-NMR (CDCl3) δC: 

29.64 (CH-25), 35.60 (CH-8), 36.07 (CH-20), 45.81 (CH-24), 53.79 (CH-9), 55.85 (CH-

14), 55.99 (CH-17), 123.69 (CH-4), 11.14 (CH3-29), 11.90 (CH3-18), 18.65 (CH3-19), 
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18.98 (CH3-21), 19.75 (CH3-27), 20.99 (CH3-26), 21.10 (CH2-11), 23.04 (CH2-28), 24.14 

(CH2-15), 26.08 (CH2-23), 28.13 (CH2-16), 32.91(CH2-7), 33.86 (CH2-6), 33.93 (CH2-2), 

35.65 (CH2-22), 36.06 (CH2-1), 38.57 (CH2-12), 39.59 (C-10), 42.35 (C-13), 171.64 (C-

5),199.58 (C=O); MS m/z (% relative intensity): 412([M]+, 13), 397(27), 370(13), 288(26), 

271(39), 229(92), 187(26), 173(46), 147(57), 124(100). 
 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 15. 1H-NMR Spectrum of β-sitostenone (400 MHz, CDCl3) 

 

3. Octadecyl (E)-p-coumarate 
HO

O

O

16

 

Figure 16. Chemical Structure of Octadecyl (E)-p-coumarate 
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Figure 17. 1H-NMR Spectrum of Octadecyl (E)-p-coumarate (400 MHz, CDCl3) 

 Spectrum data of octadecyl (E)-p-coumarate are: 1H-NMR (400 MHz, CDCl3) δH: 

0.87 (3H, t, 6.9 Hz, H-18), 1.23 (3OH, br s, (CH2)17), 1.69 (2H, m, H-11), 4.18 (2H, t, 

J=6.7 Hz, H-10), 5.41 (1H, br s, Ar-OH), 6.30 (1H, d, J=15.9 Hz, H-8), 6.83 (2H, d, J=8.6 

Hz, H-2/H-6), 7.42 (2H, d, J=8.6 Hz, H-3/H-5), 7.55 (1H, d, J=15.9 Hz, H-7).  

 MS m/z: 416 ([M] +, 13), 207 (1), 177 (2), 164 (100), 147 (56), 119 (12), 107 (17). 
13C NMR (75 MHz, CDCl3): 14.07 (C-20’), 25.98 (C-30), 29.68 (C-4’-C-19’), 31.92 (C-

20), 64.63 (C-10), 115.75 (C-8), 115.85 (C-3/C-5), 129.92 (C-1), 132.00 (C-2/C-6), 144.34 

(C-24), 157.78 (C-4), 167.53 (C-9) (Fonseca, et al., 2000).  
 
4. Cycloeucalenol  

HH

HO

 

Figure 18. Chemical Structure of Cycloeucalenol 
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Figure 19. 1H-NMR Spectrum of Cycloeucalenol (400 MHz, CDCl3) 

 

 Data spectrum of cycloeucalenol: Colorless crystal; mp 138-139°C; [α]D+45 (c 2.9, 

CHCl3); EI/MS m/z 426 ([M] +, 10), 411(13), 408 (23), 393 (23), 327, 285, 269, 218, 203; 

IR (KBr) 3650, 3590, 1630, 895 cm−1; 1H-NMR (400 MHz, CDCl3) δH: 4.69 (1H, br. s, H-

30a), 4.63 (1H, br. s, H-30b), 3.24 (1H, m, H-3), 1.01 (3H, d, J= 6.4 Hz, H-26), 0.88 (3H, d, 

J= 6.4 Hz, H-27), 0.99 (3H, d, J= 6.0 Hz, H-29), 0.94 (3H, s, H-18), 0.87 (3H, s, H-28).  

 

5. Oleanolic acid and ursolic acid 

 

 

 

 

 

 

 

 
 

Figure 20. Chemical Structures of Oleanolic Acid (left) and  

Ursolic Acid (right) 

HO

C
O

OH

HO

C
O

OH
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Figure 21. 1H-NMR Spectrum of Oleanolic Acid and Ursolic Acid  

(400 MHz, CDCl3) 

 Spectral  data of ursolic acid are: 1H-NMR (400 MHz, CDCl3) δH: 1.52 (2H, m, H-

1), 1.58 (2H, m, H-2), 3.21 (1H, dd, J=6.4; 4.8 Hz, H-3), 0.74 (1H, m, H-5), 1.58 (2H, m, 

H-6), 1.52 (2H, m, H-7), 1.28 (1H, m, H-9), 0.94 (2H, m, H-11), 5.29 (1H, t, H-12), 1.85 

(2H, m, H-15), 0.96 (2H, m, H-16), 2.59 (1H, m, H-18), 1.20 (2H, m, H-19), 1.89 (2H, m, 

H-21), 1.23 (2H, m, H-22), 1.11 (3H, s, H-23), 0.84 (3H, s, H-24), 0.96 (3H, s, H-25), 0.75 

(3H, s, H-26), 1.23 (3H, s, H-27), 0.89 (3H, s, H-29), 0.88 (3H, s, H-30). 

