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The chemical“€onstitucnts and lipase inhibitory activities from fruits of
Solanum stramonifoliumswas studiiﬁd. The fruits of S. stramonifolium were
extracted by hexane; ethyl acetate and water, respectively. The lipase inhibitory
activity of each crude was 334 -172.7; 946 + 83 and -1.1 = 1.5% inhibition at
concentration 1.25 mg/mL, resﬁcctivcll;}' J’-I’hercfore, the hexane and ethyl acetate
crude extracts were selected and, then ‘purified by using silica-gel column
chromatography with hexanc ethyl aceﬁtc gradlent solvent system to give two
compounds, carpesterol and linoleic agd; exhibited high inhibitory activity,
showed ICso 56.0. and 43. 6-Jig/mi, respec’avély while orlistat (positive control)
showed ICs 0. OOSSﬁg%ml—Fer—mesﬁgaﬁere%mhfmtory properties of the active
compounds was found that carpesterol is a compctltlve inhibitor and linoleic acid
is a noncompetitive inhibitor of porcine pancreatic 11pase with the K; values of
2.175 and 2,981, pg/ml at, concentration=12:5 |pg/ml; réspectively under the same
condition. In,terms of efficacy of ‘combination of orlistat with carpesterol and

linoleic acid are antagonistic interactions.
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CHAPTER1

INTRODUCTION

Although widely regarded as a problem confined to the developed world, the
obesity epidemic is, in reality, sweeping inevitably through the developing nations as
well [1]. Obesity or hyperlipidemia develops,deading to a variety of serious diseases,
including atherosclerosis, hypertension, diabcies and functional depression of certain
organs. One of the most impertant st;ategies in_the treatment of obesity includes
development of inhibitors.ef nutrient digestion and absorption, in an attempt to reduce
energy intake through glstioinfestinall mechanisms, without altering any central
mechanisms [2]. Since dietary lipids repfeéént the major source of unwanted calories,
specifically inhibiting triglyceride .digesti:)n,_-forms a new approach for the reduction
of fat absorption [3]. Orlistat, a hydrog::nated derivative of lipstatin derived from
Streptomyces toxitricini, 18 a potént- inhibit;;l c;'f gastric, pancreatic, and carboxyl ester

i

lipases and has proved to be effecti}e for the ;tr;gatment of human obesity.

The existence of lipase inhibit;()ff's:";fn‘ various. plant species has been
investigated and repoited-in-different-spectes-including-such as Cassia mimosoides
[4], Camelia sinensis {5] and Salaci reticulate [6]. Twent& methanol and water crude
extracts from Thai-traditional medical plants [7] were screened for their ability to
inhibit lipase activity: It was,found-that thesmethanol erude extract of fruit of Solanum
stramonifolium Jacq. exhibited the highest inhibitory activity with I1Csy value of 0.11
mg/mL,

S. stramonifolium Jacq. (hairyfruited pea-eggplant or Ma Euk) is a plant in
Solanaceae family, of the Solanum genera, that diversified hill fields and agroforest
orchards of Thailand and it is an economically important species for having

multiplicity uses. The fruits are normally eaten raw at mealtimes.
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Objectives

To isﬁe and ‘clidracterize cherfiiéal constituents with lipase inhibitory
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1n initial work, fruits of S. stramonifolium were extracted with hexane, ethyl

activity from

acetate and water then separated by chromatography technique. Afterwards, purified
lipase inhibitors were identified by spectroscopic techniques and investigated theirs

lipase inhibitory activity.



CHAPTER 11

THEORETICAL

2.1 Lipase

Lipases are enzymes t f# fat. It includes phospholipases and
&Aydrolysis of phospholipids to free

triacylglycerol lipase. Phosphc
fatty acid and lysophos riaq’lgl)ﬂiﬁe catalyzes the hydrolysis of

triacylglycerol to free m
employed for energy ¢-esteri
and 9]. The human lipéses t

S
lingual and gastric i Co1 ds

cerols. Free fatty acids are

rage in the adipose tissue [8
pre-duodenal part includes
part includes pancreatic,

hepatic, lipoprotein a '-"1 lipe a considerable molecular

2.1

Pancreas
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Figure 2.1 Physiological role of pancreatic lipase in lipid absorption. [12]
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The predominant pre-duodenal lipase in humans; gastric lipase and lingual
lipase is present in trace amounts. Gastric lipase is generated in the gastric juice by the
chief cells of fundic mucosa in the stomach. In the saliva lingual lipase is generated
by the serous von Ebner glands of the tongue secrete [13 - 14]. The gene encoding
human gastric lipase has been localized on chromosome 10q23.2 [15 - 17]. The
lingual and gastric lipases have greater pH stability and lower molecular weights than

enzymes of the lipase superfamily.

The chromosomal “lecalization of thC.genes encoding the extra-duodenal
lipases and their tissue ofwerigin havel been deseribed (Table 2.1). These enzymes
share a high degree of primany sequence homology [18] and similar tertiary structure

as suggested by mostly eonserved disutfide bonds [19].

Table 2.1 Extra-duodenal lipase genc family.

J
Lipase Chromosoniell_,lo_calization Tissue of origin
of éﬂf'ne_
#esd !,;,,
Pancreatic lipase 10q23{'1-’4' : Pancreas

Hepatic lipase ; 15921—q23 - Liver
Lipoprotein lipasei 8p22 7 Adipose, heart, skeletal

muscle
Endothelial lipase 18g21.1 Endothelial cells, liver,
lung; kidney, placenta
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2.1.1 Pancreatic lipase

Pancreatic lipase, the lipolytic enzyme is synthesized and secreted by the
pancreas. It digests triglycerides with hydrolysis of 50-70% of total dietary fats, and it
removes fatty acids from the o and o' position of dietary triglycerides, yielding [-
monoglycerides and the lipolytic products (long chain saturated and polyunsaturated
fatty acids) [20-22]. This mechanism 'is shown in Figure 2.2. Moreover, the
physiological role of pancreatic lipase, ‘thesthiee-dimensional structure of human
pancreatic lipase was distinguished by X-ray Ciystallography. The primary structure
was established by analysiscof CDNA clones isolated from a human pancreas cDNA
library and found to be.aSingle e¢hain glycoprotein of 449 amino acids. The encoded
protein shows 86% and 68% homolog}ll with porcine and canine pancreatic lipase,
respectively [23]. The pelypéptide chaiﬁ:@g divided into two folding units, the larger
N-terminal domain, the catalytic demain, '.porfnprising amino acid residues 1-336 and a
C-terminal domain, binding'the colipase and containing amino acid residues 337-449
typical of B-sandwich type [24]. Domainfsi-s'_ {équired for activity in the structure of
human pancreatic lipase are His=263, Asp- 1i7'6%and Ser-152 form a triad, analogous to
the serine proteases, called the hpolytic si?_e‘._;E_nzymatic activity has shown to be
decreased after chemiqal modification of Ser-152, located in the larger N-terminal
domain at the C-terminal edge of a doubly-wound paralic] B-sheet and is a part of
Asp-His-Ser triad, thus' indicating that Ser-152 is essential for the catalytic activity
[23]. The determined X-fay crystal structures of lipases revealed. The reaction

mechanism of lipases involyed the lid covering the active site and the active site.

