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The nineteen Thai medicinal plants were investigated for anti-lipase activity. These plants
were extracted with methanol and DI water. The methanolic and aqueous crude extracts of these plants
were evaluated on anti-lipase activity. It was found that the methanolic extract of fruits of Solanum
aculeatissimum showed the strongest inhibition of lipase activity. Thus, methanolic crude extract of S.
aculeatissimum fruits were extracted by liquid-liquid extraction to obtain hexane, ethyl acetate, n-
butanol and aqueous crude extracts. The hexane and n-butanol crude extracts of S. aculeatissimum
fruits showed strong lipase inhibitory activity at a concentration of 25 mg/mL with percent inhibition as
81.88 = 0.98% and 80.74 £ 1.39%, respectively. The ethyl acetate crude extract of S. aculeatissimum
fruits showed moderate lipase inhibitory activity at a concentration of 25 mg/mL with percent
inhibition as 60.41 + 7.36%. Aqueous crude extract showed weak activity at a concentration of 25
mg/mL with percent inhibition as 22.12 + 1.29%. The hexane and n-butanol crude extracts were further
isolated to obtain six compounds. The hexane crude extract was isolated to give a mixture of fatty acids
(compound 209) and steroidal mixture (compound 210). The n-butanol crude extract was isolated to
give a mixture of steroidal glycosides (compound 211), solasodine (compound 212), solasonine
(compound 213) and alpha-solanine (compound 214). Compounds 209 - 212 showed weak lipase
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These results suggested that the chemical constituents of S. aculeatissimum fruits should be further

investigated for the active components responsible for anti-lipase activity.
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CHAPTER |
INTRODUCTION

Overweight and obesity are abnormal or excessive fat accumulation that
presents a risk to health [1]. Obesity has been growing of health problems which
caused by an imbalance between energy intake from food and the energy spent. It is
defined as excessive body fat which is accumulated over-abundance. World Health
Organization (WHO) reported that the amount of obese patients increased more than
doubled rate since 1980 in worldwide. In 2013, 42 million preschool children in
worldwide were represented overweight. In 2014, obese patients were presented more
over 600 million and more than 1.9 billion adults, 18 years and older were undergone
overweight condition [2]. Classification of obesity is 2 types such as overall obesity
and visceral obesity (abdominal obesity). Obesity is considered to be a risk factor for
number of chronic diseases such as high blood pressure, cardiovascular disease,
diabetes, hyperlipidemia, hypercholesterolemia and cancer. Besides, obesity can be
found in anyone regardless of age or gender and it tends to increase continuously in
Thai people. According to data of the Thailand National Health Examination Survey
(2003-2004), Thai adults who were aged 35 - 59 years, showed significantly increase
of overweight and obesity, from 25% in 1991 to 48% in 2004. Thai obese patients
were undergone 16 million. It was higher among female than male as 11.3 and 4.7
million of obese patients, respectively in 2009 [3, 4]. Thai male and female were
undergone increasingly in obese condition as 36% and 47%, respectively in 2005-
2011 [3, 4].

Nowadays, there are many treatments for obesity such as lifestyle therapy,
pharmacological interventions and surgical operation especially the change in
behavior and lifestyle. The change of behavior and lifestyle are aimed preservation of
weight loss and improved health [5]. Presently, medication is a popular choice for
obesity treatment especially orlistat (Xenical®), a hydrogenated derivative of lipstatin
derived from Streptomyces toxytricini [6, 7]. It was known as pancreatic lipase
inhibitor and resulted in reduction of fat from the human diet and caloric intake [8].
But some serious side effects were appeared such as oily stool, oily discharge,
stomach pain, irregular menstrual periods and headaches [9]. Presently, various
studies of natural resources have been investigating and discovering potent agents for
newer pancreatic lipase inhibitors with less unpleasant, less toxic and safer adverse
effects [10, 11]. Therefore, this study examined the potential effect of natural resource
as lipase inhibitors. The nineteen Thai medicinal plants were investigated and
screened for anti-lipase activity. These plants were interesting to study anti-lipase
activity because they can be found easily at local markets in Thailand and used as folk
medicine. The methanolic and aqueous extracts of these medicinal plants were tested
for anti-lipase activity including fruits of Solanum aculeatissimum Jacq., fruits of
Solanum trilobatum Linn., fruits of Capsicum frutescens Linn., fruits of Solanum
melongena Linn. (round eggplant), fruits of Solanum melongena Linn. (long
eggplant), fruits of Solanum melongena Linn. (Thai eggplant), fruits of Solanum
melongena Linn. (round purple eggplant), fruits of Capsicum annnuum Linn., fruits of
Momordica charantia Linn. (bitter cucumber), fruits of Momordica charantia Linn.



(Chinese bitter), leaves of Piper sarmentosum Roxb., leaves of Cassia siamea Lamk.,
leaves of Amaranthus lividus Linn., stems and leaves of Phyllanthus amarus Schum.
& Thonn., leaves of Cleome viscose Linn., leaves of Sesbania rostrata Brem. &
Oberm., and roots of Gynandropsis gynandra (Linn.) Brig. It was found that the
methanolic extract of fruits of S. aculeatissimum showed the strongest lipase
inhibitory activity with percent inhibition as 87.77 + 4.27% at concentration of 25
mg/mL.

S. aculeatissimum is a Thai folklore medicine which grows on fields and
groves of Thailand. S. aculeatissimum is locally known as Ma khuea khuen.
Nowadays, the scientific research on S. aculeatissimum has been reported for several
biological activities. However, there is no report on anti-lipase activity. So, this study
may shed light on bioactive compounds of S. aculeatissimum fruits which can be used
as lipase inhibitors.

Objectives

1. To study anti-lipase activity of S. aculeatissimum fruits.
2. To isolate and elucidate structure of lipase inhibitors from S. aculeatissimum
fruits.



CHAPTER 11
THEORETICAL

2.1 Obesity

Nowadays, obesity is a worldwide health problem. The new trend of chronic
disease as “New World Syndrome” is also defined in this health problem. The most of
people are conducing with New World Syndrome. Presently, obesity’s trends increase
continuously in global [12]. According to the report that one in three of the world’s
adults were considered overweight condition and one in ten of the world’s adults were
considered obese condition [13]. World Health Organization (WHO) defines that
obesity is a result of abnormal or excessive fat accumulation which may be impaired
health. Obesity is considered to be risk factor of chronic diseases and problem health
such as hypertension, dyslipidemia, type 2 diabetes, osteoarthritis, coronary artery
disease, stroke, gallbladder disease, sleep apnea and respiratory problems [14].

Currently, evaluation of weight and health risk are accepted using three
measurements as body mass index (BMI), waist circumference measurement (WC)
and waist-over-hip circumference ratio (WHR) [12, 15, 16].

2.1.1 Body mass index (BMI)

Body mass index (BMI) is a statistical measurement for screening condition of
overweight or obesity. BMI is the most commonly evaluation to use a simple
calculation. BMI can be calculated to define as a person's weight in kilograms (kg)
divided by the square of height in metre (kg/m?). If pounds and inches are recorded
for determine BMI, can be calculated to define as a person’s weight (pounds) which
multiple with 703 divided by the square of height in inches (inches?) to meters
(kg/m?). WHO defined, BMI greater than or equal to 25.0 kg/m? is generally
considered overweight and BMI greater than or equal to 30 kg/m? is generally
considered obesity. While, BMI for Asian adults is less than BMI for adults who be
non-Asian as BMI greater than or equal to 23.0 and 25.0 kg/m? are generally
considered overweight and obesity, respectively [17, 18].

Appropriate BMI for Thai adults have been applied and correlated with BMI
of WHO. The description of appropriate BMI for Thai adults is shown in Table 1
which was adapted from WHO in 1998 [17-19].



Table 1 Appropriate BMI for Asian and Thai adults

Condition Body mass index (kg/m?)
Normal 18.5-22.99
Overweight 23.0 - 24.99
Obesity
Level 1 25.00 - 27.49
Level 2 27.50 - 29.99
Level 3 >30.0

2.1.2 Waist circumference measurement (WC)

Waist circumference measurement (WC) is a simple method which can be
determined obesity. Determination of WC locates the upper hip bone and the top of
the right iliac crest are measured waist circumference. A horizontal plane around the
abdomen at the level of the iliac crest is measured with tape. The relative of normal
weight and waist circumference including classification of overweight and obesity are
shown in Table 2 [19].

Table 2 Classification of overweight and obesity by BMI, waist circumference and
associated disease risks

Disease risk*
BMI Obesity (Relative to normal weight and waist
(kg/m?)  class circumference)
Men <40 In (£ 102 cm) >40In (> 102 cm)
Women <35In(< 88cm) >35In(>88cm)

Underweight <185 - -
Normal+ 18.5-24.9 - -
Overweight 25.0-29.9 Increased High
Obesity 30.0-34.9 I High Very High

35.0-39.9 Il Very High Very High
Extreme >40 Il Extremely High Extremely High
obesity

*Disease risk for 2 diabetes, hypertension and CVD

The appropriate waist circumference measurement has been adapted and
suggested of Thai adults. Male and female adults should be accepted less than 36
inches (or 90 cm) and 32 inches (or 80 cm), respectively [20].

2.1.3 Waist-over-hip circumference ratio (WHR)

Waist-over-hip circumference ratio (WHR) is a method to determine obesity.
It uses to measure obesity which comparison between the sizes of hips divided by the
sizes of your waist or the ratio of waist circumference to your hip circumference.
According to WHO, male WHR more than 1.0 is considered obese condition. Female
who has WHR more than 0.85 is considered obese condition. WHR which be
considered obese condition for Thai male and female adults are more than 1.0 and
0.80, respectively [21, 22].



2.2 Lipase enzyme

Lipase is well known as a water-soluble enzyme and an important enzyme for
human body. A considerable key role of lipase is to catalyze the hydrolysis of ester
bonds in lipid substrates at the oil-water interface into free fatty acids and
triacylglycerols. Human lipase includes pancreatic, endothelial, hepatic and
lipoprotein lipases. Human tissues can be secreted lipase enzyme such as lungs,
kidney, skeletal muscles, adipose tissue and placenta [23].

Pancreatic lipase enzyme (triacylglycerol acylhydrolase EC 3.1.1.3) is
secreted from pancreas (pancreatic acinar cells). This enzyme is an important enzyme
for human which a key role to digest and hydrolyze dietary triglycerols into 1,2-
diacylglycerol, 2-acylglycerol and fatty acids in the small intestine with 50 - 70% of
total lipid or triglyceride which is intake into body [23]. It is a 50 kDa peptide chain
and water soluble. This enzyme contains two structural domains as the catalytically
active or 336-amino acid long N-terminal domain and the shorter (113 residues) C-
terminal domain. The main role of the shorter (113 residues) C-terminal domain is
binding the cofactor colipase [24]. Structure of human pancreatic lipase is shown in
Figure 1 [25].
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Figure 1 Structure of human pancreatic lipase

2.3 Assays and detection of lipase enzyme

There are several assays and detection of lipase enzyme such as
2.3.1 Titrimetry

Titrimetry is the oldest convenient technique for quantitative assays.
Titrimetry is known as pH-stat method which has been widely used to detect of lipase
enzyme because it is most reliable, simplicity, accuracy and reproducibility. The pH-
stat or pH indicator is used as instruments for detection of neutralization reaction. The
reaction based on description using fats and oils/triacylglycerols or methyl esters as
substrate of titrimetry to fatty acid as product. However, limited procedure of this
method is used time consuming, not rapid for characterizing lipase action and



specificity. And pH values at neutral or alkaline can be determination of this method
[26, 27].

2.3.2 Plate assay

Plate assay is a convenient and rapid method for screening short-chain fatty
acids product. Tributyrin (tributyrylglycerol) agar plates are cultured lipase-producing
strains. The reaction based on description using tributyrin/acylglycerols or esters of
long-chain fatty acids as substrate to short-chain fatty acids as product. Lipase activity
is detected in a zone of tributyrin hydrolysis. Nile blue sulphate and Victoria blue
were used as indicators on tributyrin agar plates. Measurement of fluorescence at 350
nm is used for detection of zone of lipolysis which lipolysis a complex of fatty. The
orange color is resulted with fluorescence dye rhodamine B [28-30].

2.3.3 Fluorescence assay

Fluorescence assay is a highly sensitive assay of lipase activity. The
quantitative fluorescence lipase assay describes the enzymic hydrolysis of
triacylglycerols. The interaction of rhodamine B and fatty acids is used as
measurement of the fluorescent fatty acid released. Triacylglycerols having one of the
alkyl group substituted with a fluorescent group e.g. conjugated pyrenyl group are
substrates and products for analysis are flourescent free prenyl groups. Lipase activity
is detected triacylglycerol hydrolysis of a shift in fluorescence wavelength [31, 32]. In
addition, a non-fluorescent assay, substrate is 4-methylumbelliferyl oleate and product
for analysis is 4-methylumbelliferone. It can be detected in fluorescence assay
because 4-methylumbelliferone is highly fluorescent [33, 34]. However, fluorescence
assay is very rapid. But, limitation of detection for lipase activity is very expensive
method.

2.3.4 Chromatographic techniques

Chromatographic techniques such as TLC, GC and HPLC are one of detection
and conclusive method for determination enzyme-catalysed hydrolysis of a lipid
substrate. Substrate is triacylglycerols, fats and oils and product for analysis is fatty
acids. Fatty acid or residual substrate is analyzed through specific columns. The main
limitation of this method depends on instrument such as time consuming in TLC
technique, expensive and complication in GC and HPLC techniques [35, 36].

2.3.5 The properties of the interface
2.3.5.1 Monomolecular film technique

Monomolecular film technique is firstly used of lipolysis at the lipid water
interface. Substrate is lipid and product for analysis is fatty acid. This method is one
of very highly sensitive method for detection amounts of lipase. However, this
method is not used widely because pH-stat method is requirement. Accuracy must be
necessarily evaluation especially elaborate [37, 38].

2.3.5.2 Oil-drop method

Oil-drop method is known as a monitor of lipase-mediated hydrolysis which is
changed in surface tension of a lipid monolayer. Hydrolysis can be effect to result of
the shape of the drop changes like as apple to a pear shape. The measurement of
lipase assay uses a computer as controlled device. The reaction based on description



using lipid as substrates to fatty acid as product. The limitations of this method are
clean materials and equipments. Extension set-ups are important and requirement in
this method [39-42].

2.3.6 Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) is used for measuring lipase-
catalysed hydrolysis of triacylglycerol in reverse micelles. Substrate is vegetable oils
or trioctanoylglycerol and product for analysis is fatty acid esters and free fatty acids.
In this continuous assay, the FTIR spectrum of the entire reaction mixture is recorded
lipolysis. Fatty acid esters and free fatty acids (peak maximum at 1751 cm™* and at
1715 cm, respectively) were recorded by monitor. The main limitation of Infrared
spectroscopy is high cost technique and skill of elucidation in spectrum [43].

2.3.7 Spectrophotometry Assay
2.3.7.1 Tween as substrates

This method is known as a part of spectroscopic assays. Substrate is tween and
product for analysis is fatty acid to detect for measurements of turbidity at 500 nm.
The reaction can observe precipitation of fatty acid with calcium or copper.
Advantage of this method is simple, sensitive and reproducible [44].

2.3.7.2 Assay of pg-naphthol

This method is known as a part of spectroscopic assay and colorimetric assay.
The reaction is described by hydrolysis of the colourless ester f-naphthyl caprylate
(octanoate) as substrate to color of S-naphthol as products by complexation with fast
blue BB. The color of S-napthol is measured at 560 nm. The unstable of the ester at
extreme pH is a main limitation of this method [45, 46].

2.3.7.3 Assay of p-nitrophenol

This method is known as colorimetric assays. The reaction based on
description using p-nitrophenyl esters as substrate to p-nitrophenol as product. The
yellow coloured of p-nitrophenol at 405 or 410 nm is appeared. The limitation of this
assay must not be performed at acidic pH because low pH can be affected with
enzyme activity. Moreover, this method is simple and convenient [47].

2.4 Obesity treatment

Obesity can induce the risk factors of many health problems. It has been
affected with individual personality [48]. There are many treatments for obesity which
are divided into 2 major treatments as follow

2.4.1 Anti-obesity without medication
2.4.1.1 Dietary therapy

Reduction of calories intake from food should be decrease in ranging of 500 to
1,000 calories per day (kcal/day) from currently level which are intake. Long-term
nutritional adjustment should be taken for reducing caloric intake. This treatment
should be appropriate of calories for diet which should be low calories. However,



very low calories (less than 800 kcal/day) are not appropriate in dietary therapy.
Dietary therapy can be decreased with 1 to 2 pounds per week in weight loss.

2.4.1.2 Physical activity

Physical activity is an alternative therapy. This treatment should be combined
weight loss management for improvement of efficiency. The suggestion of physical
activity is appropriate at least or more than 30 minutes per day in long term for weight
loss. Beside, physical activity can reduce the risk of heart disease in comparison with
weight loss alone including reduction of body fat.

2.4.1.3 Behavior therapy

Behavior therapy is modification or changing in behavior of food intake and
increasing physical activity. Behavior therapy is included behaviors such as self-
monitoring, stress management, problem-solving, contingency management, cognitive
restructuring and social support.

2.4.1.4 Weight loss surgery

Nowadays, surgery is not only treatment for beauty, but it can also be
treatment for obesity. Weight loss surgery for patients who be considered extreme
obesity are alternative treatment with taking care of doctor. This qualification of
surgery is appropriate treatment for patients who undergo BMI greater than or equal
to 40.0 kg/m® or more than 100 pounds overweight.

2.4.2 Anti-obesity medication or pharmacotherapy [49]

Medication is a popular choice for using as treatment of obesity. Anti-obesity
medication is divided into two groups. First group acts on mode of action as centrally
and peripherally acting drugs. Second group is medication of peripherally acting in
gastrointestinal tract. First group of centrally acting drugs consists of fenfluramine,
dexfenfluramine, phentermine, diethylpropion (or amfepramone), mazindol and
sibutramine. These drugs can be leaded reducing the desire of eating which is acted of
improvement of neurotransmitter containing serotonin or catecholamine. They lead to
control of eating behavior and mood states in human. Phentermine, diethylpropion
and mazindol are interacted and stimulated via catecholaminergic pathway.
Phentermine, diethylpropion and mazindol have many serious side effects such as dry
mouth, constipation, dizziness, headache, diarrhea, itching, trouble breathing, fainting,
chest pain and decreasing ability to exercise. Fenfluramine and dexfenfluramine are
interacted via serotoninergic pathways. In 2000, fenfluramine and dexfenfluramine
have been withdrawn from market by Thai Food and Drug Administration (Thai
FDA) because they are leading to primary pulmonary hypertension and valvular heart
disease and it can lead to die. Sibutramine is a drug which be acted of noradrenergic
and serotoninergic pathways. Sibutramine has many serious side effects such as
headache, dry mouth, anorexia, constipation, insomnia, rhinitis, pharyngitis, increased
appetite, back pain, asthenia, nausea, arthralgia, nervousness and dyspepsia.
Nowadays, sibutramine has been removed from the market because sibutramine
concerns of the risk of heart attack and stroke effect and it can lead to die.

The second group, medication of peripherally acting in gastrointestinal tract
consists of bulk forming agents and lipase inhibitor as orlistat. Bulk forming agents
can be hold water in stomach and decreased of eating behavior. Moreover, calories
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are not received from bulk forming agents such as glucomannan, methylcellulose and
lemon basil seed.

2.5 Orlistat

In 1998, Roche pharmaceutical company in United Kingdom has been
discovered and produced orlistat as a new pharmacological class to be an obesity
treatment [50]. Orlistat is a well-known trade name as Xenical®. Orlistat or
tetrahydrolipstatin (Chemical formula: Cy9Hs3sNOs, Molecular weight: 495.74) is a
commercial lipase inhibitor which produced from a semisynthetic hydrogenated
derivative of lipstatin derived from Streptomyces toxitricini [6, 7]. It has been proven
to be effective treatment for obesity [50]. In 1999, orlistat was approved by the U.S.
Food and Drug Administration (FDA) for long term weight management including
critical obese patients when are used combination with reducing calories diet and
lifestyle modification [51]. It inactivates pancreatic lipase and results in reduction of
fat from the human diet and caloric intake. Orlistat is a safe novel anti-obesity
medication. It inhibits hydrolysis of dietary fat. Moreover, orlistat can be only 30%
decrease in fat absorption. Chemical structure of orlistat and Xenical® drug are shown
in Figure 2.
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Figure 2 (a) Chemical structure of orlistat and (b) Xenical®

The mechanism of orlistat leads to acylation of a hydroxyl group on serine
residue burden on the active site of the enzyme which is reformed to inactive enzyme
as lipase. The inactivated lipase excretes passage with faeces. Fatty acids and
monoglycerides could not absorb at the human intestine because inactive lipase was
inhibited breakdown of dietary triglcerides which hydrolysed fats into fatty acids and
monoglycerides. The half-life of orlistat is 14 - 19 h. The 360 mg radioactive orlistat
was ingested and orlistat was found only 1% in urine [52]. It was found more than
96% which was recovered in stool over the following 48 h of administration. M1 (4
members lactone ring hydrolyzed) and M3 (M1 with N-formylleucine moiety
cleaved) are two main metabolites which are excreted via the bile and show no
pharmacological activity in comparison to parent compound. M1 results from the
opening of S-lactone moiety in orlistat and the M3 metabolite results from both the
hydrolysis of p-lactone and estergroup at the N-formyl leucine side chain.
Approximately 2 h and 3 h are the half-life of M1 and M3, respectively [52].



2.6 Literature reviews
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The biologically active pancreatic lipase inhibitors investigated from various
plants extracts. Presently, various studies of natural resources have been investigated
and discovered potent agents for newer pancreatic lipase inhibitors with less
unpleasant, less toxic and safer adverse effects [10, 23, 53]. The summary of plants
with lipase inhibitory activity was presented in Table 3 and chemical structure of
pancreatic lipase inhibitors were shown in Figure 3.