 Spectral  data of oleanolic acid are: 1H-NMR (400 MHz, CDCl3) δH: 1.52 (2H, m, 

H-1), 1.58 (2H, m, H-2), 3.21 (1H, dd, J=6.4; 4.8 Hz, H-3), 1.58 (1H, m, H-5), 1.58 (2H, m, 

H-6), 1.52 (2H, m, H-7), 1.28 (1H, m, H-9), 0.94 (2H, m, H-11), 5.29 (1H, t, H-12), 1.85 

(2H, m, H-15), 0.96 (2H, m, H-16), 2.59 (1H, m, H-18), 3.20 (2H, m, H-19), 0.96 (1H, m, 

H-20), 1.89 (2H, m, H-21), 1.23 (2H, m, H-22), 1.11 (3H, s, H-23), 0.84 (3H, s, H-24), 

0.96 (3H, s, H-25), 0.75 (3H, s, H-26), 1.23 (3H, s, H-27), 1.03 (3H, s, H-29), 0.97 (3H, d, 

J= 9.2 Hz, H-30). 
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6. Stigmastan-3-one 

 

 

 

 

 

Figure 22. Chemical Structure of Stigmastan-3-one 

 

 

 

 

 

 

 

 

 

 
Figure 23. 1H-NMR Spectrum of Stigmastan-3-one (400 MHz, CDCl3) 

 Spectral data of stigmastan-3-one are: 1H-NMR (400 MHz, CDCl3) δH: 0.67 (3H, s, 

H-18), 0.84 (3H, d, J=6.8 Hz, H-27), 0.89 (3H, d, J=7.2 Hz, H-26), 0.80 (3H, t, J= 7.6 Hz, 

H-29), 0.93 (3H, d, J=6.5 Hz, H-21), 1.05 (3H, s, H-19). 

 13C-NMR (100 MHz, CD3OD) δC: 38.5 (t, C-1), 26.6 (t, C-2), 78.4 (d, C-3), 38.4 

(s,C-4), 55.1 (d, C-5), 18.0 (t, C-6), 34.0 (t, C-7), 40.6 (s,C-8), 50.2 (d, C-9), 36.8 (s, C-10), 

20.5 (t, C-11), 25.0 (t,C-12), 37.0 (d, C-13), 42.4 (s, C-14), 26.5 (t, C-15), 28.9 (t,C-16), 

47.4 (s, C-17), 47.5 (d, C-18), 48.5 (d, C-19), 150.4(s, C-20), 29.4 (t, C-21), 33.6 (t, C-22), 

27.5 (q, C-23), 15.0(q, C-24), 15.6 (q, C-25), 15.7 (q, C-26), 14.4 (q, C-27),59.5 (t,C-28), 

O
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109.2 (t, C-29), 18.7 (q, C-30); EIMS m/z (%): 442 ([M]+, 9), 427 (6), 412 (8), 411 (28), 

385 (5), 234(22), 220 (20), 207 (68), 203 (73), 189 (100), 175 (42), 135(73), 95 (71), 81 

(52) (Luo, et al., 2009). 
 
7. Betulin  

HO

OH

 

Figure 24. Chemical Structure of Betulin 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 25. 1H-NMR Spectrum of Betulin (400 MHz, CDCl3) 

 Compound data of betulin: 1H-NMR (400 MHz, CDCl3) δH: 0.64 (3H, s, H-24), 

0.66 (3H, s, H-25), 0.73 (3H, s, H-23), 0.79 (3H, s, H-26), 0.94 (3H, s, H-27), 1.65 (3H, s, 
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H-30), 2.36 (1H, t, H-18), 3.17 (1H, dd, J= 4.8, 10.6 Hz), 3.31 (1H, d, J= 10.8 Hz, H-28a), 

3.75 (1H, d, J= 10.8 Hz, H-28b), 4.55 (1H, s, H-29a), 4.65 (1H, s, H-29b). 

  

8. Ergone 

O  

Figure 26. Structure of Ergone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 27. 1H-NMR Spectrum of Ergone (400 MHz, CDCl3) 

 

 The characteristics of ergone are: light yellow needles from light petroleum, 

mp113–115◦C; 1H NMR (CDCl3, 400 MHz) 5.71 (1H, s, H-4), 6.03 (1H, d, J=9.5 Hz, H-6), 

6.60 (1H, d, J=9.5 Hz, H-7), 0.96 (3H, s, H-18), 1.02 (3H, s, H-19), 1.04 (3H, d, J=6.7 Hz, 
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H-21), 5.20 (1H, dd, J=15.3, 7.3 Hz, H-22), 5.23 (1H, dd, J=15.3, 7.3 Hz, H-23), 0.82 (3H, 

d, J=6.7 Hz, H-26), 0.83 (3H, d, J=7.0 Hz, H-27), 0.94 (3H, d, J=7.0 Hz, H-28);13C NMR 

(CDCl3, 125MHz) 34.3 (C-1), 34.4 (C-2), 199.4 (C-3), 123.3 (C-4), 164.4 (C-5), 124.7 (C-

6), 134.1 (C-7), 124.7 (C-8), 44.7 (C-9), 37.0 (C-10), 19.2 (C-11), 35.9 (C-12), 44.2 (C-13), 

156.1 (C-14), 25.6 (C-15), 27.8 (C-16), 56.0 (C-17), 19.2 (C-18), 16.8 (C-19), 39.4 (C-20), 

21.4 (C-21), 135.2 (C-22), 132.8 (C-23), 43.1 (C-24), 33.3 (C-25), 19.8 (C-26), 20.1 (C-

27), 17.8 (C-28) (Zhao et al., 2010). 