The did-ef Jipase wsually-containsyay smallyoshelix or<loep, which covers the
active site pocket.” These structures ‘elucidate’ the enabled structural basis for the
interfacial activation of lipases. The adsorption of lipase at the interface leads to
restructuring of the enzyme and opening of the catalytic lid toward the hydrophobic
phase. Therefore, this lid opened in the presence of lipid or organic solvent exposes

the active site [25 - 26]. The lid is shown in Figure 2.3.

The active site, a pocket contains residues responsible for the substrate

specificity and catalytic residues with esterification of triglyceride. First, An acyl
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enzyme binds to a substrate with acylation, and deacylation provides alcohol and

carboxylic acid that shown in Figure 2.4.

WATER

Figure2.3 Structure of human pancreatic lipase and conformational change induced
by the adsorption to a lipid interface [26]
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and two different tetrahedral intermediate.

Pancreas requires another pancreatic departure protein; colipase, for full
activity. Colipase is secreted by the exocrine pancreas as a precursor molecule,
procolipase, which is processed to mature colipase by cleavage of the procolipase
propeptide (APGPR). Procolipase binds specifically to the C-terminal domain of the
pancreas molecule, without inducing any conformational change [24]. Moreover,

essential lipid hydrolases are lingual lipase and gastric lipase. Lingual lipase is
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secreted by serous gland and digests approximately one third of ingested fat. Gastric
lipase is secreted in response to mechanical stimulation, ingestion of food or
sympathetic activation, accounts for the hydrolysis of 10—40% of dietary fat. Thus,
potentially impact of the inhibition of lipid absorption that could result from the

activity of only pancreatic lipase reduced [22].

2.2. Obesity

R \\\ '{//
Obesity [27] is deﬁn BMI) of 30 or more, where BMI

is a statistical measurew co are@ weight and height produce a
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Figure 2.5 A graph of body mass index. Based on World Health Organization data

Obesity is diseases in which an excess of body fat has accumulated. It can

cause various diseases such as cardiovascular diseases, diabetes mellitus type 2,
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obstructive sleep apnea, certain types of cancer, and osteoarthritis. The causes of
obesity are combination of excessive food energy intake and a lack of physical
activity. A limited number of cases are due primarily to genetics, medical reasons, or
psychiatric illness. Mechanisms of anti-obesity drug are directed at reducing energy
food intake either by an action on the gastrointestinal system or reduce appetite and

feeding via an action through the central nervous system control.
2.3 Anti-obesity drug

There are currently two categorics of anti-obesity drugs. First type acts on the
central nervous system tospramarily | suppress appetite, other type acts on the

gastrointestinal system (pancreatic lipase inhibitors).

Drugs acting #Cenfral /nervous system: sibutramine serotonin and
norepinephrine promote @ sens¢ of satiefy through its central action. In addition, it
may decrease against the fall in .thermé,dg:@nesis through stimulation of peripheral

#

norepinephrine receptors. N

e My

Drugs acting on the gastrointesti@‘ system: pancreatic lipase inhibitors:
orlistat inhibits pancreatic and gastric lipase By decreasing among triglyceride which
is hydrolyzed from fat taken. It produces a dose-dependent reduction in dietary fat

absorption leading to weight loss in obese subjects.

The mushreoming market of anti-obesity; dsugs-will, not slow down within the
foreseeable future”[12]. Table 2.2° summarizes "those ‘anti-obesity drugs that are

currently approved and investigational drugs.
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Table 2.2 Current and investigational anti-obesity drugs

Drug

Target/mechanism

Current anti-obesity drugs on the market
Orlistat

Sibutramine

Rimonabant

Pancreatic lipase

Serotonin and noradrenaline reuptake
inhibitor

CB1 cannabinoid receptor antagonist

Selected antiobesity drugs.n clinical trials
ATL-962 (cetilistat)

Pancreatic lipase

GT389-255 Lipase inhibitor

APD356 _ Selective SHT2C agonist

SLV319 g *CB1 receptor Antagonist

CP945 598 CBI receptor Antagonist

SR58611A . p'3-adrenergic receptor agonist

L796568 . P 3-adrenergic receptor agonist

Metreleptin ‘ Modified leptin

Leptin ~Leptin receptor

GI181771 . ECK-A agonist

Oleoyl estrone

PYY(3-36) Synthétic form of the appetite
suppressing hormone PYY(3-36)

TM30338 Neuropeptide Y2 and Y4 agonists

Pramlintide Delays gastric emptying

1426 Peripheralmechanism

CYT-009-GhrQb Ghrelin-targetéd vaccine

AOD9604 Human growth harmone

P57 Apetitesuppressant

*Cannabinoid receptor type 1

Dietary lipids represent the major source of unwanted calories, specifically

triglyceride. Development of inhibitors of nutrient digestion and absorption without

altering any central mechanisms [21, 31 - 32] are one of the most important methods

in the treatment of obesity, these are an attempt to reduce energy intake through

