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medical costs that were approximately 30% higher than their peers with normal 

weight. Although medical community is aware of the various health risks concerning 

obesity, the number of obese people keeps increasing and worldwide obesity has 

tripled in the last three decades (WHO, 2018). These alarming facts underline the 

urgency to prevent and treat obesity in order to minimize treatment costs. 

 

1.1.2 Obesity-related Diseases 

 

Obesity is a complex health problem worldwide and a potential risk factor for 

a number of lifestyle-related chronic diseases (Figure 1.2). Obese individuals are 

more likely to develop diabetes, cardiovascular diseases, hypertension, metabolic 

syndrome, osteoarthritis, infertility, urinary incontinence, pulmonary disease, and 

certain types of cancer (Canning et al., 2014). In addition to medical complications, 

obese individuals are also prone to psychological issues, such as prejudice and 

discrimination, negative self-image, and are more likely to suffer an early death due to 

depression (Balaji et al., 2016). 

 

Figure 1.2 Obesity-related diseases 
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1.2 Rationale for Study 

1.2.1 Treatment of Obesity 

 

Obesity is a growing health problem in our global society and its treatment has 

been challenging. Currently, multiple therapeutic options are available to treat obesity 

such as caloric restriction, exercise, surgery, and medications.  

Caloric restriction-induced weight loss is known to decrease serum free fatty 

acids (FFA) levels, and this may be also responsible for favorable improvements in 

insulin sensitivity (Mattison et al., 2017). Al though non-medication weight control is 

one effective option, people tend to be reluctant to comply with recommended caloric 

restrictions and adequate levels of exercise. There were only 20% of people who 

attempt weight loss, actually utilize exercise training                                            

(Weiss et al., 2006). On the other hand, bariatric surgery is associated with health 

risks and high cost. As a result, obese patients seek treatment on medications and 

other supplements to manage their weight. 

 

1.2.2 Anti -obesity Medications  

 

Synthetic medication is one of therapeutic options to treat obesity. In spite of 

the importance of controlling obesity, available anti-obesity medications are limited. 

Over the past three decades, only few obesity-treatment drugs have been developed or 

approved by the US Food and Drug Administration (FDA). On the other hand, several 

anti-obesity drugs have been withdrawn from the market because of reported and 

documented adverse effects.  

For instance, in 2010, the FDA has directed the withdrawal of Sibutramine 

from the US and Canadian markets due to cardiovascular concerns (James et al., 

2010). Sibutramine is the first new drug for treating obesity via appetite suppression 

to be approved by the FDA within the past 30 years. Its main mechanism causes an 

increase in the feeling of satiety by controlling noradrenalin, serotonin or 5-

hydroxytryptamine (5-HT), and dopamine (Fink and Gothert, 2007). 
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Rimonabant, an anorectic anti-obesity drug worked in cannabinoid system, 

was approved by the European authorities in 2006 but later withdrawn in 2008 due to 

serious psychiatric side effects (Balaji et al., 2016). Other drug, fenfluramine, reduces 

food intake and increase satiety by acting on 5-HT receptor. However, because of 

their side effects, they were withdrawn from the market.  

After years of interruption, the FDA has recently approved additional new 

anti-obesity drugs, expanding treatment options for overweight/obese patients. The 

majority of these medications are taken orally, and only one is administered 

subcutaneously (Figure 1.3). The efficacy, mechanism of action, as well as the 

adverse effects of all five FDA-approved drugs are briefly summarized below: 

1. Orlistat  (Xenical®) 

Orlistat is the only anti-obesity medication approved for long-term use 

worldwide. It was initially approved in 1990 under prescription, but since 2007 it has 

been available as a nonprescription drug in the US. Orlistat inhibits lipase, an enzyme 

produced in the pancreas and stomach, that breaks triglycerides down into fatty acids. 

This results in a lower rate of fat absorption by 30% and reduced total cholesterol and 

low-density lipoprotein (LDL) cholesterol (Hvizdos and Markham, 1999). Compared 

with other anti-obesity drugs, its side effects are mild, such as flatulence and 

steatorrhea (oily stool), but cases of severe liver injury have been reported (Weir et al., 

2011).  

2. Lorcaserin (Belviq®) 

Lorcaserin, approved in 2012, is a serotonin or 5-HT agonist, that selectively 

activates the 5-HT2C receptors, which control caloric intake (Thomsen et al., 2008). 

Serotonin is involved in the regulation of appetite and food intake behavior. 