 

9. 24-ethyl-5α-cholest-7-en-3β-ol 
 

 

 

 

 

 

 
Figure 28. Structure of 24-ethyl-5α-cholest-7-en-3β-ol 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 29. 1H-NMR Spectrum of 24-ethyl-5α-cholest-7-en-3β-ol 

HO
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  NMR spectral data of 24-ethyl-5α-cholest-7-en-3β-ol are described: EI-MS (m/z, 

relative intensity) 414 ([M]+, 100). HREIMS m/z 414.3856 (Calcd for C29H50O 414.3862). 
1H NMR (CDCl3, 400 MHz) 0.90 (1H, s), 1.25 (1H, s), 3.60 (1H, m), 1.19 (1H, s), 5.14 

(1H, m), 1.55 (1H, s), 1.21 (1H, s), 1.20 (1H, s), 0.51 (1H, s), 1.23 (1H, s), 0.91 (1H, d, 

J=6.4 Hz), 0.80 (1H, d, J=2.0 Hz), 0.82 (1H, d, J=6.8 Hz), 0.79 (1H, t, J=4.4 Hz) 

(Tasdemir, et al., 2007). 

 

4.3 Second Stage Experimental Result  

 Before continue for further biological analysis, mass of all the compounds should 

be determined. Weight of each compound should be enough to do all biological activity, 

and Table 4 was showed mass of all isolated compounds. 

Table 4. Weight of Each Compound in mg 

Compounds Mol. Weight 

(literature) 

Mass (mg) 

Lupeol  C30H50O 426.7 28 

β-sitostenone  C29H48O 412.7 21 

Octadecyl (E)-p-coumarate  C30H50O 426.7 30 

Cycloeucalenol  C27H44O3 416.6 64 

Oleanolic acid mixed with  

Ursolic acid 

C30H48O3 456.7 1084 

Stigmastan-3-one C29H50O 414.7 62 

Betulin  C30H50O2 442.7 600 

Ergone  C28H40O 392.6 60 

24-ethyl-5α-cholest-7-en-3β-ol C29H50O 414.4 20 

 
 Based on information from Table 4, only mixture of oleanolic acid mixed and 

ursolic acid and betulin were continued to the next step for biological activities. It because 

only mass of those compounds are enough for further analysis. Biological properties were 

divided into several assays, which are: antimicrobial, antioxidant, antihypertensive, 

cytotoxic, and hepatoprotective assays. 
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4.3.1 Antimicrobial Activity 

 Antimicrobial activities of isolated major compounds against some microbial 

strains were showed in table below. Results showed that both of isolated major 

compounds have little effect of antimicrobial activity. 

Table 5. Antimicrobial Activities of Isolated Major Compounds 

Compounds 
Stenotrophomonas 

maltophilia G (-) 

Bacillus 

subtilis  

G (+) 

Pseudomonas 

aeruginosa  

G (-) 

Control 2.4 2.4 2.0 

Mixture of oleanolic acid 

and ursolic acid 
0.8 0.9 0.9 

Betulin 0.8 0.9 0.9 

Diameter of inhibition zone was expressed in cm. 

4.3.2 Antioxidant Activity 

 Similar with preliminary assay, antioxidant acitivity of major isolated compound 

was conducted by DPPH assay with result showed in Figure 30. 

 

 

 

 

 

  

 

Figure 30. Antioxidant Activity of Isolated Major Compounds 

 DPPH assay was conducted to determine antioxidant activity of isolated 

compounds. Both of isolated compounds, mixture of oleanolic aicd and ursolic acid and 

also betulin, were showed un-significant scavenging effect of DPPH assay. Scavenging 

activity is relevant with inhibition activity of sample to inhibit oxidation reaction of DPPH 
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that showed in converting color from deep purple to yellow. Results showed that both of 

isolated compounds have little effect of antioxidant compare to BHT as positive control. 

4.3.3 Antihypertensive Activity 

 Antihypertensive activities of isolated major compounds were determined by ACE 

in vitro assay using HPLC machine. It was used HHL as the substrate to yield HA or 

hippuric acid as the product. The activity was showed as a peak in Figure 31. HHL as 

substrate showed in retention time 4.67 minutes, HA in 6.37 minutes, and betulin as 

sample in 10.52 minutes. Exact value of antihypertensive activites of each isolated 

compound was showed in Table 6.  
 

 

 

 

 

 

 

 

 

 

Figure 31. Antihypertensive activity of Betulin 

Table 6. Antihypertensive Activities of Isolated Major Compounds 

  Sample % inhibition 

Captopril  (positive control) 89 

Oleanolic acid mixed with ursolic acid 5.3 

Betulin  76.2 
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 From Table 6, results showed that mixture of oleanolic acid and ursolic acid was 

not significantly effect on HHL and it was result high peak of HA in 6.38 mins. On the 

other hand, betulin showed significant antihypertensive activity based on the decreased 

number of HA.  

4.3.4 Cytotoxic Activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Results of Cytotoxic Assay 

 

 In order to determine the toxicity value of isolated compounds, cytotoxic assay was 

conducted by using SK-Hep1 cells in MTT method. Figure 32 was showed significant 

inhibition rate of SK- Hep1 cells from both of isolated compounds, mixture of oleanolic 

acid and ursolic acid also betulin, compare to 5-FU (5-fluorodeoxyuridylate) as positive 

control in dose-dependent.  
 

 

 

1: DMSO; 2: 5-FU 0.78µg/ml; 3: 5-FU 0.39µg/ml; 4: Oleanolic acid & ursolic acid;  
5: Betulin 
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4.3.5 Hepatoprotective Assay 

 

 

 

 

 

 

 

 

 

 

 
Figure 33. Results of Hepatoprotective Assay 

 

 For the last biological assay, the result of hepatoprotective assay was showed in 

Figure 33. It was conducted by t-BHP (t-butylated hydroxytoluene) assay which t-BHP 

used as inducer of carcinogenic of HepG2 cells and result 56.18 of 100% healthy cells. 

Compare to silymarine as positive control in different concentrations, both of isolated 

compounds showed little hepatoprotective activity, in 52.5% and 46.02% for betulin and 

mixture of oleanolic acid and ursolic acid, respectively.  