gastrointestinal mechanisms.
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Orlistat or tetrahydrolipstatin, lipase inhibitor obesity-drug, is the best-selling
anti-obesity drugs worldwide that depend on knowledge about lipase inhibition from
natural products. It is a chemically synthesized derivative of lipstatin, which is a
natural product of Streptomyces toxytricini [33]. It is irreversible inhibitor of gastric
and pancreatic lipases, and has no effect on other hydrolases .The drug reduces
triglyceride hydrolysis and fat absorption by 30% [34]. Although, it has some seamy
gastrointestinal side effects as oily spotting, oily stools and flatulence [35].
Mechanism of action and metabolism of orlistat that shown in figure 2.5 : the covalent
bond between orlistat and-lipase oceur within-the active serine of gastric and
pancreatic lipases in the lumen<of the gastrointestinal tract, and forms a stable
complex [13]. The complexsinduces a conformational change in the enzyme that leads
to a lid-like structure-on the lipase, henc‘e exposing the catalytic active site [18]. This
operation leads to acylation of a hydro;cyl group on serine residue burden on the
activesite of the enzyme making it inactivé_z;é lipase. Two metabolites are excreted via
the bile have been detegted, namely: MI ‘and M3. They found to be with no
pharmacological activity in ¢omparison toi"f_;‘z_x_r_ent compound. The half-life of M1 and
M3 are approximately 2 hr and'3 i)r, respeéﬁgély. M1 result from the opening of B-
lactone moiety in orlistat while the M3 met;afBSﬁié as.a result of both the hydrolysis of
B-lactone and ester gfoup-atthe-N=formyl-feucme side chain [25]. The drug prevents
the hydrolysis of dietéry fat into absorbable monoglyceridé and free fatty acid [36]. In
orlistat-treated patients, levels of both cholesterol and low-density lipoprotein are
markedly reduceds) which/Supports atnole=for jtriglyceride, hydrolysis in cholesterol

absorption [37];
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multiplicity uses. Ma Euk is hairy spherical shaped fruit which looks like tomato. The
fruits are edible and herb. They are normally eaten raw at mealtimes and as anti-

anemic and against tuberculosis [38 - 39].
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2.5 Literature review

In 2006, twenty methanol and water crude extracts from Thai-traditional
medical plants; the fruit of Phyllanthus emblica Linn., root of Curcuma longa Linn.,
fruit of Solanum indicum Linn., fruit of Garcinia schomburgkiana Pierre., fruit of

Solanum stramonifolium Jacq., leave of Ocimum americanum Linn., leave of Ocimum

tenuiflorum Linn., fruit and leave of P thus acidus Skeels. and leave of Anethum
graveolens Linn., were screened for the inhibit lipase activity. It was found
that the crude methanol extract of frui onifolium Jacq. exhibited the

highest inhibitory activieysICovalite of

AU INENINYINS
AN TUNN NN Y
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Type | Chemical classes Reference | Natural source Inhibitor 1Cs
Platycodin [40-44] fresh roots of platycodin D (1) -
saponins Platycodin

grandiflorum
Scabiosaponins [45] Scabiosa tschiliensis | scabiosaponin E (2)
scabiosaponin F (3)
scabiosaponin G (4)
scabiosaponin I (5)
2 hookeroside A (6)
hookeroside B (7)
prosapogenin 1b (8)
Sessiloside and [46] leayes of lz sessiloside (9) 0.36 mg/mL
chiisanoside Age gt fopangx Chitsanoside (10) 0.75 mg/mL
Sessilifloruspsi
Chikusetsusaponins | [47] rhizomes of }Zgnax Chikusetsusaponin III (11) | active at
japonicus (ginseng s v (12 concentrations of
roots) | E . chikusetsusaponin IV (12) | 1> 5”500 mg/mL
2 ; 4 28-deglucosyl-
ks .+ | chikusetsusaponins IV
2 R TE))
« aid e 28-deglucosyl-
et 1 | chikusetsusaponins V (14)
Dioscin and [48] methanol extractof | dioscin (15) 20 pg/mL
derivatives -Diosebrea nippanica - 5+ - genin (16) 28 pg/mL
e gracillin (17) 28.9 ug/mL
Escins [49] Japanese escins Ib.(18) 24 pg/mL
I horsechestnut . 1T
IIb (19 14 pg/mL
¥ (Aesculus turbinate) N i (19 e
and European escins la (20) 48 ug/mL
horsechestnut seeds escins 1la(21) 61 pg/mL
(Aesculus
hippocastanum)
Teasaponins [50-51] | oolong, green and Teasaponins (a mixture of | -
black tea theasaponins £/ and E2)
Cyclocariosides (52] leaves of Cyclocarea * | cyclocatioside A+(22) 9.1 mg/L
paliiris. cyclocarioside 1I'(23) -

cyclocarioside III (24)
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Table 2.3 (cont.) Classification of pancreatic lipase inhibitors from natural sources

Type | Chemical classes | Reference Natural source Inhibitor 1Cs
Polyphenolics [53 - 54] hot water extracts of Luteolin (25) weak
various plant material inhibitor
[55 - 56] rhizomes of Alpinia 3-methyletherganglin (26) moderate
officinarum inhibition
fruits of Mangifera mangiferin (27) moderate
indica inhibition
the peels of Cirrus Hesperidin (28) 32 pg/mL
unshiu
" Oolong tea [57] oolong tea (=)-epigallocatechin 3,5-di- | 0.098 uM
2 | polyphenols 0= gallate (29)
% prodelphinidin B-2 3,3'-di-O- | 0.107 uM
= llate (30)
& s
E "I assamicain A (31) 0.120 uM
? oolonghemobisflavan A (32) | 0.048 uM
e oolonghomobisflavan B (33) | 0.108 uM
T theasinensin D(34) 0.098 uM
v oolongtheanin 3'-O-gallate 0.068 uM
- (35)
¢ theaflavin(36) 0.106 uM
- i theaflavin 33'-O-gallate (37) | 0.092 uM
Grape seed [58] Grape séed extract | proanthocyanidin-rich -
extract ~ | extracts
Nelumbo [59] Biend tea or extract of - | phenolic constituents of the 0.46 mg/mL
nucifera extract \ leaf of N. nucifera leaves
1] Salacia [60] = hotwater extract of S. a-high-eOncentration of 264 ng/mL
§ reticulata hot " reticulata roots polypheneols including
% water extract mangiférin, catechins and
5 condensed tannin
H Peanut shell [61] Arachis hypogaea or coumarin derivatives and -
% extract peanut shell extract flayonoid.glycosides
S, | Mangifera indica | [62] Mangifera indica 1éaf | polyphenols, including -
%‘ leaf and stem and stenrbark extracts | phenolic acids, phenolic
A~ bark extracts esters, flavan-3-ols and
mangiferin
CT-II extract [63] aqueous cthanol extract | 2S5):3',4"7-trihydroxyflavan- | 5.5 uM
of Cassia' nomame (4 a'— 8)=catechin (38)
fruits
Carnosic acid [64] methanol extract of carnosic acid (39) 12 pg/mL
Salvia officinalis leaves carnosol (40) 4.4 pg/mL
% roylenoic acid (41) 35 pg/mL
g 7-methoxyrosmanol (42) 32 pg/mL
= triterpene oleanolic acid (43) | 83 pg/mL
Crocin and [65 - 66] Gardenia jasminoids crocin (44) 28.63 pumol
crocetin

