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Abstract

v

Obesity and its associated diseases such as diabe-
tes mellitus and coronary heart diseases are a ma-
jor challenge for our society. An important target
for the treatment of obesity includes the develop-
ment of inhibitors of nutrient digestion and ab-
sorption. Inhibition of pancreatic lipase and the
associated reduction of lipid absorption is an at-
tractive approach for the discovery of potent
agents. Currently, the only clinically approved
pharmacologic agent as pancreatic lipase inhib-
itor is Orlistat. However, its usage is compromised
by unpleasant gastrointestinal adverse reactions
(oily stools, oily spotting, flatulence). The use of
botanical materials as a potential source of new

drugs is of increasing importance and application.
Natural products that are interesting for obesity
treatment are generally considered to have less
toxic and side effects than totally synthetic drugs.
One of the most important sources of potential
pancreatic lipase inhibitors represents the class
of polyphenols. This article summarizes most
studied subclasses of polyphenols including fla-
vonoids, hydroxycinnamic acids, hydroxybenzoic
acids and lignans with pancreatic lipase inhib-
itory effects. A structural comparison of potent in-
hibitors shows an increased inhibitory effect de-
pending on number and position of phenolic hy-
droxyl groups, degree of polymerization and
elimination of glycosylation during digestion.

Introduction

v

Overweight and obesity are globally the fifth
leading risks for death. At least 2.8 million adults
die each year as a result of being overweight or
obese [1]. Worldwide obesity is so common that
it is beginning to replace undernutrition and in-
fectious diseases as the most significant contribu-
tor to ill health. Frequently, the risks associated
with obesity are diabetes mellitus, coronary heart
disease, certain forms of cancer and sleep-breath-
ing disorders [2,3].

An important target for the treatment of obesity
includes the development of inhibitors of nu-
trient digestion and absorption [4]. Inhibition of
pancreatic lipase (PL) and the associated reduc-
tion of lipid absorption is an attractive approach
for the discovery of potent agents to the treat-
ment of obesity [5-7]. To find new compounds
with PL inhibitory activity for anti-obesity agents
several plant, bacterial, fungal and marine species
have been screened [8-10]. Currently, Orlistat is
the only pharmacologic agent as pancreatic lipase
inhibitor clinically approved in Europe. Orlistat is

chemically also termed as tetrahydrolipstatin
(©Fig. 1). It is the saturated derivative of lipstatin,
a natural PL inhibitor isolated from the bacterium
Streptomyces toxytricini [11,12]. But the use of
Orlistat is compromised by unpleasant gastroin-
testinal adverse reactions like oily stools, oily
spotting and flatulence [13]. The aim of present
research is directed towards identifying novel in-
hibitors that lack some of these adverse reactions
during patient treatment. The use of plant based
resources as a potential platform for discovery
and development of new drugs has become a lu-
crative research field in this context. One advan-
tage of natural products is their presence in high
concentrations in the gut after oral administra-
tion, because no further metabolic processes are
necessary for an effect. Furthermore, systemic ad-
verse effects are reduced by low absorption rates.
Natural products generally have the advantage in
being mild in their activity, in having a broad
spectrum of possible multiple/synergetic effects
and are considered to have less toxic and side ef-
fects than those construed on a totally synthetic
based drug designing [14,15]. Possible adverse
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Fig.1 Chemical structure of tetrahydrolipstatin (common name: Orli-
stat).

reactions of the natural products are rather unclear because me-
tabolites resulting from microbial degradation in the human
body are largely unknown. Some available data on the metabolic
products of the ellagitannins (Urolitine) show a positive effect in
the treatment of breast cancer by inhibition of proliferation of the
affected cells [16]. Known negative side effects of polyphenols are
the toxic effect of tannins to microorganisms and high concentra-
tions of green tea polyphenols have been reported to cause liver
and kidney damage in animal studies [17,18]. However, these
side effects were observed at high concentrations and for a clear
understanding of potential adverse effects of dietary polyphenols
further studies are necessary.

Obesity

v

Obesity is a medical condition caused by an imbalance between
energy intake and expenditure. It is defined as abnormal or ex-
cess body fat accumulation to the extent that it may have an ad-
verse effect on health [19]. Healthy body fat percentages vary de-
pending on age, gender and body type. The normal amount of
body fat is between 25-30% for women and 18-23% for men.
Women are considered obese with a body fat percentage over
30%, men with over 25% [20]. A crude population measure of
obesity is the body mass index (BMI). It is defined as the individ-
ual’s body mass in kg divided by the square of height in m [20].
According to WHO, an adult with a BMI equal to or more than
25 is considered overweight and is considered obese with a BMI
of 30 or higher. Obesity can be divided into three categories:
Grade I obesity: BMI 25-29.9, grade II obesity: BMI 30-39.9, and
grade III obesity: BMI >40 [15]. An elevated BMI value is a major
risk factor for diseases such as cardiovascular diseases (mainly
heart diseases and stroke), some cancers (endometrial, breast,
and colon) and diabetes mellitus [21]. For a long time obesity
was not recognized as an illness, but it certainly represents a typ-
ical example of diseases evolving from the advancement of civili-
zation, being strongly related to lifestyle. In 2013, obesity was
classified as a disease by the American Medical Association [22].

Lipid Metabolism and Pancreatic Lipase

\/

Ingested fats are metabolized and absorbed in the intestine. They
play important roles in energy supply, thermal regulation, and
energy storage and as typical membrane components. Some lip-