Table 3 Summary of pancreatic lipase inhibitors from plants

Botaniacl name

Plant part

Lipase inhibitor (1Csp)

Reference

Actinidia arguta  Roots

Acanthopanax
senticosus

Acanthopanax
sessiliflorus

Aesculus
turbinata

Adiantum
capillus-veneris

Alpinia galanga

Fruits

Leaves

Seeds

Aerial

parts

Rhizomes

3-O-trans-p-coumaroyl actinidic acid (1) (ICsq
=14.95+ 0.21 uM)

ursolic acid (2) (IC5o = 15.83 + 1.10 uM)

23-hydroxyursolic acid (3) (ICs, = 41.67
0.66 uM)

corosolic acid (4) (1Cso = 20.42 £ 0.95 pM)
asiatic acid (5) (ICso = 76.45 £ 0.51 uM)
betulinic acid (6) (ICso=21.10 £ 0.55 pM)
silphioside F (7) (1Cso = 0.22 uM)
copteroside B (8) (ICsg = 0.25 uM)

hederagenin 3-O-f-D glucuronopyranoside 6'-
O-methyl ester (9) (ICso = 0.26 uM)

gypsogenin 3-O-4-D-glucuronopyranoside
(10) (ICso = 0.29 uM)

sessiloside (11) (ICs, =0.36 mg/mL)
chiisanoside (12) (IC5, = 0.75 mg/mL)
escins la (13) (ICso = 48 ug/mL)

escins lla (14) (ICso = 61 pg/mL)

escins 1b (15) (ICsp= 24 pg/mL)

escins 11b (16) (ICso = 14 pg/mL)

ferulic acid (17) (ICsp = 0.48 £ 0.06 pg/mL)
ellagic acid (18) (ICsq = 13.53 £+ 1.83 pg/mL)
chlorogenic acid (19) (ICsp = 38.40 + 2.8

ug/mL)
galangin (20) (ICso = 48.20 mg/mL)

[54]

[55]

[56]

[57]

[58]

[59]
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Botanical name Plant part  Lipase inhibitor (1Cs) Reference
Alpinia Rhizomes  3-methyletherglangin (21) (ICso = 1.30 mg/mL)  [60]
officinarum
Aronia Fruits cyanidin-3-glucoside (22) (ICso = 1.17 £ 0.05 [61]
melanocarpa mg/mL)
Broussonetia Stem broussonone A (23) (IC50 = 28.40 uM) [62]
kanzinoki barks )

broussonin A (24) (IC50 =98.70 uM)

broussonin B (25) (IC50 =75.40 pM)

7,4'-dihydroxyflavan (26) (IC50 = 85.10 uM)

3',7-dihydroxy-4’-methoxyflavan (27)

(IC,, => 100 uMm)

3,7-dihydroxy-4'-methoxyflavone (28) (IC50 =>

100 uM)

3,7,3'-trihydroxy-4'-methoxyflavone (29) (IC50 =

> 100 uM)
Camellia sinensis  Flower chakasaponins I (30) (ICs, = 0.17 mM) [63-65]

buds chakasaponins 11 (31) (ICso = 0.18 mM)

chakasaponins 111 (32) (ICs, = 0.53 mM)

Camellia sinensis  Leaves (-)-epigallocatechin-3-O-gallate (33) (ICs, = [66]

0.349 uM)

(-)-epigallocatechin-3,5-digallate (34) (ICs
0.098 uM)

(+)-catechin (35) (ICso = > 20 uM)
(-)-epicatechin (36) (ICso = >20 uM)
(+)-gallocatechin (37) (ICso = >20 uM)
(-)-epigallocatechin (38) (ICso=>20 uM)
oolonghomobisflavan A (39) (ICs, = 0.048 uM)
oolonghomobisflavan B (40) (ICso = 0.11 uM)

oolongtheanin 3'-O-gallate (41) (ICs, = 0.07
uM)

monodesgalloyl (42) (1Cs, = 0.27 pM)
didesgalloyl (43) (ICso = 2.08 uM)

prodelphinidin B-2,3,3'-di-O-gallate (44) 1Csy =
0.11 uM)
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Table 3 Summary of pancreatic lipase inhibitors from plants (continue)

Botanical name  Plant part Lipase inhibitor (1Cs) Reference

assamicain A (45) 1Cs, = 0.12 uM)
theasinensin D (46) ICsy = 0.05 uM)
oolongtheanin-3'-O-gallate (47)

theaflavin (48) (ICso = 0.11 uM)
theaflavin-3,3'-O-gallate (49) (ICso = 0.09 uM)

Cassia Aerial kaempferol-3-O-rutinoside (50) (ICsp = 2.90 [67]
auriculata parts puM)

rutin (51) (ICso = > 100.00 uM)
kaempferol (52) (ICso = > 100.00 pM)
quercetin (53) (ICs, = > 100.00 uM)
luteolin (54) (ICso=> 100.00 pM)

Cassia nomame  Fruits (2S)-3,4,7-trihydroxyflavan-(4a—8)-catechin [68]
(55) (IC50 =5.50 uM)

Citrus unshiu Peels hesperidin ~ (56) (ICs, = 32 ug/ml) [69]
neohesperidin (57) (ICso= 46 pg/ml)

Chrysar_wthemum Flowers 10a-hydroxy-1a,4o-endoperoxy-guaia-2-en- [70]

morifolium 12,60, -olide (58) (ICsp = 161.00 puM)

Cudrania Root 5,7-dihydroxychromone (59) (ICso = > 100 uM)  [71]

tricuspidata barks

5-hydroxy-2,2-dimethyl-2H,6H-benzodipyran-6-
one (60) (ICso = > 100 uM)

genistein (61) (ICsg => 100 uM)
biochanin A (62) (ICso = > 100 uM)
3’-0-methylorobol (63) (ICso = > 100 pM)
wighteone (64) (IC5, = > 100 pM)
kaempferol (52) (ICso = > 100 uM)

morin (65) (IC5, = > 100 uM)
aromadendrine (66) (ICso = > 100 uM)

(2R,3R)-2,3-dihydro-3,5,6,7-tetrahydroxy-2-(4-
hydroxyphenyl)-4H-1-benzopyran-4-one  (67)
(ICs0 = > 100 uM)

naringenin (68) (ICso = > 100 pM)

5,7,3',5'-tetrahydroxyflavanone (69) (ICsy =
81.80 uM)

8-prenylnaringenin (70) (ICso = 76.9 uM)
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Botanical name  Plant part  Lipase inhibitor (1Cs) Reference
cudraflavanone D (71) (ICso = 9.0 pM)
cudraflavanone A (72) (ICso = 6.50 uM)
2',5,7-trihydroxy-4,5'-(2,2-dimethylchromeno)-
8-(3-hydroxy-3-methylbuthyl)flavanone  (73)
(I1Cso = 84.60 uM)
cudracuspiflavanone A (74) (1Cso = 54.80 uM)
Dioscorea Roots dioscin (75) (ICso = 20 pg/mL) [72]
hipponica gracillin (76) (ICs, = 28.90 pg/mL)
diosgenin (77) (ICso = 28 pg/mL)
prosapogenin A (78) (ICs, = 1.80 pg/mL)
prosapogenin C (79) (ICso= 42.20 pg/mL)
Eisenia bicyclis  Brown 7-phloroeckol (80) (1C5, =12.70 £ 1.0 uM) [73]
seaweed
Eremochloa Leaves luteolin-6-C-5-D-boivinopyranoside (81) (ICsy [74]
ophiuroides =50.50 £ 3.9 uM)
orientin (82) (ICsp = 31.60 £ 2.7 uM )
isoorientin (83) (ICso = 44.60 + 1.3 uM)
derhamnosylmaysin (84) (ICs, = 25.90 + 3.7
nM)
isoorientin-2-O-a-Lrhamnoside (85) (ICsy =
18.50 £ 2.6 uM)
Erythrina Bark eriodictyol (86) (ICso = 134.00 + 19.39 uM) [75]
abyssinica sigmoidin A (87) (ICs = 4.50 + 0.87 uM)
Filipendula Aerial 3-O-caffeoyl-4-O-galloyl-L-threonic acid (88) [76]
kamtschatica part (1C50 = 26 uM)
Garciniacowa  Leaves vitexin (89) [77]
orietin (90)
Gardenia Fructus crocin (91) (ICso=2.10 mg/ml) [78]
Jasminoides crocetin (92) (ICs, = 2.60 mg/ml)
Ginkgo biloba Leaves ginkgolides A (93) (ICsy = 22.90 pg/mL) [79]

ginkgolides B (94) (ICs 60.10 pg/mL)
bilobalide (95) (ICso = 90 pg/mL)
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Table 3 Summary of pancreatic lipase inhibitors from plants (continue)

Botanical name Plant part  Lipase inhibitor (ICx) Reference
Glycyrrhiza Roots licuroside (96) (ICso = 14.90 uM) [80]
glabra

isoliquiritoside (97) (ICsq = 37.60 uM)
isoliquiritigenin (98) (ICso = 7.30 uM)

3,3,4,4'-tetrahydroxy-2 methoxy-chalcone
(99) (IC5o = 35.50 uM)

Glycyrrhiza Roots licochalcone A (100) (ICso = 35 png/mL) [81]
uralensis

Gnetum Seeds gnetin L (101) (IC5o =7.2 £ 1.8 uM) [82]
gnemon

gnetin C (102) (ICs = 12.2 + 2.2 uM)
gnemonosides A (103) (ICso = 125.7 £ 6.4 uM)
gnemonosides C (104) (ICso = 19.6 + 3.0 uM)
gnemonosides D (105) (ICsp = 41.4 £ 2.5 uM)
resveratrol (106) (ICso = >200 pM)

Monarda Whole carvacrol (107) (ICsy = 4.07 mM) [83]
punctata plants

Morus Roots methanolic extract [84]
bombycis

Nelumbo Leaves leaves extract (ICso = 0.46 mg/mL) [85]
nucifera

Panax ginseng  Roots ginseng saponin (IC50= 500 ug/ml) [86]
Salacia Roots mangiferin (108) [87]
reticulata

(-)-4'-O-methylepigallocatechin (109)

(-)-epiafzelechin-(45—8)-(-)-4'-O-
methylepigallocatechin  (110) (ICs, = 270
mg/L)

(-)-epicatechin-(4—8)-(-)-4'-O-
methylepigallocatechin (111) (1Cso= 68 mg/L)
19-hydroxyferruginol (112)

lambertic acid (113) (ICso = 225 mg/L)
kotalagenin 16-acetate (114)
26-hydroxy-1,3-friedelanedione (115)
maytenfolic acid (116)

34,22 5-Dihydroxyolean-12-en-29-oic acid
(117)




Table 3 Summary of pancreatic lipase inhibitors from plants (continue)
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Botanical name  Plant part Lipase inhibitor (1Cs) Reference
salacino (118)
carnosic acid (119)
tannin fraction (1Cso = 188 mg/L)

Salvia Leaves carnosic acid (113) (ICso= 12 pug/mL) [88]

officinalis carnosol (120) (ICso = 4.40 ug/mL)
roylenoic acid (121) (ICso = 35 pg/mL)
7-methoxyrosmanol (122) (ICso = 32 png/mL)
oleanolic acid (123) (ICso= 83 pug/mL)

Sapindus rarak  Pericarps  rarasaponins | (124) (IC50 = 131 uM) [89]
rarasaponins 1 (125) (IC_ = 172 uM)
raraoside A (126) (IC50= 151 uM)

Smilax china Stems protocatechuic acid (127) (IC50 =229 + 0.8 [90]

HM)

3-O-caffeoylquinic acid (128) (IC50 = > 1000
HM)
4-O-caffeoylquinic acid (129) (IC50 = > 1000

HM)

5-O-caffeoylquinic acid (130) (IC50 =474 + 35
uM)

kaempferol 3-O-S-D-glucopyranosyl-7-O-f-L-
rhamnopyranoside (131) (IC50 => 1000 uM)
quercitrin (132) (IC50 =96.70 £ 7.0 uM)

afzelin (133) (IC,, =572+ 102 uM)

trans-resveratrol (134) (IC50 = 612 £ 11.70
uM)
helonioside A (135) (IC50 => 1000 puM)

isoscutellarein-8-O-rhamnoside (136) (IC50 =
101 £ 18 uM)




Table 3 Summary of pancreatic lipase inhibitors from plants (continue)
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Botanical name

Plant part

Lipase inhibitor (ICs)

Reference

Vitis vinifera

Roots

wilsonol C (137) (ICso = 6.70 £ 0.7 uM)
heyneanol A (138) (ICsp = > 200 pM)
ampelopsin A (139) (ICso = 143.6 £ 3.8 uM)
pallidol A (140) (ICso = 144.2 £ 3.9 uM)
cis-piceid (141) (ICsq = 76.1 £ 3.0 uM)
trans-piceid (142) (ICsp = 121.5 £ 3.7 uM)
trans-resveratrol (143) (ICso = > 200 pM)

[91]
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ursolic acid (2) R;=R,=H
i 23-hydroxyursolic acid (3) R, =H, R, = OH
3-O-trans-p-coumaroyl actinidic acid (1) corosolic acid (4) R,= OH, R, = H
asiatic acid (5) R; =R, =OH

silphioside F (7) Ry = GIcA, R, = CH3, R3 = R4;=H
copteroside B (8) R;= GIcA, R,= CH,0H, R3;= R, =H
hederagenin 3-O-3-D-glucuronopyranoside 6'-O-methyl
ester (9) Ry = 6-O-methyl-GIcA, R, = CH,0H,
R3=Rs;=H
gypsogenin 3-O-4-D-glucuronopyranoside (10) Ry;=GIcA,
R, =CHO, R;=R;=H

betulinic acid (6)

chiisanoside (12) R = a-L-Rha(1—4)-5-D-
sessiloside (11) R = a-L-Rha(1—4)-4-D-Gle(1—6)- Glc(1—6)-p-D-Glc
S-D-Glc

Figure 3 Chemical structure of pancreatic lipase inhibitors



OH oy

escins la (13) Ry = Trigloyl, R, = Acetyl,
Rs; = D-glucopyranosly

escins lla (14) Ry = Trigloyl, R, = Acetyl,
R3; = D-xylopyranosly

escins 1b (15) Ry = Angeloyl, R, = Acetyl,
R3; = D-glucopyranosly

escins 11b (16) R; = Angeloyl, R, = Acetyl,

R3; = D-xylopyranosly

OH

OO!OH
HOIOO

OH
ellagic acid (18)

OH O

OH
OH

OH o

OH

cyanidin-3-glucoside (22)

18

HO

OCHj

ferulic acid (17)

OH
OH
chlorogenic acid (19)

OH O
3-methyletherglangin (21)

OCH;
OH
HO li !i

broussonone A (23)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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R1

Lﬂ

e

.f.’-'J\_ HO.. o 0. _,L ,H\
- ‘R2 :

broussonin A (24) R; = OH, R, = OCHj3 B W
broussonin B (25) R; = OCH3 R, = OH

Py

‘_/’."-_: tf-"a_ /f"‘\\
/[ =Y S \[f
- o
e

. oy ot
HO™ N ~Z

7,4'-dihydroxyflavan (26) R=H
3, 7-dihydroxy-4'-methoxyflavan (27) R= OCHjs

3,7-dihydroxy-4'-methoxyflavone (28)
R=H

3,7,3'-trihydroxy-4'-methoxyflavone (29)
R= OH chakasaponins | (30) R; = CH3, R, = R = H,

R, = Acetyl, Rs = Tigloyl
chakasaponins 11 (31) R; = CHs3, R, = OH, Rz = H,
R, = Tigloyl, Rs = Tigloyl
chakasaponins I11 (32) R; = CH3, R, = OH, R; = H,
R, = Acetyl, Rs = Tigloyl

OH
oH
HO O_ ]
: oH
"0
OH OH
18)
OH
OH

(-)-epigallocatechin-3-O-gallate (33)
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)



HO O
3 HO 0 Q
HO
o
0 OH OH
OH

OH
(+)-catechin (35)

(-)-epigallocatechin-3,5-digallate (34)

OH OH

HO o] "\\©[OH
HO O
“OH
OH OH
OH

(-)-epicatechin (36)

"IOH D [j/q:l
OH
(-)-epigallocatechin (38)

(+)-gallocatechin (37)

HO

s
s

oolonghomobisflavan A (39)

OH OH
HO OH
O 0 OH HO O
HO O O : OH
HO OH OH OH

@] @)

HO OH
OH OH

oolonghomobisflavan B (40)
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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OH

OH OH
o
OH
OH
oolongtheanin 3'-O-gallate (41) OH
OH
monodesgalloyl (42)
OH OH

HO OH
O OH A
PTG SO

OH OH

didesgalloyl (43)

HO 'OH

OH

prodelphinidin B-2,3,3'-di-O-gallate (44)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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OH
HO OH

OH
OH
assamicain A (45)
OH
HO
O
HO OH
Q.
OH
OH
OH
o
OH OH
8]
OH

OH
theasinensin D (46)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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HO OH

theaflavin (48) R=H
theaflavin-3,3’-O-gallate (49) R = Galloyl

kaempferol (52) R=0OH, R; =H, R,=OH ) - )
quercetin (53) R = OH, R, = OH, R, = OH (2S)-3,4,7-trihydroxyflavan-(4a—8)-catechin

luteolin (54) R = OH, R, = OH, R, = H (%) Ri1=R, =R, =H, Ry =Rs=0OH

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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HO O

OH O

10a-hydroxy-1o,4a-endoperoxy-guaia-2-en- 5,7-dihydroxychromone (59)

12,6a-olide (58)

o @)
“ |
OH O
5-hydroxy-2,2-dimethyl-2H,6H-benzodipyran-6- genistein (61) R;,=H, R, = OH
one (60) biochanin A (62) R;= H, R, = OCH,

3'-0-methylorobol (63) R, = OCH3, R;= OH

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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aromadendrine (66) R;=R;=Rs=H, R, =R;=OH
2R,3R)-2,3-dihydro-3,5,6,7-tetrahydroxy-2-(4-
hydroxyphenyl)-4H-1-benzopyran-4-one (67)
R, =R;=H, R, = R;= Rs = OH
naringenin (68) R, =R3; =R, =Rs; =H, R, =OH
5,7,3' 5'-tetrahydroxyflavanone (69) R; = R;= OH,
R,=R,;=Rs=H

HO
HO @)

OH O

cudraflavanone D (71)

OH O

2' 5,7-trihydroxy-4,5'-(2,2-dimethylchromeno)-8-(3-

hydroxy-3-methylbuthyl)flavanone (73)

OH O
morin (65)

OH O

8-prenylnaringenin (70)

HO 0
HO O v _
OH O

cudraflavanone A (72)

cudracuspiflavanone A (74)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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gracillin (76)

OH

..‘”"

OH O OH

HO 0}1@0 OH
: :0 0

OH OH

diosgenin (77)R=H
prosapogenin A (78) R = -Glc?-Rha 7-phloroeckol (80)
prosapogenin C (79) R = -Glc
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)



HO” ™ "“OH
OH
derhamnosylmaysin (84)

OH
OH
HO O .~‘\\
OH O
eriodictyol (86)
isoorientin-2-O-a-L-rhamnoside (85)
O OH
H H
RS S04
o >0 OH
0 0]
OH /
HO OH

sigmoidin A (87)

3-O-caffeoyl-4-O-galloyl-L-threonic acid (88)
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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vitexin (89)

OR
o) S TS T U U 0
OR
crocin (91) R = S-gentiobiosy
crocetin (92) R =H ginkgolides A (93) R; =R, = H

ginkgolides B (94) R, =OH, R, = H

O
) OH OH 0
. HO 0 N
CH,
WAnel O
0" "0 HO OH

bilobalide (95)

licuroside (96)

OH 0 0]
SOESRNs!
1o O 0 HO oy HO HO OH

isoliquiritoside (97) isoliquiritigenin (98)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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OH O o
(L C M
’ L
HO 0" HO OH HO 0~ OH
3,3',4,4'-tetrahydroxy-2-methoxychalcone (99) licochalcone A (100)
OH
HO
r 2%
HO

OR, resveratrol (106)

gnetin L (101) Rl = OCH3, Rzz R4 = H,

CHj;
R4: R3 =OH OH
gnetin C (102) Rl = R3 = R4 = H, R2 =OH H3C
gnemonosides A (103) R; =R3=H, R, = 0Glc, R4=Glc
CHs;

gnemonosides C (104) Ry =Rz =R;=H,
R, = OGlc
gnemonosides D (105) R; = R; = H, R, = OH,
R,=Glc

carvacrol (107)

OH
OR1
HO. o =
o R2

“on

OH

(-)-4’-O-methylepigallocatechin (109)
Rl = CH3’ R2 =OH

OH

OCH 5

O
(-)-epiafzelechin-(48—8)-(-)-4"-O- 19-hydroxyferruginol (112) R = CH,OH
methylepigallocatechin (110) R=H lambertic acid (113) R= COOH

(-)-epicatechin-(45—8)-(-)-4'-0O-
methylepigallocatechin (111) R= OH
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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kotalagenin 16-acetate (114) R= OCOCHj maytenfolic acid (116) R= a-OH

26-hydroxy-1,3-friedelanedione (115) R= H 3,22 p-dihydroxyolean-12-en-29-oic acid (117)
R = p-OH

HO, "5

o i

HyC

5
3
S

HO o carnosic acid (119)

salacino (118)

carnosol (120)

7-methoxyrosmanol (122)

oleanolic acid (123)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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H H
HO, o9 HO — o9
H H
O OH
HO —o HO 00 on
OH OH
H H
OAc OAc
rarasaponins | (124) rarasaponins 11 (125)
O OH
OH
OH

protocatechuic acid (127)

raraoside A (126)

OH

HO

HO O OH
Q O

HO v N

o 9H -

OH 4-O- caffeoquumlc acid (129)

OH

3-O-caffeoylquinic acid (128)

9]
HO )—OH
. &
HO aH

OH

kaempferol 3-O-4-D-glucopyranosyl-7-O-4-L-
5-O-caffeoylquinic acid (130) P /+D-glucopy Y P

rhamnopyranoside (131) R; = Rhamnose,
R ;= Glucose, R; = H
quercitrin (132) R; = H, R ,= Rhamnose, R; = OH
hafzelin (133) R; = H, R , = Rhamnose, R; = H
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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oHO
OH =~ 0 0 OH
0
HO
"o O OH
e O-CHj3 HO
S -
HO
trans-resveratrol (134) HO
O.
CHj

helonioside A (135)

wilsonol C (137)
Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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pallidol A (140)

HO HO

O O
0
HO O OH
o O OH
HO trans-piceid (142)
cis-piceid (141)

HO
ARV
HO

trans-resveratrol (143)

Figure 3 Chemical structure of pancreatic lipase inhibitors (continue)
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2.7 Chemical constituents of Solanum spp. in family of Solanaceae

The genus Solanum in member of Solanaceae family commonly grows in the
fields of temperate climate zones to the tropics. Previous investigation, plants in the
genus Solanum are rich of phytochemical compounds such as steroidal glycosides and
steroidal alkaloid glycosides [92]. Genus Solanum has investigated and reported
biological activities such as against herbivores, against pathogenic microorganism,
molluscicidal activity, anabolic, anti-fertility, anti-inflammatory and anti-allergic
drugs [93, 94]. The trichomes of young branches of S. crinitum were isolated to obtain
flavonoids and reported biological activity as cytotoxic and antitumoral activities. The
green fruits of S. crinitum contain glycoalkaloids and reported biological activity as
allelopathic activity [94]. The leaves of S. spirale reported as anaestheti, killing
intestinal worms, against beriberi and swollen stomach [95]. The whole plant of S.
nigrum contains alkaloids, glycoproteins, flavonoids, polyphenols and triterpenoids.
They reported biological activities as anti-inflammatory, anti-oxidant, anti-
nociceptive, anti-pyretic, anti-tumor, anti-ulcerogenic, cancer chemopreventive and
hepatoprotective [96-100]. The leaves of S. corymbiflorum have been used for
treatment of inflamed legs, low back pain, otitis, scabies, tick bite, mastitis and
inflammatory disorders [101]. The methanolic extract of aerial parts of S.
schimperianum extract showed antitrypanosomal activity against Trypanosoma brucei
[102]. While, the hexane crude extract showed activity against Bacillus subtilis and
Staphylococcus aureus [103]. Chemical constituents of the genus Solanum were
summarized in Table 4. Chemical structure of chemical constituents of Solanum spp.
was shown in Figure 4.