S2: silymarine 200 µg/ml; S1: silymarine 100 µg/ml; OA&UA: mixture of oleanolic acid 
and ursolic acid 
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V. DISCUSSION 

 
5.1 Discussion of Preliminary Assay Results 

 DPPH is a well-known radical and a trap ("scavenger") for other radicals. Therefore, 

rate reduction of a chemical reaction upon addition of DPPH is used as an indicator of the 

radical nature of that reaction. Because of a strong absorption band centered at about 517 

nm, the DPPH radical has a deep violet color in solution, and it becomes colorless or pale 

yellow when neutralized. This property allows visual monitoring of the reaction, and the 

number of initial radicals can be counted from the change in the optical absorption at 517 

nm or in the EPR signal of the DPPH. Figure 8 showed that BHT as a control has 

scavenging effect is 85.3%. As compared to the control, n-BuOH layer showed the highest 

scavenging effect continued by EtOAc layer. It can be a reason that EtOAc layer need 

further biological assay because it have high antioxidant effect. Even n-BuOH has higher 

scavenging effect than EtOAc layer, but compounds contain in these layers are different. 

About other the two extract, which are MeOH and water extract, figure showed that both 

of extract have lower antioxidant activity than EtOAc and n-BuOH extracts. For 

information, MeOH layer was partitioned into 3 extracts, which are EtOAc, n-BuOH, and 

water extract. It can conclude that partition can reduce number of impurities and increase 

purity of compound, and EtOAc showed the best solvent to reduce those impurities. 

 FTC assay was used an indication of lipid peroxidation production at initial stage. 

Higher absorbance was indicated that high concentration of peroxides formed. The 

absorbance can measured every 24 h until reached maximum absorbance where n-BuOH 

showed the highest absorbanced in third day. Figure 9 showed that there is a peak sharp in 

the first day of incubation, which means that oxidation product already yield. Figure 26 

also showed that EtOAc extract can reduced the peroxides as the result of oxidation in the 

best percentage. The same pattern of EtOAc was shown in n-BuOH extract in lower 

antioxidant activity. Those 2 extracts showed the best condition as antioxidant agent in the 

third day. This result can happen due to the composition of compounds dissolved in those 

solvents. Aditionally, more compounds dissolved in, it means have more antioxidant 

activity. 

 For the lipid peroxidation inhibitory effects, besides the structural effects, other 

factors, such as the hydrophobicity of the compounds should be taken into account (Silva, 

et al., 2005). There are various types of phytochemicals, including flavonoids, coumarins, 
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xanthones, phenyl-propanoids and terpenoids, which are effective in preventing lipid 

peroxidation (Asgarpanah, et al., 2013). 

 TBA assay was used to measure lipid peroxidation production at the later stage by 

produce MDA (malonaldehyde) and formed pink as color  as the result. This assay was 

used the products from FTC assay that had been incubated for several days. The 

measurement conducted at day fourth where the absorbance of FTC products reach the 

maximum value. BHT as a positive control showed 60.37% inhibition. Another study 

showed BHT inhibit lipid peroxidation production at later stage about 63% which is 

similar to the present study (Faujan, et al., 2009). EtOAc layer inhibition is 43.56% which 

is lower than two other layers (n-BuOH and water layers). From Table 2, result showed 

that EtOAc extract is the best source of antioxidant agent even compare with BHT as the 

positive control, because the number of lipid peroxidation product is the lowest than others. 

This result was similar showed in the past 2 assays before. From all DPPH, FTC, and TBA 

assays, EtOAc extract showed the best value as preliminary result before continue to the 

next step for compounds isolation. 

 

5.2 Discussion of First Stage Experiment Results 

 In order to isolate major compounds of C. chinense, partition is the first step to 

reduce the impuries of crude extract. 25 fractions were obtained after partition by EtOAc, 

n-BuOH, and water solvents. Each weight of the fractions was showed in Table 3. Based 

on the weight and the spot of crude extract in TLC (figure not shown), fractions 9 to 23 

were used to isolate the pure compounds. 
 Lupeol is the first compound that was isolated from fraction number 9. Spectral 

data of lupeol revealed typical signals of a pentacyclic lupene type triterpene with the 

NMR signals for olefinic protons at δH 4.66 and 4.54 (br s, H-29), the hydroxymethine 

proton at δH 3.20 and five singlet tertiary methyl group at δH 0.76, 0.80, 0.94, 1.00, 1.66 

(H-23 to 28 and 30, respectively) (complete assignment referred to Fotie, et al., 2006 and 

Lutta, et al., 2008). 

 As bioactive compound in antioxidant activity, Senthikumar et al. (2008) 

mentioned that a methanolic extract of Careya arborea which contain of lupeol increased 

the antioxidant parameter as well as the superoxide dismutase and catalase enzyme level in 

liver and kidney tissue of tumor bearing mice. Furthermore, treatment with lupeol also 
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increased antioxidant levels, with a decrease in the level of thiobarbituric acid-reactive 

oxygen species (Gupta, et al., 2012). 

 In addition to its antioxidant modulating action, topical lupeol pretreatment on 

TPA-induced mouse skin cancer significantly reduced skin edema, hyperplasia and tumor 

incidence as well as inhibited PI3K (phosphatidyl inositol kinase) activation, Akt (protein 

kinase B) phosphorylation, NF-ĸB and IKKα activation, phosphorylation and degradation 

of IĸBα (Saleem, et al., 2004). 