ids or associated fractions also function as transmission/reservoir
agents for essential fatty acids and fat-soluble vitamins [23,24].
About 95% of the ingested fat can be absorbed by the human in-
testine. The main fat constituents (90%) of a typical Western diet
are triacylglycerides (TAGs). ATAG is an ester derived from a sin-
gle molecule of glycerol and three fatty acids. Since TAGs cannot
be absorbed, they must be hydrolyzed. The triacylglycerides are
split via intestinal enzymes into monoacylglycerol and free fatty
acids and can be absorbed by the duodenum [23]. Human pan-
creatic lipase [HPL, pancreatic triacylglycerol lipase (EC: 3.1.1.3)]
is the main enzyme that breaks down dietary fats in the human
digestive system. It is produced in the glandular cells of the pan-
creas and secreted into the duodenum [25,26]. The HPL is a gly-
coprotein with a molecular weight of 52 kDa and consists of a 16
amino acid signal peptide and a mature protein of 449 amino ac-
ids [25]. The polypeptide chain is divided into two folding units,
the N-terminal domain (amino acid residues 1-336) and the C-
terminal domain (amino acid residues 337-449). While the C-
terminal domain is responsible for the binding of the co-lipase,
the N-terminal domain is catalytically active [25,27]. The enzyme
has a catalytic triad of the amino acids aspartic acid (176), histi-
dine (263) and serine (152) in its active center that represents the
lipolytic site. Serine (152) is essential for the hydrolytic activity of
the enzyme. For the full functioning of the enzyme, the cofactor
co-lipase is required [27]. The co-lipase is a non-enzymatic pro-
tein of 10 kDa and consists of 100 amino acids. It is secreted as a
pro-form and is converted by tryptic cleavage of an N-terminal
pentapeptide (enterostatin) in the much more active form [28].
The entering of the chyme in the duodenum induces the secre-
tion of various hormones of the intestinal tract (cholecystokinin,
secretin). These cause the secretion of bile salts and pancreatic
enzymes in the intestine [29]. HPL hydrolyzes 40% to 70% of TAGs
[27]. Short-chain fatty acids (< C12) enter the portal vein and are
transported directly into the liver. Free fatty acids and monoacyl-
glyceroles, which were absorbed by the intestinal mucosa cells,
are re-esterified to TAGs. These are incorporated into chylomi-
crons and reach the lymphatic vessels [30]. Enzyme levels and ac-
tivity (especially lipases), physiochemical properties of dietary
lipids and the presence of inhibitors or enhancers are the major
determinants that can affect the lipolysis rates [23].

Plant Products as Inhibitors of Pancreatic Lipase

v

One screening strategy used in discovery of anti-obesity drugs is
the search of potent lipase inhibitors from plant extracts. A varie-
ty of natural bioactive compounds present in plants have been
screened for their potential effect on metabolic diseases includ-
ing obesity. In particular, the class of secondary metabolites
showed a high potential for inhibitors [27]. Inter alia, the inhib-
itory effect of tannins on proteases was detected in numerous
studies [31-33]. They are able to form insoluble/soluble com-
plexes with proteins due to nonspecific binding to the surface of
the protein [31]. This makes them a good target for the treatment
of obesity by PL inhibition. However, more research is needed for
identification and characterization of effective lipase inhibitors.
Crude plant extracts do not only contain active components but
also non-active components. Possible multiple and synergetic ef-
fects of the active components complicate their identification
and characterization. Also, the inhibitory mechanisms (revers-
ible/irreversible) of plant products on PL remain unclear. It was
generally attributed to the ability of secondary metabolites, e.g.
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tannins, to bind, complex and precipitate protein although some
studies reported non-competitive inhibition mechanisms [34].

A second and much more innovative approach lies in using the
structure of a known potent inhibitor, determining the binding
site and pharmacore using in-silico computational modelling ex-
periments and deriving the most likely potential natural struc-
tures (hits) using the available plant resources data banks and
consequently testing these under experimental conditions to
confirm/validate their activity. This review summarizes the most
studied chemical classes of polyphenols with pancreatic lipase
inhibitory activity including flavonoids, hydroxycinnamic acids,
hydroxybenzoic acids and lignans. It is specialized in works
where either pure polyphenols or crude plant extracts with a
correlation to contained polyphenols have been tested for possi-
ble inhibition of PL. The most significant results up to October
2014 are presented.

Determination of pancreatic lipase activity

To determine the inhibitory potential of the natural compounds
different in vitro enzyme assays are available. In most cases, fluo-
rescence or absorption-based detection methods are used [35-
38]. The most commonly used fluorescent assay is based on the
hydrolysis of an oleate ester of 4-methylumbelliferone (4-MUO)
[36,38-41]. Under the presence of an active enzyme the highly
fluorescent cleavage product 4-methylumbelliferone (4-MU) is
released. The accompanying increase in fluorescence is propor-
tional to lipase activity. The use of fluorescence-based assays
has two decisive advantages: they are more sensitive than ab-
sorption-based assays and also turbid solutions are measurable.
However, their use is often associated with higher costs. A com-
monly used in vitro absorption assay for the determination of PL
activity is measuring the release of oleic acid from triolein [36].
Furthermore, various esters of p-nitrophenol (acetate, butyrate,
octanoate) are used as substrates [35,37,42]. The released p-ni-
trophenol can be measured photometrically. Another typical li-
pase substrate for the photometric determination is 2,3-dimer-
capto-1-propanol tributyrate [43]. In addition to experimental
work, a computer-based analysis is also possible. Jeong et al. used
a surface response methodology for the assessment of the inhib-
itory potential [44]. In general, the synthetic product Orlistat was
used as a positive control.

Polyphenols

In a variety of studies the beneficial effect of polyphenols on lipid
metabolism could be demonstrated. They inhibit enzymes in-
cluding PL, lipoprotein lipase (LPL), and glycerophosphate dehy-
drogenase (GPDH) [45]. Polyphenols containing extracts are able
to lower body weight, fat weight, plasma free fatty acid levels,
and hepatic lipid accumulation [46]. In the following, the current
research results of the most studied subgroups of polyphenols for
PL inhibitory activity are shown.

Flavonoids

Flavonoids represent the most common group of polyphenolic
compounds in the human diet and are found ubiquitously in
plants with kaempferol and quercetin as the main aglycon repre-
sentatives [47,48]. They protect the plant from harmful external
influences, therefore the highest concentrations are found in the
outer leaves or shells. Flavonoids consist of two aromatic carbon
rings, benzopyran (A and C rings), and benzene (B ring)
(OFig.2A) [47]. They can be divided into different subgroups:
chalcones, dihydrochalcones, aurones, flavones, flavonols, dihy-
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Fig.2 Basic structure of A flavonoids (2-phenylchromane), B hydroxy-
cinnamic acids, C hydroxybenzoic acids, D dibenzylbutane (lignan).

droflavonoles, flavanones, flavanols, anthocyanidins, leucoan-
thocyanidins, proanthocyanidins, biflavonoids and isoflavonoids
[49]. This classification is based on the degree of the oxidation of
the C-ring, the hydroxylation pattern of the ring structure and
the substitution of the C3-position [47]. Foods with a high flavo-
noid content are onions, legumes, broccoli, berries and orange
juice [50].