Table 4 Chemical constituents of Solanum spp. in family of Solanaceae

Botanical name Plant part  Chemical constituents Reference
Solanum Berries tomatidine (144) [104]
aculeastrum solasodine (145)

Solanum Aerial methyl salicylate 2-O-p-D-glucopyranosyl- [105]
coagulans parts (1—2)--D- gucopyranoside (146)

isorhamnetin 3-O-4-D-glucopyranoside (147)
quercetin 3-O-f-D-galactopyranoside (148)
N-p-coumaroyltyramine (149)

syringaresinol (150)

radulignan (151)

neochlorogenin 6-O-4-D-xylopyranosyl
(1—3)-p-D-quinovopyranoside (152)
neochlorogein 6-O-0-L-
rhamnpyranosyl(1—3)-4-D-
quinovopyranoside (153)
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Table 4 Chemical constituents of Solanum spp. in family of Solanaceae (continue)

Botanical name  Plant part

Chemical constituents

Reference

Solanum Leaves
corymbiflorum

Solanum Fruits
crinitum

Solanum Fruits
lycocarpum

Solanum nigrum  Leaves

(22R,23S,25R)-34,60,23-trinydroxy-5a-

spirostane 6-O-f-D-xylopyranosyl (1—3)-4-
D-quinovopyranoside (154)

torvoside K (155)

(22R,23R,255)-3 S,60,23-trihydroxy-5a-
spirostane 6-O-f-D-xylopyranosyl (1—3)-O-
S-D-quinovopyranoside (156)

torvoside L (157)
torvoside M (158)
chlorogenic acid (19)
rutin (51)

rosmarinic acid (159)
caffeic acid (160)
gallic acid (161)
tiliroside (162)
astragalin (163)
kaempferol (52)

biochanin A-7-O-p-D-apiofuranosyl-(1—5)-4-
D-apiofuranosyl-(1—6)-5-D-glucopyranoside
(164)

cis-cumaric acids (165)
trans-cumaric acids (166)
cis-ethyl cumarate esters (167)
trans-ethyl coumarate (168)
4-hydroxybenzoic acid (169)
solasonine (170)
f-solamargine (171)

gentisic acid (172)

luteolin (173)

apigenin (174)

kaempferol (52)

m-coumaric acid (175)

[101]

[106]

[107]

[108, 109]
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Table 4 Chemical constituents of Solanum spp. in family of Solanaceae (continue)

Botanical name

Plant parts

Chemical constituents

Reference

Solanum spirale

Solanum
stramonifolium

Solanum torvum

Fruits

Leaves

Fruits

Aerial

parts

Fruits

anthocyanidin
spirost-5-ene-34,124-diol (176)
N-trans-feruloyltyramine (177)

(R)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-
hydroxyphenyl)-2-methoxyethyl]acrylamide
(178)

(E)-ethyl caffeate (179)

Ethyl 4-hydroxy-3-methoxycinnamate (180)
methylsinapate (181)
chlorogenic acid (19)

caffeic acid (160)

f-sitosterol (182)

tryptophol acetate (183)
4-amino-3-methoxyphenol (184)
lupeol (185)

protocatechuic acid (186)
trans-cinnamic acid (187)
carpesterol (188)

neochlorogenin 6-O-f4-D-quinovopyranoside
(189)

neochlorogenin 6-O-p-D-xylopyranosyl-
(1—3)-p-D-quinovopyranoside (190)

solagenin 6-O-4-D-quinovopyranoside (191)

solagenin 6-O-a-L-rhamnopyranosyl-(1—3)-
f-D-quinovopyranoside (192)

isoquercetin (193)
rutin (51)
kaempferol (52)
quercetin (53)
scopoletin (194)

[110]

[111]

[112]

[112]
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Table 4 Chemical constituents of Solanum spp. in family of Solanaceae (continue)

Botanical name Plant parts  Chemical constituents Reference
Solanum Leaves, sobatum (195) [113]
trilobatum stems p-solamagine (171)

tomatidine (144)

solasodine (145)

solanine (196)

diosogenin (197)
Solanum Fruits apigenin (174) [114]
xanthocarpum

scopoletin (195)
esculetin (198)
courmarin (199)
methyl caffeate (200)
caffeic acid (160)
carpesterol (188)
campesterol (201)
f-sitosterol (182)
lupeol (185)
cycloartenol (202)
stigmasterol (203)
solasodine (145)
diosgenin (77)
tomatidenol (204)

a-solamargine (205)
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tomatidine (144)

-

methyl salicylate 2-O- 4 -Dglucopyranosyl-(1—2)-4 -
D-gucopyranoside (146) R = f-D-Glc-(1—2)-4 -D-
Glc-

isorhamnetin 3-O-5-D-glucopyranoside
(147) R = p-D-Glc

/ CONH
HO —(: :}—/ \—< —OH

OH O
quercetin 3-O-f-D-galactopyranoside (148) N-p-coumaroyltyramine (149)
R = -D-Gal

OMe

@om
0. .
OMe OMe

H i ol H

OH 0
MeO o i OH
ol :

HO OH on  OMe

OMe

Syringaresinol (150) radulignan (151) R = 5-D-Glc
Figure 4 Chemical structure of chemical constituents of Solanum spp.
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neochlorogenin 6-O-f-D-xylopyranosyl (1—3)-4-D- OR
quinovopyranoside (152) (22R, 23S, 25R)-33,6.,23-trihydroxy-5a-
R = B-D-Xyl-(1—3)-4-D-Qui- spirostane 6-O--D-xylopyranosyl (1—3)-4-
neochlorogein 6-O-a-L-rhamnpyranosyl (1—3)-4-D- D-quinovopyranoside (154) R = -D-Xyl-
quinovopyranoside (153) R = a-L-Rha-(1—3)-4-D- (1—3)-4-D-Qui-
Qui- torvoside K (155) R = a-L-Rha-(1—3)-4-D-
Qui-

O

C:)R RO

(22R, 23R, 25S)-3,6a,23-trihydroxy-5a-spirostane 6-
O-f-D-xylopyranosyl (1—3)-O-4-D-
quinovopyranoside (156)

R = B-D-Xyl-(1—3)-4-D-Qui-
torvoside L (157) R = a-L-Rha-(1—3)-4-D-Qui-

OH
5 ijij/OH
@f\\/ko HO
HO OH
OH

caffeic acid (160)

torvoside M (158) = -D-Glc-(1—6)-5-D-
Glc-

rosmarinic acid (159)

HO OH

HO
OH

gallic acid (161)

tiliroside (162)

Figure 4 Chemical structure of chemical constituents of Solanum spp. (continue)
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OH
HO
(0]
OMe

HO,
O

OH OH
: biochanin A-7-O-4-D-apiofuranosyl-(1—5)-4-D-
lin (1
astragalin (163) apiofuranosyl-(1—6)-5-D-glucopyranoside (164)

m 0
= OR
HO RO 0 /OA/JL
HO

cis-cumaric acids (165) R=H
ethyl cis-cumarate esters (167) R = CH,CH L
yleis-cl (167) = 1 trans-cumaric acids (166) R = H
ethyl trans-coumarate (168) R = CH,CHjs

OH
Q/%
HO

4-hydroxybenzoic acid (169)

CH
solasonine (170)

OH

HO o}
HO
gentisic acid (172)

(T

T

p-solamargine (171)

Figure 4 Chemical structure of chemical constituents of Solanum spp. (continue)
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luteolin (173)

HO

HO
m-coumaric acid (175)

OH
@]

H,CO NN
H

R
HO

N-trans-feruloyltyramine (177) R=H
(R)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-
hydroxyphenyl)-2-methoxyethyl]acrylamide (178)
R= OCH3

methylsinapate (181)

=T

spirost-5-ene-34,125-diol (176)

O

R
1 N O/\

R;
(E)-ethyl caffeate (179) R, =R, = OH
ethyl 4-hydroxy-3-methoxycinnamate (180)
R;=0CH;, R, = OH

HsC,

p-sitosterol (182)

e]

tryptophol acetate (183)

Figure 4 Chemical structure of chemical constituents of Solanum spp. (continue)
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4-amino-3-methoxyphenol (184)
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2.8 Solanum aculeatissimum

2.8.1 Description

S. aculeatissimum is belongs to the genus Solanum of family Solanaceae. It is
also known as cockroach berry or Ma khuea khuen (Thailand). This plant is a
perennial shrub widely. The tropical America zone is an originally place. It can be
grown throughout worldwide which are found various tropical zones especially Asia
and Africa. This shrubby perennial can grow up to 1-3 m height, its trunk can be
found short spines. Diameter of spherical fruit is 2-3 cm, striped green and creamy-
white are showed in unripe fruits while fresh yellow is showed in ripe fruits. The
characteristic of fruit is bitter flavor. S. aculeatissimum is known as Thai folklore
medicines which grow on fields and groves. Its name is called upon part of Thailand
as Ma khuea khuen (Central and Northeastern), Ma khuea chae (Northern) and Khuea
hin (Southern). Fruits and whole plant of S. aculeatissimum are shown in Figure 5
[115].

2.8.2 Medicinal properties

The fruits of S. aculeatissimum have been using as medicine and an ingredient
in cosmetics such as treatment of headache, toothache, scabies, tooth decay,
constipation, purgative, back pain, male impotence, snakebites, skin infections,
flatulence, cough and dysmenorrhea [116, 117]. In India and Nepal, fruits of S.
aculeatissimum have been used as traditional medicine for a long time [118]. In
China, it was used for the treatment of bronchitis and rheumatism [116, 117]. Besides,
fruits of S. aculeatissimum have been used as folklore medicine for Akgsannibat and
cure of phlegm [117].

2.8.3 Chemical constituents and biological compounds

S. aculeatissimum contains steroidal alkaloids and saponins which be found
and isolated from leaves, stems, roots, seeds and fruits [119, 120]. Previously studies,
the methanolic extract of leaves of S. aculeatissimum was reported biological activity
with antibacterial properties [121]. The ethanolic extract of leaves of S.
aculeatissimum showed allelopathic substances with phytotoxic activity. While, the
fruits of S. aculeatissimum were isolated to obtain as double-headed protease inhibitor
which used to inhibit endogenous proteases [122]. The total phenolic content of S.
aculeatissimum fruits was 3.52 + 0.01 g/100 g of crude extract as gallic acid and 0.37
9/100 g of dry herb powder as gallic acid. 1Cs, value of antioxidant activity was 852.0
pg/mL [123]. Biological activities and chemical constituents of S. aculeatissimum
have been investigated and reported as summarized in Table 5. Chemical structure of
chemical constituents of S. aculeatissimum were shown in Figure 6.



Figure 5 (a) The ripe fruits (b) the ripe and unripe fruits and (c) whole plant of
S. aculeatissimum
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Table 5 Chemical constituents of S. aculeatissimum
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Plant parts  Chemical constituents  Bioactivity Reference
Fruits solanine (196) acetylcholinesterase inhibitor, [120, 124]
antifeedant, fungicide and pesticide
solasonine (170) activities
cytotoxicity against several human
cancer cell lines and skin tumours
S-solamargine (171) anti-cancer
Protease inhibitor Antihaemolytic and anti-lipid [125]
peroxidative potential
Roots aculeatiside A (206) production of steroid [119, 126]
aculeatiside B (207) hormones
Cell and solasodine (145) anti-cancer, antifungal, antiandrogenic [119]
tissue and antispermatogenetic
cultures
solasonine (170)
f-solamargine (171)
nuatigenin (208) precursors for the manufacture of
steroidal hormones and
pharmaceuticals
Aerial genomic DNA A glucosyltransferase involved in [127]
parts steroid saponin biosynthesis
Leaves  ethanolic extract phytotoxic potential activity [128]

methanolic extract

antibacterial properties

[121]
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Plants materials

3.1.1 Plants for preliminary screening

Nineteen Thai medicinal plants were purchased from Phrakhanong market,
Bangkok, Thailand. The list of Thai medicinal plants for preliminary screening of
anti-lipase activity including scientific name, common name, family and part used are
shown in Table 6.

3.1.2 Plant materials of S. aculeatissimum

The fresh ripe fruits of S. aculeatissimum were collected from Amphoe
Atsamart, Roi Et Province, Thailand, in December 2014. A voucher specimen (BCU
No. A 015372) was deposited at the Professor Kasin Suvatabhandhu Herbarium,
Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok,
Thailand.



Table 6 The list of Thai medicinal plants for preliminary screening

o1

Common name

No. Family Scientific name (Thai name) Part used
1  Amaranthaceae A. lividus Amaranth green Leaves
(Taw'Ing)
2  Capparidaceae C. viscose Stinking cleome Stems,
(Fmdour) leaves
3  Capparidaceae G. gynandra Wild spidPr flower Roots
(Fmaen)
4 Cucurbitaceae M. charantia Bitter cugumber Fruits
(vzsziun)
5  Cucurbitaceae M. charantia Chinese bitter Fruits
(vzsdu)
6  Cucurbitaceae M. cochinchinensis Baby jackfruit, gac Fruits
(stndn)
7  Euphorbiaceae P. amarus Tamalaki, hazardana Stems,
(181) leaves
8  Fabaceae C. siamea Siamgse cassia Leaves
(Amdn)
9  Leguminosae S. rostrata Seshania Stems,
(Taruid) leaves
10 Menispermaceae  T. triandra Ya-Nang Leaves
(6119)
11 Piperaceae P. sarmentosum Wild betal leaf Leaves
(w21q)
12  Solanaceae C. annnuum Chili spur pepper Fruits
(wsnadh)
13  Solanaceae C. frutescens Bird pepper Fruits
(windwy)
14  Solanaceae S. aculeatissimum Cockroach berry Fruits
(vziioin)
15 Solanaceae S. melongena Long eggplant Fruits
(vzivoom)
16  Solanaceae S. melongena Round eggplant Fruits
(vzidoreno)
17  Solanaceae S. melongena Thai eggplant Fruits
(vzioulsnz)
18 Solanaceae S. melongena Round purple eggplant Fruits
(vziionnn)
19 Solanaceae S. trilobatum Purple-fruited pea Fruits

eggplant (uzuiusio)
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3.2 Chemicals and reagents

3.2.1 All commercial grade organic solvents were distrilled prior to use such as
hexane, dichloromethane, ethyl acetate, acetone and methanol

3.2.2 All organic solvents for HPLC grade such as acetonitrile, methanol and DDI
water were filtrated prior to use, Sigma, Germany

3.2.3 Dimethy sulfoxide (DMSO), ACS reagent, Fluka, Switzerland

3.2.4 Ethanol, Merck, Germany

3.2.5 Acetonitrile, J.T. Baker, USA

3.2.6 Hydrochloric acid, Merck, Germany

3.2.7 Vanillin reagent (powder), Merck, Germany

3.2.8 Tris (hydroxymethyl) aminomethane (Tris-base), MB grade, USB, USA

3.2.9 p-Nitrophenylpalmitate, Sigma, Germany

3.2.10 Lipase (porcine pancreas Type I, crude), Promega, USA

3.2.11 Chloroform-d 99.8 atom % D (CDCl3), Merck, Germany

3.2.12 Methanol-d 99.8 atom % D (CD3;OD), Cambridge Isotope Laboratories, USA
3.2.13 Pyridine-d 99.8 atom % D (CsDsN), Merck, Germany

3.3 General experimental procedures

3.3.1 Chromatographic techniques

3.3.1.1 Thin layer chromatography (TLC)

Technique: One dimension, ascending

Stationary phase: Silica gel 60 F,s4 pre-coated plates (Merck), layer thickness

0.2 mm

Developing distance: 4.0 cm

Mobile phase: Various solvent systems

Temperature: Room temperature (30 - 35 °C)

Detection: a. Observe under UV light 254 nm
b. Dip 10% sulfuric acid in aqueous ethanol and heat on hot plate
c. Dip 1% vanillin reagent (powder) in sulfuric acid and heat on
hot plate

3.3.1.2 Column chromatography

Column: Flat bottom glass column

Stationary phase: a. Diaion HP20 (Mitsubishi, Japan) particle sizes > 250 um
b. Sephadex LH-20 (GE Healthcare Life Sciences, GE
Healthcare Bio-Sciences, USA) particle sizes 18 - 111 um
(Hydroxypropylated, cross-linked dextran matrix)
c. Silica gel 60 (Merck) particle sizes 0.063 - 0.200 nm. (70
- 230 mesh ASTM)

Mobile phase: Various solvent systems

Packing method: Wet packing

Detection: All fractions were detected and examined by TLC
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3.3.1.3 Flash chromatography

The samples were analysis and purified using PuriFlash®system (Interchim,
France) which consisted of pump, UV Detector (200 - 600 nm), integrated column
holders and sample loading (Flash - dry load and liquid load), fraction collector and
chromatographic data processing software (Interchim® software). Fractions which
were separated from hexane crude extract using PuriFlash column 15 Silica HP - 4.0 ¢
(22 bar). The flow rate was 5 mL/min. The mobile phase was adjusted and used linear
gradient at analytical level which composed various organic solvents by increasing
polarities. Fractions which were separated from n-butanol crude extract using
PuriFlash column 15 C18 HP - 6.0 g (22 bar). The flow rate was 5 mL/min. The
mobile phase was adjusted and applied with methanol - DI water depending on
characteristic of isolated fractions.

3.3.1.4 High performance liquid chromatography (HPLC)

The samples were analyzed using HPLC system (Thermo Separation Products,
USA), which consisted of an auto-sampler (AS3000), a manual injection with 20 puL
loop (RESTEK SGE syringe), a quaternary pump system (spectra system P4000),
vacuum degasser (spectra system SN400), an UV variable-wavelength detector
(spectra system UV6000LP) and a chromatographic data processing software
(ChromQuest 4.2.34%). Fractions which separated from n-butanol crude extract were
operated on a Hypersil BDS Cyano column (g 4.6 mm x 25 cm, 5 ym, Thermo
Hypersil-Keystone, Germany). The mobile phase was adjusted and applied with
methanol - DDI water depending on characteristic of isolated fractions.

3.3.2 pH meter

The Mettler Toledo (SevenCompactTM) pH meter model S220 was used for
adjustment pH of Tris-HCL buffer to 8.50.

3.3.3 Melting point apparatus
The Electrothermal (Mel-Temp®) was used for determination melting points.
3.3.4 Rotary evaporator

The Eyela rotary evaporator model N-1 (EYELA, Japan) was used for
evaporating organic solvents under vacuum.

3.3.5 Hot air oven

The WiseVen hot air oven (Witeg, Germany) was used for drying the plants
materials.

3.3.6 Water bath

The Memmert (Memmert GmbH, Germany) water bath was used for
extraction aqueous extract of plants and incubation of samples reaction for anti-lipase
assay.
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3.3.7 UV/VIS Spectrophotometer

Instrument name: Microplate reader Multiscan GO (Thermo Fisher Scientific,
USA), SkanIT 3.2 (software)

Temperature of incubation: 31.2 °C

Wavelength: 405 nm

3.3.8 Gas chromatography-mass spectrometer (GC-MS)

Instrument name: Triple Quadrupole GC/MS (GC-QQQ), Agilent
Technologies
GC Model: Agilent 7890B GC system
MSD model: Agilent 7000C GC/MS triple Quad
GC column: HP-5ms part no. 19091S-433 (5% phenyl methyl siloxane, 30 m
X 0.25 mm, 0.25 um) and HP-INNOWax column (30 m x 0.25
mm, 0.25 pm)

3.3.9 Nuclear magnetic resonance spectrometer (NMR)

The *H and *C NMR spectra were obtained either at 300 MHz and 75.5 MHz,
respectively on Bruker model Fourier 300 spectrometer (Bruker, USA) and 500 MHz
and 125.5 MHz, respectively on Bruker model Fourier 500 spectrometer (Bruker,
USA). NMR solvents were used as deuterated chloroform (CDCI3), deuterated
methanol (CD30D) and deuterated pyridine (CsDsN).

3.3.10 High resolution mass spectrometer

The high resolution mass spectra were recorded by Bruker model MICROTOF
(Bruker Daltonics, USA). The coupled mass spectrometer was operated in
electrospray ionization (ESI) mode. Scan range of beginning and end were 50 - 3000
m/z.

3.4 Methods

3.4.1 Extraction of plant materials for preliminary screening

Plant materials were washed with water and dried in hot air oven at 60 °C.
Then, the dry samples were ground into small pieces. The dried-ground plant was
extracted three times with methanol at room temperature for three days. Then, the
extract was filtrated with Whatman no. 1 filter paper. The methanolic crude extract
was obtained by removal of solvent in vacuo. For aqueous extraction, the dried-
ground plant was extracted three times with DI water at 60 °C for 30 minutes. Then,
the extract was filtrated with Whatman no. 1 filter paper and removed solvent in
vacuo to give aqueous crude extract as shown in Figure 7.
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Figure 7 Extraction procedure of plant materials for preliminary screening

3.4.2 Extraction of S. aculeatissimum fruits

The fresh ripe fruits of S. aculeatissimum (37.83 kg) were washed with water
and dried in hot air oven at 60 °C. Then, the dried samples were ground into small
pieces. The dried-ground fruits (6.56 kg) were extracted with methanol (16 L) for 48 h
at room temperature for 4 times. Then, the extract was filtrated with Whatman no. 1
filter paper and was evaporated in vacuo to obtain methanolic crude extract (1.01 kg).
The methanolic crude extract was partitioned with various solvents by increasing
polarities to obtain four subfractions as hexane crude extract, ethyl acetate crude
extract, n-butanol crude extract and aqueous crude extract as shown in Figure 8. All
crude extracts were evaluated for lipase inhibitory activity.
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Dried ground fruits of S. aculeatissimum (6.56 kg)

extracted with methanol
(16 L x 4 times, rt)

Methanolic crude extract (1.01 kg)

suspended in water
(100 mL)

Agueous solution

partitioned with hexane
(100 ml x 3 times)

l

Hexane soluble fraction Agqueous fraction
evaporated partitioned with ethyl acetate
in vacuo (100 ml x 3 times)
Hexane
crude extract )
Ethyl acetate soluble Aqueous fraction
evaporated partitioned with n-butanol
in vacuo (100 ml x 3 times)
Ethyl acetate
crude extract
n-Butanol soluble fraction Aqueous fraction
evaporated evaporated
in vacuo in vacuo
n-Butanol Aqueous
crude extract crude extract

Figure 8 Extraction procedure of S. aculeatissimum fruits

3.4.2.1 Separation of hexane crude extract of S. aculeatissimum fruits

The hexane crude extract (fraction Hx, 130.00 g) was subjected to quick
column chromatography on silica gel (300 g) using hexane (7 L), hexane:ethyl acetate
(1:1 viv) (4 L), ethyl acetate (6 L) and ethyl acetate:methanol (9:1 v/v) (4 L) as the
eluent to afford four subfractions (Hx-A - Hx-D). Each subfraction was evaluated for
lipase inhibitory activity in vitro. The active fractions were further separated to obtain
pure compounds.

The fraction Hx-A (8.62 g) was separated by silica gel column
chromatography eluting with hexane, hexane:ethyl acetate (9.5:0.5 v/v), hexane:ethyl
acetate (9:1 v/v), hexane:ethyl acetate (1:1 v/v) and ethyl acetate to give nine
subfractions (Hx-AA - Hx-Al). The fraction Hx-AF (2.95 g) was separated by silica
gel column chromatography eluting with heptane:hexane (1:1 v/v), hexane,
hexane:dichloromethane (1:1 v/v) and ethyl acetate to give nine subfractions (Hx-
AFA - Hx-AFIl). Fraction Hx-AFE (290.0 mg) was separated by column
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chromatography using silica gel and eluting with petroleum ether, petroleum
ether:ethyl acetate (8:2 v/v), petroleum ether:ethyl acetate (6:4 v/v), petroleum
ether:ethyl acetate (4:6 v/v), petroleum ether:ethyl acetate (2:8 v/v) and ethyl acetate
to give eight subfractions (HX-AFEL - Hx-AFES8). Fraction Hx-AFE3 (270.0 mg) was
further separated by column chromatography using silica gel and eluting with
petroleum ether, petroleum ether:dichloromethane (8:2 v/v), petroleum
ether:dichloromethane (6:4 v/v), petroleum ether:dichloromethane (4:6 v/v) and
dichloromethane to give twelve subfractions (Hx-AFE3A - Hx-AFE3L). The fraction
Hx-AH (280.1 mg) was separated by silica gel column chromatography eluting with
hexane, hexane:acetone (9.5:0.5 v/v), hexane:acetone (9:1 v/v), hexane:acetone
(8.5:1.5 v/v), hexane:acetone (8:2 v/v), hexane:acetone (1:1 v/v) and acetone to give
seven subfractions (Hx-AHA - Hx-AHG). Fraction Hx-AHE (58.0 mg) was separated
by column chromatography using silica gel and eluting with hexane, hexane:ethyl
acetate (9:1 v/v), hexane:ethyl acetate (8:2 v/v), hexane:ethyl acetate (7:3 v/v),
hexane:ethyl acetate (1:1 v/v) and ethyl acetate to give eight subfractions (Hx-AHE1 -
Hx-AHES). Fraction Hx-AHE4 (compound 209) was obtained as white solid (8.2 mg,
0.0063% w/w of hexane crude extract).

The fraction Hx-D (5.01 g) was separated by column chromatography using
Diaion HP20 with ethyl acetate, ethyl acetate:methanol (1:1 v/v), methanol and DI
water as eluents to give five subfractions (Hx-DA - Hx-DE). All fractions were tested
for lipase inhibitory activity. The fraction Hx-DA (1.95 g) was separated by column
chromatography on silica gel eluting with ethyl acetate, ethyl acetate:methanol (9:1
v/v), ethyl acetate:methanol (8:2 v/v) and ethyl acetate:methanol (7:3 v/v) to give five
subfractions (Hx-DAA - Hx-DAE). Fraction Hx-DAB (230.9 mg) was subjected to
flash chromatography using PuriFlash column 15 Silica HP - 4.0 g (22 bar) eluting
with gradient mobile phase as hexane, hexane:ethyl acetate (1:1 v/v), ethyl acetate,
ethyl acetate:methanol (9:1 v/v) and ethyl acetate:methanol (6:4 v/v) to give four
subfractions (Hx-DAB1 - Hx-DAB4). Fraction Hx-DAB2 (162.1 mg) was further
separated by flash chromatography using PuriFlash column 15 Silica HP - 4.0 g (22
bar) eluting with gradient mobile phase as hexane, hexane:dichloromethane (1:1 v/v)
and dichloromethane to give five subfractions (Hx-DAB21 - Hx-DAB25). The
fraction Hx-DAB24 (115.1 mg) was separated by flash chromatography using
PuriFlash column 15 Silica HP - 4.0 g (22 bar) eluting with hexane,
hexane:dichloromethane (1:1 v/v) and dichloromethane to give four subfractions (Hx-
DAB241 - Hx-DAB244). Fraction Hx-DAB243 (45.2 mg) was separated by flash
chromatography eluting using PuriFlash column 15 Silica HP - 4.0 g (22 bar) with
hexane, hexane:dichloromethane (1:1 vIv), dichloromethane,
dichloromethane:methanol (9:1 v/v) and dichloromethane:methanol (8:2 v/v) to give
five subfractions (Hx-DAB2431 - Hx-DAB2435). Fraction Hx-DAD was subjected to
flash chromatography eluting with hexane, hexane:ethyl acetate (1:1 v/v), ethyl
acetate, ethyl acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v), ethyl
acetate:methanol (7:3 v/v) and ethyl acetate:methanol (6:4 v/v) to give four
subfractions (Hx-DAD1 - Hx-DADA4).