Lorcaserin does not reduce LDL cholesterol and has no effect on HDL cholesterol, 

but it reduces total cholesterol and triglyceride levels (Smith et al., 2010, Fidler et al., 

2011). This medication appears to be more beneficial in the first few months and 

slowly loses its ability to maintain long-term weight loss, thus it is an option for 

patients who require short-term anti-obesity treatment and for women who have no 

known risk factors for breast cancer due to cancer risks in animal studies.  
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Figure 1.3 FDA-approved anti -obesity drugs 
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In the continuous effort to treat obesity, there are a number of new anti-obesity 

drugs currently under clinical trials, including centrally-acting drugs (radafaxine and 

oleoylestrone), drugs targeting peripheral episodic satiety signals (APD356) and drugs 

blocking fat absorption (cetilistat and AOD9604) (Halford, 2006).  

   

1.2.3 Plant-based Anti-obesogenic Products          

 

With the alarming rise of overweight and obese individuals globally, there is a 

growing need for cost-effective treatment of obesity. Recent approvals of additional 

drugs by the FDA have apparently expanded the treatment options for clinicians who 

care for overweight and obese patients. However, they are not affordable for all obese 

people, particularly in the developing countries. In view of these drawbacks and 

dissatisfaction with synthetic medications, there is a growing shift towards natural 

product-based medications. 

A huge number medicinal plant parts and their extracts, fractions and isolated 

pure compounds have been investigated to examine their potential anti-obesity 

activity and possible mechanisms of actions. The easy accessibility without the need 

for laborious pharmaceutical synthesis has drawn considerable attention toward herbal 

medicines. Research on potential anti-obesity agents can be conducted in in vitro, in 

vivo, and clinical studies. Most of the in vitro studies were conducted via enzyme 

inhibition assay and using cell culture techniques which poses more advantage not 

only due to less chemical usage but also due to the early determination of the efficacy 

of drugs or plant compounds. In fact, many medicinal plants were exposed to 

scientific world by identifying their anti-obesogenic activity by in vitro methods 

(Mopuri and Islam, 2017). 

In in vitro study, anti-obesogenic agents derived from natural products can be 

classified into categories based on their distinct mechanisms of actions: (1) pancreatic 

lipase inhibitory effect, (2) appetite suppressive effect, (3) energy expenditure 

stimulatory effect, (4) adipocyte differentiation inhibitory effect, and (5) lipid 

metabolism regulatory effect. 
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A wide array of plants, including crude extracts from Nelumbo nucifera (Ono 

et al., 2006), Salacia reticulata (Kishino et al., 2006), and saponins from Platycodi 

radix (Han et al., 2000) have been also studied for their pancreatic lipase inhibitory 

effects. Because crude extracts include not only active substances, but also non-active 

components, the reported IC50 values are significantly weaker than that of orlistat 

(Kim and Kang, 2005). 
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Table 1.1 Isolated compounds inhibiting pancreatic lipase 

No. Isolated compounds Natural source Inhibition  

1. 

 
Betulinic acid (C30H48O3), Molecular weight (MW): 456.711 g/mol 

Clusia 

nemorosa 

 

IC50 21.1 µM, and induces 

adipocyte lipolysis (Kim et 

al., 2012) 

 

 

2. 

 
Chikusetsusaponins III (C47H80O17), MW: 917.14 g/mol 

Panax 

japonicus 

IC50 0.25 mg/mL, 22% 

decrease in body weight gain 

(Han et al., 2005)  

Continued on the following page 
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No. Isolated compounds Natural source Inhibition  

3. 

 
Escin IIb (C54H84O23), MW: 1101.243 g/mol 

Aesculus 

turbinata  

IC50 14 µg/mL (Kimura et 

al., 2006)  

 

4. 

 
Licochalcone A (C21H22O4), MW: 338.403 g/mol 

Glycyrrhiza 

uralensis 

IC50 35 µg/mL (Won et al., 

2007)  

Continued on the following page 
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No. Isolated compounds Natural source Inhibition  

5. 

 
Crocin (C44H64O24), MW: 976.972 g/mol 

 
Crocetin (C20H24O4), MW: 328.408 g/mol 

Gardenia 

jasminoides 

 

 

IC50 (2.1 and 2.6 mg/mL, 

respectively), reduced 25% 

body weight and suppressed 

serum TG, TC, and LDL-C 

in hyperlipidemic mice (Lee 

et al., 2005, Sheng et al., 

2006)  

 

 

 

 

 

 

 

 

 

Continued on the following page 
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No. Isolated compounds Natural source Inhibition  

6. 

 
Silphioside F (C48H78O18), MW: 943.134 g/mol 

 

Copteroside B (C36H56O10), MW: 648.834 g/mol 

Acanthopanax 

senticosus 

IC50 = 0.22 and 0.25 mM, 

respectively (Li et al., 2007)  

 

Continued on the following page 
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1.2.3.2 Appetite suppressive effect 

 

Body weight regulation through appetite control is a multifactorial event 

resulting from neurological and hormonal interrelationships. Numerous studies 

indicate that neurotransmitters, such as serotonin, histamine, dopamine, and their 

associated receptor activities play key role in appetite and satiety regulation. These 

receptors may enable researchers to better target their searches for suitable candidates 

anti-obesity agents that suppress appetite.  