Identified flavonoids with inhibitory potential are shown in © Ta-
ble 1. In the continued search for effective agents against obesity
and metabolic syndrome, several plant species have been
screened to find active compounds to inhibit PL. In the following
proven structure-effect relationships and other features of the
identified active components are explained in more detail:
Isolated flavonoid compounds from Intsia palembanica Miq. (Le-
guminosae) were analyzed by Batubara et al. [43]. The tested sub-
stances were (-)-robidanol, (+)-epirobidanol, 4'-dehydroxyrobi-
danol, fustin, ampelopsin, naringenin, robinetin, myricetin, quer-
cetin and 3,7,3',5"- tetrahydroxyflavone. Lipase inhibitory activity
assay was conducted using the 2,3-dimercapto-1-propanol tribu-
tyrate (BALB) method (in vitro enzyme assay). Seven of ten tested
compounds showed a lipase inhibitory effect in a dose-depen-
dent manner (ICso: 13.7-835.0 uM). (+)-epirobidanol, robinetin
and naringenin showed an activation of lipase activity [43]. How-
ever, Assini et al. reported in further studies, that citrus flavo-
noids such as naringenin, hersperidin, nobiletin, and taugeretin
showed a promising therapeutic effect for the treatment of meta-
bolic dysregulation. In experimental and clinical studies lipid-
lowering, insulin-sensitizing, antihypertensive and anti-inflam-
matory effects could be confirmed [51].

C-glycoside flavones from methanolic extracts of the leaves of
Eremochloa ophiuroides (Munro) Hack. (Poaceae) showed an in-
hibitory potential. IC5q values were determined using p-nitro-
phenyl-butyrate as substrate (in vitro) and ranged from 18.5-
50.5 uM. It was possible to estimate the optimal position and
number of glycosyl groups on the flavone skeleton for pancreatic
lipase inhibitory activity. The highest inhibitory effect showed C-
glycosyl flavones with two sugar moieties at C6 [35].

Lychee (Litchi chinensis Sonn., Sapindaceae) flower-water ex-
tracts (LFWEs) were tested on lipase inhibition by measuring
the rate of releasing of oleic acid from triolein (in vitro). The ex-
tracts contained phenolic acids, flavonoids, condensed tannins,
anthocyanins, and proanthocyanidins. The following flavonoids
could be identified in the extract: (+)-catechin, (-)-epicatechin,
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Table 1 Comparison of active flavonoids with PL inhibitory activity from different sources. ICs is indicated when available.

Active compound Source Family 1Cs (active 1Cs (extract) Test system Reference(s)
compound)
(-) Epicatechin Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
(-)-Catechin 3-0-gal- Camellia sinensis Theaceae 0.543 uM - release of 4-MU from [39]
late (L.) Kuntze 4-MUO (in vitro)
(-)-Epiafzelechin 3-O- Camellia sinensis Theaceae 2.582 uM - release of 4-MU from [39]
gallate (L.) Kuntze 4-MUO (in vitro)
(-)-Epicatechin (4-8) Camellia sinensis Theaceae 0.147 uM - release of 4-MU from [39]
(-)-epigallocatechin 3- (L.) Kuntze 4-MUO (in vitro)
0O-gallate
(-)-Epicatechin 3-O-(3'- Camellia sinensis Theaceae 0.680 uM - release of 4-MU from [39]
0O-methyl)gallate (L.) Kuntze 4-MUO (in vitro)
(-)-Epicatechin 3-O- Camellia sinensis Theaceae 0.452 uM - release of 4-MU from [39]
gallate (L.) Kuntze 4-MUO (in vitro)
Camellia sinensis Theaceae 2.37 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)
- - 13 uM - release of 4-MU from [63]
4-MUO (in vitro)
(-)-Epicatechin 3-O- Camellia sinensis Theaceae 0.846 uM - release of 4-MU from [39]
gallate (43-8)-(-)-epi- (L.) Kuntze 4-MUO (in vitro)
gallocatechin 3-0-gal-
late
(-)-Epigallocatechin Camellia sinensis Theaceae 128 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)
(-)-Epigallocatechin Camellia sinensis Theaceae 0.913 uM - release of 4-MU from [39]
(4B-8)- (—)-epicatechin (L.) Kuntze 4-MUO (in vitro)
3-0-gallate
(-)-Epigallocatechin Camellia sinensis Theaceae 0.098 uM - release of 4-MU from [39]
3,5-di-O-gallate (L.) Kuntze 4-MUO (in vitro)
(-)-Epigallocatechin 3- Camellia sinensis Theaceae 0.349 uM - release of 4-MU from [39]
O-gallate (L.) Kuntze 4-MUO (in vitro)
Camellia sinensis Theaceae 0.177 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)
Ligularia fischeri Compositae 1.8uM - release of 4-MU from [41]
(Ledeb.) Turcz. 4-MUO (in vitro)
- - 11 uM - release of 4-MU from [63]
4-MUO (in vitro)
= = 0.8 uM - release of 4-MU from [34]
4-MUO (in vitro)
(-)-Epigallocatechin 3- Camellia sinensis Theaceae 0.612 uM - release of 4-MU from [39]
0-gallate (4p-8)- (L.) Kuntze 4-MUO (in vitro)
(-)-epicatechin 3-O-
gallate
(-)-Epigallocatechin 3- Camellia sinensis Theaceae 0.885uM - release of 4-MU from [39]
O-p-coumaroate (L.) Kuntze 4-MUO (in vitro)
(-)-Gallocatechin 3,5- Camellia sinensis Theaceae 0.213 M - release of 4-MU from [39]
di-O-gallate (L.) Kuntze 4-MUO (in vitro)
(-)-Gallocatechin 3-O- Camellia sinensis Theaceae 0.437 uM - release of 4-MU from [39]
gallate (L.) Kuntze 4-MUO (in vitro)
(-)-Robidanol Intsia palembanica Leguminosae 100.2 uM 4.10 pg/mL (MeOH hydrolysis of 2,3-dimer- [43]
Mig. extract) capto-1-propanol tribu-
tyrate (in vitro)
(+) Catechin Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Mentha aquatica L. Lamiaceae - - hydrolysis of 4-nitro- [37]
phenyl octanoate
(in vitro)
Vitis rotundifolia Vitaceae 3.42mM 8.63 mg/mL release of 4-MU from [64]
Michx. (80% (v/v) MeOH 4-MUO (in vitro)
extract)
(+)-Catechin (4R-8)- Camellia sinensis Theaceae 7.912 uM - release of 4-MU from [39]
(-)-epigallocatechin (L.) Kuntze 4-MUO (in vitro)
(+)-Catechin (4R-8)- Camellia sinensis Theaceae 0.174 uM - release of 4-MU from [39]
(-)-epigallocatechin (L.) Kuntze 4-MUO (in vitro) cont.
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Table 1  Continued