The fraction Hx-DB showed strong anti-lipase activity. Thus, it was separated
by column chromatography on silica gel eluting with ethyl acetate, ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 wv/v) and ethyl
acetate:methanol (7:3 v/v) to give six subfractions (Hx-DBA - Hx-DBF). Fraction Hx-
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DBC (160.5 mg) was subjected to silica gel column chromatography eluting with
hexane, hexane:acetone (9:1 v/v), hexane:acetone (7:3 v/v), hexane:acetone (1:1 v/v),
hexane:acetone (3:7 v/v), acetone and ethyl acetate:methanol (7:3 v/v) to give six
subfractions (Hx-DBC1 - Hx-DBCG6). Fraction Hx-DBC2 (62.2 mg) was further
separated by column chromatography using silica gel with hexane, hexane:ethyl
acetate (9.5:0.5 v/v), hexane:ethyl acetate (9:1 v/v), hexane:ethyl acetate (8:2 v/v),
hexane:ethyl acetate (7:3 v/v), hexane:ethyl acetate (6:4 v/v), hexane:ethyl acetate
(1:1 v/v) and ethyl acetate as eluents to give seven subfractions (Hx-DBC21 - Hx-
DBC27). The fraction Hx-DBC24 (38.1 mg) was separated by silica gel column
chromatography eluting with hexane, hexane:acetone (9.5:0.5 v/v), hexane:acetone
(9:1 vlv), hexane:acetone (8.5:1.5 v/v), hexane:acetone (8:2 v/v), hexane:acetone
(7.5:2.5 viv) and hexane:acetone (7:3 v/v) to give eight subfractions (Hx-DBC241 -
Hx-DBC248). Fraction Hx-DBC243 (compound 210) was obtained as white crystal
(1.4 mg, 0.0011% w/w of hexane crude extract). It was further analyzed by GC-MS.
Fraction Hx-DBC4 (48.2 mg) was separated by flash chromatography using
PuriFlash column 15 Silica HP - 4.0 g (22 bar) eluting with gradient mobile phase as
hexane:ethyl acetate (1:1 v/v), hexane:ethyl acetate (3:7 v/v), ethyl acetate, ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v), ethyl acetate:methanol
(7:3 vlv) and ethyl acetate:methanol (6:4 v/v) to give four subfractions (Hx-DBC41-
Hx-DBC44). Fraction Hx-DBD (500.4 mg) was separated by silica gel column
chromatography eluting with ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl
acetate:methanol  (9:1 v/v), ethyl acetate:methanol (8.5:1.5 v/v), ethyl
acetate:methanol (8:2 v/v), ethyl acetate:methanol (7.5:2.5 v/v) and ethyl
acetate:methanol (7:3 v/v) to give eight subfractions (Hx-DBD1 - Hx-DBDS).
Fraction Hx-DBD5 (170.1 mg) was separated by column chromatography using silica
gel with ethyl acetate, ethyl acetate:methanol (9.5:1.5 v/v), ethyl acetate:methanol
(9:1 viv), ethyl acetate:methanol (8.5:1.5 v/v), ethyl acetate:methanol (8:2 v/v) and
ethyl acetate:methanol (7:3 v/v) as eluents to give four subfractions (Hx-DBD51 - Hx-
DBD54). Fraction Hx-DBD52 (142.4 mg) was further separated by silica gel column
chromatography eluting with ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8.5:1.5 wv/v), ethyl
acetate:methanol (8:2 v/v) and ethyl acetate:methanol (7.5:2.5 v/v) to afford ten
subfractions (Hx-DBD52A - Hx-DBD52)). Fraction Hx-DBD52C (50.9 mg) was
separated by column chromatography using silica gel with hexane, hexane:ethyl
acetate (9.5:0.5 v/v), dichloromethane, ethyl acetate, ethyl acetate:methanol (9.5:0.5
vlv), ethyl acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v) and ethyl
acetate:methanol (7:3 v/v) as eluents to afford twelve subfractions (Hx-DBD52CA -
Hx-DBD52CL). Fraction Hx-DBD52CE (6.0 mg) was separated by silica gel column
chromatography eluting with ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8.5:1.5 wv/v), ethyl
acetate:methanol (8:2 v/v), ethyl acetate:methanol (7.5:2.5 v/v) and ethyl
acetate:methanol (7:3 v/v) to give eight subfractions (Hx-DBD52CE1 - Hx-
DBD52CES).

The fraction Hx-DC (1.89 g) was separated by column chromatography on
silica gel eluting with ethyl acetate, ethyl acetate:methanol (9:1 v/v), ethyl
acetate:methanol (8:2 v/v) and ethyl acetate:methanol (7:3 v/v) to give three
subfractions (Hx-DCA - Hx-DCC).
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3.4.2.2 Separation of n-butanol crude extract of S. aculeatissimum fruits

The n-butanol crude extract (fraction Bu, 11.52 g) was subjected to column
chromatography using Diaion HP20 with ethyl acetate, ethyl acetate:methanol (1:1
v/v), methanol and DI water as eluents and eluates were kept 50 mL per flask to
obtain five subfractions (Bu-A - Bu-E). Each subfraction was evaluated for lipase
inhibitory activity. The active fractions were further separated to obtain pure
compounds.

Fraction Bu-B (5.72 g) was separated by column chromatography on silica gel
eluting with dichloromethane:methanol (9:1 v/v), dichloromethane:methanol (7:3
v/v), dichloromethane:methanol (1:1 v/v) and dichloromethane:methanol (3:7 v/v) to
afford five subfractions (Bu-BA - BU-BE). Then, fraction Bu-BD (1.38 g) was further
subjected to Sephadex LH-20 column chromatography with methanol to yield two
subfractions (Bu-BD1 - Bu-BD2). Fraction Bu-BD2 (897.8 mg) was further subjected
to Sephadex LH-20 column chromatography with dichloromethane:methanol (1:1 v/v)
and methanol as eluents to yield five subfractions (Bu-BD2A - Bu-BD2E). Fraction
Bu-BD2A (176.2 mg) was separated by column chromatography on silica gel with
dichloromethane:methanol (9:1 v/v), dichloromethane:methanol (7:3 Vv/v),
dichloromethane:methanol (1:1 v/v) and dichloromethane:methanol (3:7 v/v) as
eluents to yield twelve subfractions (Bu-BD2AA - Bu-BD2AL). Fraction of Bu-
BD2AC (compound 211) was obtained as white solid (3.8 mg, 0.0330% w/w of n-
butanol crude extract).

Fraction Bu-C (4.10 g) was separated by column chromatography on silica gel
with ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl acetate:methanol (9:1
v/v), ethyl acetate:methanol (8.5:1.5 v/v), ethyl acetate:methanol (8:2 v/v), ethyl
acetate:methanol (7.5:25 wv/v), ethyl acetate:methanol (7:3 v/v), ethyl
acetate:methanol (6:4 v/v) and ethyl acetate:methanol (5.5:4.5 v/v) as eluents to afford
twelve subfractions (Bu-CA - Bu-CL). Then, fraction Bu-CG (132.8 mg) was
subjected to Sephadex LH-20 column chromatography with methanol to yield four
subfractions (Bu-CGA - Bu-CGD). Fraction Bu-CGB (38.9 mg) was further subjected
to Sephadex LH-20 column chromatography with methanol as eluent to yield four
subfractions (Bu-CGBA - Bu-CGBD).

Fraction Bu-D (0.56 g) was separate by column chromatography using
Sephadex LH-20 with methanol as eluent to yield five subfractions (Bu-DA - Bu-DE).
The active fractions were further separated to obtain pure compounds. Fraction Bu-
DA (33.0 mg) was further fractionated by HPLC and was operated on a Hypersil BDS
Cyano column (g 4.6 mm x25 cm, 5 um, Thermo Hypersil-Keystone, Germany). The
gradient elution system consisted of methanol (A) and DDI water (B) as the mobile
phase using the following gradient: 70-90% A at 0-40 min, 90-100% A at 40-50 min,
100% A at 50-60 min. The injection volume was 20 pL. Flow rate was 1.0 mL/min,
and UV absorption was measured at wavelengths of 220 nm to yield four subfractions
(Bu-DAL - Bu-DA4). Subfraction Bu-DA2 was obtained as compound 212 as white
crystals (4.5 mg, 0.0391% w/w of n-butanol crude extract). Fraction Bu-DB (90.2 mg)
was further fractionated by HPLC and was operated on a Hypersil BDS Cyano
column (g 4.6 mm x25 cm, 5 um, Thermo Hypersil-Keystone, Germany). The
gradient elution system consisted of methanol (A) and DDI water (B) as the mobile
phase using the following gradient: 50-80% A at 0-40 min, 80-100% A at 40-50 min,
100% A at 50-60 min. The injection volume was 20 pL. Flow rate was 1.0 mL/min,
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and UV absorption was measured at wavelengths of 220 nm to yield four subfractions
(Bu-DB1 - Bu-DB4). Subfraction Bu-DB2 was re-crystallized with a mixture of
dichloromethane and methanol to obtain compound 213 as white crystals (3.0 mg,
0.0260% w/w of n-butanol crude extract). Subfraction Bu-DB3 (22.0 mg) was further
isolated by HPLC and was operated on a Hypersil BDS Cyano column (g 4.6 mm x25
cm, 5 pum, Thermo Hypersil-Keystone, Germany). The gradient elution system
consisted of methanol (A) and DDI water (B) as the mobile phase using the following
gradient: 80-80% A at 0-40 min, 80-100% A at 40-50 min, 100% A at 50-60 min. The
injection volume was 20 pL. Flow rate was 1.0 mL/min, and UV absorption was
measured at wavelengths of 220 nm to yield four subfractions (Bu-DB31 - Bu-DB34).
Subfraction Bu-DB32 obtained compound 214 as white crystals (4.9 mg, 0.0425%
wi/w of n-butanol crude extract).

The n-butanol crude extract (fraction Bu, 30.05 g) was re-separated. It was
subjected to column chromatography using Diaion HP20 with ethyl acetate, ethyl
acetate:methanol (1:1 v/v), methanol and DI water as eluents to obtain five
subfractions (Bu-A - Bu-E).

Fraction Bu-C (0.50 g) was re-separated by flash chromatography using
PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1
v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water
(8:2 viv), methanol:DI water (9:1 v/v) and methanol to give five subfractions (Bu-C1
- Bu-C5). Fraction Bu-C2 (120.1 mg) was further subjected to flash chromatography
using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water
(1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI
water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give three subfractions
(Bu-C21 - Bu-C23). Fraction C21 (60.0 mg) was subjected to flash chromatography
using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water
(1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI
water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give four subfractions
(Bu-C211 - Bu-C214). The fraction Bu-C22 (22.5 mg) was subjected to flash
chromatography using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with
methanol:DI water (1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3
v/v), methanol:DI water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give
four subfractions (Bu-C221 - Bu-C224).

Fraction Bu-D (1.19 mg) was re-separated by column chromatography using
Sephadex LH-20 with methanol as eluent to yield five subfractions (Bu-DA - Bu-DE).
Fraction Bu-DA (272.1 mg) was re-separated by flash chromatography using
PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1
v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water
(8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give four subfractions (Bu-
DAl - Bu-DA4). Fraction Bu-DAl (42.0 mg) was further subjected to flash
chromatography using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with
methanol:DI water (1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3
v/v), methanol:DI water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give
three subfractions (Bu-DA11 - Bu-DA13). Fraction Bu-DC (38.5 mg) was subjected
to flash chromatography using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting
with methanol:DI water (1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water
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(7:3 v/v), methanol:DI water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to
give four subfractions (Bu-DC1 - Bu-DC4).

3.4.3 Gas chromatography-mass spectrometry (GC-MS) analysis of compounds 209
and 210

GC-MS is an analytical method which combines the features of gas-liquid
chromatography and mass spectrometry to provide the identification of compounds
which be separated, identified and quantified the complex mixtures of chemicals. GC-
MS was used to analyze and identify compounds 209 and 210.

The condition for GC of compound 209 was analyzed using HP-INNOWax
column (30 m x 0.25 mm, 0.25 pum). Injector volume was 1.50 pL and split ratio was
20:1. Helium was used as carrier gas with flow rate at 1.50 mL/min. Temperature
programming of the initial column temperature was 250 °C, the programmed for
heating of 20 °C/min and remained at 220 °C for 2 minutes. Next, column
temperatures were programmed for heating of 10 °C/min and remained at 250 °C for
15 minutes. The coupled mass spectrometer was operated in electron impact (EI)
ionization mode with electron energy of 70 eV. Interface temperature and ion source
temperature were 230 °C with scan range of 33 - 400 m/z.

The condition for GC of compound 210 was analyzed using HP-5 MS column
(5% phenyl methyl siloxane, 30 m x 0.25 mm, 0.25 pum). Injector volume was 1.50
pL and split ratio was 5:1. Helium was used as carrier gas with flow rate at 1.50
mL/min. Temperature programming of the initial column temperature was 120 °C,
then programmed for heating of 15 °C/min and remained at 300 °C for 10 minutes.
The coupled mass spectrometer was operated in El ionization mode with electron
energy of 70 eV. Interface temperature and ion source temperature were 280 °C with
scan range of 45 - 450 m/z.

3.4.4 Assay for lipase inhibitory activity in vitro

Method for measuring pancreatic lipase activity was employed with some
modifications from that of Slanc et al. [129] Briefly, reaction based on determination
by measuring hydrolysis reaction of p-nitrophenylpalmitate (p-NPP) as a substrate to
p-nitrophenol as product. The samples were dissolved in dimethyl sulfoxide (DMSO)
at a concentration of 25 mg/mL. An enzyme buffer was prepared by addition porcine
pancreatic lipase (type Il, crude, Promega) in Tris-HCL buffer (pH 8.5). The mixture
of reaction contained crude extract, enzyme buffer and Tris-HCL. Reaction solution
was incubated and shaked at 37 °C for 25 minutes. Then, ethanol was added to stop
reaction. For negative control reaction, ethanol was added to stop reaction before
addition of enzyme buffer. Pancreatic lipase inhibitory activity was determined by
measuring hydrolysis reaction of p-nitrophenyl palmitate to p-nitrophenol in
microplate reader at 405 nm. Positive control as orlistat was dissolved in DMSO at a
concentration of 25 pg/mL. Pancreatic lipase inhibitory activity was tested in
triplicate. The results were averaged and expressed with standard deviations. Lipase
inhibition (%) was calculated according the following formula:

Inhibition activity (%) = % x 100

Where A is an absorbance without sample
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a is an absorbance of negative control (ethanol was added before
enzyme) without sample

B is an absorbance with sample

b is an absorbance negative control (ethanol was added before
enzyme) with sample

3.4.5 Determination of 1Cs of isolated compounds

The half maximal inhibitory concentration (ICsy) is a concentration of
measurement of inhibitor on anti-lipase activity in vitro which is reduced by half or
50% inhibition. The isolated compounds were evaluated by dissolving in DMSO.
Concentrations were prepared for evaluation anti-lipase activity when comparing with
orlistat as positive control. Briefly, compound 209 was prepared for five dilutions as
100, 200, 500, 700 and 1000 pg/mL. Compound 210 was prepared for five dilutions
as 50, 100, 200, 400 and 800 ug/mL. Compound 211 was prepared for five dilutions
as 125, 250, 500, 750 and 1000 pg/mL. Compound 212 was prepared for four
dilutions as 25, 50, 100 and 400 pg/mL. Compounds 213 and 214 were prepared for
four dilutions as 25, 50, 100 and 200 pg/mL. While, orlistat was prepared for six
dilutions as 0.00625, 0.0125, 0.025, 0.05, 0.1 and 0.2 pg/mL.



CHAPTER IV
RESULTS AND DISSCUSSION

4.1 Plants materials

Fresh nineteen of Thai medicinal plants were dried in hot air oven at 60 °C.
These plants gave percent yield of dried plant was 5.24 - 36.46% w/w of fresh plant.
The fruits of S. trilobatum gave the highest percent yield with 36.46% w/w of fresh
plant. While, the roots of G. gynandra gave the lowest percent yield with 5.24% w/w
of fresh plant. The percent yield of dried plant is shown in Table 7. After that, they
were extracted with methanol and DI water, respectively. The percent yield of
methanolic and aqueous crude extracts was ranging of 1.98 - 28.54% and 1.39 -
44.87% w/w of dried plant, respectively. The highest percent yield of methanolic and
aqueous extracts were leaves P. sarmentosum and fruits of C. annnuum with 28.54
and 44.87% wi/w of dried plants, respectively. The lowest percent yield of methanolic
and aqueous extracts were fruits of S. trilobatum and stems and leaves P. amarus with
1.98 and 1.39% w/w of dried plants, respectively as shown in Table 8.

4.2 Lipase inhibitory activity of Thai medicinal plants

The results of preliminary screening were enlisted and showed the list of
percent inhibition of methanolic and aqueous extracts at concentration of 25 mg/mL
(Table 8). Methanolic extract of fruits of S. aculeatissimum, methanolic extract of
fruits of S. trilobatum and methanolic extract of stems and leaves of P. amarus
showed strong inhibition with percent inhibition as 87.77 + 4.27%, 83.69 + 4.27%
and 83.57 + 1.48%, respectively. Methanolic extract of fruits of C. frutescens,
methanolic extract of fruits of S. melongena (round eggplant), aqueous extract of
fruits of S. trilobatum, aqueous extract of fruits of S. melongena (Thai eggplant) and
methanolic extract of fruits of S. melongena (long eggplant) showed moderate anti-
lipase activity with percent inhibition as 69.28 + 2.79%, 51.58 + 9.50%, 67.43 *
4.89%, 53.02 + 15.60% and 47.76 + 8.44%, respectively. Methanolic extract of stems
and leaves of C. viscose, methanolic extract of fruits of S. melongena (Thai eggplant),
methanolic extract of leaves of P. sarmentosum, methanolic extract of stems and
leaves of S. rostrata, methanolic extract of leaves of T. triandra, methanolic extract of
fruits of C. annnuum, aqueous extract of fruits of S. melongena (round eggplant) and
aqueous extract of fruits of S. melongena (long eggplant) showed weak anti-lipase
activity with percent inhibition as 37.74 £ 1.71%, 37.03 + 0.66%, 34.09 + 19.55%,
31.31 £+ 1.93%, 28.56 + 10.48%, 16.78 + 1.40%, 40.46 + 23.19% and 5.02 + 18.10%,
respectively. Aqueous extract of fruits of S. aculeatissimum, aqueous extract of stems
and leaves of S. rostrata, aqueous extract of fruits of C. frutescens, aqueous extract of
stems and leaves of C. viscose, aqueous extract of leaves of P. sarmentosum, aqueous
extract of leaves of T. triandra, aqueous extract of fruits of C. annnuum, methanolic
and aqueous extracts of leaves of C. siamea, methanolic and aqueous extracts of roots
of G. gynandra, methanolic and aqueous extract of fruits of M. cochinchinensis,
methanolic and aqueous extracts of fruits of S. melongena (round purple eggplant),
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methanolic and aqueous extracts of leaves of A. lividus and methanolic and aqueous
extracts of fruits of M. charantia (bitter cucumber and Chinese bitter) showed no
activity of anti-lipase. Orlistat as positive control showed percent inhibition as 96.37 +
1.48% at concentration of 25 pug/mL. These results are shown in Table 8. Methanolic
extract of fruits of S. aculeatissimum exhibited the strongest anti-lipase activity when
comparison with other crude extracts. It is interesting to isolate lipase inhibitors from
S. aculeatissimum fruits. In Thailand, this plant has been used as Thai folklore
medicines. Presently, there is no report of biological activity as anti-lipase activity.
This natural source from S. aculeatissimum fruits will be promoted biological activity,
especially as lipase inhibitors.

Table 7 Yield of dried weight of Thai medicinal plants for preliminary screening

. - Common name a Percent
No. Family Scientific name (Thai name) Part used yield (% )b
1 Amaranthaceae A. lividus Amaranth green L 10.66
(aulne)
2 Capparidaceae C. viscose Stinking cleome S, L 17.17
(FnideuR)
3 Capparidaceae G. gynandra Wild spider flower R 5.24
(CRBE)
4 Cucurbitaceae M. charantia Bitter cucumber F 10.60
(uzsRun)
5 Cucurbitaceae M. charantia Chinese bitter F 5.99
(uzsziu)
6 Cucurbitaceae M. cochinchinensis Baby jackfruit, gac F 18.64
({ind7)
7 Euphorbiaceae P. amarus Tamalaki, hazardana S, L 11.53
(dlv)
8 Fabaceae C. siamea Siamese cassia L 28.81
(Awdn)
9 Leguminosae S. rostrata Sesbania S, L 15.71
(auid)
10 Menispermaceae T. triandra Ya-Nang L 32.89
(871119)
11 Piperaceae P. sarmentosum Wild betal leaf L 18.69
(¥zng)
12 Solanaceae C. annnuum Chili spur pepper F 13.45
(W3nF9t)
13 Solanaceae C. frutescens Bird pepper F 27.34
(W3nTmy)
14 Solanaceae S. aculeatissimum Cockroach berry F 21.24
o)
15 Solanaceae S. melongena Long eggplant F 6.68
(ue\To8)
16 Solanaceae S. melongena Round eggplant F 9.50
(uziTolany)
17 Solanaceae S. melongena Thai eggplant F 7.14
(ueidolUse)
18 Solanaceae S. melongena Round purple eggplant F 10.08
(ueiTosiag)
19 Solanaceae S. trilobatum Purple-fruited pea F 36.46

eggplant aizuiuese)

®Plant parts: F = fruits; L = leaves; S = stems; R = roots
bPercent yield of dried plant (compare with fresh weight, % w/w)
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Table 8 Yield of extraction and lipase inhibitory activity of Thai medicinal plants

Yield of extract - L
o Common name %) Inhibitory activity (%)
No.  Scientific name .
(Thai name) ) )
Me? Aq Me? Aq
1  S. aculeatissimum Cockroach berry 16.14 1321 87.77 £4.27* NA*
(zideiu)
2 S.trilobatum Purple-fruited pea eggplant 1.98 2.18 83.69 +4.27*  67.43 £4.89*
(Uzwiunse)
3  P.amarus Tamalaki, hazardana 11.54 1.39 83.57 £ 1.48* NA*
(sl
4 C. frutescens Bird pepper 9.36 4272  69.28 +2.79* NA*
(wniwy)
5 S.melongena Round eggplant 20.31 19.75 5158 +9.50* 40.46 +23.19*
(uz\Toiany)
6 S.melongena Long eggplant 2785 1216 47.76+8.44* 502 +18.10*
(uz\T081)
7  C.viscose Stinking cleome 17.17 1403 37.74x1.71* NA*
(Endeut)
8  S.melongena Thai eggplant 2512 2433 37.03+0.66* 53.02 +15.60*
(uziloiusy)
9  P.sarmentosum Wild betal leaf 2854 16.93  34.09 £ 19.55* NA*
(vg)
10  S.rostrata Sesbania 1571 830  31.31+1.93* NA*
(e
11 T.triandra Ya-Nang 16.46 7.32 28.56 + 10.48* NA*
(871119)
12 C.annnuum Chili spur pepper 13.82 4487 16.78 £1.40* NA*
(W3nT9h)
13 C.siamea Siamese cassia 2548  16.93 NA* NA*
(Uwdn)
14  G.gynandra Wild spider flower 5.23 9.76 NA* NA*
(Endew)
15 M. cochinchinensis Baby jackfruit, gac 7.90 27.93 NA* NA*
(#nda)
16 S. melongena Round purple eggplant 13.30 16.71 NA* NA*
(uzil03i29)
17 A lividus Amaranth green 1939 1147 NA* NA*
(aylng)
18 M. charantia Bitter cucumber 7.60 24.96 NA* NA*
(wsxfzun)
19 M. charantia Chinese bitter 9.19 44.02 NA* NA*
(uzsu)

Orlistat (positive control)

96.37 + 1.48**

* at a concentration of 25 mg/mL
** at a concentration of 25 pg/mL
#Me = Methanolic crude extract
bAq = Agueous crude extract

NA = No activity

Yield (%) = Percent yield of crude extract (compare with dried fruits, % w/w)
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4.3 Extraction of S. aculeatissimum fruits

The fresh ripe fruits of S. aculeatissimum (37.83 kg) were washed with water
and dried in hot air oven at 60 °C. Then, the dried sample was ground into small
pieces. The dried-ground fruits of S. aculeatissimum (6.56 kg) were extracted with
methanol and then evaporated in vacuo to obtain methanolic crude extract (1.01 kg,
15.40% w/w). The methanolic crude extract was partitioned with various solvents by
increasing polarities to obtain four subfractions as hexane crude extract (fraction Hx,
dark green gum, 132.04 g, 13.07% w/w), ethyl acetate crude extract (fraction Ea,
brown gum, 44.82 g, 4.44% w/w), n-butanol crude extract (fraction Bu, brown solid,
77.46 g, 7.66% w/w) and aqueous crude extract (fraction Aq, dark brown gum, 649.73
g, 64.33% wi/w). All crude extracts were evaluated for anti-lipase activity. The hexane
and n-butanol crude extracts of S. aculeatissimum fruits showed strong lipase
inhibitory activity with percent inhibition as 81.88 + 0.98% and 80.74 + 1.39%,
respectively. The ethyl acetate crude extract of S. aculeatissimum fruits showed
moderate lipase inhibitory activity with percent inhibition as 60.41 £ 7.36%. Whereas,
aqueous crude extract showed weak activity with 22.12 + 1.29% inhibition as shown
in Table 9.