Appetite suppressant mechanisms of action typically affect hunger control 

centers in the brain, resulting in a sense of fullness. Many natural appetite 

suppressants found to mediate the reduced expression of hypothalamic neuropeptide 

Y (NPY) or serum leptin levels (Kim et al., 2005, Weigle, 2003). Besides leptin, 

ghrelin is also a peripheral signal with central effects, secreted from the stomach. 

They are key players in appetite regulation, which consequently influences body 

weight/fat and may be a potential means for obesity treatment. To provide safer drugs, 

therefore, researchers continue to study natural products for appetite regulation (Table 

1.2).  

For natural appetite suppressant, Hoodia gordonii, a leafless, spiny, succulent 

plant growing in some South African countries, is a phenomenal example. H. gordonii 

regulates appetite and significantly reduces calorie intake and boosts weight loss 

(MacLean and Luo, 2004, van Heerden et al., 2007). There are currently more than 20 

international patents on compounds originating in H. gordonii, and many hoodia-

containing commercial preparations are available on the market, including P57AS3 

(van Heerden et al., 2007).  

Other potential active compounds were isolated from Garcinia cambogia 

(family Clusiaceae), Evodia rutaecarpa (family Rutaceae), Gymnema sylvestre 

(family Apocynaceae), and including chilli Capsicum annuum (family Solanaceae), 

that worked in different targets to suppress appetite and reduce calorie intake, 

resulting in weight loss (Table 1.2). 
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No. Isolated compounds Natural  source Mechanism 

4. 

 
Evodiamine (C19H17N3O), MW: 303.365 g/mol 

 
Rutecarpine (C18H13N3O), MW: 287.322 g/mol 

Evodia 

rutaecarpa 

 

Decrease the mRNA 

expression of NPY and 

AgRP, decrease the protein 

expression of NPY peptide, 

enhance leptin level, 

decrease blood 

cholesterol, nonfasting 

glucose level (Shi et al., 

2009, Kim et al., 2009) 

5. 

 

 
Gymnemic acids (C43H66O14), MW: 806.987 g/mol 

Gymnema 

sylvestre 

Prevents sugar molecular 

absorption, reduces food 

intake (Kim et al., 2016) 
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1.2.3.3 Energy Expenditure Stimulatory Effect 

 

Adipose tissue is a complex organ with a profound influence on physiology 

and pathophysiology. Adipose tissues can be classified as white (WAT) or brown 

(BAT) (Figure 1.3).  

 

Figure 1.4 Classification of adipocytes 
Source: https://www.eurekalert.org/multimedia/pub/109143.php  

Credit: Cassie Tan, University of Pennsylvania 

 

In adult humans, brown fat can be found in the supraclavicular region, deep 

neck and in the perirenal region (Jesperson et al., 2013, Lidell et al., 2013, Cypess et 

al., 2013, Betz et al., 2013). The uncovering of substantial amounts of active brown 

fat that exists in adult humans (Figure 1.5) has paved the ways for the development of 

new anti-obesity treatments by targeting this particular tissue. 

 

 

 





21 
 

upregulate UCPs gene expression may be an effective strategy to combat obesity 

through increased energy expenditure. 

Moreover, UCP1-expressing thermogenic adipocytes have also been identified 

in WAT in the form of WAT-browning (beige adipocytes) (Peirce et al., 2014). BAT 

can be recruited from WAT under certain conditions, by remodeling mature WAT 

into mitochondria-rich cells with a high capacity for fatty acid oxidation (Cinti, 2002; 

Mercader et al., 2006). Therefore, the expansion of BAT or WAT-browning to 

enhance mitochondrial UCP1 expression-mediated thermogenic effects is thought to 

be a potential therapeutic target for treating obesity. 

Numerous plant compounds have been proposed as treatments for weight loss 

via enhanced energy expenditure, including EGCG from tea leaves, celastrol from 

Tripterygium wilfordii (family Celastraceae), and capsaicin and piperine as spice 

components from chilli and pepper (Table 1.3). Besides plant-based products, there 

are numerous naturally occurring agents from marine sources, such as fucoxanthin, 

DHA and EPA, that also stimulate the process of thermogenesis in BAT. 
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No. Isolated compounds Natural source Mechanism 

4. 

 
Docosahexaenoic acid (DHA) (C22H32O2), MW: 328.488 g/mol 

 
Eicosapentaenoic acid (EPA) (C20H30O2), MW: 302.451 g/mol 

Fish oil 

 

Upregulation of UCP2 in 

liver (Tsuboyama-Kasaoka et 

al., 1999)  

 

5. 

 
Piperine (C17H19NO3), MW: 285.34 g/mol 

Piper nigrum 

Upregulation of UCP1 

(Brahma et al. 2014).  