Active compound

(+)Gallocatechin
(4R-8)-(-)-epicatechin
3,7,3',5'-Tetrahydroxy-
flavone
3-0-b-xylopyranosyl-

(1 = 2)-O-b-galactopyr-
anoside
4'-Dehydroxyrobidanol

5,7,4'-Trihydroxy-6,8-
diprenylisoflavone

6-C-B-D-boivinopyrano-
side
8-C-ascorbyl(-)-epigal-
locatechin
8-C-ascorbyl(-)-epigal-
locatechin 3-0-gallate
Ampelopsin

Cyanidin
Cyanidin-3,5-digluco-
side
Cyanidin-3-glucoside

Daidzein

Delphinidin

Derhamnosylmaysin

Fustin

Galangin

Genistein
Hesperidin

Hyperin

Isoorientin
Isoorientin 2-O-a-L-
rhamnoside
Isoquercitrin

Kaempferol

Source

Camellia sinensis
(L.) Kuntze

Intsia palembanica
Miq.

Filipendula camt-
schatica (Pall.)
Maxim.

Intsia palembanica
Mig.

Cudrania tricuspi-
data (Carriere)
Bureau ex Lavallée

Eremochloa ophiur-
oides (Munro)
Hack.

Camellia sinensis
(L.) Kuntze
Camellia sinensis
(L.) Kuntze

Intsia palembanica
Miq.

Santalum acumina-
tum (R. Br.) A. DC.

Vitis rotundifolia
Michx.

Eremochloa
ophiuroides
(Munro) Hack.
Intsia palembanica
Miq.

Alpinia galangal (L.)
Willd.

Citrus reticulata
Blanco

Eremochloa
ophiuroides
(Munro) Hack.
Eremochloa
ophiuroides
(Munro) Hack.

Family

Theaceae

Leguminosae

Rosaceae

Leguminosae

Moraceae

Poaceae

Theaceae
Theaceae

Leguminosae

Santalaceae

Vitaceae

Poaceae

Leguminosae

Zingiberaceae

Rutaceae

Poaceae

Poaceae

1Cs (active
compound)
2.862 uM

835.0uM

300.00 uM

40.0 uM

65.0 uM

50.5 uM

0.646 uM
0.791 uM

36.0 uM

591.8 uM

1.38mM

19 uM

25.9uM

13.7 uM

178.4mM
20 uM
52.4uM
44 uM

44.6 UM

18.5uM

25uM
2.5uM
115.4 uM

13.4uM
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ICs5p (extract)

4.10 pg/mL
(MeOH extract)

4.10 pg/mL
(MeOH extract)

4.10 pug/mL
(MeOH extract)

0.6 mg/mL
[80% (v/v) MeOH
extract]

11.15 mg/mL
[80% (v/v) MeOH
extract]

4.10 pg/mL
(MeOH extract)

Test system

release of 4-MU from
4-MUO (in vitro)
hydrolysis of 2,3-dimer-
capto-1-propanol tribu-
tyrate (in vitro)

release of 4-MU from
4-MUO (in vitro)

hydrolysis of 2,3-dimer-
capto-1-propanol tribu-
tyrate (in vitro)
response surface meth-
odology with three-lev-
el three-factor Box-
Behnken design (BBD)
hydrolysis of p-nitro-
phenyl-butyrate

(in vitro)

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)
hydrolysis of 2,3-dimer-
capto-1-propanol tribu-
tyrate (in vitro)

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)

hydrolysis of p-nitro-
phenyl-butyrate

(in vitro)

hydrolysis of 2,3-dimer-
capto-1-propanol tribu-
tyrate (in vitro)

release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
hydrolysis of p-nitro-
phenyl-butyrate

(in vitro)

hydrolysis of p-nitro-
phenyl-butyrate

(in vitro)

release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)

Reference(s)

[39]

[43]

(65]

[43]

[44]

[35]

[39]
[39]

[43]

[64]
[64]

[66]

(63]

[64]

35]

[43]

[67]
(63]
(53]
[63]

[35]

[35]

(63]
[63]
(68]