 The activities of pancreatic antioxidants such as superoxide dismutase (SOD), 

catalase (CAT), reduced glutathione (GSH), glutathione-S-transferase (GST), glutathione 

peroxidase (GPx) and ascorbic acid were reduced significantly in diabetic rats. The 

antioxidant activity of lupeol might have been due to the inhibition of glycation caused by 

the antioxidant enzymes SOD and CAT (Gupta, et al., 2012). 

 Lupeol has been found to exhibit antimicrobial activity against a wide range of 

commonly encountered microbes. Lupeol is reported to inhibit the growth of a several 

types of bacteria, fungi and viral species. Lupeol has been found to act as an effective anti-

bacterial agent when tested against both gram positive and gram negative bacteria. These 

include B. cereus, B. megaterium, B. subtilis, S. aureus, S. lutea, S. paratyphi, S. typhi, S. 

boydi, S. dysenteriae, V.mimicus, V. parahemolyticus, E. coli, D. spinosa, K. pneumoniae, 

S. aviatum, P. aeruginosa, and M. flavus (Siddique and Saleem, 2011). 

 β-sitostenone is a triterpenoid with diverse activities such as significant 

hypoglycemic, antiarrhythmic, and pronounced anti-tubercular activities (Prachayasittikul, 

et al., 2009). Furthermore, additional information about β-sitostenone still in observed.  

 Octadecyl (E)-p-coumarate was obtained as white amorphous powder. Its UV 

absorbance at 227 and 312 nm showed the presence of substituted benzene ring where as 

its 1H-NMR spectrum showed signals for olefinic protons at δ 7.55 (1H, d, J= 15.9 Hz) and 

6.30 (1H, d, J= 15.9 Hz), 7.42 (2H, d, J= 8.6 Hz) and 6.83 (2H, d, J= 8.6 Hz) are aromatic 

proton, and aliphatic chain at δ 4.18 (2H, t, J= 6.5 Hz), 1.69 (2H, m), 1.23 (3 OH, br s), 

0.87 (3H, t, J= 6.0 Hz) indicated this compound could be alkyl (E)-p-coumarate. The 

molecular formula of this compound is C27H44O3 (Parveen, et al., 2012). 

 Biological activity of octadecyl (E)-p-coumarate is not deeply explored. Parveen et 

al. (2012) reported that scavenging effect of this compound in DPPH assay is 23.9±0.2% at 

concentration 0.5 mM. 
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 Cycloeucalenol is a triterpenoid type and was dissolved in deuterated chloroform 

(CDCl3) for NMR analysis (1H, 13C and 2D experiments). Cycloeucalenol has a double 

bond between position C-24 and C-30. The 1H-NMR spectrum revealed the presence of 

two exomethylene protons at δH 4.69 (br s) and 4.63 (br s), one oxygenated methine proton 

at δH 3.24 (m), five methyl protons [δH 1.01 (d), 0.88 (d), 0.99 (d), 0.94 (s), and 0.87 (s)], 

and two methylene protons of a cyclopropyl group at δH 0.11 (d) and 0.36 (d) (Song, et al., 

2007). 

 The 1H NMR of cycloeucalenol exhibited olefinic proton as a double doublet at δH 

4.71 ppm, cyclopropyl protons as doublets at δH 0.17 and 0.38 ppm, methylene protons of 

the ring at δH 1.08-1.39, methyl proton at δH 0.91-1.60 ppm, methine proton next to 

hydroxy group as a multiplet at δH 3.20-3.28 ppm. The 13C NMR spectrum of 

cycloeucalenol exhibited 30 carbon signals, made up of double bond (C24-30) at δC 105.6 

and 156.2 ppm, the methylene carbon (C-19) of cyclopropyl (δC 26.9 ppm), the methine 

carbon (C-3) next to the hydroxyl group (δC 76.3 ppm) (Kongkathip, et al., 2002). 

 It is common to isolate the ursolic acid with oleanolic acid mixture due to molecule 

similarity, yet a few differences between them enable telling them apart through NMR, due 

to the difference between the H-18, C-18, C-12, C-13 and C-29 chemical shifts, and mainly 

on account of H-29 being a doublet for ursolic acid, and a singlet for oleanolic acid 

(Martins, et al., 2013).  

 Presence of several signals in the shielded region between ߜH 0.7 and 1.2 (s), 

characteristic of methyl protons; one signal at ߜH 5.32 (t) characteristic of olefinic proton, 

and also two signals at δH 3.21 (dd, J=10.7; 4.7 Hz) and 3.20 (dd, J=10.8; 4.9 Hz) which 

agree with carbinolic protons. All this data suggests the mixture of two triterpenes. 

 The 1H-NMR spectrum from these compounds showed several signals at the 

shielded region, between ߜH 0.74 and 1.28 characteristic of methyl protons, moreover two 

signals were observed at 5.29 (t) characteristic of olefinic proton, which were assigned to 

H-12 in triterpenes, characterizing the ursane skeleton of substance (Martins, et al., 2013). 

 The methyl substitution in ring E is the only skeletal difference in oleanolic acid 

and ursolic acid. It is interesting to note though the significant chemical shift difference of 

the allylic H-19, which resonates at δH 1.2 and 3.2 ppm for OA and UA, respectively 

(Kontogianni, et al., 2009).  