 

Continued on the following page 
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No. Isolated compounds Natural source Mechanism 

6. 

 

 

 

 

EGCG (C22H18O11), MW: 458.372 g/mol 

Camellia 

sinensis 

Stimulates thermogenesis 

through inhibition of the 

catechol-O-methyltransferase 

involved in the degradation 

of norepinephrine 

(Boschmann and Thielecke, 

2007) 
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1.2.3.4 Adipocyte Differentiation Inhibitory Effect  

       

Adipocytes is crucial metabolic organ that controls energy homeostasis, 

through the regulation of both food intake and energy expenditure. Adipose tissue 

stores triglycerides, and releases glycerol and FFA in response to changes in energy 

demands. Obesity involves an abnormal growth of adipose tissue, characterized by an 

increasing adipocyte number (hyperplasia) and size (hypertrophy). The obese 

condition is generally aggravated by excess accumulation of lipid in adipose tissue, 

particularly in white adipose tissue (WAT).  

The amount of adipose tissue mass can be regulated by the suppression of 

adipogenesis, which is the development of mature fat cells from fibroblastic 

preadipocytes (Figure 1.6).   

 

 

Figure 1.6 Development of mature adipocytes from preadipocytes 
(Prokesch et al., 2009) 
 

Adipogenesis is a differentiation process by which undifferentiated 

preadipocytes are converted to fully differentiated adipocytes. Adipocyte 

differentiation is characterized by a coordinate increase in adipocyte-gene expression. 
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Figure 1.7 Lipid metabolism in adipocytes 
(Sethi and Vidal-Puig, 2010) 

 

Lipolysis is one of the most important mechanisms to reduce adipose mass, 

leading to the breakdown of triacylglycerols stored in adipocytes and release of free 

fatty acids (FFA) and glycerol (Figure 1.8). The lipolytic process occurs through 

consecutive steps that require the action of at least three different lipases: adipose 

triglyceride lipase (ATGL), hormone-sensitive lipase (HSL), and monoacylglycerol 

lipase (MGL) (Zechner et al., 2012). However, ATGL and HSL are responsible for 

more than 95% of TG hydrolysis in adipocytes.  
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No. Isolated compounds Natural source Mechanism 

4. 

     

Illudins C2 and C3 (C15H20O2), MW: 232.323 g/mol 

Coprinus 

atramentarius 

Stimulate lipolysis (Kim et 

al., 2014) 

5. 

 
Berberine (C20H18NO4

+), MW: 336.37 g/mol 

Cortidis 

rhizoma 

 

AMPK activation (Lee et al., 

2006)  

5. 

 

 

 
 

Sinensetin (C20H20O7), MW: 372.36 g/mol 

Citrus fruits 

Enhances adipogenesis and 

lipolysis by increasing 

cAMP (Kang et al., 2015) 
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1.2.4 Development of Anti-obesogenic Products from Indonesian Medicinal Plants 

 

Traditionally, Indonesians believe that all diseases are curable, assuming that their 

medicines are available in nature. Jamu, an Indonesian word adopted from Javanese tribe 

language, is commonly used to refer to traditional medicines. To cure illnesses or diseases, 

they made decoctions from certain part of plants, such as leaf, bark, fruit, flower, and roots. 

Those plant materials, which are collected from their home gardens or surrounding forest, are 

used as jamu ingredients. The prescriptions of jamu were obtained from local practitioners, 

who had been trained to cure sick people using herbal medicines. They have evolved for 

centuries on experiences and practices, and now served as a major source of lead compounds 

for producing modern medicine.  

The modern jamu is manufactured in various big and modem industries that are 

registered in the Indonesian Ministry of Health. According to Pramono (2002), there were 

more than 840 jamu industries in Indonesia and this number has grown to 872 companies in 

2005. In terms of business, jamu industries have a promising growth of 25%-30% annually. 

Apart from domestic consumption, jamu are exported to other countries. Considering its 

potential commercial value, Indonesian government takes strategic approaches to preserve 

jamu quality by developing its standardization through strict and proper quality control and 

quality assurance.  

Due to long history of consumption, there are various ways to classify jamu. It can be 

used for internal consumption as drinking decoction and external application such as 

ointment on wounded skin or gargle solution. It is available not only in traditional forms of 

decoctions, but also in the form of tablets, pills, powder, pastilles, capsules, extracts, creams, 

and ointments. In its development, jamu is used not only for medicinal purposes, but also for 

healthcare, beauty care, and healthy drinks (Tilaar et al., 1992). 