[34]
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Table 1  Continued

Active compound Source Family 1Cs (active 1Cs (extract) Test system Reference(s)
compound)
Kaempferol-3-gluco- - - 70.9 uM - release of 4-MU from [68]
side 4-MUO (in vitro)
Kaempferol-3-0-f-d- Nelumbo nucifera Nelumbonaceae 94.00 uM - release of 4-MU from [69]
glucuronide Gaertn. 4-MUO (in vitro)
Luteolin Chamaecrista Leguminosae 7.1 uM - release of 4-MU from [63]
nomame (Sieber) 4-MUO (in vitro)
H.Ohashi
Malvidin glykosides Vitis rotundifolia Vitaceae - 11.15 mg/mL release of 4-MU from [64]
Michx. (MeOH extract) 4-MUO (in vitro)
Myricetin Intsia palembanica Leguminosae 337.5uM 4.10 pg/mL hydrolysis of 2,3-dimer- [43]
Mig. (MeOH extract) capto-1-propanol tribu-
tyrate (in vitro)
= - 8.0uM - release of 4-MU from [63]
4-MUO (in vitro)
Neohesperidin Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Citrus reticulata Rutaceae 75.3 uM - release of 4-MU from [53]
Blanco 4-MUO (in vitro)
Orientin Eremochloa ophi- Poaceae 31.6 uM - hydrolysis of p-nitro- [35]
uroides (Munro) phenyl-butyrate
Hack. (in vitro)
Peonidin Vitis rotundifolia Vitaceae - 11.15 mg/mL release of 4-MU from [64]
Michx. [80% (v/v) MeOH 4-MUO (in vitro)
extract]
Petunidin Vitis rotundifolia Vitaceae - 11.15 mg/mL release of 4-MU from [64]
Michx. [80% (v/v) MeOH 4-MUO (in vitro)
extract]
Procyanidin B-2 Camellia sinensis Theaceae 7.958 uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Procyanidin B-3 Camellia sinensis Theaceae 2.941 uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Prodelphinidin A-2 3'- Camellia sinensis Theaceae 0.171 uM - release of 4-MU from [39]
0O-gallate (L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-2 Camellia sinensis Theaceae 2.951 uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-2 3,3'- Camellia sinensis Theaceae 0.107 uM - release of 4-MU from [39]
di-O-gallate (L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-2 3'- Camellia sinensis Theaceae 1.969 uM - release of 4-MU from [39]
O-gallate (L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-4 Camellia sinensis Theaceae 6.230 uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-4 3'- Camellia sinensis Theaceae 0.223 uM - release of 4-MU from [39]
0-gallate (L.) Kuntze 4-MUO (in vitro)
Prodelphinidin B-5 3,3'- Camellia sinensis Theaceae 0.558 uM - release of 4-MU from [39]
di-O-gallate (L.) Kuntze 4-MUO (in vitro)
Quercetin Intsia palembanica Leguminosae 421.1 uM 4.10 pug/mL hydrolysis of 2,3-dimer- [43]
Mig. (MeOH extract) capto-1-propanol tribu-
tyrate (in vitro)
Santalum acumina- Santalaceae - 0.6 mg/mL release of 4-MU from [66]
tum (R. Br.) A. DC. [80% (v/v) MeOH 4-MUO (in vitro)
extract]
- - 10 uM - release of 4-MU from [63]
4-MUO (in vitro)
= - 74.6 uM - release of 4-MU from [68]
4-MUO (in vitro)
- - 21.5uM - release of 4-MU from [34]
4-MUO (in vitro)
Quercetin-arabinoside - - 47.9 uM - release of 4-MU from [68]
4-MUO (in vitro)
Quercetin-3-0-B-D-ara- Nelumbo nucifera Nelumbonaceae 66.86 uM - release of 4-MU from [69]
binopyranosyl-(1 - 2)- Gaertn. 4-MUO (in vitro)
B-D-galactopyranoside
Quercetin-3-0-B-D-glu- Nelumbo nucifera Nelumbonaceae 135.01 uM - release of 4-MU from [69]
curonide Gaertn. 4-MUO (in vitro) cont.
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Table 1 Continued
Active compound Source Family 1Cs (active ICs5p (extract) Test system Reference(s)
compound)

Quercitrin Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)

Quercitrin gallate - - 9.0 uM - release of 4-MU from [63]

4-MUO (in vitro)

Rutin Litchi chinensis Sapindaceae - 1C44.69: 7 Mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Capparis sicula Capparaceae - - hydrolysis of 4-nitro- [37]
Duhamel phenyl octanoate

(in vitro)
Eryngium born- Apiaceae - 5.01 mg/mL release of 4-MU from [70]
muelleri Nabélek [80% (v/v) acetone 4-MUO (in vitro)
extract]

Theaflavin Camellia sinensis Theaceae 0.106 uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Camellia sinensis Theaceae 1.203 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)

Theaflavin 3,3'-di-O- Camellia sinensis Theaceae 0.092 uM - release of 4-MU from [39]

gallate (L.) Kuntze 4-MUO (in vitro)
Camellia sinensis Theaceae 0.364 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)

Theaflavin 3'-O-gallate Camellia sinensis Theaceae 0.112uM - release of 4-MU from [39]
(L.) Kuntze 4-MUO (in vitro)
Camellia sinensis Theaceae 0.447 uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)

Theaflavin 3-0-gallate Camellia sinensis Theaceae 0.514uM - release of 4-MU from [40]
(L.) Kuntze 4-MUO (in vitro)

rutin, quercitrin, neohesperidin, condensed tannins (catechin
equivalent), anthocyanins (cyaniding-3-glucoside equivalent)
and proanthocyanidins. In addition to the inhibitory potential of
the compounds, they were able to reduce epididymal adipose tis-
sue sizes as well as serum and liver lipid content [36].

Zhang et al. studied lipase inhibitory effects of flavonoids from
Xanthoceras sorbifolium Bunge (Sapindaceae) [33]. It could be
shown that enzyme structure loosens when being promoted by
isolated flavonoids [45% (v/v) ethanol aqueous solution] reduc-
ing the affinity of the substrate (olein) for enzyme. Consequently,
the activity of the lipase was reduced. Lipase inhibition of 75%
was achieved at a concentration of 0.27 mg/mL [52].

Lipase inhibitory activities of Mediterranean dietary plants [70%
(v/v) aqueous ethanol extracts| have been reported by Marelli et
al. [34]. The highest inhibitory activity with an ICsy values of
0.53+0.03 mg/mL showed Capparis sicula Duhamel (Cappara-
ceae). Furthermore, the inhibitory potential of Mentha aquatica
L. (Lamiaceae, inhibition of 27% at 1 mg/mL), Raphanus raphanis-
trum L. (Brassicaceae, inhibition of 38% at 2.5 mg/mL) and Echium
vulgare L. (Boraginaceae, inhibition of 41% at 1 mg/mL). The li-
pase inhibitory activity was determined using an in vitro enzyme
assay (substrate: 4-nitrophenyl octanoate). The results were at-
tributed to the phenolic constituents of the plants. Particularly
the predominance of (+) catechin and rutin could be detected
[37].

Kawaguchi et al. showed in their in vitro study an inhibiting effect
of hesperidin and neohesperidin [53]. 4-MUO was used as a sub-
strate to measure the pancreatic lipase inhibitory activity. It
could be demonstrated that the replacement of rutinose (7-posi-
tion, Rq) of hesperidin by neohesperidose (© Fig. 3) caused a de-
crease of the inhibitory activity against porcine PL. Furthermore,
hydroxy function in position 3’ (R;), and methoxy function in po-
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Fig.3 Chemical structure of hesperidin and neohesperidin.

sition 4’ (R3) appear to favor inhibition. Eryngium bornmuelleri
Nab. (Apiaceae) leaves were investigated for PL inhibition (sub-
strate: 4-MUQ, in vitro enzyme assay). Different extracts sup-
pressed enzyme activity in a dose-dependent manner and
showed a high phenolic content. Correlation analysis indicated
that phenolic compounds were the main sources of the enzyme
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inhibitory activities. Rutin was detected as the major compound
(70% of total phenolics) [38].