 From biological assay in antimicrobial activity, studies conducted by Higuchi et al. 

reported mixture MIC (minimum inhibitory concentration) of the oleanolic and ursolic 
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acids to be 62.5 ߤg/ml. Other studies showed the growth inhibitory activity against 

Mycobacterium tuberculosis with a MIC of 16 ߤg/ml for oleanolic acid and 50 ߤg/ml for 

ursolic acid. Ge et al. also obtained better MIC value for oleanolic acid (MIC of 28.7 

 These latter examples showed each .(g/mlߤ MIC of 41.9) g/ml) than that for ursolic acidߤ

isolated compound to exhibit a better MIC than the mixtures. The high lipophilicity of 

terpenes is probably the main factor that allows their penetration through the mycobacterial 

cell wall. Other studies showed these substances inhibited 99% the growth of M. 

tuberculosis H37Rv. The literature data reported that oleanolic acid has a synergistic effect 

when combined with isoniazid, rifampicin, or ethambutol (first line anti-tubercular drugs) 

(Martins, et al., 2013).  

 From betulin, a doublet of doublets was present at δH 3.17 ppm, which is 

characteristic of an α-oriented proton at C-3 of a 3β-hydroxy triterpene. Singlets for 

geminal protons at δH 4.65 and 4.55 ppm, along with the methyl group at δH 1.65 ppm, 

suggests that this compounds was a lupeol-type triterpene derivative. Another pair of 

doublets at δH 3.78 and 3.31 ppm, rather than a seventh methyl singlet around δH 0.8 ppm, 

confirms the presence of a second hydroxyl group at C-28 (Tijjani, et al., 2012). 

 The molecular weight of ergone was established by the ESI-mass measurements, 

which provided a quasi-molecular ion peak at m/z 391 [M-H] in negative mode, suggesting 

the molecular weight to be 392. The 1H NMR spectrum of 2 in mixture of CD3OD and 

CDCl3 exhibited signals due to six methyl protons at δ0.8~1.2, methylene and methane 

protons at δ1.3~2.7, and five methine protons at δ 5.2, 5.3, 5.7, 6.1 and 6.7, suggesting that 

this compound was triterpenoids (Lee, et al., 2008). 

 The structure was elucidated by spectral data such as IR, MS, 1H and 13C-NMR 

spectra. Compound obtained from the hexane soluble part of the ethanol extract of sclerotia 

of P. umbellatus was isolated as yellow amorphous powder and showed molecular ion 

peak at m/z 392 [M]+ and 267 [M-C9H17]+ in the EI-MS spectrum. The 1H-NMR spectrum 

showed the presence of two tertiary methyl groups at δ0.93 (3H, s, H3-18) and 0.97 (3H, s, 

H3-19) and four secondary methyl groups at δ0.80 (3H, d, J=6.7 Hz, H3-26), 0.82 (3H, d, 

J= 6.7 Hz, H3-27), 0.90 (3H, d, J= 6.7 Hz, H3-28), and 1.30 (3H, d, J= 6.7 Hz, H3-21). 

 Ergone is a fungal metabolite derived from ergosterol. It has been previously 

isolated and identified from a sponge, Dysidea herbacea. According to Yuan et al., ergone 

may be used as a marker component for the chemical standardization of Polyporus 
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sclerotium. It was also reported that ergone has an anti-aldosteronic diuretic effect (Lee, et 

al., 2005). 

 Ergosta-4,6,8(14),22-tetraen-3-one (ergone) is one of the best known bioactive 

steroids, which exists widely in medicinal fungi, lichen and plant such as Polyporus 

umbellatus, Russula cyanoxantha, Cordyceps sinensis, Vietnamese xylaria and Zopfiella 

longicaudata. Ergone, one of the major steroids isolated from the sclerotia of P. umbellatus, 

has been reported to possess diuretic activity, anticancer activity, inhibitory activity of 

nitric oxide production, and immunosuppressive activity. We have recently reported the 

diuretic components of P. umbellatus by bioactivity-guided method, shows that ergone has 

diuretic activity, which is consistent with the previous report (Zhao, et al., 2010). 
 
5.3 Discussion of Second Stage Experiment Result  

5.3.1 Antimicrobial Activity 

 Antimicrobial activity was conducted against three kinds of bacteria, which are 

Stenotrophomonas maltophilia as gram positive, and both of Bacillus subtilis and 

Pseudomonas aeruginosa as gram negative. Each of those bacteria has different 

characterization of cell wall. Gram positive have thicker peptidoglycan inside of the cell 

wall than gram negative.  

 Both of isolated major compounds showed little effect against all of bacteria that 

showed in inhibition zone area. Compound can called as antimicrobial agent if the result 

showed clear zone bigger than the control. Oleanolic acid mixed with ursolic acid also 

betulin did not showed antimicrobial activity probably due to the recognition site. Cell wall 

of bacteria can’t recognize the structure of those compounds and it can’t blend with 

bacteria to attack the antibiotic. 

 P. aeruginosa as gram negative is intrinsically resistant to several antibiotics 

because of the low permeability of its outer-membrane, the constitutive expression of 

various efflux pumps, and the production of antibiotic-inactivating enzymes. Furthermore, 

it also has a remark-able capacity to develop or acquire new mechanisms of resistance to 

antibiotics. Betaine aldehyde dehydrogenase (BADH) is a target enzyme for inhibition of P. 

aeruginosa growth. Glycine betaine, the product of the BADH catalyzed reaction, is an 

effective osmoprotectant and most likely acts as such in bacterial cells growing in the 

hyperosmotic environment of infected tissues (Mesaros, et al,. 2007). 
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 Efflux pumps are common components of multidrug-resistant S. maltophilia isolate, 

and prevent accumulation of antibacterial drugs within the bacterium, extruding the drugs 

from the cell before they have the opportunity to achieve an adequate concentration at the 

site of action. The efflux pumps often work together with the limited permeability of the S. 

maltophilia outer membrane to produce resistance. The multidrug efflux systems of S. 

maltophilia are composed of 3 proteins that are structurally and functionally joined. S. 

maltophilia and other gram-negative bacteria possess both an outer membrane and a 

cytoplasmic membrane, which flank the periplasmic space. The tripartite efflux system is 

required for effective removal of compounds across both membranes of the cell (Tenover, 

2006). 