Table 9 Lipase inhibitory activity of crude extracts of S. aculeatissimum fruits

Crude Appearance Weight (g) % w/w of crude  Inhibitory activity
extract/sample extract (%)
Hexane Dark green gum 132.04 13.07 81.88 £ 0.98*
Ethyl acetate Brown gum 44.82 4.44 60.41 + 7.36*
n-Butanol Brown solid 77.46 7.67 80.74 + 1.39*
Agueous Dark brown gum 649.73 64.33 22.12 £1.29*
Orlistat 96.37 £ 1.48**

* at a concentration of 25 mg/mL
** at a concentration of 25 pg/mL

4.4 Separation of the crude extracts of S. aculeatissimum fruits

4.4.1 Separation of hexane crude extract

The hexane crude extract (fraction Hx, 130.00 g) was subjected to quick
column chromatography on silica gel (300 g) using hexane (7 L), hexane:ethyl acetate
(1:1 viv) (4 L), ethyl acetate (6 L) and ethyl acetate:methanol (9:1 v/v) (4 L) as
eluents to give four subfractions (Hx-A - Hx-D). Each subfraction was evaluated for
lipase inhibitory activity. Fractions Hx-A, Hx-B and Hx-D showed strong activity
with percent inhibition as 82.35 + 3.03%, 81.88 + 0.98% and 80.74 + 1.39%,
respectively. While, fraction Hx-C showed moderate activity with percent inhibition
as 60.41 + 7.36%. These results are shown in Table 10.
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Table 10 Lipase inhibitory activity of fractions Hx-A - Hx-D

Fraction Weight (g) Characteristic of fraction Inhibitory activity (%)
Hx-A 11.52 Dark green gum 82.35 + 3.03*
Hx-B 49.78 Dark green gum 81.88 £ 0.98*
Hx-C 17.78 Brown gum 60.41 + 7.36*
Hx-D 5.98 Light brown solid 80.74 £ 1.39*

* at a concentration of 25 mg/mL

The fraction Hx-A showed the strongest anti-lipase activity. It (8.62 g) was
separated by silica gel column chromatography eluting with hexane, hexane:ethyl
acetate (9.5:0.5 v/v), hexane:ethyl acetate (9:1 v/v), hexane:ethyl acetate (1:1 v/v) and
ethyl acetate to give nine subfractions (Hx-AA - Hx-Al). These results are shown in
Table 11.

Table 11 Separation of fraction Hx-A

Fraction Weight (mg) Characteristic of fraction
Hx-AA 4,675.0 Dark brown solid
Hx-AB 14.0 White solid
Hx-AC 94.0 Brown solid
Hx-AD 27.0 White solid
Hx-AE 14.2 White solid
Hx-AF 2,959.0 Yellow oil
Hx-AG 788.0 Green solid
Hx-AH 290.0 Light yellow solid
Hx-Al 238.0 Light yellow solid

The fraction Hx-AF (2.95 g) was a major fraction. So, it was separated by
silica gel column chromatography eluting with heptane:hexane (1:1 v/v), hexane,
hexane:dichloromethane (1:1 v/v) and ethyl acetate to give nine subfractions (Hx-
AFA - Hx-AFI) as shown in Table 12. Fraction Hx-AFE (290.0 mg) was separated by
column chromatography using silica gel and eluting with petroleum ether, petroleum
ether:ethyl acetate (8:2 v/v), petroleum ether:ethyl acetate (6:4 v/v), petroleum
ether:ethyl acetate (4:6 v/v), petroleum ether:ethyl acetate (2:8 v/v) and ethyl acetate
to give eight subfractions (Hx-AFEL - Hx-AFE8). These results are shown in Table
13.
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Table 12 Separation of fraction Hx-AF

Fraction Weight (mg) Characteristic of fraction
Hx-AFA 10.9 White solid
Hx-AFB 0.9 White solid
Hx-AFC 8.5 White solid
Hx-AFD 5.3 White solid
Hx-AFE 3015 Light yellow solid
Hx-AFF 405.4 White solid
Hx-AFG 37.4 White solid
Hx-AFH 1,953.5 White solid
Hx-AFI 221.3 White solid

Table 13 Separation of fraction Hx-AFE

Fraction Weight (mg) Characteristic of fraction
Hx-AFE1 1.8 White solid
Hx-AFE2 1.0 White solid
Hx-AFE3 272.2 Yellow oil
Hx-AFE4 10.6 White solid
Hx-AFE5 54 White solid
Hx-AFE6 3.2 White solid
Hx-AFE7 24 White solid
Hx-AFE8 8.7 White solid

Fraction Hx-AFE3 (270.0 mg) was a major component. It was further
separated by column chromatography using silica gel and eluting with petroleum
ether, petroleum ether:dichloromethane (8:2 v/v), petroleum ether:dichloromethane
(6:4 vlv), petroleum ether:dichloromethane (4.6 v/v) and dichloromethane to give
twelve subfractions (Hx-AFE3A - Hx-AFE3L). Unfortunately, isolation of fraction
Hx-AFE3 did not succeed to obtain pure compound. These results are shown in Table
14.
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Table 14 Separation of fraction Hx-AFE3

Fraction Weight (mg) Characteristic of fraction
Hx-AFE3A 155 White solid
Hx-AFE3B 10.4 White solid
Hx-AFE3C 0.4 Colorless
Hx-AFE3D 94.8 White solid
Hx-AFE3E 30.9 White solid
Hx-AFE3F 22,5 White solid
Hx-AFE3G 4.2 White solid
Hx-AFE3H 6.8 White solid
Hx-AFE3I 19.2 White solid
Hx-AFE3J 28.6 White solid
Hx-AFE3K 2.4 White solid
Hx-AFE3L 0.3 Colorless

The fraction Hx-AH (280.1 mg) showed a major component on TLC. It was
separated by silica gel column chromatography eluting with hexane, hexane:acetone
(9.5:0.5 v/v), hexane:acetone (9:1 v/v), hexane:acetone (8.5:1.5 v/v), hexane:acetone
(8:2 v/v), hexane:acetone (1:1 v/v) and acetone to give seven subfractions (Hx-AHA -
Hx-AHG). These results are shown in Table 15.

Table 15 Separation of fraction Hx-AH

Fraction Weight (mg) Characteristic of fraction
Hx-AHA 235 Light yellow solid
Hx-AHB 21.0 White solid
Hx-AHC 64.5 White solid
Hx-AHD 36.2 Light yellow solid
Hx-AHE 58.1 Light yellow solid
Hx-AHF 50.6 White solid
Hx-AHG 10.6 White solid

Fraction Hx-AHE (58.0 mg) was separated by silica gel column
chromatography using silica gel eluting with hexane, hexane:ethyl acetate (9:1 v/v),
hexane:ethyl acetate (8:2 v/v), hexane:ethyl acetate (7:3 v/v), hexane:ethyl acetate
(1:1 v/v) and ethyl acetate to give eight subfractions (Hx-AHE1 - Hx-AHES).
Fraction Hx-AHE4 (compound 209) was obtained as white solid (8.2 mg, 0.0063%
w/w of hexane crude extract). These results are shown in Table 16.
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Table 16 Separation of fraction Hx-AHE

Fraction Weight (mg) Characteristic of fraction
Hx-AHE1 0.6 Light white solid
Hx-AHE2 15 White solid
Hx-AHE3 0.3 White solid
Hx-AHE4 8.2 White solid
Hx-AHES5 19.9 White solid
Hx-AHE6 59 White solid
Hx-AHE7 1.2 White solid
Hx-AHES8 19.6 White solid

Then, fraction Hx-D (5.01 g) which showed strong activity and was further
separated by column chromatography using Diaion HP20 with ethyl acetate, ethyl
acetate:methanol (1:1 v/v), methanol and DI water as eluents to give five subfractions
(Hx-DA - Hx-DE). They were tested for lipase inhibitory activity (Table 17).
Fractions Hx-DA - Hx-DC showed strong anti-lipase activity.

Table 17 Lipase inhibitory activity of fractions Hx-DA - Hx-DE

Fraction Weight (g) Characteristic of fraction Inhibitory activity (%)
Hx-DA 2.03 Brown gum 79.87 £ 1.31*
Hx-DB 0.76 Yellow solid 93.86 + 1.31*
Hx-DC 1.89 Light yellow solid 86.01 £ 1.97*
Hx-DD 0.18 Brown solid NA*

Hx-DE 0.15 Light brown solid NA*

* at a concentration of 25 mg/mL
NA = No activity

The fraction Hx-DA (1.95 g) gave a major component on TLC. Fraction Hx-
DA was separated by column chromatography on silica gel eluting with ethyl acetate,
ethyl acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v) and ethyl
acetate:methanol (7:3 v/v) to give five subfractions (HXx-DAA - Hx-DAE). These
results are shown in Table 18.

Table 18 Lipase inhibitory activity of fractions Hx-DAA - Hx-DAE

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DAA 68.3 Light yellow solid 55.09 £ 3.97*
Hx-DAB 279.7 Light yellow solid 21.61+2.78*
Hx-DAC 46.1 Light brown solid 36.63 £ 1.99*
Hx-DAD 23.2 Brown solid 52.82 + 3.88*
Hx-DAE 1,510.8 Brown solid 63.44 £ 1.89*

* at a concentration of 25 mg/mL
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Fraction Hx-DAB (230.9 mg) showed a major component on TLC. It was
subjected to flash chromatography using PuriFlash column 15 Silica HP - 4.0 g (22
bar) eluting with gradient mobile phase as hexane, hexane:ethyl acetate (1:1 v/v),
ethyl acetate, ethyl acetate:methanol (9:1 v/v) and ethyl acetate:methanol (6:4 v/v) to
give four subfractions (Hx-DAB1 - Hx-DAB4) (as shown in Table 19). Fraction Hx-
DAB2 (162.1 mg) was further separated by flash chromatography using PuriFlash
column 15 Silica HP - 4.0 g (22 bar) eluting with gradient mobile phase as hexane,
hexane:dichloromethane (1:1 v/v) and dichloromethane to give five subfractions (Hx-
DAB21 - Hx-DAB25). These results are shown in Table 20.

Table 19 Separation of fraction Hx-DAB

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DAB1 15.3 White solid ND
Hx-DAB2 164.4 Light yellow solid ND
Hx-DAB3 20.3 Light yellow solid ND
Hx-DAB4 334 Light yellow solid ND

ND = No detection

Table 20 Separation of fraction Hx-DAB2

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DAB21 25.0 White solid ND
Hx-DAB22 3.1 White solid ND
Hx-DAB23 1.3 White solid ND
Hx-DAB24 118.7 White solid ND
Hx-DAB25 1.8 White solid ND

ND = No detection

The fraction Hx-DAB24 (115.1 mg) showed a major component on TLC.
Fraction Hx-DAB24 was separated by flash chromatography using PuriFlash column
15 Silica HP - 4.0 g (22 bar) eluting with hexane, hexane:dichloromethane (1:1 v/v)
and dichloromethane to give four subfractions (Hx-DAB241 - Hx-DAB244) (Table
21). Fraction Hx-DAB243 (45.2 mg) was a major component and further separated by
flash chromatography using PuriFlash column 15 Silica HP - 4.0 g (22 bar) eluting
with hexane, hexane:dichloromethane (1:1 vIv), dichloromethane,
dichloromethane:methanol (9:1 v/v) and dichloromethane:methanol (8:2 v/v) to give
five subfractions (Hx-DAB2431 - Hx-DAB2435). These results are shown in Table
22.
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Table 21 Separation of fraction Hx-DAB24

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)

Hx-DAB241 1.3 White solid ND
Hx-DAB242 34.9 White solid ND
Hx-DAB243 52.5 White solid ND
Hx-DAB244 25 White solid ND

ND = No detection

Table 22 Separation of fraction Hx-DAB243

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)

Hx-DAB2431 2.0 White solid ND
Hx-DAB2432 4.0 White solid ND
Hx-DAB2433 35.1 White solid ND
Hx-DAB2434 5.2 White solid ND
Hx-DAB2435 1.2 White solid ND

ND = No detection

Fraction Hx-DAD (19.6 mg) was subjected to flash chromatography using
PuriFlash column 15 Silica HP - 4.0 g (22 bar) eluting with hexane, hexane:ethyl
acetate (1:1 v/v), ethyl acetate, ethyl acetate:methanol (9:1 v/v), ethyl
acetate:methanol (8:2 v/v), ethy acetate:methanol (7:3 v/v) and ethyl acetate:methanol
(6:4 viv) to give four subfractions (Hx-DAD1 - Hx-DAD4) as shown in Table 23.
Unfortunately, isolation of fraction Hx-DAD was not successful to get pure
compound.

Table 23 Separation of fraction Hx-DAD

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DAD1 5.1 White solid ND
Hx-DAD?2 8.2 White solid ND
Hx-DAD3 16.5 White solid ND
Hx-DAD4 25.0 White solid ND

ND = No detection

Fraction Hx-DB (750.1 mg) was a major fraction. It was separated by column
chromatography using silica gel with ethyl acetate, ethyl acetate:methanol (9:1 v/v),
ethyl acetate:methanol (8:2 v/v) and ethyl acetate:methanol (7:3 v/v) as eluents to give
six subfractions (Hx-DBA - Hx-DBF). These results are shown in Table 24.
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Table 24 Separation of fraction Hx-DB

Fraction  Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBA 5.0 White solid ND
Hx-DBB 1.2 White solid ND
Hx-DBC 164 Light yellow solid ND
Hx-DBD 502 Yellow gum ND
Hx-DBE 17.0 Yellow solid ND
Hx-DBF 59.0 Yellow solid 20.15+1.8*

* at a concentration of 100 pg/mL
ND = No detection

Fraction Hx-DBC (160.5 mg) was separated by silica gel column
chromatography eluting with hexane, hexane:acetone (9:1 v/v), hexane:acetone (7:3
vlv), hexane:acetone (1:1 v/v), hexane:acetone (3:7 v/v), acetone and ethyl
acetate:methanol (7:3 v/v) to give six subfractions (Hx-DBC1 - Hx-DBC6). The
results are shown in Table 25. Fraction Hx-DBC2 (62.2 mg) was a major fraction and
was separated by column chromatography using silica gel with hexane, hexane:ethyl
acetate (9.5:0.5 v/v), hexane:ethyl acetate (9:1 v/v), hexane:ethyl acetate (8:2 v/v),
hexane:ethyl acetate (7:3 v/v), hexane:ethyl acetate (6:4 v/v), hexane:ethyl acetate
(1:1 v/v) and ethyl acetate as eluents to give seven subfractions (Hx-DBC21 - Hx-
DBC27). The results are shown in Table 26.

Table 25 Separation of fraction Hx-DBC

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBC1 15 White solid 34.52 + 4.68*
Hx-DBC2 64.2 Light yellow solid ND
Hx-DBC3 32.9 White solid NA*
Hx-DBC4 50.2 White solid 23.63 £ 3.19*
Hx-DBC5 3.7 White solid 33.18 £ 2.54*
Hx-DBC6 15 White solid 21.52 + 3.25*

* at a concentration of 100 pg/mL
NA = No activity
ND = No detection
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Table 26 Separation of fraction Hx-DBC2

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBC21 2.3 White solid 55.44 + 7.01*
Hx-DBC22 0.9 White solid ND
Hx-DBC23 0.6 White solid ND
Hx-DBC24 40.7 White solid ND
Hx-DBC25 1.0 White solid 44,70 £ 4.18*
Hx-DBC26 0.7 White solid ND
Hx-DBC27 13.4 White solid 41.93 3.94*

* at a concentration of 100 pg/mL
ND = No detection

The fraction Hx-DBC24 (38.1 mg) showed a major component on TLC. So, it
was separated by silica gel column chromatography eluting with hexane,
hexane:acetone (9.5:0.5 v/v), hexane:acetone (9:1 v/v), hexane:acetone (8.5:1.5 v/v),
hexane:acetone (8:2 v/v), hexane:acetone (7.5:2.5 v/v) and hexane:acetone (7:3 v/v)
to give eight subfractions (Hx-DBC241 - Hx-DBC248). The results are shown in
Table 27. Fraction Hx-DBC243 (compound 210) was obtained as white crystal (1.4
mg, 0.0011% w/w of hexane crude extract). It was further analyzed by GC-MS.

Table 27 Separation of fraction Hx-DBC24

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBC241 1.5 White solid ND
Hx-DBC242 8.6 White solid ND
Hx-DBC243 1.8 White crystal 26.74 + 3.20*
Hx-DBC244 0.9 White solid ND
Hx-DBC245 3.3 White solid 44,70 £ 4.18*
Hx-DBC246 3.8 White solid ND
Hx-DBC247 2.8 White solid ND
Hx-DBC248 7.8 White solid 60.60 + 6.47*

* at a concentration of 100 pg/mL
ND = No detection

Fraction Hx-DBC4 (48.2 mg) was separated by flash chromatography eluting
with gradient mobile phase as hexane:ethyl acetate (1:1 v/v), hexane:ethyl acetate (3:7
vIv), ethyl acetate, ethyl acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v),
ethyl acetate:methanol (7:3 v/v) and ethyl acetate:methanol (6:4 v/v) to give four
subfractions (Hx-DBC41 - Hx-DBC44) as shown in Table 28. Unfortunately, isolation
of fraction Hx-DBC4 did not succeed to obtain pure compound.
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Table 28 Separation of fraction Hx-DBC4

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBC41 5.0 White solid ND
Hx-DBC42 8.2 White solid ND
Hx-DBC43 16.5 White solid ND
Hx-DBC44 25.0 White solid ND

ND = No detection

Fraction Hx-DBD (500.4 mg) was separated by silica gel column
chromatography eluting with ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl
acetate:methanol  (9:1 v/v), ethyl acetate:methanol (8.5:1.5 wv/v), ethyl
acetate:methanol (8:2 v/v), ethyl acetate:methanol (7.5:2.5 v/v) and ethyl
acetate:methanol (7:3 v/v) to give eight subfractions (Hx-DBD1 - Hx-DBDS8). The
results are shown in Table 29.

Table 29 Separation of fraction Hx-DBD

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBD1 10.3 White - yellow solid 70.92 £ 3.97*
Hx-DBD2 0.4 White solid ND
Hx-DBD3 105.7 White solid 58.02 £ 2.53*
Hx-DBD4 36.4 White solid NA
Hx-DBD5 178.1 White solid ND
Hx-DBD6 235 White solid ND
Hx-DBD7 51.8 White solid NA*
Hx-DBD8 42.1 White solid NA*

* at a concentration of 100 pg/mL
NA = No activity
ND = No detection

Fraction Hx-DBD5 (170.1 mg) was separated by silica gel column
chromatography with ethyl acetate, ethyl acetate:methanol (9.5:1.5 v/v), ethyl
acetate:methanol (9:1 wv/v), ethyl acetate:methanol (8.5:1.5 wv/v), ethyl
acetate:methanol (8:2 v/v) and ethyl acetate:methanol (7:3 v/v) as eluents to give four
subfractions (Hx-DBD51 - Hx-DBD54). The results are shown in Table 30.

Table 30 Separation of fraction Hx-DBD5

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBD51 1.9 White solid ND
Hx-DBD52 143.4 White solid ND
Hx-DBD53 3.1 White solid ND
Hx-DBD54 12.3 White solid ND

ND = No detection
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Fraction Hx-DBD52 (142.4 mg) showed a major component on TLC. It was
further separated on silica gel column chromatography with ethyl acetate, ethyl
acetate:methanol  (9.5:0.5 v/v), ethyl acetate:methanol (9:1 v/v), ethyl
acetate:methanol (8.5:1.5 v/v), ethyl acetate:methanol (8:2 v/v) and ethyl
acetate:methanol (7.5:2.5 v/v) as eluents to afford ten subfractions (Hx-DBD52A -
Hx-DBD52J) as shown in Table 31. Fraction Hx-DBD52C (50.9 mg) was separated
by column chromatography using silica gel with hexane, hexane:ethyl acetate (9.5:0.5
vlv), dichloromethane, ethyl acetate, ethyl acetate:methanol (9.5:0.5 v/v), ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 wv/v) and ethyl
acetate:methanol (7:3 v/v) as eluents to afford twelve subfractions (Hx-DBD52CA -
Hx-DBD52CL). The results are shown in Table 32.

Table 31 Separation of fraction Hx-DBD52

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBD52A 2.9 White solid 4.99 £ 1.69*
Hx-DBD52B 1.4 White solid 4,23 +1.28*
Hx-DBD52C 53.6 White solid ND
Hx-DBD52D 4.0 White solid 66.97 £ 2.98*
Hx-DBD52E 10.7 White solid 34.53 + 4.26*
Hx-DBD52F 8.2 White solid 76.77 £ 3.13*
Hx-DBD52G 6.9 White solid 63.75 £ 4.23*
Hx-DBD52H 18.2 White solid 72.42 £1.62*
Hx-DBD52I 4.0 White solid 63.75 £ 3.45*
Hx-DBD52J 13.3 White solid 63.86 £ 2.99*

* at a concentration of 100 pg/mL
ND = No detection

Table 32 Separation of fraction Hx-DBD52C

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Hx-DBD52CA 0.1 White solid ND
Hx-DBD52CB 0.6 White solid ND
Hx-DBD52CC 15 White solid ND
Hx-DBD52CD 3.8 White solid NA*
Hx-DBD52CE 6.7 White solid ND
Hx-DBD52CF 15.1 White solid NA*
Hx-DBD52CG 13.7 White solid 13.67 = 3.06*
Hx-DBD52CH 4.0 White solid 38.57 £ 2.83*
Hx-DBD52CI 0.8 White solid ND
Hx-DBD52CJ 14.7 White solid 23.19+£1.83*
Hx-DBD52CK 13.8 White solid 40.63 + 3.77*
Hx-DBD52CL 15.2 White solid 45.02 + 5.58*
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* at a concentration of 100 pg/mL
NA = No activity
ND = No detection

Fraction Hx-DBD52CE (6.0 mg) was a major fraction. It was further separated
by silica gel column chromatography eluting with ethyl acetate, ethyl
acetate:methanol  (9.5:0.5 v/v), ethyl acetate:methanol (9:1 v/v), ethyl
acetate:methanol (8.5:1.5 wv/v), ethyl acetate:methanol (8:2 v/v), ethyl
acetate:methanol (7.5:2.5 v/v) and ethyl acetate:methanol (7:3 v/v) to give eight
subfractions (Hx-DBD52CE1 - Hx-DBD52CES). The results are shown in Table 33.
Unfortunately, isolation of fraction Hx-DBD52CE was not successful to obtain pure
compound.