A variety of different polyphenols isolated from tea leaves [Cam-
ellia sinensis (L.) Kuntze, Theaceae] was evaluated for inhibitory
potential against PL inhibition (substrate: 4-MUO, in vitro en-
zyme assay) by Nakai et al. [39]. Flavan-3-ol digallate esters, such
as (-)-epigallo-catechin-3,5-digallate (IC5¢: 0.098 M), showed a
high activity of inhibition on lipase. Furthermore, it was observed
that non-esterified flavan-3-ols [(+)-catechin, (-)-epicatechin]
showed the lowest inhibitory effect (ICsg: >20 uM). The results
suggest that the presence of galloyl moieties within the structure
is responsible for enhancement of PL inhibition. Furthermore it
could be demonstrated that the degree of polymerization of fla-
van-3-ols is important: the inhibitory effect of polymerized poly-
phenols (ICsp: 0.28 ng/mL) from oolong tea was stronger than
that of unfermented and unheated oolong tea (0.91 pg/mL). This
hypothesis is supported by the results of Eidenberger et al. [54].
Polyphenols inhibit PL as long as the proportion of condensed
polyphenols remains intact. Lipase inhibition is abolished when
condensed polyphenols are hydrolysed by acidic treatment. Hot-
compressed water (HCW) extracts of black tea (C. sinensis) resi-
dues were analyzed for PL inhibiting polyphenols by Yuda et al.
[40]. The residues were treated with HCW from 100 to 200°C.
All tested water extracts were able to inhibit PL but extracts ob-
tained at 100 to 140 °C showed the highest inhibition. Over 150 °C
lipase inhibition was decreased. PL inhibition was determined by
measuring the rate of releasing of 4-MU from 4-MUO (in vitro).
The positive effect of tea (green, Oolong, black) and tea polyphe-
nols has been confirmed already in human intervention studies
[55-57]. Nagao et al. [58] examined the effect of Oolong tea ex-
tract with a defined concentration of catechins (690 mg/day) on
the body weight of 35 men. After 12 weeks, a significant body
weight (2.4 kg decrease), BMI (0.8 kg/m? decrease), waist circum-
ference (3.4 cm decrease), and body fat mass (1.4 kg decrease)
loss compared with baseline could be determined. Similar results
were reported by Tsuchida et al. [59]. 43 male and 37 female par-
ticipants were treated with a catechin-enriched green tea extract
(588 mg catechins/day) for 12 weeks. Body weight (1.25 kg de-
crease), BMI (0.5 kg/m? decrease) and body fat mass (1.37 kg de-
crease) were reduced.

Cocoa (Theobroma cacao L., Malvaceae) extracts, which are rich in
proanthocyanins were analyzed by Gu et al. [60]. The results sug-
gest that the degree of polymerization (DP) of proanthocyanins is
an important factor in determining inhibitory activity. An inverse
correlation between log IC50 and DP was observed. Also in vivo
studies showed that proanthocyanidins reduced plasma trigyl-
cerides by inhibiting the absorption of dietary lipids [61,62].
Shimura et al. analyzed the inhibitory effect of different flavo-
noids on lipase activity (substrate: 4-MUO, in vitro enzyme as-
say). It was found that a glycosylation of the tested flavonoids
caused a decrease of the inhibitory activity. Also flavanones and
flavan-3-ols showed negligible activity [63].

You et al. investigated the inhibitory effects of Noble Muscadine
grape (Vitis rotundifolia Michx., Vitaceae) extracts. The strongest
inhibition on lipase activity (substrate: 4-MUO, in vitro enzyme
assay) showed the Noble skin methanolic extract (ICsq:
11.15mg/mL) and the fruit methanolic extract (IC5p: 16.90 mg/
mL). Using chromatographic and mass spectrometric methods
five individual anthocyanins (cyanidin, delphinidin, petunidin,
peonidin and malvidin glykosides) could be identified in the
Noble muscadine grape extract. As a result, the two anthocyanins
cyanidin (ICsg: 591.8 uM) and cyanidin-3,5-diglucoside (ICsq:

1.38 mM) were tested as references on lipase inhibitory acitivity.
The stronger inhibition of cyanidin compared to cyanidin-3,5-di-
glucoside suggests a higher inhibitory activity of anthocyanins
after conversion to aglycone [64].

Phenolic acids

Phenolic acids are, in addition to the flavonoids, one of the most
commonly studied classes of secondary metabolites for lipase in-
hibition. The basic structure of phenolic acids is formed by hy-
droxycinnamic and hydroxybenzoic acids. Commonly, they occur
as free acids, esters, glycosides or bound complexes. They are
widely distributed in plant kingdom and have antioxidant, anti-
carcinogenic and antimicrobial activity [71]. In recent years it has
been demonstrated that some of them have a potential to inhibit
PL activity:

Hydroxycinnamic acids are phenolic compounds with major im-
portance for secondary metabolism in plants. They consist of a
phenolic ring with a lateral three-carbon chain (C6-C3)
(CFig. 2B). Hydroxycinnamic acids and their derivatives are
ubiquitously present in fruits and in different parts of plants. Hy-
droxycinnamic acids are mainly present in form of esters and gly-
cosides. Important examples are p-coumaric acid, ferulic acid,
caffeic acid and sinapic acid [72-74]. Foods rich in hydroxycin-
namic acids are certain types of vegetables (spinach, lettuce, po-
tatoes), fruits (apples, blueberries), coffee and cereals [75].
Identified hydroxycinnamic acids with PL inhibitory potential are
shown in © Table 2. Gironés-Vilaplana et al. analyzed Citrus sp.
fruits (Rutaceae) of Spanish origin (lemon, orange, grapefruit,
lime, mandarin) on potential inhibitory activity on PL. Using
chromatographic and mass spectrometric methods, the hydro-
methanolic extract [70% (v/v) methanol] of Citrus fruits was in-
vestigated in more detail. A variety of hydroxycinnamic acid de-
rivatives could be identified: 4-O-coumaroylquinic acid, 3-O-caf-
feoylferuoylquinic acid, 3-O-feruoylquinic acid hydrated, 3-O-
caffeoylquinic acid, 5-O-caffeoylquinic acid, 5-O-feruoylquinic
acid hydrated, ferulic acid, sinapic acid, and 3,5-O-diferuoyl-
quinic acid. In comparison, orange fruit showed the largest
amount of hydroxycinnamic acids. However, it is not clear
whether the detected cinnamic acids are responsible for the in-
hibitory effect of the fruits. For the determination of PL activity
an in vitro enzymatic assay based on the hydrolysis of natural
1,2-diglyceride was used. Lemon (inhibition of 63.95% at 0.1 mg/
mL) and lime (inhibition of 57.17% at 0.1 mg/mL) fruits displayed
the highest inhibitory effect on PL. However, no correlation of the
detected hydroxycinnamic acids and the inhibitory potential
could be determined [76].