 The low membrane permeability that contributes to resistance to some antibiotics 

including bioactive compounds and the presence of chromosomally encoded multidrug 

resistance efflux pumps, and antibiotic-modifying enzymes all contribute to the intrinsic 

antibiotic resistance of S.maltophilia. Environmental intrinsically resistant bacteria such as 

S. maltophilia were suggested to use their metabolic machinery to detoxify and break down 

harmful compounds (Brooke, 2012). 

 Most antimicrobial agents used for the treatment of bacterial infections including B. 

subtilis may be categorized according to their principal mechanism of action, which are: (1) 

interference with cell wall synthesis, (2) inhibition of protein synthesis, (3) interference 

with nucleic acid synthesis, and (4) inhibition of a metabolic pathway. 

5.3.2 Antioxidant Activity 

 Similar result also showed in antioxidant activity by DPPH assay. Both of isolated 

major compounds have little effect of antioxidant compare to the BHT as positive control. 

It caused by different structure of hydroxyl group. BHT has hydroxyl group that easily to 

detect by free radical. But isolated major compounds have different recognition structure 

of hydroxyl group which free radical can’t detect it and oxidation reaction was occur. 

Antioxidants may be broadly grouped according to their mechanism of action: primary or 

chain breaking antioxidants and secondary or preventive antioxidants. 

 According to this classification, some antioxidants exhibit more than one 

mechanism of activity, therefore, referred to as multiple-function antioxidants. Another 

commonly used classification categorizes antioxidants into primary, oxygen scavenging, 

and secondary, enzymatic and chelating/sequestering antioxidants.  
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 Primary antioxidants are also referred to as type 1 or chain-breaking antioxidants. 

Because of the chemical nature of these molecules, they can act as free radical 

acceptors/scavengers and delay or inhibit the initiation step or interrupt the propagation 

step of autoxidation. The primary antioxidants (AH) react with lipid and peroxy-radicals 

(ROO·) and convert them to more stable, non-radical products.  

 Secondary antioxidants are also classified as preventive or class II antioxidants. 

They offer their antioxidant activity through various mechanisms to slow the rate of 

oxidation reactions. The main difference with primary antioxidants is that the secondary 

antioxidants do not convert free radicals into stable molecules. They act as chelators for 

pro-oxidant or catalyst metal ions, provide H to primary antioxidants, decompose 

hydroperoxide to non-radical species, deactivate singlet oxygen, absorb ultraviolet 

radiation, or act as oxygen scavengers. Although DPPH is a comparatively stable free 

radical at room temperature, it is not water soluble and the reaction mechanism between 

the antioxidant and DPPH radical depends on the structural conformation of the 

antioxidant (Wanasundara and Shahidi, 2005). 

 The antioxidant effectiveness is influenced by the chemical properties of the 

compound including hydrogen bond energies, resonance delocalization, and susceptibility 

to autoxidation. The ability of the primary antioxidant molecule to donate a hydrogen atom 

to the free radical is the initial requirement. The ability of the free radical interceptor 

(scavenger) to donate a hydrogen atom to a free radical can be predicted from standard 

one-electron potentials. The compounds that exhibit primary antioxidant activity include 

polyhydroxy phenolics as well as the hindered phenolics. There are several synthetic ring-

substituted phenolics as well as naturally occurring phenolic compounds that may perform 

via the primary antioxidant mechanism. The common feature of all of these antioxidants is 

that they are mono-or polyhydroxy phenols with various ring substitutes. 

5.3.3 Antihypertesive Activity 

 ACE is one of the most important enzymes in hypertension pathway. ACE could 

convert HHL as the substrate to HA as the product. Result of in vitro showed that 

antihypertensive agents have higher peak of HHL and lower peak of HA because ACE was 

inhibit by those agents. 

 Different result showed in antihypertensive activity. Betulin showed higher 

antihypertensive activity than oleanolic acid and ursolic acid. It could be caused by 
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different mechanism of inhibition. Even the activity of betulin is lower than captopril as 

positive control, betulin can act as antihypertensive activity in unknown mechanism.  

 As mentioned before, oxidation is initial reaction for hypertension which HHL 

reacted with ACE and resulted HA as the product. Commonly, result of antioxidant was 

indicated antihypertensive activity. Otherwise for betulin, result was showed the opposite. 

May it caused by different perception of the results. DPPH assay was conducted to 

determine antioxidant activity especially for primary antioxidant. Whether it primary or 

secondary antioxidant, betulin need further investigation for relationship between 

antioxidant and antihypertensive activity. For betulin, no investigations in literature have 

been reported on correlation with the antihypertensive activity to our knowledge. This 

result gives orientation to test these compounds with tests in vivo what is most important. 