The utilization of plants as traditional medicines is extensive nationwide because 

jamu has been a part of living culture in Indonesia. Species belonging to the families of 

Zingiberaceae, Asteraceae, Fabaceae, Euphorbiaceae and Lamiaceae are commonly used in 

jamu. Among them, Zingiberaceae (ginger family) is the most frequently found in its 

formulation (Sangat-Roemanty and Riswan, 1990). With 25,000-30,000 species of flowering 

plants in the country, there were 1,260 tree species in tropical rain forests, which had been 

used as traditional medicine (Zuhud et al. 1994). This indicates the small percentage of 

medicinal plants that has been phytochemically investigated and evaluated for 
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(enhancement of lipolysis) 

2. To identify Indonesian plant species with potential to reduce lipid accumulation and 

enhance glycerol release 

3. To identify Indonesian plant species with potential to reduce lipid accumulation but 

not enhance glycerol release (anti-lipogenesis) 
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Figure 2.1 EYELA rotary evaporator  

 

2.2 Extraction of Eurycoma longifolia Jack and Isolation of the Bioactive Compounds                                                                  

2.2.1 Plant Materials                                                                                       

 

Dried roots of E. longifolia (Figure 2.2) were purchased from Merapi Farma Herbal 

Co. (Yogyakarta, Indonesia), a local herbs supplier, in February 2015. The plants, collected 

from the Kalimantan Island, were certified by the company's herbalist. The voucher 

specimens (SL. 1A.2015.PB) were deposited at the same company.  

 

 
Figure 2.2 Dried roots of E. longifolia 
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Figure 2.4 Dried fruit s of B. javanica 

 

2.3.2 Procedure  

2.3.2.1 Extraction of Brucea javanica (L.) Merr. 

 

The dried fruits were reduced to powder and macerated at ambient temperature with 

50% (v/v) aq. methanol for 24 hours. The supernatant was then filtered through an Advantec 

filter paper no.101 and evaporated by a rotary evaporator. 

 

2.3.2.2 Isolation of Compounds 5-10 

 

Powdered fruits of B. javanica (200 g) was extracted with 50% (v/v) aq. methanol to 

obtain 22.7 g extract. The extract was suspended in water and partitioned with ethyl acetate 

and then with 1-butanol to obtain a water-soluble fraction (17.80 g), a 1-butanol-soluble 

fraction (1.40 g), and an ethyl acetate-soluble fraction (1.84 g). The ethyl acetate layer was 

separated by silica gel column to obtain six fractions in which four fractions showed higher 

lipolytic activities. Through subsequent silica gel column and purification by TLC and HPLC, 

the four active fractions yielded in six lipolytic compounds; compound 5 (5.5 mg), compound 

6 (1.6 mg), compound 7 (4.5 mg), compound 8 (4.6 mg), compound 9 (2.2 mg), and 

compound 10 (5.4 mg). 
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2.4 Cell Maintenance 

2.4.1 Principle 

 

Two types of adipose cells were used in this study, namely 3T3-L1 white adipocytes 

and WT-1 brown adipocytes. In vitro study with 3T3-L1 adipocytes was conducted at the 

Laboratory of Food Biochemistry (Graduate School of Agriculture, Hokkaido University) 

while in vitro study with WT-1 adipocytes was conducted at Tseng Lab, Section on 

Integrative Physiology and Metabolism (Joslin Diabetes Center, Boston, MA, USA), a 

research institute affiliated to Harvard Medical School.  

Maintenance of 3T3-L1 and WT-1 adipose cells involves changes of different 

supplemented culture media during proliferation, differentiation, and development of 

adipocytes. The culture media include culturing medium, differentiation medium, and insulin 

medium that were replaced periodically. There are some differences on supplemented media 

between 3T3-L1 white adipocytes and WT-1 brown adipocytes. All supplements are 

described separately in different sections below. In addition to the mediums, the culture 

environment was controlled under aseptic conditions to avoid any contaminations. To 

maintain their optimum growth, the cells were incubated under controlled temperature and 

humidity. 

 

2.4.2 Mouse 3T3-L1 White Adipocytes   

2.4.2.1 Materials 

The murine 3T3-L1 pre-adipocytes (cell no. JCRB9014) were supplied by the 

Japanese Collection of Research Bioresources Cell Bank in Osaka, Japan (Figure 2.5). 

 

 

Figure 2.5 3T3-L1 pre-adipocytes 
(Magnification 40x) 
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Various materials applied for growing 3T3-L1 cells and their suppliers, are listed in 

Table 2.1. 

 

Table 2.1 Materials for 3T3-L1 cell culture 

Material  
 

Supplier 
 

Product Code 

D-MEM (high glucose) with L-Glutamine 
and Phenol Red  
 

Wako Chem. 044-29765 

Fetal Bovine Serum (FBS) Gibco 
 

10270-106 

10× D-PBS(-)   Wako Chem. 
 

048-29805 

Penicillin G potassium salt  
 

Sigma-Aldrich  P7794-10MU 

Streptomycin sulfate  
 

Wako Chem.  196-08511 

Gentamicin sulfate  
Source: Micromonospora purpurea 
 

Wako Chem.  
 