crocetin (45)
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Type | Chemical classes Ref. Natural source Inhibitor 1Cs
Lipstatin [67 - 68] | Streptomyces lipstatin (46) 0.14 uM
toxytricini
Panclicins [69 - 70] | Streptomyces sp. NR | panclicins A (47) 2.9uM
§ 0619. panclicins B (48) 2.6uM
§ panclicins C (49) 0.62uM
= | ‘panclicins D (50) 0.66uM
)
g icins E (51) 0.89 uM
g Valilactone [71] 0.14 ng/mL
g .
Qo
H
& [ Ebelactones [72] ebelactone A (53) 3 ng/mL
S » / “ 0.8 ng/mL
:g .
9 | Esterastin [73] W) 0.2 ng/mL
/
1
% | Caul 74 , 56 2 mM
g .'Tlu erpenyne [74] 7 :r ‘m‘b e (56)
2 | Vibralactone [75] : 5" [ ib 1@ ne (57) 0.4 pg/mL
= Percyquinin [76 - 77] | Basidiomyeete | perc yquinin (58) 2 uM
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Figure 2.7 Structures of saponins with pancreatic lipase inhibitory activity.
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Figure 2.7 (cont.) Structures of saponins with pancreatic lipase inhibitory activity.

18



19

OH

mm

Wﬁoﬂ NE

OG
OH

(33

Figure 2.8 Structures of polyphenolic pancreatic lipase inhibitors.



20

@1 T @)

AULINENINYINS
AN TUNN NN Y



21

O
)k %, NHCHO
NH H CE)
O
O o o I O
9
N P i
(CH,);CH(CHj,),
(46)

@n

H3C(H,C)g

0 oH
OH
; -
6]
(58)

(CH,)yCH,4

Figure 2.10 Structures of pancreatic lipase inhibitors from microbial sources




CHAPTER III

EXPERIMENTAL

3.1 Biological materials

Fruits of S. stramonifoli from the Thonburi Railway market

Bangkok those were collec chai-si, Nakhon-pathom province

Thailand in 2008.

3.2.1 Analy
Technique

Absorbent i ,,{‘-', i Fos4 P ted plate (E. Merck)
Layer thickness

Developing distanc e,
]
elﬂlre (30-35°C)

Detecﬁ ey Ultraviolet i W at wavelen%%l of 254 and 365 nm

UBINEIN

A> H>SO4 in ethanol

b chighie A NBAINLNA Y

Absorbent : Silica gel 60 (No. 7734) (E. Merck)

Temperature

Particle size 0.063 — 0.200 nm. (70 — 230 mesh ASTM)

Packing method : Wet packing
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Sample load : The sample was dissolved in small amount of eluent,
and then mixed the sample with silica gel. Next, the mixture was dried and applied

gently on top of the column.

Detection  : Fractions were examined using TLC technique. In order to
detect the compounds in each, the TLC plate was observed under UV light at
wavelength of 254 and 365 nm and then exposed to 10% H,SO4 in ethanol and

heating on a hot plate.
3.2.3 Spectroscopic techniques
3.2.3.1 UV/ViS'speetrophotometer

UV/VIS spectrad were' obtained” on a Synergy HT Muti — Detection
Microplate Reader Bio-Tek [ustrument aflthe Institute of Biotechnology and Genetic
Engineering, Chulalongkora University.

3.2.3.2 Mass spectrometer (MS) '—"’-f,

Time of flight spectra (TOF) of* EQ_[ated compounds were obtained on a
Micromass Platform 1l mass spectrometer at 70 eV at/the Central Laboratory and
Scientific Informatien Center for Halal Food Development, Chulalongkorn

University.
MS s¢an 50 £ 1500 f/z in positive and negativemode

MS diluted solvent : 60% isopropanol, 28% methanol, 10% water, 1% formic

acid and 1% ammenium hydroxide
Flow rate : 5 uL/min
3.2.3.3 Nuclear Magnetic Resonance Spectrometer (NMR)

The 'H and "C nuclear magnetic resonance spectra of isolated compounds
were recorded at 600.18 and 150.92 MHz, respectively, on a Bruker Model AC-F200

Spectrophotometer in deuterated chloroform. Chemical shift are given in parts per
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million using residual protonated solvent as reference. HMQC, HMBC and COSY
experiments were performed on the JEOL JNM-AS500 Spectrometer

3.2.4 Rotatory evaporator under reduce pressure

The Eyela rotatory evaporator model N-1 was used for the rapid removal of

large amounts of volatile solvents.

3.2.5 Melting point recorder

The melting point was tecorded on Fisher-Johns melting point apparatus.
3.3 Chemicals and reagents

1. All commercial gradessolvents used in this research; hexane, ethyl acetate and

methanol wer¢ putified by distillat_%on- prior. to use
2. Tris[hydroxymethyl]amin’omethane;-'(Ti‘is-base), MB Grade, USB, USA
3. Hydrochloric acid, Merck; German};:'-‘_':'
4. Dimethyl sulfoxide, AVCVS reagent, F-ILE;_SWitzerland
5. Ethanol, ACS teagent, Riedel-de Haén, Germany:

6. Acetonitrile, ACS'reagent, Merck, Germany

7. p-Nitrophenylpalmitate, Sigta, Germany

>

Lipase from ‘porcine pancreas Type II, 100-400 units/ing -protein, Sigma,

USA.
3.4 Extraction and isolation
3.4.1 Extraction

The fruits of S. stramonifolium were ground and dried, then soaked in
hexane for three days at room temperature for two times. The liquid was centrifuged

and then removed solvent by rotary evaporator to give hexane crude extract. After that
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the discard was soaked in ethyl acetate for three days at room temperature for two
times. The liquid was centrifuged and then removed solvent by rotary evaporator
under reduce pressure to give ethyl acetate crude extract. Then the discard was
extracted with boiled water and then removed water by rotary evaporator to give
crude water extract. The procedure and results of the extraction are shown in Figure

3.1
The dried fruits of S. stramonifolium (1.275 kg from fresh fruit 26 kg)

© Soaked with hexane

Diseard L Crude hexane extract (5.0157 g)

Soaked with ethylracetate

| Iy |
Discard Crude ethyl acetate extract (10.8074¢g)

Extraction with boiled Wa'cer

Disc!ard : Crude water exltract (T72-g):.
Figure 3.1. The procedure of extraction of S. stramonifolium fruits