Different hydroxycinnamic acids were analyzed by Karama et al.
[42]. Ferulic and caffeic acid showed the highest PL inhibitory ac-
tivity (IC3p: 10 uM). Inhibition values were determined using p-
nitrophenyl-acetate as substrate (in vitro). By comparing the re-
sults, it is clear that compounds with a methoxy group are weak
inhibitors of PL. Also the position of hydroxyl groups in the ring
affects lipase inhibition. Inhibitory effects of hydroxyl groups in
ortho-position were stronger than at para-position.
Hydroxybenzoic acids are phenolic C6-C1 compounds. They con-
sist of a benzene ring with an added carboxy and hydroxy group
as substituent (© Fig. 2C). They are mainly present in form of es-
ters or glycosides, mostly of vanillic acid, salicylic acid and genti-
sic acid [55]. Hydroxybenzoic acids are found in common plants
such as grapefruit, carrots, onions, grapes and red fruits [78,79].
Identified hydroxybenzoic acids with PL inhibitory potential are
shown in © Table 3. In direct comparison, derivatives of hydroxy-

Buchholz T, Melzig MF et al. Polyphenolic Compounds as... Planta Med 2015; 81: 771-783

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Reviews WFE]

Table 2 Comparison of active hydroxycinnamic acids with PL inhibitory activity from different sources. ICs is indicated when available.

Active compound

2-0O-caffeoyl-4-0-gallo-
yl-L-threonic acid

3,4-Di-0O-caffeoylquinic
acid
3,5-Di-0O-caffeoylquinic
acid
3-0-caffeoyl-4-0-gallo-
yl-L-threonic acid
4,5-Di-0-caffeoylquinic
acid

4-0O-caffeoylquinic acid
5-0-caffeoylquinic acid
5-0-caffeoylquinic acid

Caffeic acid

Caftaric acid

Chlorogenic acid

Cinnamic acid

Ferulic acid

O-coumaric acid

Source

Filipendula camt-
schatica (Pall.)
Maxim.

Ligularia fischeri
(Ledeb.) Turcz.
Ligularia fischeri
(Ledeb.) Turcz.
Filipendula camt-
schatica (Pall.)
Maxim.

Ligularia fischeri
(Ledeb.) Turcz.
Ligularia fischeri
(Ledeb.) Turcz.
Ligularia fischeri
(Ledeb.) Turcz.
Ligularia fischeri
(Ledeb.) Turcz.

Echium vulgare L.

Litchi chinensis
Sonn.
Rosmarinus offici-
nalis L.

Eryngium born-
muelleri Nabélek

Echium vulgare L.

Eryngium born-
muelleri Nabélek

Santalum acumina-
tum (R. Br.) A. DC.

Litchi chinensis
Sonn.
Rosmarinus offici-
nalis L.

Eryngium born-
muelleri Nabélek

Litchi chinensis
Sonn.

Family

Rosaceae

Compositae
Compositae

Rosaceae

Compositae
Compositae
Compositae

Compositae

Boraginaceae

Sapindaceae

Lamiaceae

Apiaceae

Boraginaceae

Apiaceae

Santalaceae

Sapindaceae

Lamiaceae

Apiaceae

Sapindaceae

1Cs (active
compound)
26.00 pM
33.2uM

40.4uM

246.00 uM

12.7uM
253.3 UM
286.5 UM
304.8 UM

|Cyﬂ10uN

180.9 uM

272.4 M

|C20! 10 IJM

|C30:10|JN

123.9uM

|C20210|JN
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1Cs (extract)

1C44.69: 7 mg/mL
(water extract)
13.8 ug/mL

[80% (v/v) MeOH
extract]

5.01 mg/mL

[80% (v/v) acetone
extract]

5.01 mg/mL
[80% (v/v) acetone
extract]

0.6 mg/mL

[80% (v/v) MeOH
extract]

IC44.69: 7 mg/mL
(water extract)
13.8 pg/mL
[80% (v/v) MeOH
extract]

5.01 mg/mL

[80% (v/v) acetone
extract]

IC44.69: 7 mg/mL
(water extract)

Test system

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
release of 4-MU from
4-MUO (in vitro)
hydrolysis of 4-nitro-
phenyl acetate

(in vitro)

hydrolysis of 4-nitro-
phenyl octanoate (in
vitro)

release of oleic acid
from triolein (in vitro)
hydrolysis of 4-nitro-
phenyl butyrate

(in vitro)

release of 4-MU from
4-MUO (in vitro)

hydrolysis of 4-nitro-
phenyl octanoate (in
vitro)

release of 4-MU from
4-MUO (in vitro)

release of 4-MU from
4-MUO (in vitro)

release of oleic acid
from triolein (in vitro)
hydrolysis of 4-nitro-
phenyl butyrate

(in vitro)

hydrolysis of 4-nitro-
phenyl acetate

(in vitro)

hydrolysis of 4-nitro-
phenyl acetate

(in vitro)

release of 4-MU from
4-MUO (in vitro)

release of oleic acid
from triolein (in vitro)
release of 4-MU from
4-MUO (in vitro)
hydrolysis of 4-nitro-
phenyl acetate

(in vitro)

Reference(s)

(65]

[41]
[41]

(65]

[41]
[41]
[41]
[41]

[42]

[37]

(36]

[77]

[70]

[37]

[70]

(66]

[36]

[77]

[42]

[42]

[70]

[36]
[34]