073-04914 

Trypsin 
Source: Porcine pancreas 
 

Wako Chem.  207-09891 

Insulin, human, recombinant  
Source: Pichia pastoris 
 

Wako Chem.  093-06471 

3-isobutyl-1-methylxanthine (IBMX) 
 

Sigma-Aldrich I5879 

Dexamethasone (DEX) 
 

Sigma-Aldrich D4902 

Dimethyl sulfoxide (DMSO) Wako Chem.  
 

043-07216 
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Figure 2.6 Scheme of 3T3-L1 cell culture and sample treatment 
 









56 
 

 

Figure 2.8 Scheme of WT-1 cell culture and sample treatment 
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2.5 Lipid Accumulation Assay                                                                       

 

There were two staining methods to determine intracellular lipid accumulation in 

adipocytes in this study, namely Oil Red O (ORO) staining and Nile Red staining 

(AdipoRed). The principle, materials, reagent preparation, procedure and measurement are 

elaborated in the following sub-sections. 

  

2.5.1 Oil Red O Staining 

2.5.1.1 Principle 

 

After the differentiation induction, adipose cells start producing lipid components. 

The lipid droplets were stained with Oil Red O (ORO), a fat-soluble dye (lysochrome), that is 

based on the solubility of the dye in the lipoid substances (Figure 2.9).  

 

 

Figure 2.9 Oil Red O staining of lipid droplets of 3T3-L1 as seen under microscope 
(Magnification 200x) 
 

2.5.1.2 Materials                         

                                                     

Oil Red O (Solvent Red 27), 1-(2,5-dimethyl-4-(2-5-dimethylphenyl) phenyldiazenyl) 

azonapthalen-2-ol, is a lysochrome that is commonly used for dyeing lipid. Reagents used in 

Oil Red O assay and their suppliers are listed in Table 2.5. 
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Table 2.5 Materials for ORO staining 

Material  
 

Supplier 
 

Product Code 
 

ORO 
 

Sigma-Aldrich  O0625-25G 

2-propanol (isopropyl alcohol) 
 

Wako Chem.  166-04836 

Formalin in formaldehyde 
solution 37%  
 

Wako Chem. 064-00406 

 

2.5.1.3 Reagents and Preparation 

 

An ORO stock was prepared as previously described by Kuri-Harcuch and Green 

(1978) with minor modifications. The ORO stock solution and the working solution were 

prepared as described in Table 2.6. 

 

Table 2.6 Preparation of ORO solution 

ORO solution To prepare a stock solution, ORO (150 mg) was dissolved in 
50 mL of isopropyl alcohol. Ten minutes prior to the staining 
process, a working solution was prepared by mixing the 
ORO stock solution with Milli-Q water with a volume ratio 
of 3:2. The working solution was filtered through an 
Advantec filter paper no. 101. 
 

10% formalin  The formaldehyde solution was diluted 10 times in PBS 
buffer.  
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Figure 2.17 Nile Red staining assay in a 96-well plate 

 

2.6 Cell Viability Assay                                                                                 

2.6.1 Principle 

 

Cell Counting Kit (CCK)-8 kit solution contains water-soluble tetrazolium salt WST-

8(2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, 

monosodium salt) to measure the NADH produced by the dehydrogenase activity of viable 

cells (Ishiyama et al., 1997). The orange-colored formazan product, which results from the 

reduction of the WST-8, directly corresponds to the number of living cells (Figure 2.18). 
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2.8.3 Reagents and Preparation 

  

Formula of lysis buffer and Laemmli sample buffer is described in Table 2.13. 

 

Table 2.13 Preparation of lysis buffer and Laemmli sample buffer  

Lysis buffer stock solution 
 
Tris-HCl pH 7.5 stock 
solution 
(2 M) 
 

To prepare 2 M stock solution, 2.42 g Tris-HCl was initially 
dissolved in 7 mL of Milli -Q water. The pH of the buffer 
solution was adjusted to 7.5 by adding 6 M HCl. The total 
volume of Tris-HCl buffer was then adjusted to 10 mL with 
Milli -Q water. 
  

NaCl stock solution 
(5 M) 
  

To prepare a stock solution of 5 M NaCl, 2.922 g NaCl was 
dissolved in 10 mL of Milli -Q water. 

EDTA stock solution 
(0.2 M) 
 

To prepare a stock solution of 0.2 M EDTA, 0.744 g 
EDTA.2Na was initially dissolved in 7 mL of Milli -Q water. 
The pH of the solution was adjusted to 8.0 by adding 0.5 M 
NaOH. The total volume of EDTA solution was then 
adjusted to 10 mL with Milli-Q water. 
 

NaF stock solution 
(100 mM) 
 

To prepare a stock solution of 100 mM NaF, 6.29 mg NaF 
was dissolved in 1.5 mL of Milli -Q water. The NaF stock 
solution was then stored in a freezer (-20ºC). 
  