Table 3.1 The erude extracts of S.stramonifolium fruit.with various solvents

Solvent extract Appearance Wight (g) % w/w of the dried plant
Hexane Green-yellow oil 5.0157 0.40
Ethyl acetate Dark- brown oil 10.8074 8.65

Water Dark- brown gummy 772 60.55
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3.4.2 Isolation of crude extracts of S. stramonifolium fruit
3.4.2.1 Separation of hexane crude extract

The hexane crude extract was obtained as green-yellow oil  (5.0157 g,
0.40%). It was dissolved in hexane and filtered to give slightly green pellet crystal,
then re-crystallized with hexane and ethyl acetate gave white pellet crystal of

Compound 1.
3.4.2.2 Separation of ethyl acetate erude extract

The ethyl acetate ertides€xtract was obtained as dark-brown oil (10.8074 g,
8.651%) after evaporations At /was fractionated by conventional column
chromatography using Mefck? silica gel 60, No. 7734 (70 — 230 mesh ASTM) as an
adsorbent. The column was eluted withx‘hcxane-ethyl acetate gradient in stepwise
fashion to give Compotind'1, as white I;e_llet crystal, and Compound 2 as slightly

yellow wax.

3.5 Measurement of inhibitory pancreatic;liplféise activity in vitro

The method of Slanc et a./ [78] was -employed with some modifications(stop
the reaction with ethanol). p-Nitrophenylpalmitate (PNP) (Sigma) was dissolved in
acetonitrile to give a stock solution with a concentration of 20 mM. Ethanol was then
added to a final composition of acetonitrile:ethanol (1:2 v/v), resulting in 6.66 mM
PNP. The solution was" stored ‘at .20 ?C. The test sample was dissolved in water or
DMSO (50 mg/mL). Porcine pancreatic lipase (type II, crude, Promega) was
dissolved 1 0.06 L -v«Iris-HCI buffer (pH 8.5) to a final conceniration of 5 mg/mL.
600 pL Reaction mixture, containing 0.60 mg/mL of enzyme(72 pL), 2.5 mg/mL of
crude extracts (15 uL), 0.333 mM of PNP(30 uL) and 0.061 M of Tris-HCI
buffer(483 uL), was incubated at 37 °C for 25 min. Then 600 pL ethanol was added
to the mixture to stop the reaction. The absorbance of released p-nitrophenol was
measured at 405 nm using a microplate reader. The blank was added ethanol before
enzyme. The extract was replaced by water or DMSO for the control. The absorbance

of samples were corrected by subtracting the absorbance of the blanks. Enzyme
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activity was defined in terms of the increase of absorbance per minute. The difference
between the enzyme activity of the control and the sample was defined as the
inhibitory activity of the extract. DMSO, acetonitrile, ethanol and methanol at the
concentrations used did not interfere with the reaction conditions. The activity assay
was performed in triplicate for each crude extract, the results were averaged and
expressed with standard deviations. A solution of orlistat was prepared by dissolving
120 mg of orlistat in DMSO as positive control. The A405 of liberated p-nitrophenol
was measured with p-nitrophenol as a standard. One unit was defined as the amount
of enzyme required to telease I pmel of p-nitrephenol per minute under assay

conditions.
inhibition = [(A<B)/Alx100

When “A” was the méans/of absorbance of control (without inhibitor and only

DMSO at the same volumn being iis_ed for tested samples)

“B” was the means of absorbance of'sample (with inhibitor)

i

3.6 Determination of the kinetic properties of pancreatic lipase

The pancredtic lipase-was-assayed-usiing-3:996,-3.33, 1.665, 1.11 and 0.8325
mM of PNP. The Linewaver-Burk plot was created to analyze for K, and V.« value

using the following equation.

| /A Agq b &b
Vo Vinax | [S] ¢ Vimax
When V, = initial velocity
Viax © =maximum velocity
[S] = concentration of substrate
K = Vmax/2 = Michaelis-Menten constant

3.7 Determination of protein of pancreatic lipase

Protein content of pancreatic lipase was determined by the method of Lowry et

a.l [79]. Porcine pancreatic lipase (type II, crude, Promega) was dissolved in 0.061 M
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Tris-HCI buffer (pH 8.5) to a final concentration of 5 mg/mL. 3 mL of alkaline
copper reagent (0.01% w/v copper sulfate, 0.02% w/v sodium potassium tartrate and
2% w/v sodium carbonate in 0.1 N sodium hydroxide) was added to 0.1 mL of the
lipase solution, mixed well and allowed to stand for 10 min. at room temperature.
Then 0.3 mL of diluted Folin phenol reagent : deionized water (1:3) was added and
incubated for 30 min. The absorbance of the mixture was measured at 650 nm using a
microplate reader. The blank was deionized water. Protein content was calculate from

a standard curve of Bovine Serum Albumin(BSA)

The standard curve.plots obtained from the.variation of BSA concentration :
0.1, 0.2, 0.4, 0.60, 0.8041.0,41.2. 1.6 and 2.0 mg/mL and deionized water was the
blank.

3.8 Determination of dCsywvalue of isolated compounds

The ICsy valuetof dsolated ComI‘)oun_d | was determined by dissolved in
DMSO (5.00, 1.00, 0.50,40.25 and 0.10 mg/mL) Concentration of Compound 2 was
prepared as 10.00, 1.00, 0.50, 0:10 and O.E).-O-S_,plg/mL for biological assay. Then all
prepared solutions were investigated for ’lfii)_as_e inhibitory activity compared with
orlistat, a positive control, (0.4, 0.05, 0.025, -0.—0125 and 0,00625 mg/L) according to
the procedure 3.5.

3.9 Investigation of inhibitory properties of isolated compound

The K valueof the enzyme for the isolated,compounds were determined by
using 3.996, 3.33, 1.665, 1.11 and 0.8325 mM of PNP as substrate,and the inhibitor
concentrations of 3100, 2,00 and 1.00 mg/mlL for the isolated compounds were used.

The Ki values were determine from the Lineweaver-Burk plot.

3.10 Determination of efficacy of combination of orlistat with isolated

compounds

The efficacy of combination of oslistat with isolated compounds was

determined by using combination of 50, 25, 10, 2.5 and 1.25 pg/L of orlistat with 6.25
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pg/mL of Compound 1 for each concentration of orlistat. On the part of Compound 2

of 6.25 pg/mL combine with each concentration of orlistat for biological assay.