Table 33 Separation of fraction Hx-DBD52CE

Fraction Weight (mg)  Characteristic of fraction Inhibitory activity (%)
Hx-DBD52CE1 0.4 White solid ND
Hx-DBD52CE2 6.4 White solid 16.47 + 0.43*
Hx-DBD52CE3 5.7 White solid NA*
Hx-DBD52CE4 5.9 White solid 50.63 + 3.37*
Hx-DBD52CE5 4.6 White solid 56.84 £ 1.41*
Hx-DBD52CE6 0.2 White solid ND
Hx-DBD52CE7 1.3 White solid ND
Hx-DBD52CE8 1.2 White solid ND

* at a concentration of 100 pg/mL
NA = No activity
ND = No detection

The fraction Hx-DC (1.89 g) showed strong anti-lipase activity. It was
separated by column chromatography on silica gel eluting with ethyl acetate, ethyl
acetate:methanol (9:1 v/v), ethyl acetate:methanol (8:2 v/v) and ethyl
acetate:methanol (7:3 v/v) to give three subfractions (Hx-DCA - Hx-DCC). The
results are shown in Table 34. Unfortunately, isolation of fraction Hx-DC was not
successful to obtain pure compound.

Table 34 Separation of fraction Hx-DC

Fraction Weight (mg)  Characteristic of fraction Inhibitory activity (%)
Hx-DCA 289.3 Light yellow solid 60.59 £ 2.95*
Hx-DCB 712.7 Light yellow solid 62.05 £ 2.45*
Hx-DCC 698.5 Light yellow solid 55.53 + 4.50*

* at a concentration of 25 mg/mL

4.4.2 Separation of n-butanol crude extract

The n-butanol crude extract (fraction Bu, 11.52 g) was subjected to column
chromatography using Diaion HP20 with ethyl acetate, ethyl acetate:methanol,
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methanol and DI water as eluents to give five subfractions (Bu-A - Bu-E). All
subfractions were evaluated for lipase inhibitory activity. Fractions Bu-C, Bu-D and
Bu-B showed strong activity with percent inhibition as 91.07 £ 0.09%, 82.56 + 4.81%
and 80.44 + 1.95%, respectively. While, fraction Bu-A showed moderate activity with
percent inhibition as 51.31 £ 3.06%. These results are shown in Table 35.

Table 35 Lipase inhibitory activity of subfractions Bu-A - Bu-E

Fraction Weight (9) Characteristic of fraction Inhibitory activity (%)

Bu-A 0.09 Yellow solid 51.31 + 3.06*
Bu-B 5.83 Brown gum 80.44 + 1.95*
Bu-C 4.26 Brown gum 91.07 £ 0.09*
Bu-D 0.57 Brown solid 82.56 + 4.81*
Bu-E 0.25 Brown solid NA*

* at a concentration of 25 mg/mL
NA = No activity

Fraction Bu-B (5.72 g) was separated by column chromatography on silica gel
eluting with dichloromethane:methanol (9:1 v/v), dichloromethane:methanol (7:3
v/v), dichloromethane:methanol (1:1 v/v) and dichloromethane:methanol (3:7 v/v) to
afford five subfractions (Bu-BA - Bu-BE) as shown in Table 36. Then, fraction Bu-
BD showed stronger anti-lipase activity than other fractions. So, fraction Bu-BD (1.38
g) was subjected to Sephadex LH-20 column chromatography with methanol to yield
two subfractions (Bu-BD1 - Bu-BD2) in Table 37. Fraction Bu-BD2 (897.8 mg) was
subjected to Sephadex LH-20 column chromatography with
dichloromethane:methanol (1:1 v/v) as eluent to yield five subfractions (Bu-BD2A -
Bu-BD2E). The results are shown in Table 38.

Table 36 Separation of fraction Bu-B

Fraction Weight (9) Characteristic of fraction Inhibitory activity (%)
Bu-BA 1.33 Brown solid 30.11 + 2.86*
Bu-BB 1.24 Brown solid 25.29 + 1.00*
Bu-BC 1.41 Brown solid 54,76 + 1.44*
Bu-BD 1.59 Brown solid 62.13 +£1.33*
Bu-BE 0.16 Brown solid 44.85 + 3.08*

* at a concentration of 100 pg/mL

Table 37 Separation of fraction Bu-BD

Fraction Weight (g) Characteristic of Inhibitory activity (%)
fraction

Bu-BD1 0.49 Brown solid 37.49 £ 2.80*

Bu-BD2 0.90 Brown solid 47.83 £ 0.90*

* at a concentration of 100 pg/mL
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Table 38 Separation of fraction Bu-BD2

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-BD2A 186.5 Light brown solid 46.82 + 1.80*
Bu-BD2B 175.3 Light brown solid 47.98 + 3.25*
Bu-BD2C 132.6 Light brown solid 21.24 + 3.24*
Bu-BD2D 178.3 Light brown solid 35.84 £ 4.13*
Bu-BD2E 163.5 Light brown solid 24,13+ 1.41*

* at a concentration of 100 pg/mL

Fraction Bu-BD2A (176.2 mg) was separated by column chromatography on
silica gel eluting with dichloromethane:methanol (9:1 v/v), dichloromethane:methanol
(7:3 viv), dichloromethane:methanol (1:1 v/v) and dichloromethane:methanol (3:7
v/v) to yield twelve subfractions (Bu-BD2AA - Bu-BD2AL). Fraction Bu-BD2AC
(compound 211) was obtained as white solid (3.8 mg, 0.0330% of n-butanol crude
extract). The results are shown in Table 39.

Table 39 Separation of fraction Bu-BD2A

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-BD2AA 5.0 White solid ND
Bu-BD2AB 3.9 White solid ND
Bu-BD2AC 3.8 White solid ND
Bu-BD2AD 5.2 White solid ND
Bu-BD2AE 3.4 Light yellow solid ND
Bu-BD2AF 30.2 Light yellow solid ND
Bu-BD2AG 20.8 Light yellow solid ND
Bu-BD2AH 7.3 Light yellow solid ND
Bu-BD2Al 30.8 Light yellow solid ND
Bu-BD2AJ 0.2 Light yellow solid ND
Bu-BD2AK 25.3 Light yellow solid ND
Bu-BD2AL 34.2 Light yellow solid ND

* at a concentration of 100 pg/mL
ND = No detection

Fraction Bu-C (4.10 g) showed strong activity and was separated by column
chromatography on silica gel eluting with ethyl acetate, ethyl acetate:methanol
(9.5:0.5 v/v), ethyl acetate:methanol (9:1 v/v), ethyl acetate:methanol (8.5:1.5 v/v),
ethyl acetate:methanol (8:2 v/v), ethyl acetate:methanol (7.5:2.5 v/v), ethyl
acetate:methanol (7:3 v/v), ethyl acetate:methanol (6:4 v/v) and ethyl
acetate:methanol (5.5:4.5 v/v) to afford twelve subfractions (Bu-CA - Bu-CL) as
shown in Table 40. Then, fraction Bu-CG (132.8 mg) was a major fraction and it was
subjected to Sephadex LH-20 column chromatography with methanol as eluent to
yield four subfractions (Bu-CGA - Bu-CGD). The results are shown in Table 41.
Fraction Bu-CGB (38.9 mg) was a major fraction. It was subjected to Sephadex LH-
20 column chromatography with methanol as eluent to yield four subfractions (Bu-
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CGB1 - Bu-CGB4). The results are shown in Table 42. Unfortunately, isolation of

fraction Bu-CGB was not successful to obtain pure compound.

Table 40 Separation of fraction Bu-C

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-CA 10.8 Yellow solid 72.20 +1.75*
Bu-CB 2.6 Yellow solid 80.91 £ 0.79*
Bu-CC 135 Yellow solid 68.48 £ 3.02*
Bu-CD 55 Yellow solid 82.88 + 1.40*
Bu-CE 59.1 Light brown solid 59.63 £ 2.52*
Bu-CF 62.3 Light brown solid 54.83 + 2.32*
Bu-CG 135 Light brown solid ND
Bu-CH 793.6 Light brown solid 62.76 + 2.01*
Bu-Cl 3335 Light brown solid 46.63 £ 3.98*
Bu-CJ 1,062.2 Light brown solid 65.62 + 1.99*
Bu-CK 364.2 Dark brown solid 23.95 + 0.46*
Bu-CL 193.0 Dark brown solid 35.14 + 4.29*

* at a concentration of 100 pg/mL
ND = No detection

Table 41 Separation of fraction Bu-CG

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-CGA 23.6 Light brown solid 35.31+£1.51*
Bu-CGB 39.7 Light brown solid 44.06 £ 3.61*
Bu-CGC 27.7 Brown solid 41.18 £1.97*
Bu-CGD 19.7 Brown solid 42.92 +£1.18*

* at a concentration of 100 pg/mL
ND = No detection

Table 42 Separation of fraction Bu-CGB

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-CGB1 18.9 Brown solid ND
Bu-CGB2 14.3 Brown solid ND
Bu-CGB3 15 Brown solid ND
Bu-CGB4 2.4 Brown solid ND

ND = No detection

Fraction Bu-D (0.56 g) showed strong anti-lipase activity. It was separated by
column chromatography on Sephadex LH-20 with methanol as eluent to yield five
subfractions (Bu-DA - Bu-DE) (Table 43). Fraction Bu-DA (33.0 mg) was further
fractionated by HPLC. The gradient elution system consisted of methanol (A) and
DDI water (B) as the mobile phase using the following gradient: 70-90% A at 0-40



81

min, 90-100% A at 40-50 min, 100% A at 50-60 min. The injection volume was 20
pL. Flow rate was 1.0 mL/min, and UV absorption was measured at wavelengths of
220 nm to yield four subfractions (Bu-DAL - Bu-DA4) (Table 44). Subfraction Bu-
DA2 was obtained as compound 212 as white crystals (4.5 mg, 0.0391% w/w of n-
butanol crude extracts). Fraction Bu-DB (92.2 mg) was further fractionated by HPLC.
The gradient elution system consisted of methanol (A) and DDI water (B) as the
mobile phase using the following gradient: 50-80% A at 0-40 min, 80-100% A at 40-
50 min, 100% A at 50-60 min. The injection volume was 20 pL. Flow rate was 1.0
mL/min, and UV absorption was measured at wavelengths of 220 nm to yield four
subfractions (Bu-DB1 - Bu-DB4) (Table 45). Subfraction Bu-DB2 was re-crystallized
with a mixture of dichloromethane and methanol to obtain compound 213 as white
crystals (3.0 mg, 0.0260% w/w of n-butanol crude extract). Fraction Bu-DB3 was
(22.0 mg) further fractionated by HPLC. The gradient elution system consisted of
methanol (A) and DDI water (B) as the mobile phase using the following gradient:
80-80% A at 0-40 min, 80-100% A at 40-50 min, 100% A at 50-60 min. The injection
volume was 20 pL. Flow rate was 1.0 mL/min, and UV absorption was measured at
wavelengths of 220 nm to yield four subfractions (Bu-DB31 - Bu-DB34) (Table 46).
Subfraction Bu-DB32 obtained compound 214 as white crystals (4.9 mg, 0.0425%
w/w of n-butanol crude extract).

Table 43 Separation of fraction Bu-D

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DA 33.6 Brown solid 80.43 +2.73*
Bu-DB 94.6 Brown solid 76.92 +1.71*
Bu-DC 15.0 Brown solid ND

Bu-DD 19.7 Brown solid ND

Bu-DE 11.4 Brown solid 9146+ 1.72*

* at a concentration of 100 pg/mL
ND = No detection

Table 44 Separation of fraction Bu-DA

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DA1 3.9 White solid ND
Bu-DA2 45 White solid ND
Bu-DA3 9.7 White solid ND
Bu-DA4 13.6 Colorless ND

ND = No detection
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Table 45 Separation of fraction Bu-DB

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DB1 13.9 White solid ND
Bu-DB2 15.5 White solid ND
Bu-DB3 22.6 White solid ND
Bu-DB4 12.8 Colorless ND

ND = No detection

Table 46 Separation of fraction Bu-DB3

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DB31 2.1 White solid ND
Bu-DB32 47 White solid ND
Bu-DB33 5.8 White solid ND
Bu-DB34 10.9 White solid ND

ND = No detection

The n-butanol crude extract (fraction Bu, 30.05 g) was re-separated. So, it was
subjected to column chromatography using Diaion HP20 with ethyl acetate, ethyl
acetate:methanol (1:1 v/v), methanol and DI water as eluents to obtain five
subfractions (Bu-A - Bu-E). The results are shown in Table 47.

Table 47 Re-separation of fraction Bu

Fraction Weight (9) Characteristic of fraction Inhibitory activity (%)
Bu-A 7.70 Yellow solid ND
Bu-B 13.29 Brown gum ND
Bu-C 6.11 Brown gum ND
Bu-D 1.25 Brown solid ND
Bu-E 0.32 Brown solid ND

ND = No detection

Fraction Bu-C (0.50 g) was re-separated by flash chromatography eluting
using PuriFlash column 15 C18 HP - 6.0 g (22 bar) with methanol:DI water (1:1 v/v),
methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water (8:2
v/v), methanol:DI water (9:1 v/v) and methanol to give five subfractions (Bu-C1 - Bu-
C5). The results are shown in Table 48. Fraction Bu-C2 (120.1 mg) was further
subjected to flash chromatography using PuriFlash column 15 C18 HP - 6.0 g (22 bar)
eluting with methanol:DI water (1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI
water (7:3 v/v), methanol:DI water (8:2 v/v), methanol:DI water (9:1 v/v) and
methanol to give three subfractions (Bu-C21 - Bu-C23). The results are shown in
Table 49. Fraction Bu-C21 (60.0 mg) was subjected to flash chromatography using
PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1
v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water
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(8:2 viv), methanol:DI water (9:1 v/v) and methanol to give four subfractions (Bu-
C211 - Bu-C214). The results are shown in Table 50.

Table 48 Separation of fraction Bu-C

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-C1 10.2 Light brown solid ND
Bu-C2 125.0 Light brown solid ND
Bu-C3 50.5 Light brown solid ND
Bu-C4 152.0 Light brown solid ND
Bu-C5 120.2 Light brown solid ND

ND = No detection

Table 49 Separation of fraction Bu-C2

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-C21 60.1 Light brown solid ND
Bu-C22 22.5 Light brown solid ND
Bu-C23 14.0 Light brown solid ND

ND = No detection

Table 50 Separation of fraction Bu-C21

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-C211 13.3 Light brown solid ND
Bu-C212 2.4 Light brown solid ND
Bu-C213 15.8 Light brown solid ND
Bu-C214 14.4 Light brown solid ND

ND = No detection

The fraction Bu-C22 (22.5 mg) was a major fraction. It was subjected to flash
chromatography using PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with
methanol:DI water (1:1 v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3
v/v), methanol:DI water (8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give
four subfractions (Bu-C221 - Bu-C224). The results are shown in Table 51.
Unfortunately, isolation of fraction Bu-C22 was not successful to obtain pure

compound.

Table 51 Separation of fraction Bu-C22

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-C221 9.4 Light brown solid ND
Bu-C222 3.6 Light brown solid ND
Bu-C223 2.5 White solid ND
Bu-C224 4.1 White solid ND
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Fraction Bu-D (1.19 g) was re-separated by column chromatography using
Sephadex LH-20 with methanol as eluent to yield five subfractions (Bu-DA - Bu-DE).

The results are shown in Table 52.
Table 52 Separation of fraction Bu-D

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DA 276.2 Brown solid ND
Bu-DB 160.2 Brown solid ND
Bu-DC 40.4 Brown solid ND
Bu-DD 50.1 Brown solid ND
Bu-DE 609.8 Brown solid ND

ND = No detection

Fraction Bu-DA (272.1 mg) was re-separated by flash chromatography using
PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1
v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water

(8:2 v/v), methanol:DI water (9:1 v/v) and methanol to give four subfractions (Bu-

DALl - Bu-DA4). The results are shown in Table 53. Fraction Bu-DAL (42.0 mg) was

a major fraction and it was further subjected to flash chromatography using PuriFlash

column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1 v/v),
methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water (8:2
v/v), methanol:DI water (9:1 v/v) and methanol to give three fractions (Bu-DA11 -
Bu-DAL13). The results are shown in Table 54. Unfortunately, all of fractions were not

successful to obtain pure compound.
Table 53 Separation of fraction Bu-DA

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DA1 42.0 Light brown solid ND
Bu-DA2 30.8 Light brown solid ND
Bu-DA3 32.2 Light brown solid ND
Bu-DA4 112.0 Light brown solid ND

ND = No detection

Table 54 Separation of fraction Bu-DA1

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DA1l1l 8.0 Light brown solid ND
Bu-DA12 10.5 Light brown solid ND
Bu-DA13 20.5 Light brown solid ND

ND = No detection
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Fraction Bu-DC (38.5 mg) was subjected to flash chromatography using
PuriFlash column 15 C18 HP - 6.0 g (22 bar) eluting with methanol:DI water (1:1
v/v), methanol:DI water (6:4 v/v), methanol:DI water (7:3 v/v), methanol:DI water
(8:2 viv), methanol:DI water (9:1 v/v) and methanol to give four subfractions (Bu-
DC1 - Bu-DC4). The results are shown in Table 55. Unfortunately, all of them were
not successful to obtain pure compound.

Table 55 Separation of fraction Bu-DC

Fraction Weight (mg) Characteristic of fraction Inhibitory activity (%)
Bu-DC1 4.0 Light brown solid ND
Bu-DC2 10.2 Light brown solid ND
Bu-DC3 15.3 Light brown solid ND
Bu-DC4 4.1 Light brown solid ND

ND = No detection

4.5 ldentification of compound 209

Compound 209 was obtained as white solid (8.2 mg, 0.0063% w/w of haexane
crude extract) with melting point of 70 - 75 °C. The *H NMR of compound 209
showed the presence of a terminal methyl groups at & 0.88 (t) ppm. *H NMR spectrum
also showed protons at & 1.25 (S) ppm which indicated the methylene (CH,) protons
of saturated alkyl chain. *H NMR spectrum of compound 209 indicated a COCH,
group at 6 2.34 (t) ppm. These spectrums presence the CH; a to COOH which linked
methylene carbon at C-2 was indicated 2.34 (t) ppm. The proton of methylene carbon
at C-3 was indicated & 1.63 (m) ppm (Figure 28). The *C NMR spectrum (Figure 29)
displayed signals for carbonyl group of carboxylic acid at & 180.3 ppm. The methyl
carbon showed signal at & 14.1 ppm. The methylene carbon showed signal appearing
at 6 22.7 - 34.1 ppm. These structure components contain methyl carbon, methylene
carbons (more than 12 carbons) and carbonyl carbon of carboxylic acid. The
combinations of *H NMR and *3C NMR spectra were observation and identify as
saturated fatty acid. Thus, compound 209 was further analyzed using GC-MS and
compared their mass fragmentation pattern of each component with a Wiley and Nist
standard chart library as shown in Figure 9. Compound 209 consisted of four
components with retention times as 10.716, 12.441, 14.207 and 16.747 min,
respectively as shown in Figure 30. Their Mass spectra were presented in Figures 31 -
34. Compound 209 was identified as a mixture of fatty acids including tetradecanoic
acid (0.21%), hexadecanoic acid (45.86%), octadecanoic acid (43.29%) and
eicosanoic acid (5.03%), respectively as shown in Table 56.
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Table 56 Integration peak list of compound 209

Chemical Molecular Acquisition %
Peak Name . ) . .
formula weight time (min) Composition
1 Tetradecanoic acid C14H250, 228.31 10.716 0.22
2 Hexadecanoic acid Ci1sH3,0, 256.42 12.441 48.59
3 Octadecanoic acid CigH360- 284.48 14.207 45.86
4 Eicosanoic acid CaoH400, 312.58 16.747 5.33
] 0
AN M
o OH
Tetradecanoic acid Octadecanoic acid

/\/\/\/\/\/\/\)LOH MOH

Hexadecanoic acid Eicosanoic acid

Figure 9 Chemical structure of compound 209 (mixture of fatty acids)

Fatty acids were reported biological activities as antibacterial and antifungal
properties [130]. However, fatty acids can be used as active ingredients in cosmetic
such as hexadecanoic acid, octadecanoic acid and tetradecanoic acid. They can be
reduced inflammation of the skin and improved moisture into face and body [131]. In
Solanaceae family, tetradecanoic acid, hexadecanoic acid and octadecanoic acid were
previously isolated from S. torvum fruits which exhibited antifungal activity
especially Trichophytonton surans and Aspergillus niger [132]. Octadecanoic acid
was isolated from fruits of S. xanthocarpum [114].

4.6 ldentification of compound 210

Compound 210 was obtained as white crystal (1.4 mg, 0.0011% w/w of
hexane crude extract). The *H NMR of compound 210 (Figure 35) showed the
presence of six methyl groups at 6 0.69 (d), 0.80 (s), 0.82 (s), 1.01 (s) and 1.03 (s)
ppm and the endocyclic double bond proton at & 5.35 (d) ppm. Moreover, *H NMR
spectrum of compound 210 indicated a proton on oxygenated carbons at & 3.53 (m)
ppm. The proton resonances at 6 5.01 (dd), 5.15 (dd) and 5.35 (d) ppm suggested the
presence of three olefinic protons bond. The protons resonance at 6 3.51 (m) ppm was
corresponded to the hydroxymethine proton H-3. The 'H NMR spectral data of
compound 210 suggested that it was a mixture of steriods (Figure 35). Thus,
compound 210 was further analyzed using GC-MS and the resulted mass
fragmentations of each component were with a Wiley and Nist standard chart library
(Figure 36). The GC-MS results showed that, compound 210 consisted of two
components with retention times as 15.397 (69.82%) min and 15.944 (30.18%) min,
respectively (Figures 37 and 38, Table 57). Unfortunately, they could not identify
their structures.
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Table 57 Integration peak list of compound 210

Peak Name Acquisition time % Composition
(min)
1 Component | 15.397 69.82
2 Component |1 15.944 30.18

Phytosterols are usually found in plants and found in a form of either free
sterol or esterified sterol. Phytosterol are an ingredient in foods and dietary
supplements. They have several biological activities and health benefits [133-136].
Steroidal compound such as stigmasterol was reported as thyroid inhibiting property,
hypoglycemic inhibiting property, antibacterial activity and antioxidant activity [137]

4.7 ldentification of compound 211

Compound 211 was obtained as white solid (3.8 mg, 0.0330% w/w of n-
butanol crude extract). The *H NMR spectrum (Figure 40) of compound 211 indicated
two protons with substituted olefinic at & 5.36 (m) and 5.15 (m) ppm. The *H NMR
spectrum of compound 211 showed six methyl groups (-CHs) at 6 0.71 (s), 0.73 (),
0.86 (d), 0.88 (d), 0.94 (d), 1.02 (s) ppm and sugar moiety at 6 4.39 - 3.21 ppm. The
different methylene and methine protons indicated from & 1.45 - 1.93 (m) ppm which
did not show double bond in structure. One anomeric proton displayed at & 4.39 (d)
ppm. The *C NMR spectrum of compound 211 (Figure 40) showed more than 35
carbon atoms. The **C carbon signal at 5 102.33 ppm indicated as an anomeric carbon
which showed a single monosaccharide moiety. The olefinic resonances at 6 122.7,
130.46 and 139.6 ppm indicated methine carbons. Compound 211 was identified as a
mixture of steroidal glycosides. But, the combination of spectroscopic data could not
identify the chemical structure of compound 211.