Na3VO4 stock solution 
(100 mM) 
 

To prepare a stock solution of 100 mM Na3VO4, 27.5 g 
Na3VO4 was initially dissolved in 1 mL of Milli -Q water. 
The pH of the solution was adjusted to 9.0 by adding 1 M 
HCl. The total volume of Na3VO4 solution was then adjusted 
to 1.5 mL with Milli-Q water. The Na3VO4 stock solution 
was then stored in a freezer (-20ºC). 
 

PMSF stock solution 
(100 mM) 
 

To prepare a stock solution of 100 mM PMSF, 26.1 g PMSF 
was dissolved in 1.5 mL of 2-propanol. The PMSF stock 
solution was then stored in a freezer (-20ºC). 
 

Sodium pyrophosphate 
stock solution 
(100 mM) 
 

To prepare a stock solution of 100 mM Sodium 
pyrophosphate, 39.8 mg Sodium pyrophosphate was 
dissolved in 1.5 mL of Milli -Q water. The Sodium 
pyrophosphate stock solution was then stored in a freezer (-
20ºC). 
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Running buffer for the gel electrophoresis was prepared as described in Table 2.15. 

 

Table 2.15 Running buffer for gel electrophoresis 

X10 Running buffer (Tris glycine SDS buffer) 
 
Glycine (1,920 mM) 
 

144.0 g  

Tris (250 mM) 
 

30.3 g 

SDS (1%) 
  

10.0 g 

Milli -Q water 
 

Up to 1 L 

 

The CBB solution and CBB de-staining solution were prepared as described in Table 

2.16.  

 

Table 2.16 CBB staining solutions 

CBB solution 
 
CBB R-250 (0.25%) 

 
0.5 g  

Ethanol (EtOH) 5% 
 

10.0 g 

Acetic acid (AcOH) 7.5% 
  

15.0 g 

Milli -Q water 
 

200 mL 

CBB de-staining solution 
 
EtOH 
 

100 mL 

AcOH 
 

30 mL 

Milli -Q water 
 

400 mL 
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Figure 2.23 Scheme of cell culture and sample treatment prior to western blot assay 







83 
 

2.8.4.5 Electroblotting, Protein Detection and Visualization  

 

The proteins within the acrylamide gel were transferred onto a PVDF or nitrocellulose 

membrane using a Transblot® SD Semi-dry Transfer Cell at 15 Volts for 15 minutes. The 

membrane was placed below the gel, and a stack of blotting papers were placed on top of the 

gel (3 blotting papers) and below the membrane (3 blotting papers). The gel, membrane and 

blotting papers was soaked in an appropriate amount of transfer buffer (Table 2.17) for 30 

min before running the semi-dry electroblotting (Figure 2.26). 

 

 

Figure 2.26 Electroblotting using a Transblot® SD Semi-dry Transfer Cell  

 

Nitrocellulose membrane was chosen based on the results of electroblotting shown in 

Figure 2.27, in which nitrocellulose membrane gave more clear protein bands than PVDF 

membrane did. 

 

A.     B.  

 Figure 2.27 Electroblotting  to PVDF membrane A) and nitrocellulose membrane B) 
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Chapter III  

Results and Discussion 

 

This chapter analyzes and discusses findings of the present study in anti-obesogenic 

research from Indonesian medicinal plants. The focus of the mechanism of action is lipid 

metabolism regulatory effect as described in the §1.2.3.5. The first section presents 

extensive study of Eurycoma longifolia Jack, exploring its bioactivities on lipid 

metabolisms in 3T3-L1 white adipocytes, isolation of lipolytic compounds, cellular 

mechanisms of actions, and exploration on its bioactivities in WT-1 brown adipocytes. The 

second section presents study of Brucea javanica (L.) Merr. and its isolation of lipolytic 

compounds in 3T3-L1 white adipocytes. Furthermore, the last section offers an original 

screening method with different mode of anti-obesogenic effects to identify potential anti-

lipogenic products, that can be universally applicable for screening of other natural 

resources. In this last section, the author also discusses future anti-obesity research of 

Indonesian medicinal plants. 

                                                               

3.1 Study of Lipolytic Activity  from Eurycoma longifolia Jack  

3.1.1 Effects of EL on Lipid Accumulation and Cell Viability of  White Adipocytes 

 

 In the previous screening study of 76 Indonesian medicinal plant samples (Lahrita, 