3.11 Statistical analysis

All data were presented as the mean + SEM. Significant differences among the

group were determined by one-way t-

AULINENINYINS
AR TN TN



CHAPTER 1V

RESULTS AND DISCUSSION

The lipase inhibitor from fruits of S. stramonifolium was analyzed using all
methods as described in the chapter IIL. The results have been shown and discussed in

each part of this chapter, respectively.
4.1 Determination of the kinetic properties of pancreatic lipase

4.1.1 Determination of ene lipase unit
\

Determination”of absorbange at 405 nm of standard p-nitrophenol solution at
0.00 — 0.18 mM giving absorbance 0.000-1.473, U have been shown in Table 4.1.
Then plotting standard €urve were derive‘lh t:rom this data in linear relationship that
shown in Figure 4.1. Next, hpase o) mg/mL were determined absorbance provide
determination of one lipase unit 2. 39 == Og ug (one unit is defined as the amount of

enzyme required to release 1 umol of p- nltrpphenol per minute).

o el

Table 4.1 AbsorbaneCof standard p-nitrophenol solution élt 405 nm

p-‘I\I}trophenol (mM) Absorbance (U)
0.00 0:000
0.03 0.285
0.06 0.527
0.09 0.765
0.12 0.993
0.15 1.250
0.18 1.473
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Figure 4.1 Standard curve of stagdard p-ni nol solution
Table 4.2 One lipase un p=nit phenol
4 I 2.48
€ o Qs |
AW VONTI e 1A VI & 2
9
Average 0.537 2.39+0.08

* One unit (U) is defined as the amount of enzyme required to release 1 pmol of p-

nitrophenol per minute.
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4.1.2 Determination of K,, value of pancreatic lipase

Kinetic properties of lipase were shown in Figure 4.2. When concentration of
PNP are increased, the initial velocities were increased. The initial velocities (Vo)
were constant. The Ky, and V. values for the substrate of this enzyme were 0.095

mM™" and 0.083 U/mg protein, respectively. The Michaelis constant K, is

experimentally defined as the conc at which the rate of the enzyme reaction

is half of V. (the max1m K, value includes the affinity of

substrate for enzyme, but ate $t A ubstrate bound to the enzyme is
'—'

converted to product. 7 ;

y=1151x+12.11
R*=0.972

00  30.00

s

o'n'-'n

-15.0 - 50 p . 15

4.2 Inhibitory activity of crude extract on pancreatic llipase

In order to study and investigate the biological activity of the fruits of S.
stramonifolium, the three crude extracts were at first tested for their inhibitory
activities by using the modified method of Slanc et al/ [78]. The results were

sumerized in Table 4.3.
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Table 4.3 Percentage inhibition of crude extracts from the fruits of S. stramonifolium

Samples Final Concentration (mg/mL) %inhibition

Hexane crude extract 1.25 33.4+£2.7

Ethyl acetate crude extract 94.6 + 8.3
Water crude extract -1.1£1.5
Orlistat 102.5+5.1
DMSO 0.0

From the data i de extract of fruits of S.

stramonifolium did not show inhibitory activit lipase as compare to positive

control, orlistat. In spite of thg&@ d ethyl acetate crude extracts exhibit
more 1nh1b1t0ry aghlty with %1 ] y H2.7% and 94.6 = 8.3%,

f-l.l + 1.5%. Therefore,
the hexane and ethyl zi tate crud rthezﬂuriﬁed by silica-gel column

chromatography with hexane cthyl acetate, gradient solvent system to give two

compounds; cﬁmpu B ’J Qﬂtﬂ ﬁ@?ﬂ, &]d'q ﬂ%-d 2 as slightly yellow
Q W'mﬁﬂ'flm URIANYINY
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4.3 lipase inhibitory activity of Compound 1 and 2

Table 4.4 Percentage inhibition of each isolated compounds

Sample Concentration(pug/mL) | %inhibition
\i] 6230+6.19

31.23+6.16

Compound 22.57+5.75
1625 | 5.03+10.64

25 .| -3.67+828

A \250 0 s 1782674045
(AL o5 N e6.10+3.14
F[E}&\\“ 29.47+0.75
25 . ]3020+373
fm 5 | 28.83+3.23

, 91.50+0.56
84.00+ 1.48
63.23+5.77
33.07+12.49
M5,60+6.66

/]

From ﬁ%\ij}q pound 1 and 2 were
determined by@H plottin ?t een concentration T;:Tgrr;lple (x-axis) and %
inhibit ﬁ ri awn from the
y- ax1silﬁt:l aimm ﬂlﬁxﬁju :ﬂfﬂ:i Eji:l 3 —4.5. The

ICsg values of orlistat and isolated compounds were summarized in Table 4.3.
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i

Table 4.5 1Cs value of orlistat and,éach isolati::;i compound

Samples L 0"
(ng/ml) M
Compound 1 56.0 99.6
Compound 2 43.6 156
Orlistat 0.0035 0.0071

*ICsy is the concentration of\compeund required torgive,50% . inhibition of lipase

activity

Table 4.5 indicated the: 1Csg value of Compound -1, Compound 2 and orlistat
as 56.0,943.6 and 0.0035 pg/ml, respectively. Compound 1 and 2 might be low
inhibitory activity when compared with anti-obesity drug (orlistat) which is a
derivertive of lipstatin from microbial sources (S. toxytricini). From chapter II
(theoretical), it shows that lipase inhibitor from microbial sources exhibit inhibitory
activity more than that extracted [12, 40-77] from plants. When comparing lipase
inhibitory activity of isolated compounds, Compound 1 and 2, with other lipase

inhibitor that extracted from other plants [12, 40-66]. They exhibit high inhibitory
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activity. For example, sessiloside, lipase inhibitor that extracted from the leaves of
Accanthopanax sessiliflorus, showed strong inhibition of pancreatic lipase in vitro, its

ICs values was 360 pg/ml.
4.4 Investigation of inhibitory properties of the isolated compounds

The Lineweaver-Burk plot of Compound 1 indicated that mechanism of
inhibition of Compound 1 was a competitive inhibition because the kinetic
parameters, it was found that K., increased. while' V., was constant. , as shown in

Figure 4.6-4.7. The reaction scheme of competitive inhibition has shown below.

kg ‘ k
E+S i ES N D
+ k .
I § :
K;
’ . ,
El K, =

[EL]

— J-:

The Lineweaver-Burk- plot- of Con;p'®nd 2 indicated that mechanism of
inhibition of Compound 2 was a noncompetitive” inhibition because every
concentration of Comipound 2 had the same X-intercepts in Lineweaver-Burk plot and
had potent inhibitory-activity, as shown in Figure 4.8<4.9. The reaction scheme of

noncompetitive.inhibition has shown below.

k] k2
E+S oo S ES 1= "0l
0 k., +
I J I
K; K;
El+8S ESI [ = [E]l1] _ [E]l]
| =
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The K (dissociation constant for the EI or ESI complex values of Compound 1
and 2 were determined from the slope of each graph in Lineweaver-Burk plot. The

equation for calculation K; value of competitive and noncompetitive inhibitor are
Slope= Ku/Vmax[ 1 +([10]/Kj)]

The K values of isolated compounds are shown in Table 4.6.