4.8 ldentification of compound 212

Compound 212 was obtained as white solid (4.5 mg, 0.0391% w/w of n-
butanol crude extract) with melting point of 199 - 202 °C. The molecular formula of
compound 212 was suggested as C,;H43NO, by HRESIMS (m/z 414.3368 [M + H]",
calcd 413.0007) (Figure 48). The *H NMR spectrum of compound 212 (Figure 41)
displayed signals for four methyl groups at & 0.81 (s), 0.84 (d), 0.95 (d) and 1.02 (s)
ppm. The signal revealed characteristic of steroids at 6 0.81-1.25 ppm, 3a-H which
displayed for hydroxyl group at & 3.51 (m) ppm and C=C-H proton signal at & 5.34
(dt) ppm. A signal at 4.28 (dt) ppm was assigned for one proton present in structure at
C-16 position as 6 78.8 ppm. Two protons was attacted nitrogen in hexacylic ring at
position C-26 which observed at & 2.60 (t) and 2.65 (dd) ppm. The combination of **C
NMR (Figure 42), DEPT 90 (Figure 43) and 135 spectra (Figure 44) showed the
presence of 27 signals, including four methyl, ten methylene, nine methine and four
quaternary carbons. The displayed signals for four methyl carbon groups at C-21, C-
18, C-27 and C-19 which displayed signal appearing at 6 15.3, 16.4, 19.3 and 19.4
ppm, respectively. The displayed signals for ten methylene carbon groups at C-11, C-
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24, C-15, C-7, C-2, C-23, C-1, C-12, C-4 and C-26 which displayed signal appearing
at 6 20.9, 30.3, 31.6, 32.1, 32.7, 34.0, 39.9, 42.3 and 47.6 ppm. The displayed signals
for nine methine carbon groups appeared at C-8, C-25, C-20, C-9, C-14, C-17, C-3,
C-16 and C-6 which displayed signal appearing at 31.4, 31.4, 41.2, 50.1, 56.5, 62.8,
71.7, 78.8 and 121.4 ppm. The displayed signals for four quaternary carbons appeared
at C-10, C-13, C-22 and C-5 which displayed signal appearing 6 36.6, 40.5, 98.3 and
140.8 ppm. Olefinic carbon atoms were displayed at 140.8 and 121.4 ppm which were
assigned to C-5 and C-6 carbon atoms, respectively. The HSQC NMR spectrum is
correlation between H and C which was resulted observation including H-1a (1.85, m)
and H-1b (1.07, m)/C-1 (37.2), H-2a (1.98, m) and H-2b (1.28, m)/C-2 (32.2), H-3
(3.51, m)/C-3 (71.7), H-4a (2.23, dd) and H-4b (2.28, dd)/C-4 (42.3), H- 6 (5.34,
dt)/C-6 (121.4), H-7(1.99, m)/C-7 (32.1), H-8 (1.68, m)/C-8 (31.4), H-9 (0.94, m)/C-
9 (50.1), H-11 (1.46, m)/C-11 (20.9), H-12a (1.73, m) and H-12b (1.15, m)/C-12
(39.9), H-14 (1.09, m)/C-14 (56.5), H-15a (1.68, m) and H-15b (1.51, m)/C-15 (31.6),
H-16 (4.28, dt)/C-16 (78.8), H-17 (1.70, m)/C-17 (62.8), H-18 (0.81, s)/C-18 (16.4),
H-19 (1.02, s)/C-19 (19.4), H-20 (1.88, t)/C-20 (41.2), H-21 (0.95, d)/C-21 (15.3), H-
23 (1.61, m)/C-23 (34.0), H-24 (1.62 m)/C-24 (30.3), H-25 (1.69, m)/C-25 (31.4), H-
26a (2.60, t), H-26b (2.65, dd)/C-26 (47.6) and H-27 (0.84, t)/C-27 (19.3) (Figure 45).
The HMBC NMR showed correlations between H-1/C-3and 5; H-4/C-2, 3, 5, 6, 8 and
10; H-6/C-4, 7, 8 and 10; H-7/C-8, 13 and 14; H-9/C-10 and 19; H-11/C-8 and 9; H-
12/C-18 and 21; H-14/C-13 and 18; H-15/C-21; H-16/C-13; H-17/C-12, 16 and 21;
H-18/C-13, 14, 17 and 20; H-19/C-1, 5, 9 and 10; H-20/C-13, 16, 17 and 22; H-21/C-
17, 20, and 22; H-23/C-26; H-24/C-26; H-25/C-24 and 26; H-26/C-22, 24 and 25 and
H-27/C-24 and 26 (Figures 11 and 46). The COSY spectrum exhibited correlation of
H and H between H1/H-2; H2/H-1 and H-3; H-3/H-2 and H-4; H-4/H-3; H-6/H-7; H-
7/ H-6 and H-8; H-8/H-7 and H-9; H-9/H-8 and H-11; H-11/H-9; H-11; H-14/H-8 and
H-15; H-15/H-14 and H-16; H-16/H-15 and H-17; H-17/H-16 and H-20; H-20/H-17
and H-21; H-21/H-20; H-22/H-23; H-23/H-22 and H-24; H-24/H-23 and H-25; H-
25/H-26 and H-27; H-26/H-25 and H-27/H-26 (Figures 12 and 47). *H (300 MHz)
and **C (75 MHz) NMR data of compound 212 in CDCls are shown in Table 58. On
the basis of above observations, compound 212 was identified as solasodine and
chemical structure of solasodine is shown in Figure 10.



Figure 11 HMBC correlations of compound 212
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Figure 12 COSY (bold line) correlations of compound 212

In Solanaceae family, solasodine was previously isolated from roots bark and
berries of S. aculeastrum, fruits of S. platanifolium, roots of S.trilobatum and berries
of S. xanthocarpum. It is used for diuretic, anticancer, antifungal,
antispermatogenetic, antiandrogenic, immunomodulatory and antipyretic activity
[138-140].

Table 58 *H (300 MHz) and *C (75 MHz) NMR data of compound 212 in CDCls

Compound 212 in CDCl; Solasodine in CDCl; [140]
Position Sy (multiplicity, Jyp) dc HMBC correlations On d¢
1 1.85 (m), 1.07 (m) 37.2 C-3,5 0.91,1.90 37.2
2 1.98 (m), 1.28 (m) 32.2 1.79,1.42 321
3 3.51 (m) 71.7 3.65 71.7
4 2.23(dd,J=5.1,8.8 Hz), 423 C-2,3,5,6,8,10 2.50,2.31 422
2.28 (dd, J=8.4, 17.1 Hz)
5 - 140.8 - 140.8
6 5.34 (dt, J =8.7, 3.3 Hz) 121.4 C-4,7,8,10 5.36 121.3
7 1.99 (m) 32.1 C-8,13,14 1.59, 2.03 321
8 1.68 (m) 314 1.59 30.2
9 0.94 (m) 50.1 C-10, 19 0.91 50.1
10 - 36.6 - 37.6
11 1.46 (m) 20.9 C-8,9 1.37,1.49 20.9
12 1.73 (m), 1.15 (m) 39.9 C-18,21 1.70,1.15 39.9
13 - 40.5 - 405
14 1.09 (m) 56.5 C-13,18 1.01 56.5
15 1.68 (m), 1.51 (m) 31.6 C-21 1.83,1.30 31.2
16 4.28 (dt, J =13.1, 12.0 78.8 C-13 4.40 78.9
Hz)

17 1.70 (m) 62.8 C-12,16, 21 1.64-1.69 62.7
18 0.81 (s) 16.4 C-13,14, 17,20 0.85 16.4
19 1.02 (s) 194 C-1,5,9,10 1.05 194
20 1.88 (t, J=11.9 Hz) 41.2 C-13, 16, 17, 22 1.79-1.84 41.3
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Table 58 *H (300 MHz) and **C (75 MHz) NMR data of compound 212 in CDCls

(continue)
Compound 212 in CDCl; Solasodine in CDClj; [140]
Position 8y (multiplicity, Jup) dc HMBC correlations Sn d¢c
21 0.95(d, J=11.9 Hz) 15.3 C-17, 20, 22 1.18 14.8
22 - 98.3 - 98.3
23 1.61 (m) 34.0 C-26 1.59 34.0
24 1.62 (m) 30.3 C-26 1.36-1.54 316
25 1.69 (m) 31.4 C-24, 26 1.52 31.4
26 2.60 (t, J = 18.6 Hz), 2.65 47.6 C-22, 24,25 2.25-2.23 47.6
(dd,J=5.9,17.1 Hz)
27 0.84 ((t, J = 10.3 Hz) 19.3 C-24, 26 0.98 19.3

4.9 ldentification of compound 213

The compound 213 was isolated as white crystal (3.0 mg, 0.0260% w/w of n-
butanol crude extract) with melting point of 295 - 300 °C. The molecular formula of
compound 213 was suggested as C4sH73NO16 by HRESIMS (m/z 884.5006 [M + H]",
calcd 884.5007) (Figure 57). The *H NMR signals of five methyl groups indicated at
H-27, H-18, H-19, H-21 and H-6""" displayed at 6 0.83 (d), 0.88 (s), 1.08 (s), 1.10 (d)
and 1.71 (d) ppm, respectively. The signals of anomeric signals appeared at H-1', H-
1" and H-1""" shown at § 4.94 (m), 5.22 (m) and 6.31 (m) ppm, respectively. Signals
of olefinic proton at H-6 appeared at & 5.34 (d) ppm. The signal of H-16 which was
neighbor to oxygen at 4.41 (m) ppm obtained at the lower field. The signal H-26
which was neighbour to nitrogen at 6 2.80 (m) ppm and its signal was obtained at the
lower field. The sugar moiety showed at & 5.0 - 1.71 ppm. The sugar moieties of
galactose, glucose and rhamnose showed at & 4.94 - 4.03, 5.22 - 3.99 and 6.31 - 1.71
ppm, respectively.The *H NMR spectrum is shown in Figure 49. The *C NMR
spectrum (Figure 50) exhibited signals for anomeric ether linked carbons at C-1', C-
1" and C-1"" as 6 100.9, 102.7 and 106.4 ppm, respectively. The combination of B¢
NMR, DEPT 90 (Figure 51), DEPT 135 (Figure 52) and HSQC (Figure 53) spectra
showed the presence of 45 carbon signals including five methyl, twelve methylene,
twenty-four methine and four quaternary carbons. The signals of five methyl carbon
groups at C-21, C-18, C-6'", C-19 and C-27 displayed signal appearing at 6 16.4,
16.9,19.0, 19.8 and 20.1 ppm. The signals for twelve methylene carbon groups at C-
11, C-2, C-24, C-7, C-15, C-23, C-1, C-4, C-12, C-26, C-6" and C-6' displayed at &
21.6, 30.6, 31.6, 32.9, 33.1, 35.2, 38.0, 39.3, 40.6, 48.5, 63.0 and 63.1 ppm,
respectively. The signals for twenty-four methine carbon groups at C-8, C-25, C-20,
C-9, C-14, C-17, C-5", C-4’, C-5", C-2"", C-4"', C-3'"", C-2", C-2', C-5', C-3, C-3",
C-4", C-16, C-3', C-1', C-1"", C-1" and C-6 appeared at 6 32.1, 32.2, 42.1, 50.8, 57.2,
64.0, 69.9,7 0.9, 72.1, 73.1, 73.3, 74.7, 75.4, 75.6, 77.0, 78.0, 78.8, 79.0, 79.3, 85.3,
100.9, 102.7, 106.4 and 122.2 ppm, respectively. The signals for four quaternary
carbons groups at C-10, C-13, C-22 and C-5 which displayed at 6 37.7, 41.1, 98.8 and
141.4 ppm, respectively. These anomeric signals were confirmed from HSQC



92

correlations. The HSQC NMR (Figure 53) spectrum is correlation between H and C
which was resulted observation including H-1a (0.95, m) and H-1b (0.95, m)/C-1
(38.0), H-2a (2.12, m) and H-2b (1.90, m)/C-2 (30.6), H-3 (3.99, m)/C-3 (78.0), H-4
(2.80, m)/C-5 (39.3), H-6 (5.34, m)/C-6 (122.2), H-7a (1.50, m) and H-7b (1.90, d)/C-
7 (32.9), H-8 (1.50, m)/C-8 (32.4), H-9 (0.94, m)/C- 9 (50.8), H-11 (1.50, m)/C-11
(21.6), H-12a (1.11, m) and H-12b (1.75, m)/C-12 (40.6), H-14 (1.11, m)/C-14 (57.2),
H-15a (2.09, m) and H-15b (1.50, m)/C-15 (33.1), H-16 (4.41, m)/C-16 (79.3), H-17
(1.75, m)/C-17 (64.0), H-18 (0.88, s)/C-18 (17.0), H-19 (1.07, s)/C-19 (19.9), H-20
(1.98, m)/C-20(42.1), H-21 (1.10, d)/C-21 (16.2), H-23a (1.77, m) and H-23b (1.73,
m)/C-23 (35.2), H-24 (1.64, m)/C-24 (31.6), H-25 (1.64, t)/C- (32.2), H-26 (2.80,
m)/C-26 (48.5) and H-27 (0.83, d)/C-27 (20.2). While, the HSQC NMR spectrum of
the sugar moiety is correlation including, H-1" (4.94, m)/C-1' (100.9), H-2" (4.72,
dd)/C-2" (75.6), H-3' (4.33, m)/C-3' (85.3), H-4' (4.83, m)/C-4' (70.9 ), H-5' (4.03,
m)/C-5' (77.0), H-6a’ (4.49, m) and H-6b’ (4.33, m)/C-6' (63.1), H-1"" (5.22, d)/C-
1'(106.4), H-2"(3.97, m)/C-2" (75.4), H-3" (3.99, m)/C-3" (78.8), H-4"" (4.23, m)/C-
4" (79.0), H-5"" (4.23, m)/C-5" (72.1), H-6a"" (4.39, dd) and H-6b" (4.26, m)/C-6"
(63.0), H-1"" (6.31, m)/C-1"" (102.7), H-2'" (4.94, m)/C-2"" (73.1), H-3"" (4.30,
m)/C-3""" (74.7), H-4""" (4.62, m)/C-4""" (73.3), H-5""" (4.94, m)/C-5""" (69.9) and H-6""'
(1.75, m)/C-6"" (19.1) (Figure 53). The HMBC NMR spectrum is correlations
between H-1/C-5, H-3/C-1’, H-4/C-2, 3, 5, 6 and 10; H-6/C-4, 8 and 10; H-7/C-5 and
6; H-8/C-6; H-12/C-9 and 14; H-15/C-14 and 20; H-16/C-13; H-17/C-13 and 21; H-
18/C-12, 13, 14 and 17; H-19/C-1, 5, 9 and 10; H-20/C-13, 21, 22 and 23; H-23/C-22;
H-24/C-22 and 26; H-27/C-26; H-1'/C-3 and 5’; H-2'/C-1', 3" and 1'""; H-3'/C-1""; H-
4'/C-2" and 3’; H-5'/C-1" and 6'; H-1"/C-3" and 3"; H-2"/C-1"; H-1"""/C-2, 3", 4'";
and 5'"; H-2""/C-3""; H-4'"/C-6""", H-5""/C-6"" and H-6""/C-3""" and 5"’ (Figure 54).
The HMBC spectrum exhibited correlation peaks of GalH-1 with C-3 and H-3 with
GalC-1 which suggesting D-galactose unit was linked to solasodine as aglycone unit.
The correlations between GIluC-1 and GalH-3 and GalH-3 and GluH-1 indicated D-
glucose unit was linked to C-3 of D-galactose unit. The correlations between RhaC-1
and GalH-2 and GalH-2 and RhaH-1 indicated L-rhamnose unit was linked to C-2 of
D-galactose unit. The COSY spectrum (Figure 55) exhibited correlation of H and H
between H1/H-2; H2/H-1 and H-3; H-3/H-2 and H-4; H-4/H-3and H-5; H-6/H-7; H-
7/H-6 and H-8; H-8/H-7 and H-9; H-9/H-8 and H-11; H-11/H-9; H-11/H-9 and H-12;
H-14/H-8 and H-15; H-15/H-14 and H-16; H-16/H-15 and H-17; H-17/H-16 and H-
20; H-20/H-17 and H-21; H-21/H-20; H-22/H-23; H-23/H-24; H-24/H-23 and H-25;
H-25/H-26 and H-27; H-26/H-25; H-27/H-26; H-25; H-27/H-25. The COSY spectrum
of sugar moiety is correlation including, H-1'/H-2"; H-2'/H-1" and H-3'; H-3'/H-2" and
H-4'; H-4'/H-3" and H-5"; H-5'/H-4" and H-6'; H-6'/H-5"; H-1""/H-2""; H-2""/H-1"" and
H-3""; H-3""/H-2"" and H-4""; H-4""/H-3"" and H-5""; H-5""/H-4"" and H-6""; H-6""/H-5"";
H-1'"/H-2""; H-2""/H-1"" and H-3'""; H-3"""/H-2""" and H-4"""; H-4'""/H-3""and H-5""";
H-5""/H-4"" and H-6"""; H-6""/H-5""" (Figures 15 and 55). The NOESY spectrum, the
relative stereochemistry of 213 and it was observed from NOESY spectrum between
H-1/Hs-19, H-6/H-14, H-14/H-16, H-16/H-18, H-17/H;-21, H3-18/H-20 and Hs-
18/Hs-21, H3-27/H-23, H-1'/H-3', H-3'/ H-4', H-3'/H-5', H-3'/H-1", H-3"/H-5"", H-
2'""[H-3"" and H-3'""/H-6""(Figures 16 and 56). *H (500 MHz) and *C (125 MHz)
NMR data of compound 213 in pyridine-ds are shown in Table 59. On the basic of the
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above evidence and all siganals including the 2D NMR (HSQC, HMBC, COSY and
NOESY) analysis suggested that compound 213 is alkaloid glycoside which contains
solasodine as aglycone. Saccharides as L-rhamnose, D-galactose and D-glucose
moieties bind to the 3-hydroxy position of solasodine. All of the above arguments
allowed the complete assignment of all signals and identified of compound 213 as
solasonine (Figures 13). Compound 213 was identified by comparision of
spectroscopic data with published in the literature [141, 142].

Figure 14 HMBC correlations of compound 213
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Figure 16 NOESY correlations of compound 213

In Solanaceae family, solasonine was isolated from fruits of S. aculeatissimum,
fruits of S. asperum, branches and fruits of S. crinitum, fruits of S. khasianum, fruits
of S. lycocarpum, fruits of S. platanifolium and fruits of S. tuberosum [142-144]. It is
used for antineoplastic biological, therapeutic agents and exhibited molluscicidal

activity, cytotoxicity against several human cancer cell lines and skin tumours [124,
143-145].
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Table 59 'H (500 MHz) and **C (125 MHz) NMR data of compound 213 in pyridine-

ds
Compound 213 in pyridine-ds Solasonine in pyridine-ds
[141]

Position Sy (multiplicity, Juy) dc HMBC correlations | 8y (multiplicity, Jyy) 8¢
1 0.95 (m) 38.0 C-5 0.98 374
1.75 (m) 1.80
2 2.12 (m) 30.6 1.78 30.1
1.90 (m) 1.48
3 3.99(dd,J=6.6,115 78.0 Cc-1 3.50 78.3

Hz)

4 2.80 (m) 39.3 C-2,3,5,6,10 241 38.8
2.18

5 - 141.4 - 140.7

6 5.34(d,J=5.0H2z) 122.2 C-4,8,10 5.33 121.6

7 1.50 (m) 32.9 C-5,6 1.50 32.5
1.90 (d, J=14.0 Hz) 1.95

8 1.50 (m) 32.1 C-6 1.53 325

9 0.94 (m) 50.8 0.90 50.3

10 - 37.7 - 37.1

11 1.50 (m) 21.6 1.50 211

12 1.11 (m) 40.6 C-9, 14 1.11 40.1
1.75 (m) 1.70

13 - 41.1 - 40.6

14 1.11 (m) 57.2 1.02 56.7

nd

15 2.09 (m) 33.1 C-14, 20 1.88 317
1.50 (m) 1.11

16 4.41 (m) 79.3 C-13 4.19 78.7

17 1.75 (m) 64.0 c-21 1.70 63.5

18 0.88 (s) 17.0 C-12,13, 14, 17 0.72 16.5

19 1.08 (s) 199 C-1,5,9, 10 0.98 19.3

20 1.98 (m) 42.1 C-13, 21, 22, 23 1.75 41.5

21 1.10 (d,J=7.1Hz) 16.2 C-17, 20, 22 0.85 15.6

22 - 98.8 - 98.2

23 1.77 (m) 35.2 C-22 1.50 346

1.73 (m)

24 1.64 (m) 31.6 C-22, 26 1.57 311
1.40

25 1.64 (t, J = 10.3 Hz) 32.2 1.52 317

26 2.80 (m) 48.5 C-22 2.52 47.9
2.38

27 0.83 (d, J=5.0 Hz) 20.2 C-26 0.78 19.7
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Table 59 *H (500 MHz) and *C (125 MHz) NMR data of compound 213 in pyridine-
ds (continue)

Position Compound 213 in pyridine-ds Solasonlne[lfl?yrldme-ds
Sy (multiplicity, Juy) Sc HMBC correlations | 8y (multiplicity, Jyn) 8¢

Gal-1' 4.94 (m) 100.9 C-3,%, 431 100.3

2 4.72(dd,J=7.9,9.5 75.6 c-1,3,1" 3.57 76.3

Hz)

3 4.33 (m) 85.3 c-1" 3.62 84.8

4 4.83 (s) 70.9 C-2',3 3.88 70.2

5’ 4.03 (m) 77.0 C-1,6 3.39 74.9

6’ 4.49 (m) 63.1 3.49 62.4

4.33 (m) 3.47

Glu-17  522(d,J=75Hz)  106.4 .C-3, 3" 431 105.7
2" 3.97 (m) 75.4 c-1" 3.03 74.8
3" 3.99 (m) 78.8 3.18 78.7
4" 4.23 (m) 79.0 3.09 714
5" 4.23 (m) 72.1 3.12 78.3
6" 4.39(dd,J=54,59 63.0 3.62,3.45 61.8

Hz)
4.26 (m)

Rha-1""" 6.31 (s) 102.7 Cc-2',3", 4" 5" 5.03 102.0
2'" 4.94 (m) 73.1 c-3" 3.72 72.4
3" 4.30 (m) 74.7 3.40 72.7
4" 4.62 (m) 73.3 Cc-6"" 3.19 74.0
5 4.94 (m) 69.9 Cc-6"" 4.0 69.3
6" 1.71(d,J=6.0Hz) 19.1 c-3", 5" 1.08 185