2015a), Eurycoma longifolia Jack root extracts (EL) exerted reduction of lipid accumulation 

in 3T3-L1 white adipocytes without cytotoxicity. Samples EL were incubated after the 

induction of differentiation (from day 4 to day 9), and cytotoxicity test was performed in pre-

adipocytes. In current study, subsequent experiments were needed to examine if EL also 

disrupts differentiation process in which pre-adipocytes turn into adipocytes, or if EL only 

reduces lipid droplets produced by mature adipocytes. Thus, the inhibition of lipid 

accumulation in 3T3-L1 adipocytes was observed at two phases; namely differentiating pre-

adipocytes (sample incubation from day 0 to day 2) and differentiated adipocytes (sample 

incubation from day 4 to day 9) using ORO staining assay (Figure 3.1). Cell viability assay to 

examine cytotoxicity of EL was also conducted in two phases, differentiating pre-adipocytes 

and differentiated adipocytes. 
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the inhibition of lipid accumulation was not mediated by transcriptional genes involved in the 

adipocyte proliferation and induction of differentiation, which transformed pre-adipocytes 

into differentiated (mature) adipocytes. Instead, 30% of lipid reduction (0.4 mg/mL of EL) 

occurred in the differentiated adipocytes, that led the author to the study of lipolysis, a 

process of breaking down of fat storage in differentiated adipocytes.   

 

3.1.2 Effects of EL on Lipolysis in White Adipocytes 

 

As summarized in the §3.1.1, 30% of lipid reduction that occurred in the 

differentiated adipocytes leads to the hypothesis that EL stimulates lipolysis process in 

adipocytes. Lipolysis, a catabolism process to break down TG lipid droplets in adipocytes, is 

one well-known mechanism to reduce fat mass. Increasing the breakdown of TG lipid 

droplets in the lipolysis process has been considered a promising therapeutic target in the 

treatment of obesity (Ahmadian et al., 2010; Lass et al., 2011). Hydrolysis of the TG lipid 

droplets results in the release of free-fatty acid and glycerol, thus the concentration of 

glycerol released into the culture medium was assayed as an indicator of lipolysis.  

The results of glycerol release assay of EL in 3T3-L1 white adipocytes are presented 

in Figure 3.2. 

 

 
Figure 3.2 Effects of EL on lipolysis in 3T3-L1 adipocytes. Isoproterenol 1 µM was used as 
the positive control. Lipolysis was stimulated by EL at various concentrations. Data are 
expressed as mean ± SEM (n = 6) and are representative of three independent experiments. 
** p < 0.001 versus untreated cells. 
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As shown in Figure 3.4A, EL treatment increased phosphorylation of PKA by 2-fold 

higher than that of untreated cells, and the activation was abolished by the addition of PKA 

inhibitor (H-89). Similarly, EL-treated cells increased phosphorylation of ERK 1/2 by 2.5-

fold higher than that of untreated cells, which was substantially reduced by the presence of 

ERK 1/2 inhibitor (PD 98059) (Figure 3.4B). These results confirmed that EL stimulated 

lipolysis in 3T3-L1 adipocytes by enhancing phosphorylation of PKA and ERK kinases 

(Figure 3.5).  

 

 
Figure 3.5 E. longifolia stimulates lipolysis in 3T3-L1 adipocytes through the activation of 
PKA and ERK 

 

Lipolytic promoting activity has been increasingly studied with the goal of developing 

efficient treatments for obese patients. Various plant extracts were found to promote lipolysis 

via either PKA or ERK pathways. For example, extract of Hemerocallis fulva (Mori et al., 

2009) was reported to stimulate lipolysis through increases in cAMP levels and activation of 

PKA in adipocytes. Extract of an African plant, Mesembryanthemum crystallinum, was 

shown to augment lipolysis of adipocytes by enhancing ERK 1/2 phosphorylation (Drira et al., 

2016).  
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and structure determination of the lipolytic compounds are presented in the following sub-

section 3.1.5.1. 

 

3.1.5.1 Bioassay-guided Fractionation of Compounds 1-3 

 

In order to isolate the responsible compounds that possess lipolytic-activity, a 

bioassay-guided fractionation was performed using glycerol release enhancement assay in 

3T3-L1 adipocytes as described in §2.6. Multiple fractionation steps of separation by column 

chromatography and HPLC were performed to give three purified compounds: compounds 1, 

2, and 3. The fractionation scheme is presented in Figure 3.7  

 
Figure 3.7 Fractionation scheme of E. longifolia from its n-butanol layer. 
Remarks: 
200 = percentage of glycerol release (% to control) 
 

 

 

extracted material (1 g) 

solution volume (10 mL) 
1 n  =   
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The content of eurycomanone in MeOH extract was 5.1% as quantified by LC-MS 

(Appendix 8).  

 
Figure 3.11 HPLC chromatograms of EL (A) and eurycomanone (B) 
Remarks: 
The analytical column was an Inertsustain C18 column (2.1 mm X 100 mm; GL Science Co.,  
Tokyo, Japan).The mobile phase consisted of 10% methanol aq. containing 10 mM 
ammonium acetate. The flow rate was set at 0.2 mL/min and UV detection wavelength was 
set at 254 nm. In the HPLC chromatogram, eurycomanone was found at 18.6 min. 
 

 

 

 




































































































