[42]
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Table 2 Continued

Active compound Source Family 1Cs (active 1Cs (extract) Test system Reference(s)
compound)
P-coumaric acid - - 1C7: 10 pM - hydrolysis of 4-nitro- [42]
phenyl acetate
(in vitro)
Litchi chinensis Sapindaceae - 1C44.60: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Rosmarinic acid Eryngium born- Apiaceae - 5.01 mg/mL [ release of 4-MU from [70]
muelleri Nabélek 80% (v/v) acetone 4-MUO (in vitro)
extract]
Rosmarinus offici- Lamiaceae 347.5uM 13.8 ug/mL hydrolysis of 4-nitro- [77]
nalis L. [80% (v/v) MeOH phenyl butyrate
extract] (in vitro)
Sinapic acid - - 1Cy0: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vi-
tro)
Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Table 3 Comparison of active hydroxybenzoic acids with PL inhibitory activity from different sources. ICsg is indicated when available.
Active compound Source Family ICsp (active 1Csp (extract) Test system Reference(s)
compound)
Benzoic acid - - 1C5: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Gallic acid Litchi chinensis Sapindaceae - 1C44.69: 7 mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Rosmarinus offici- Lamiaceae 59.4 uM 13.8 ug/mL hydrolysis of 4-nitro- [77]
nalis L. (80% (v/v) MeOH phenyl butyrate
extract) (in vitro)
Gentisic acid - - 1C43: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Litchi chinensis Sapindaceae - 1C44.69: 7 Mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Hydroxybenzoic acid- Eryngium born- Apiaceae - 5.01 mg/mL release of 4-MU from [70]
O-hexoside muelleri Nabélek (80% (v/v) acetone 4-MUO (in vitro)
extract)
P-anisic acid Litchi chinensis Sapindaceae - 1C44.69: 7 Mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
P-hydroxybenzoic - - 1C31: 10 uM - hydrolysis of 4-nitro- [42]
acid phenyl acetate (in vitro)
Protocatechuic acid - - 1Cy2: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Salicylic acid - - 1C35: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Syringic acid - - 1C11: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Litchi chinensis Sapindaceae - 1C44.69: 7 Mg/mL release of oleic acid [36]
Sonn. (water extract) from triolein (in vitro)
Vanillic acid - - 1C47: 10 uM - hydrolysis of 4-nitro- [42]
phenyl acetate (in vitro)
Litchi chinensis Sapindaceae - - release of oleic acid [36]
Sonn. from triolein (in vitro)
Anemarrhena as- Asparagaceae - 1C44.69: 7 mg/mL enzymatic assay [80]
phodeloides Bunge (water extract) (in vitro)

benzoic acids inhibited less powerfully the activity of PL than hy-
droxycinnamic acids. Comparing the results with the chemical
structure of hydroxybenzoic acids, the influence of methoxy

groups in the molecule (less potent) and hydroxyl groups (more
potent) can be seen. Furthermore, it could be concluded that a
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carboxy group takes part in the activity between phenolic acids
and the active center of the lipase. Also, the size of the molecule
has an influence on a potential lipase inhibition [42].
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Table 4 Comparison of lignans and their derivatives with PL inhibitory activity from different sources. ICs is indicated when available.
Active compound Source Family 1Cs (active 1Cs (extract) Test system Reference(s)
compound)
Dihydrodehydrodico- Fraxinus rhyncho- Oleaceae 1C7g: 278 uM 1C46.1: 300 pg/mL hydrolysis of 4-nitrophenyl [83]
niferyl alcohol phylla Hance (EtOH fraction) butyrate (in vitro)
Ficusesquilignan Fraxinus rhyncho- Oleaceae 1C76: 171 uM 1C46.1: 300 pg/mL hydrolysis of 4-nitrophenyl [83]
phylla Hance (EtOH fraction) butyrate (in vitro)
Hedyotol C Fraxinus rhyncho- Oleaceae 1C72: 171 uM 1C46.1: 300 pg/mL hydrolysis of 4-nitrophenyl [83]
phylla Hance (EtOH fraction) butyrate (in vitro)
Acernikol Fraxinus rhyncho- Oleaceae 1Ce2: 171 uM 1C46.1: 300 pg/mL hydrolysis of 4-nitrophenyl [83]
phylla Hance (EtOH fraction) butyrate (in vitro)
Dihydrobuddlenol B Fraxinus rhyncho- Oleaceae 1Ce2: 171 uM 1C46.1: 300 ug/mL hydrolysis of 4-nitrophenyl [83]
phylla Hance (EtOH fraction) butyrate (in vitro)

Lignans

Lignans are dimers of phenylpropanoid units linked by the cen-
tral carbons of their side chains (© Fig.2D). In plants, lignans
and their higher oligomers act as defensive substances. After oral
intake of lignan precursors, they are metabolized to their active
form. Lignan precursors are found in a wide variety of plant foods,
including flax seeds, sesame seeds, legumes, whole grains (rye,
oats, barley), fruits (berries), and vegetables [79, 81, 82].
Identified lignans and their derivatives with PL inhibitory poten-
tial are listed in © Table 4. Isolated compounds from Fraxinus
rhynchophylla Hance (Oleaceae) were tested on their inhibitory
effects on pancreatic lipase activity by hydrolysis of 4-nitrophen-
yl butyrate (in vitro). Five isolated compounds (four sesquilignans
and one lignan, © Table 4) showed a significant inhibition. Other
lignans and coumarinolignans had only weak effects [83].

Conclusion

v

Orlistat is the only pharmacologic agent clinically approved as
pancreatic lipase inhibitor in Europe. However, the application
of the synthetic drug is associated with a variety of undesirable
side effects. Searching for potential inhibitors of PL from natural
origin is a current research topic. Previously, a variety of polyphe-
nols were detected as potential active compounds. A structural
comparison of known inhibitors makes the following conclu-
sions:

The inhibitory effect of active flavonoids depends on the number
and position of phenolic hydroxyl groups. A high number in-
creases the inhibitory effect. Furthermore, non-esterified flavan-
3-ols as (+)-catechin and (-)-epicatechin showed a lower inhibi-
tion than flavan-3-ol esters. The presence of galloyl moieties
within the structure and the polymerization of flavan-3-ols are
required for enhancement of PL inhibition. Analysis of flavonoids
and anthocyanins suggests a higher inhibitory activity after elim-
ination of glycosylation. Also, the degree of polymerization of
proanthocyanins is important. At the investigation of phenolic
acids it could be demonstrated that hydroxybenzoic acids inhibit
less powerfully the activity of PL than hydroxycinnamic acids. An
influence of methoxy groups in the molecule (less potent) and
hydroxyl groups (more potent) could be detected. In addition,
the size of the molecule and the position of hydroxyl groups in
the ring affect lipase inhibition. These results serve as a first basis
for finding new natural structures with PL inhibitory activity. By
using computational modelling experiments, new potential ther-
apeutic antiobesity agents with less side effects compared to the

Buchholz T, Melzig MF et al. Polyphenolic Compounds as...

clinically approved pharmacologic agent Orlistat can be detected.
However, further identification and characterization of natural
compounds with anti-lipase action is necessary.
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