4.10 Identification of compound 214

The compound 214 was isolated as white crystal (4.9 mg, 0.0425% w/w of n-
butanol crude extract) with melting point of 285 - 288 °C. Its molecular formula was
measured by HRESIMS as CssH7sNOis (m/z 868.5063 [M+H]", calcd. for
CusH74NO1s, 868.5058) (Fugure 66). The *H NMR signals of five methyl groups at H-
27, H-18, H-19, H-21 and H-6""" displayed at 6 0.85 (d), 0.94 (s), 0.98 (d), 1.07 (s) and
1.71 (d) ppm, respectively. The signals of anomeric signals displayed at H-1’, H-1"
and H-1"" shown at & 4.96 (br s), 5.22 (d) and 6.32 (s) ppm, respectively. Signals of
olefinic proton at H-6 appeared at & 5.38 (d) ppm. The signal H-16 which was
neighbour to nitrogen at 6 2.65 (td) ppm and its signal was obtained at the lower field.
The sugar moiety showed at 6 5.22 - 1.71 ppm. The sugar moieties of galactose,
glucose and rhamnose showed at 6 4.96 - 4.04, 5.22 - 3.95 and 6.32 - 1.71 ppm,
respectively. The *H NMR spectrum is shown Figure 58. The *C NMR spectrum
(Figure 59) exhibited signals for anomeric ether linked carbons at C-1’, C-1"" and C-
1" as & 100.9, 102.3 and 106.3 ppm, respectively. The combination of *C NMR,
DEPT 90 (Figure 60), DEPT 135 (Figure 61) and HSQC spectras (Figure 62) showed
the presence of 45 carbon signals including five methyl, thirteen methylene, twenty-
four methine and three quaternary carbons. The signals of five methyl carbon groups
at C-18, C-21, C-6"", C-19 and C-27 displayed signal appeared at 6 17.4, 19.0, 19.1,
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19.9 and 20.1 ppm. The signals for thirteen methylene carbon groups appeared at C-
11, C-15, C-23, C-24, C-8, C-2, C-7, C-1, C-4, C- 12, C-26, C-6' and C-6" displayed
at 6 21.7, 30.1, 30.4, 32.1, 32.4, 32.9, 34.1, 38.1, 39.4, 40.5, 60.8, 63.0 and 63.1 ppm,
respectively. The signals for twenty-four methine carbon groups at C-25, C-20, C-9,
C-14, C-17, C-16, C-4'", C-4', C-2'"", C-3'"", C-4"", C-5""", C-22, C-4", C-2", C-%, C-
2', C-3, C-5", C-3", C-3, C-1', C-1'"", C-1" and C-6 appeared at 6 31.8, 37.4, 51.0,
58.2, 63.9, 69.7, 69.9, 71.0, 72.1, 73.1, 73.4, 74.7, 75.2, 75.4, 75.6, 77.0, 78.1, 78.8,
79.1, 85.3, 100.9, 102.7, 106.3 and 122.4 ppm, respectively. The signals for three
quaternary carbon groups at C-10, C-13 and C-5 which displayed at 6 37.6, 41.0 and
141.4 ppm, respectively. The signals for anomeric signals appeared at C-1', C-1""" and
C-1" shown at & 100.9, 102.7 and 106.3 ppm, respectively. These anomeric signals
were confirm from HSQC correlation. The signals for anomeric signals appeared at
C-1', C-1"" and C-1" which shown at & 100.9, 102.7 and 106.3 ppm, respectively. The
HSQC NMR (Figure 62) spectrum is correlation between H and C which was resulted
observation including, H-1a (1.75, m) and H-1b (0.97, m)/C-1 (38.1), H-2a (2.02, m)
and H-2b (1.59, m)/C-2 (32.9), H-3 (4.0, dd)/C-3 (78.1), H-4a (2.83, m) and H-4b
(2.77, br t)/C-4 (39.4), H-6 (5.38, d)/C-6 (122.4), H-7a (1.68, m) and H-7b (0.81,
m)/C-7 (34.1), H-8 (1.62, m)/C-8 (32.4), H-9 (0.93, m)/C-9 (51.0), H-11 (1.45, m)/C-
11 (21.7), H-12a (1.71, m) and H-12b (1.11, m)/C-12 (40.5), H-14 (1.13, m)/C-14
(58.2), H-15a(1.70, m) and H-15b (1.24, m)/C-15 (30.1), H-16 (2.65, td)/C-16 (69.7),
H-17 (1.48, dd)/C-17 (63.9), H-18 (0.94, s)/C-18 (17.4), H-19 (1.07, s)/C-19 (19.9),
H-20 (1.69, m)/C-20 (37.4), H-21 (0.98, d)/C-21 (19.0), H-22 (4.28, m)/C-22 (74.7),
H-23 (1.24 - 1.34, m)/C-23 (30.4), H-24a (1.82, m) and H-24b (1.14, td)/C-24 (32.1),
H-25 (1.62, m)/C-25 (31.8), H-26a (2.92, dd) and H-26b (1.39, t)/C-26 (60.8) and H-
27 (0.85, d)/C-27 (20.1). While, the HSQC NMR spectrum of the sugar moiety is
correlation including, H-1" (4.96, br s)/C-1' (100.9), H-2' (4.04, t)/C-2' (77.0), H-3'
(4.33, m)/C-3' (85.3), H-4’ (4.83, d)/C-4' (71.0), H-5" (4.73, dd)/C-5' (75.6), H-6a’
(4.40, m) and H-6b’ (4.27, m)/C-6’ (63.0), H-1" (5.22, d)/C-1"" (106.3), H-2""(3.97,
m)/C-2"" (75.4), H-3" (3.95, m)/C-3" (79.1), H-4" (1.55, ddd)/C-4" (75.2), H-5"
(3.95, m)/C-5" (78.8), H-6a"" (4.49, dd) and H-6b" (4.33, m)/C-6" (63.1), H-1""" (6.32,
m)/C-1"" (102.7), H-2"" (4.21, m)/C-2""" (72.1), H-3""" (4.93, dd)/C-3"" (73.1), H-4""
(4.30, m)/C-4"" (69.9), H-5""" (4.64, m)/C-5"" (73.4) and H-6"" (1.71, d)/C-6"" (19.1)
(Figure 62). The HMBC NMR is correlations between H-4/C-3, 5 and 6; H-6/C-7 and
10; H-8/C-9; H-15/C-16; H-16/C-13 and 17; H-17/C-16; H-18/C-11, 12, 13, 14 and
17; H-19/C-1, 5, 9 and 10; H-21/C-17 and 20; H-22/C-21, 23 and 26; H-24/C-27; H-
25/C-26; H-26/C-22, 24 and 25; H-27/C-24 and 26; H-1'/C-3; H-2'/C-1’, 3" and 1""";
H-3'/C-2" and 1""; H-4'/C-3'; H-5'/C-1', 3’ and 4'; H-6'/C-5'; H-1"/C-3" and 3'"'; H-
2"[C-1""; H-3"/C-5"; H-5"/C-3" and H-1""/C-5"" (Figures 18 and 63). The HMBC
spectrum exhibited correlation peaks of GalH-1 with C-3 and H-3 with GalC-1 which
suggesting D-galactose unit was linked to solanidine as aglycone unit. The
correlations between GluC-1 and GalH-3 and GalH-3 and GluH-1 indicated D-
glucose unit was linked to C-3 of D-galactose unit. The correlations between RhaC-1
and GalH-2 and GalH-2 and RhaH-1 indicated L-rhamnose unit was linked to C-2 of
D-galactose unit. The COSY spectrum exhibited correlation of H and H between
H1/H-2; H2/H-1 and H-3; H-3/H-2 and H-4; H-4/H-3; H-6/H-7; H-7/H-6 and H-8; H-
8/H-7 and H-9; H-9/H-8 and H-11; H-11/H-9 and H-12; H-14/H-8 and H-14; H-15/H-
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14 and H-16; H-16/H-15 and H-17; H-17/H-16 and H-20; H-20/H-17 and H-21; H-
21/H-20; H-22/H-20 and H-23; H-23/H-22 and H-24; H-24/H-23 and H-25; H-25/H-
24 and H-26; H-27/H-25. The COSY spectrum of the sugar moiety is correlation
including; H-1'/H-2"; H-2'/H-1" and H-3'"; H-3'/H-2" and H-4’; H-4'/H-3' and H-5'; H-
5'/H-4" and H-6'; H-6'/H-5'; H-1""/H-2""; H-2"/H-1"" and H-3""; H-3""/H-2"" and H-4"';
H-4"/H-3" and H-5"; H-5"/H-4" and H-6"; H-6"/H-5"; H-1""/H-2"""; H-2""[H-1""
and H-3""; H-3""/H-2""" and H-4"""; H-4'""/H-3'""and H-5"""; H-5"""/H-4""" and H-6'""; H-
6""'/H-5"" (Figures 19 and 64). The NOESY spectrum, the relative stereochemistry of
214 and it was observed from NOESY spectrum between H-3/H-4, H-9/H-14, H-
12/H-18, H-12/H-19, H-15/H3-21, H3-21/H-22, H-24/H3-27, H-26/H3-27, H-1'/H-3’,
H-3'/H-4', H-3'/H-6', H-3'/H-1", H-4""/H-5", H-2""/H-3""" and H-4"""/H3-6""" (Figures
20 and 65). 'H (500 MHz) and **C (125 MHz) NMR data of compound 214 in
pyridine- ds are shown in Table 60. On the basic of the above evidence and all
siganals including the 2D NMR (HSQC, HMBC, COSY and NOESY) analysis
suggested that compound 214 was a saponin glycoside which contains solanidine as
aglycone. Saccharides as L-rhamnose, D-galactose and D-glucose moieties bind to the
3-hydroxy position of solanidine. All of the above arguments allowed the complete
assignment of all signals and identified compound 214 as a-solanine comparision of
spectroscopic data with published in the literature [146]. Structure of a-solanine is
shown in Figure 17.

L
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Figure 17 Structure of a-solanine (compound 214)



99

.‘\\\\O H

d"”"‘fOH

OH

Figure 19 COSY (bold line) correlation of compound 214
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Figure 20 NOESY correlations of compound 214

o-solanine  was

isolated from fruits of S.

aculeatissimum, fruits and leaves of S. nigrum, fruits of S. tuberosum and S.
xanthocarpum [124, 144, 146, 147]. It is used for acetylcholinesterase inhibitor,
antifeedant, fungicide and pesticide activities [124].

Table 60'H (500 MHz) and **C (125 MHz) NMR data of compound 214 in pyridine-

ds
Compound 214 in pyridine-ds a-Solanine in pyridine -ds
Position [146]
Sy (multiplicity, Jyy) dc HMBC correlations | &y (multiplicity, Jyy) d¢
1 1.75 (m) 38.1 37.4
0.97 (m)
2 2.02 (m) 32.9 32.2
1.59 (m)
3 4.0(dd,J=4.7,105 78.1 774
Hz)
4 2.83 (m) 39.4 C-3,5,6 40.0
2.77 (brt, J = 11.7 Hz)
5 - 1414 140.8
6 5.38(d, J =5.0 Hz) 122.4 C-7,10 121.6
7 1.68 (m) 34.1 32.6
0.81(td, J=11.9,34
Hz)
8 1.62 (m) 324 C-9 315
9 0.93 (m) 51.0 50.2
10 - 37.6 37.0
11 1.45 (m) 21.7 21.0
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Table 60 *H (500 MHz) and *C (125 MHz) NMR data of compound 214 in Pyridine-
ds (continue)

compound 214 in Pyridine-ds

a-solanine in Pyridine-ds

Position [146]
8y (multiplicity, Jup) dc HMBC correlations | 8y (multiplicity, Jyn) d¢c

12 1.71 (m) 405 38.7

1.11 (m)
13 - 41.0 40.4
14 1.13 (m) 58.2 575
15 1.70 (m) 30.1 C-16 27.0

1.24 (m) C-16
16 2.65(td, J=6.4, 8.6 Hz) 69.7 C-13, 17 69.3
17 1.48 (dd, J=6.4,9.4 Hz) 63.9 C-16 62.3
18 0.94 (s) 174 C-11,12,13,14, 17 0.96 (brd) 16.6
19 1.07 (s) 19.9 C-1,5,9, 10 1.05 (s) 19.2
20 1.69 (m) 374 36.6
21 0.98(d, J=6.7 Hz) 19.0 C-17, 20 1.06 (s) 19.1
22 4.28 (m) 74.7 C-21, 23, 26 74.9
23 1.24 - 1.34 (m) 304 295
24 1.82 (m) 321 Cc-27 29.8

1.14 (m)
25 1.62 (m) 31.8 C-26 30.0
26 2.92(dd, J=25,10.0 60.8 C-22,24,25 59.6

Hz)
1.39(t, J = 10.5 Hz)

27 0.85(d, J=6.5Hz) 20.1 C-24, 26 0.83(d, J=6.6 Hz) 19.2

Gal-1 4.96 (brs) 100.9 C-3 493(d,J=7.7Hz) 100.3
2 4.04 (t,J = 6.0 Hz) 77.0 c-1,3, 1" 76.3
3 4.33 (m) 85.3 c-2,1" 84.8
4’ 4.83(d,J=2.0Hz) 71.0 Cc-3 70.2
5’ 4.73(dd,J=7.8,96Hz) 756 c-1,3,4 74.8
6’ 4.40 (dd,J=6.5,104 63.0 C-5 62.3

Hz)
4.27(dd, J=6.0, 10.9
Hz)

Glu-1" 5.22(d, J = 8.0 Hz) 106.3 c-3,3" 5.36 (brs) 105.7
2" 3.97 (m) 75.4 c-1" 74.9
3" 4.22 (m) 79.1 C-5" 78.3
4" 1.55(ddd, J=5.1,7.5, 75.2 714
5 3.95 (m) 78.8 c-5" 782
6" 4.49 (d, J = 10.8 Hz) 63.1 62.4

4.33(dd, J=3.2,9.6 Hz)

Rha-1""" 6.32 (s) 102.7 Cc-5" 6.29 (s) 102.0
2'" 4.21m) 72.1 724
3" 4.93 (m) 73.1 4.92 (m) 72.7
4 4.30 (m) 69.9 74.0
5 4.64 (m) 734 519(d,J=81Hz 693
6" 1.71(d, J = 6.2 Hz) 19.1 1.70(d,J=62Hz) 185
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4.11 Lipase inhibitory activity and 1Cs, values of compounds 209 - 214 and

orlistat

Compounds 209 - 214 were investigated for lipase inhibitory activity.
Concentrations of all isolated compounds were prepared and dissolved in DMSO.
Compound 209 was prepared five concentrations as 100, 200, 500, 700 and 1000
pg/mL. Compound 210 was prepared five concentrations as 50, 100, 200, 400 and
800 pg/mL. Compound 211 was prepared five concentrations as 125, 250, 500, 750
and 1000 pg/mL. Compound 212 was prepared four concentrations as 25, 50, 100 and
400 pg/mL. Compounds 213 and 214 were prepared four concentrations as 25, 50,
100 and 200 pg/mL. Orlistat was prepared six concentrations as 0.00625, 0.0125,
0.025, 0.05, 0.1 and 0.2 pg/mL. Lipase inhibitory activity of isolated compounds is
shown in Table 61.

ICs0 is @ median concentration of measurement of the effective inhibitor in
vitro which is reduced by 50% inhibition of anti-lipase activity. ICsy was drawn a
graph between various concentrations (X-axis) and percentage of inhibition (Y-axis).
ICso value was calculated from slope of this graph. Compounds 209 - 211 exhibited
weak lipase inhibitory activity with 1Csp values of 523.30 + 0.91, 675.58 £+ 1.29 and
565.06 £ 1.27 pg/mL, respectively. Compounds 212 - 214 showed lipase inhibition
with ICsp values of 167.22 + 0.87, 175.88 + 0.85 and 193.96 + 1.04 pg/mL,
respectively. Whereas, positive control as orlistat showed strong lipase inhibitory
activity with 1Cso value of 0.13 + 0.06 pg/mL. ICso values of compounds 212 - 214
and orlistat were 404.26 + 1.39, 198.75 + 0.96, 223.43 = 0.16 and 0.27 + 0.07 pyM
(Table 62). Calibration plot of compounds 209 - 214 and orlistat on lipase inhibitory
assay were shown in Figures 21 - 27.
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Compound Concentration (ug/mL) Inhibitory activity (%)
Compound 209 100 26.74£1.25
200 35.89+1.11
500 50.32 £0.98
700 60.25 + 1.07
1000 71.25+1.04
Compound 210 50 6.79 £ 0.86
100 18.01+1.55
200 23.24 £1.65
400 34.51+2.02
800 56.39 £ 1.92
Compound 211 125 28.14+1.42
250 41.34 +3.17
500 53.30+1.41
750 57.94 +2.94
1000 62.06 + 1.25
Compound 212 25 34.91£0.98
50 38.45+1.02
100 49.32+1.10
400 67.96 £ 1.25
Compound 213 25 37.02+1.31
50 41.08 £ 0.87
100 4591 +1.69
200 52.62 +1.27
Compound 214 25 30.14£1.40
50 35.15+0.96
100 42.65+1.16
200 51.20 + 0.65
Orlistat 0.00625 3.06 £0.72
0.0125 749+1.42
0.025 16.8 + 0.85
0.05 27.35+1.49
0.1 40.34 £ 0.54
0.2 69.64+ 1.19
Table 62 ICs, values of compounds 209 - 214 and orlistat
1Csq value
Compound .
in pg/mL in uM
Compound 209 523.30+ 0.91 -
Compound 210 675.58 £ 1.29 -
Compound 211 565.06 £ 1.27 -
Compound 212 167.22 + 0.87 404.26 +1.39
Compound 213 175.88 + 0.85 198.75 + 0.96
Compound 214 193.96 + 1.04 223.43 £0.16
Orlistat 0.13 £0.06 0.27 £ 0.07
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Figure 27 Calibration plot of orlistat on lipase inhibitory assay

Solasodine (212), solasonine (213) and a-solanine (214) exhibited with 1Csg
values of 404.26 + 1.39, 198.75 + 0.96 and 223.43 + 0.16 uM, respectively. In
previous studies, oolonghomobisflavan A, oolongtheanin 3'-O-gallate, (-)-
epigallocatechin-3,5-digallate, oolonghomobisflavan B, silphioside F, copteroside B,
hederagenin 3-O-£-D glucuronopyranoside 6’-O-methyl ester, gypsogenin 3-O-4-D-
glucuronopyranoside, kaempferol-3-O-rutinoside, 3,3’,4,4'-tetrahydroxy-2 methoxy-
chalcone and isoliquiritoside exhibited lipase inhibitory activity with ICsy values of
0.048, 0.07, 0.098, 0.11, 0.22, 0.25, 0.26, 0.26, 2.90 35.50 and 37.60 pM,
respectively. Solasodine (212), solasonine (213) and a-solanine (214) exhibited lower
potent of lipase inhibitory activity when comparision of these compounds on literature
reviews [55, 67, 80]. Helonioside A, afzelin, helonioside A, 3-O-caffeoylquinic acid
and 4-O-caffeoylquinic exhibited lipase inhibitory activity with 1Csy values of more
than 200, 572 £ 10, more than 1000 and more than 1000 uM, respectively. Solasodine
(212), solasonine (213) and a-solanine (214) shown higher potent of lipase inhibitory
activity when comparision of these compounds on literature reviews [90, 91]. 10a-
hydroxy-1a,4 a-endoperoxy-guaia-2-en-12,6a-olide  exhibited lipase inhibitory
activity with 1Csy value of 161.00 uM [70]. Solasonine (213) is gave nearly when
comparision of compound were found in flowers of C. morifolium. Orlistat exhibited
lipase inhibitory activity with 1Csy value of 0.27 £ 0.07 uM which p-nitrophenyl
palmitate (p-NPP) as a substrate, when comparision of previous studies as 19 uM
[148], 294.51 uM [149]. Orlistat exhibited an lipase inhibitory activity of 51% at a
concentration of 25 pg/mL [129]. In genus of solanum (Solanacea), carpesterol and
7-hydroxy-6-methoxycoumarin exhibited lipase inhibitory activity with 1Csy values of
99.50 uM and 478.64 mM [150]. The effective factors cause a potential of lipase
inhibitor. It may be depended on factors including family of plants, genus of plants,
cultivated area, characteristic of plants, characteristic of compound in plants and
aglycone in glycoside compound. These suggestion of the results, it may be separation
of other major components from fruits of S. aculeatissimum which shown strong on
anti-lipase activity especially hexane and n-butanol crude extracts. Chemical
constituents in fruits of S. aculeatissimum may be synergist on anti-lipase activity for
improving anti-lipase activity as lipase inhibitor.



CHAPTER V
CONCLUSION

The nineteen Thai medicinal plants were screened for anti-lipase activity.
These plants were extracted with methanol and DI water to obtain methanolic extract
and aqueous extract, respectively. From the results, methanolic extract of fruits of S.
aculeatissimum, methanolic extract of fruits of S. trilobatum and methanolic extract of
stems and leaves of P. amarus showed strong inhibition with percent inhibition as
87.77 + 4.27%, 83.69 + 4.27% and 83.57 + 1.48%, respectively. Methanolic extract of
fruits of C. frutescens, aqueous extract of fruits of S. trilobatum, aqueous extract of
fruits of S. melongena (Thai eggplant) and methanolic extract of fruits of S.
melongena (round eggplant) and methanolic extract of fruits of S. melongena (long
eggplant) showed moderate anti-lipase activity with percent inhibition as 69.28 +
2.79%, 67.43 + 4.89%, 53.02 + 15.60%, 51.58 + 9.50% and 47.76 + 8.44%,
respectively. Agqueous extract of fruits of S. melongena (round eggplant), methanolic
extract of fruits of S. melongena (Thai eggplants), methanolic extract of stems and
leaves of C. viscose, methanolic extract of leaves of P. sarmentosum, methanolic
extract of stems and leaves of S. rostrata, methanolic extract of leaves of T. triandra,
methanolic extract of fruits of C. annnuum, and aqueous extract of fruits of S.
melongena (long eggplants) showed weak anti-lipase activity with percent inhibition
as 40.46 + 23.19%, 37.74 £ 1.71%, 37.03 + 0.66%, 34.09 + 19.55%, 31.31 + 1.93%,
28.56 + 10.48%, 16.78 £ 1.40% and 5.02 £ 18.10%, respectively. Aqueous extract of
fruits of S. aculeatissimum, aqueous extract of stems and leaves of P. amarus,
aqueous extract of fruits of C. frutescens, aqueous extract of stems and leaves of C.
viscose, aqueous extract of leaves of P. sarmentosum, aqueous extract of stems and
leaves of S. rostrata, aqueous extract of leaves of T. triandra, aqueous extract of fruits
of C. annnuum, methanolic and aqueous extracts of leaves of C. siamea, methanolic
and aqueous extracts of roots of G. gynandra, methanolic and aqueous extracts of
fruits of M. cochinchinensis (Chinese bitter), methanolic and aqueous extracts of
fruits of S. melongena (round purple eggplant), methanolic and aqueous extracts of
leaves of A. lividus and methanolic and aqueous extracts of fruits of M. charantia
(bitter cucumber) showed no activity of anti-lipase. These results indicated that, plants
in families of Solanaceae and Piperaceae showed anti-lipase activity more than other
families. So, they have the potential to be excellent source of lipase inhibitors.

The methanolic extract of fruits of S. aculeatissimum was further investigated
for lipase inhibitors. The dried ripe fruits of S. aculeatissimum were extracted with
methanol to obtain methanolic crude extract. The methanolic crude extract was
partitioned by liquid-liquid extraction with hexane, ethyl acetate, n-butanol and DI
water to obtain four fractions as hexane crude extract, ethyl acetate crude extract, n-
butanol crude extract and aqueous crude extract, respectively. The hexane and n-
butanol crude extracts of S. aculeatissimum fruits showed strong lipase inhibitory
activity with percent inhibition as 81.88 + 0.98% and 80.74 + 1.39%, respectively at a
concentration of 25 mg/mL. The ethyl acetate crude extract of S. aculeatissimum
fruits showed moderated lipase inhibitory activity with percent inhibition as 60.41 +
7.36%. Whereas, aqueous crude extract showed weak activity with percent inhibition
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as 22.12 + 1.29%. Compound 209 as a mixture of fatty acids (Cy4, C16, C15 and Cyp)
was isolated from hexane crude extract which showed lipase inhibitory activity with
ICso value of 523.30 £ 0.91 pg/mL. Compound 210 as steroidal mixture was isolated
from hexane crude extract which showed weak lipase inhibition with ICs, value of
675.58 + 1.29 pg/mL. Compounds 211 - 214 were isolated from the n-butanol crude
extract. Compound 211 was elucidated as steroidal glycoside which showed weak
lipase inhibition with ICsy value of 565.06 = 1.27 pg/mL. Compound 212 was
elucidated as solasodine (C,7H43NO,) which showed weak lipase inhibition with ICs
value of 404.26 + 1.39 pM. Compound 213 was elucidated as solasonine
(C45H73NO46) which showed moderate lipase inhibition with ICsy value of 198.75 +
0.96 uM. Compound 214 was elucidated as a-solanine (C4sH73NO;5) which showed
moderate lipase inhibition with ICs value of 223.43 + 0.16 pM. Positive control as
orlistat showed strong lipase inhibition with 1Cs, value of 0.27 £ 0.07 uM. However,
hexane and n-butanol crude extracts of fruits of S. aculeatissimum exhibited strong
lipase inhibitory activity. So, the unpurify fractions from fruits of S. aculeatissimum
may contain strong lipase inhibitors or compounds from fruits of S. aculeatissimum
may be synergetic mechanism on anti-lipase activity. However, a-solanine was
reported as a toxic glycoalkaloid. Intoxication (2 - 5 mg/kg of body weight) from a-
solanine leads toxicity include vomiting, abdominal pain, diarrhea neurological like
hallucinations and headache with toxication [151]. The content of a-solanine is
usually very low in S. aculeatissimum fruits. However, consumption of a-solanine is
unsuitable for human. Glycoalkaloid especially o-solanine needs to investigate a
possibility for consumption as lipase inhibitor. These results suggested that the
chemical constituents of S. aculeatissimum fruits should be further investigated for the
strong active components responsible for anti-lipase activity which are non-toxic of
consumption and potential source for lipase inhibitors.
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Quantitative calculation for reagents of anti-lipase activity assay

1. Preparation of p-NPP solution (6.66 mM)

0.3775 g of p-Nitrophenylpalmitate (p-NPP) was dissolved in 100 mL of
acetonitrile to give a stock sultution with a concentration of 10 mM of p-NPP
solution. Then, ethanol was adjusted to final volume of 10 mL in 6.66 pL of stock p-
NPP solution, resulting in 6.66 mM of p-NPP solution as substrate. The solution was
kept at 20 °C.

2. Preparation of Tris-HCL buffer (pH 8.5)

4.4 g of Tris-HCL was dissolved in DI water. 1 M of HCL solution was added to
adjust pH equal to 8.50. Then the soluble was adjusted to obtain final volume of 500
mL of 0.0726 M Tris-HCL buffer (pH 8.5) by DI water.

3. The lipase enzyme

5 mg of Porcine pancreatic lipase was dissolved in 1 mL of Tris-HCL buffer (pH
8.5) to a final concentration of 5 mg/mL.
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Figure 30 GC-chromatogram of compound 209
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Figure 31 Mass spectrum of component at retention time 10.716 min of compound
209
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Figure 32 Mass spectrum of component at retention time 12.441 min of compound
209
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Figure 33 Mass spectrum of component at retention time 14.207 min of compound
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Figure 36 GC-chromatogram of compound 210
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Figure 37 Mass spectrum of component at retention time 15.379 min of compound
210
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Figure 38 Mass spectrum of component at retention time 15.944 min of compound
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