. . K K.
Inhibitor I :
(mM") | (ug/mL)
No inhibitor 0.095 -
0.435 0.855
0.466 2.175
1
Compound 0.784 2.470
1.346 7.281
0.099 0.921
0.101 2.981
2
Compound 0.098 3.817
0.099 11.356

ﬂﬂﬂ’.]“flﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂifLJ UAIINYAY
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Figure 4.7 Michaelis-Menten plot analysis of the inhibition kinetics of lipase by

Compound 1 ([C1] = concentration of compound 1)



40

m[C2]=125 ng/mL
600-00 4[C2]=25 ng/mL
*[C2]=12.5 ng/mL
500-00 y=-[3.82x+139.9 F[C2]=2.5 png/mL
E *[C2]=0 pg/mL
[ WaYaWaYal T
.E i AYAv VAV ==
= y= 8 690% + 88.97
£ 300
2 , sx‘\U ;
2 i/ T y=5977%+59.32
22000 3
£ ' ——ﬁy f 276x+43.28
g
=
]
: 5:"'.'*'”
-20.00 ©-10.00 30.00

Figure 4.8 Linewaveave lot an s "':: h1iti0n kinetics of lipase by
Compound 2 ([C2] = ; : '

0.06

0.05 -

0.04

=E=—[C2]=125 ng/mL
=e=[C2]=25 ng/mL

=—e==[(C2]=12.5 png/mL
002 +[C2] 2.5 ng/mL

ﬂW'] aﬁ 1 im-ﬁ%ﬂﬁ gficasmo g
=

0 T T T T 1

0.00 0.05 0.10 0.15 0.20 0.25
[PNP] (mM)

v(micro mol/mg protein/min)
[=]
(=)
L8]

Figure 4.9 Michaelis-Menten plot analysis of the inhibition kinetics of lipase by

Compound 2 ([C2] = concentration of compound 2)
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4.5 Determination of efficacy of combination of orlistat with isolated compounds

In terms of efficacy, there can be three types of interactions between
medications: additive, synergistic, and antagonistic. Figure 4.8 and 4.9 indicated that
types of interactions between orlistat with Compound 1 and 2 were antagonistic
interaction. Antagonistic interaction means that the effect of two chemicals is actually

less than the sum of the effect of the, gs taken independently of each other.

Table 4.7 Percentage inhibition he combination of orlistat with
.J

Orlistat

concentration

(ng/L)

0.05

0.025

0.01 13.2+10.5

0.0025

0.00125 | 11479

AL
AMIANTAUUNIINYAY




42

Compound 1
100.0

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

B Orlistat

0O Oilistat + Compoundl

% Inhibition

i

0.03 Jf Pl 0.0025 0.00125
P (Z)rlist"gt concentration (jg/L)

F b 7oL L

AR Ad g
o

Figure 4.10 The efficacy/of gombination Qi:rpﬂrlistat with isolated Compound 1

s il
Table 4.8 Percentage inhibition of orlistat and the combination of orlistat with

s

isolated Compound 2,

Orlistat  — % enzyme inhibition
concentration o [
(ug/L) Orlistat Orlistat + Cempound 2 | Compound 2 (6.25 pg/ml)
ng
(6.25 ng/ml)
0.05 90.5+6.3 589+24
0.025 69.2+9.9 53.8+8.7
0.01 43.1+£5.2 341 +2.8 239+ (0.9
0.0025 33.4+6.9 179 +2.8
0.00125 11.4+79 1.9+93
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Figure 4.11 The efficacy of combinétion é_af;onl-istat with isolated Compound 2

£y

ald dia

4.6. Structure elucidation of isgla_ted compg_j}:l};ds

4.6.1 Structure elucidation of COfnpoun(f -

Properties of compoﬁﬁ'(_i 1 i

Compound 1 isi-white pellet crystal (1.1516 g, 0’09% w/w of the dried fruits)
Rf=0.41(Ethylacetate’: hexane (4.7 v/y))ymp225 °c! [ a] 5 3%¥41.6(CH,Cly; ¢ 0.2)

Structure elucidation of compound 1

The IR spectrum of Compound 1 (Figure 5.1) displayed” broad band at 3453

cm” belonging to O-H stretching and the absorption peak of C=0 stretching vibration
at1705 cm™, C-O stretching vibration at1273 c¢m™and C=C stretching vibration of

aromatic at1450-1600 cm™. The IR spectrum of Compound 1 was summarized in

Table 4.9
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Table 4.9 The IR absorption bands assignment of Compound 1

Wave number (cm™) | Peak intensity Tentative assignment

3453 Broad O-H stretching vibration of alcohol
3035-3091 Medium, sharp | C-H stretching vibration of alkenyl
2960,2871 Strong C-H stretching vibration of alkenyl
1705 Strong (=0 stretching vibration

1450-1600 Weak to strong | =€ stretching vibration of aromatic
1273 Strong , | C=Osstretching vibration

The 'H-NMR spéctrum (Figuré 5.2) exhibitd the important signal at & 5.7
ppm which compatibleswith alkylene jp’r'.oton (CR>=CRH) . A proton of aromatic
show the signal at J 8.054, 7.56 and 7.45_'-;ppm. A proton of H-C-O show the signal &
4.7 ppm. Other in the region of'6 3.73 ppn’f-were attributed to proton of O=C-H.