5.3.4 Cytotoxic Activity 

 The MTT assay is a colorimetric assay for measuring the activity of cellular 

enzymes that reduce the tetrazolium dye, MTT, to its insoluble formazan, giving a purple 

color. This assay measure cellular metabolic activity via NAD(P)H-dependent cellular 

oxidoreductase enzymes and may, under defined conditions, reflect the number of viable 

cells (cell proliferation). Tetrazolium dye assays can also be used to measure cytotoxicity 

(loss of viable cells) or cytostatic activity (shift from proliferative to resting status) of 

potential medicinal agents and toxic materials. MTT assay usually done under dark area 

since MTT reagent is sensitive to light (Wanasundara and Shahidi, 2005).  
 Result from Figure 32 showed that both of isolated compounds have significant 

effect in cytotoxic acitivity similar with the 5-FU as the control. It indicated that mixture of 

oleanolic acid and ursolic acid also betulin have unknown mechanism to inhibit the growth 

of SK-Hep1 cancer cells. While C-28 hydroxy group of betulin is oxidized to the 

corresponding betulinic aldehyde, cytotoxicity is increased against the same cancer cell 

lines by several folds. Further oxidation of betulinic aldehyde to betulinic acid did not have 

so much effect on cytotoxicity. In addition, methyl betulinate has approximately the same 

cytotoxicity profile as betulinic aldehyde. Probably aldehyde group has specific effect on 

cytotoxic activity  (Sami, et al., 2006). 

5.3.5 Hepatoprotective Activity 

 Liver as the source of the cells plays a pivotal role in the regulation of various 

physiological processes in the body such as carbohydrate metabolism and storage, fat 

metabolism and bile acid synthesis. Besides being the most important organ involved in the 
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detoxification of various drugs as well as xenobiotics in our body. It is highly susceptible 

to damage by xenobiotics and drugs owing to its continuous exposure to these toxicants via 

the portal blood circulation. Various chemicals like tert-butyl hydroperoxide (t-BHP), 

galactosamine (GalN), paracetamol, carbon tetrachloride (CCl4-), acetaminophen, and 

alcohol can cause potential damage to the liver cells leading to progressive dysfunction. 

Most of the hepatotoxic chemicals cause damage to the hepatocytes by inducing lipid 

peroxidation. Thus, the disorders associated with liver are numerous and varied. However, 

no effective treatment that delays the disease progression and complication in liver has 

been found yet. Further, most of the available remedies support or promote the process of 

healing or regeneration of the liver. As a result, owing to the absence of proper medication, 

the focus has now considerably shifted toward plants as alternative therapies for the 

treatment of hepatic damage. 

 The organic hydroperoxide tert-butyl hydroperoxide (t-BHP) has served as useful 

model to investigate the mechanism of cell injury through its ability as an initiator of 

oxidative stress by forming covalent bonds with cellular molecules, resulting in cell injury. 

It is metabolized to free radical intermediates through reactions by cytochrome P450 

enzymes to yield tert-butoxy and methyl radicals. It causes leakage of lactate 

dehydrogenase (LDH) and formation of malonydialdehyde in hepatocytes. Furthermore, t-

BHP causes the depletion of cellular glutathione levels and can also induce DNA damage. 

Thus, t-BHP has been used for the induction of stress-induced premature senescence.  

 Since all these phenomenons resemble the conditions that occur during oxidative 

stress in the cells and tissues, compounds with antioxidant properties can be used to treat t-

BHP induced cytotoxicity and the resultant liver disorders. Hepatoprotectants, therapeutic 

agents that prevent damage to the liver, currently include both synthetic as well as natural 

products. However, to search for newer and better hepatoprotective agents, natural 

resources such as traditional medicinal plants have always been considered as an important 

source for new molecules to be used as medicines. After treatment with t-BHP, cell 

viability was decreased with the impairment of membrane integrity.  

 Silymarin, a purified extract from Milk Thistle (Silybum marianun), is a poly-

phenolic flavonoid that is comprised of four flavonolignans with silibinin being the main 

active ingredient. The mechanism for this effect is thought to be its ability to trap free 

radicals, thereby, producing a membrane stabilizing effect. Treatment with low dose 

silymarin is not thought to provide any beneficial effect while higher doses have been 
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shown to provide a therapeutic effect in reversing the fibrosis produced from prolonged 

CCl4-treatment in animals. Moreover, because of its hepatoprotective properties silymarin, 

as a plant extract, is used as a standard in models of liver disease to which other plant 

extracts are measured (Burczynski, 2012). 

 From Figure 33, result showed that from 100% of living cells, 56.18% of that was 

induced by t-BHP and result some liver disorder. While it treated by silymarin in various 

concentration, reduction of liver disorder was decreased in dose-dependent condition. 

However, both of major isolated compounds which are mixture of oleanolic acid and 

ursolic acid also betulin showed lesser potency in comparison to the silymarin as reference 

drug. It was showed in the number of cell viability is less than number of cell that damaged 

by t-BHP. It indicated that the protective effect of the compounds were majorly due to 

chemical composition (Sharma, 2011). 
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VI. CONCLUSIONS 

 
1. Ethyl acetate extract showed the highest antioxidant activity comparing to methanol, 

water, n-butanol extracts in preliminary assays. 

2. 25 fractions were obtained from column chromatography of ethyl acetate extract. 

Furthermore, those fractions were used to isolate pure compounds. 

3. Ten pure compounds were isolated from ethyl acetate extract in varying fractions, and 

indentified as: 5 triterpenoids (lupeol, cycloeucalenol, oleanolic acid mixed with 

ursolic acid and betulin), 4 steroids (β-sitostenone, stigmastan-3-one, ergone and 24-

ethyl-5α-cholest-7-en-3β-ol) and 1 aromatic (octadecyl (E)-p-coumarate). 

4. Isolated major compounds are oleanolic acid with ursolic acid and betulin. 

5. Oleanolic acid and ursolic acid have little activity in all biological assays including 

antimicrobial, antioxidant, antihypertensive, and hepatoprotec-tive assays. 

6. Betulin have little effect on antimicrobial, antioxidant and hepatoprotec-tive assays. 

7. Betulin showed significant antihypertensive activity in ACE in vitro assay.  

8. Both of isolated major compounds showed significant effect on cytotoxic assay. 
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