The “C-NMR spectrum (Flgure 5‘.‘?)‘ dlsplayed a total 35 signals of carbon
signals of carbon. It showed aromatic carbon—s1gnals at 8 130.6, 129.6, 128.4 and 133
ppm. The carboxyhc carbon showed the * 51gnals at 0,166.5 ppm. The signal of

carbonyl carbon were -also evidenced at 8 200 ppm

The EI mass spectrum (Figure 5.4) of this compeund gave a molecular ion at
m/z 562 which was _correSponding to the molecular formula C3;7Hs404. These NMR
data precluded: the [_possibilityl.of Isteroid| containing ¢benzoyl group, one
hydroxylgroup, one carbonyl group and one deuble bond. Itsgstructure could be
deduced, as carpesterol, This deduction was established by comparing the *C-NMR
spectrum’ of this compound with those of the known carpesterol [80]. The result was

displayed in Table 4.10



Table 4.10 The *C-NMR chemical assignment of Compound 1[80]

R

Carbon Chemical shift (§ ppm)
position Compound 1 | Capesterol
C-1 36.3 36.3
C-2 26.3 26.2
C-3 79.1 79.0
C-4 31.9 31.8
C-5 0.1 60.0
C-6 200.2
E 123.7
161.0
o — 4 , 51.1
= e | 39 39.3
= ) 1.7
- . 38.8
| s, - 5.1
C 5 55.0
- ue AN 2.6
C Ao 1\ 27.0
¥ F¥riB 53.1
/ DR 4 12.4
o 14.7
0= 42.6
C-2¥TRIN 3 12.5
w 4C22° 0
= .0
- 4
. C- . 1 288
C-26 17.7 17.6
N 5
C 3. 6
-2 ) 1. 118
Cc-30 17.6 & 17.5
IRSTT 97 ¢
NI¢g. P OK 0. 130.5" ¥
C-2°,C-6 129.7 129.6
C-3’,C-5 128.4 128.4
Cc-4° 133.0 132.9

45
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It could be concluded that Compound 1 exhibited the *C-NMR chemical
shifts similarly to those of carpesterol. Therefore, Compound 1 was assigned as

carpesterol which was previously isoate from S. sisymbrifolium[80], S. xanthocarpum

[81-82] and S. indicum [83].

Figure 4.12The structure of compound 1+
4.6.2 Structure elucidation of compound 2 -
Properties of Compound 2

Compound 2 was slightly yellow wax (1.7250 g, 0.13% w/w of the dried
fruits) Rf = 0.55 (Ethyl acetate :-hexane (4:7 v/v)) mp [481° [ a] p 3 +1.115
(CH2Cly; ¢ 0.2)

Structure elucidation of Compound2

The IR spectrum of compound 2 (Figure 5.9) displayed broad band at 3000-
3500 cm’ belonging to O-H stretching and the absorption peak of C=O stretching
vibration at1700 cm™ and C-O stretching vibration at 1320 cm™. The IR spectrum of

Compound 2 was summarized in Table 4.11.
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Table 4.11 The IR absorption bands assignment of Compound 2

Wave number (cm™) | Peak intensity Tentative assignment
3000-3500 Broad O-H stretching vibration of alcohol
2900 Strong C-H stretching vibration
1700 Strong C=0 stretching vibration
1320 strong (=0 stretching vibration
1400,950 Strong O-H bending vibration
-

The 'H-NMR spéctrum (Figure -,5.10) exhibitd the important signal at § 5. 35
ppm. which compatible” with alkylene proton (CRH=CRH) . A proton of terminal
methyl proton showed the 31gr1a1 at 5.0.89 ppm.

|I' &

' 4
The C-NMR specirum (Figure 5"‘11) displayed a total 18 signals of carbon,

one carbonyl carbon signal at o 180 four, (zrleﬁmc methine carbons at & 127.9, 128.0,

130.0 and 130.2, twelve methyl_@ne_carbons,_,qlgg,termlnal methyl carbon at 6 14.0.

The FAB" mass spectrum (Figure 512‘) of this compound gave a molecular
1on at m/z 280 whlch was—correspcndmg—to—ﬂie—moiecular formula Ci3H3,0,. These
NMR data 1nd1cated the possibility of long chain unsaturated fatty acid. Its structure
could be deduced as linoleic acid. This deduction was established by comparing the
BC-NMR speetrum ofithis‘compound withethose of theiknown linoleic acid [85]. The
result was displayed in Table 4.12.



Table 4.12 The *C-NMR chemical assignment of compound 2 [84]

Carbon
position

Chemical shift (ppm)

Compound 2

Linoleic acid

C-1

180.0

170.0

C-2

33.9

34.1

C-3

24.6

24.7

C-4

290293

29.0-29.1

shifts similarly to t

linoleic acid which

29.0-29.1

29.0-29.1

29.6

27.5

Fo

It could be concluded fi

131.9
123.7

| g%

23.6
132.2

N 274

(12 \
o R

=] \

AL

29.6
.0-29.1
31.8
22.6
14.1

-
§ o,
e
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exhibited the *C-NMR chemical
ound 2 was assigned as

eed [85].

- Auganeny

CH=CH-CHy—CH=CH

ARIANN I URIINYA Y

Figure 4.13 The structure of compound 2



CHAPTER V

CONCLUSION

The lipase inhibitor from fruits of \S. stramonifolium was studied. The fruits of
S. stramonifolium were extracted by hexang. ethyl acetate and water, respectively to
give the crude extracts as green-yellow oil;“dark-brown oil and dark-brown gummy,
respectively. Then the crude extracts w‘fere further assayed for their lipase inhibitory
activity at concentration 1.25 mg/mL, t¢ obtain 33.4 £ 2.7, 94.6 + 8.3 and 1.1 £ 1.5%
inhibitions, respectively.sTherefore, the thexane and ethyl acetate crude extract were
purified by silica-gel column chrOmatdg’faphy with hexane-ethyl acetate gradient
solvent system to give Compound 1 a; white pellet crystal, and Compound 2 as
slightly yellow wax. Compound 1 and 2Jexh1b1ted high inhibitory activity with ICsg
56.00 and 43.60 pg/ml, respectlvely whllc; orhstat (positive control) showed ICs
0.0035 pg/ml. For 1nvest1gat10n of 1nh1b1tory proper‘ues of the active compounds were
found that Compounds 1 was a competltwe 1nh1b1t0r whereas Compound 2 was a

noncompetitive 1nh1b1tor of porcme pancreatlc 11pase Wlth the K values of 2.17 and

2.98 ug/ml at concentratlon 12.50 ug/ml respectlvely In terms of efficacy of
combination of orlistat with Compound 1 and 2 it was found that they were
antagonistic interactionsgCempound 1 and 2 were assigned as carpesterol and linoleic

acid
Suggestion for future work

Since the lipase in S. stramonifolium was carpesterol, therefore quantity of
carpesterol in other Solanum spp.should be investigated. Moreover, benzoate

derivative of other triterpenoids should be studied.
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