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Abstract

The prevalence of obesity is increasing at an alarming rate, but, unfortunately, only a few drugs are currently available
on the market. In the present study, the methanolic extract of Ginkgo biloba L. (Ginkgoaceae) was investigated as
an inhibitor of pancreatic lipase (PL) in an attempt to explain its hypolipidaemic activity. In vitro assay of G. biloba
leaves extract revealed a substantial PL inhibition activity (IC, = 16.5 ug/mL). Further investigation was performed by
employing theoretical docking simulations and experimental testing to uncover the active constituents responsible
for G. biloba anti-lipase activity. Virtually, terpene trilactones, including ginkgolides and bilobalide, were found to fit
within the binding pocket of PL via several attractive interactions with key amino acids. Experimentally, ginkgolides
A, B, and bilobalide were found to inhibit PL significantly (IC, =22.9, 90.0, and 60.1 ug/mL, respectively). Our findings
demonstrated that the hypolipidaemic effects of G. biloba extract can be attributed to the inhibition of PL by, at least
in part, terpene trilactones. In conclusion, this work can be considered a new step towards the discovery of new

natural safe hypolipidaemic PL inhibitors.
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Introduction

Obesity is a worldwide problem, which is rapidly affect-
ing both developed and developing countries. According
to a recent report from the World Health Organization,
it is estimated that worldwide >1 billion adults are over-
weight, at least 300 million of them clinically obese [1,2].
Almost two-thirds of the American adults [3,4], 60% of the
English people above 16 years [5], and 60% of Australians
above 25 years [6] are overweight or obese. Overweight
and obesity are important risk factors for the develop-
ment of diabetes mellitus, coronary heart diseases,
hypertension, hyperlipidaemia, arteriosclerosis, and
other chronic diseases [7,8]. Reversing the current trends
of increasing overweight and obesity prevalence is one of
the targets of health policy in many countries [9].
Current guidelines indicate that a combination of
dietary therapy, physical activity, and behavioural

therapy are effective strategies for weight loss and weight
management [10]. However, despite the national goals
promoting diet and lifestyle, the obesity problem in the
United States has doubled since 1980. Clearly, additional
medications are required to fulfil this need in the treat-
ment of obesity.

Several strategies have been implemented to find
treatments for the critical problem of obesity. One thera-
peutic approach for the prevention of obesity is to retard
the absorption of fatty acid by the inhibition of lipase in
the digestive organs [11,12]. Pancreatic lipase (triacylg-
lycerol acyl hydrolase, PL), which catalyzes the hydroly-
sis of triacylglycerides in the gastrointestinal tract, is the
key enzyme for lipid absorption. It is responsible for the
hydrolysis of 50-70% of total dietary fats. This enzyme
is composed of single-chain glycoprotein of 449 amino
acids, which divided into two folding units, the larger
N-terminal domain and a C-terminal domain [13,14].
The N-terminal domain is the catalytic domain and
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Abbreviations
PL Pancreatic lipase
GBE Ginkgo biloba extract

TTLs terpene trilactones

PNPB p-nitrophenyl butyrate

the C-terminal domain binds the colipase, a cofactor
required for activity [13,14]. PL inhibition is one of the
most widely studied mechanisms for the determina-
tion of the potential efficacy of natural products as anti-
obesity agents [15]. Orlistat, a hydrogenated derivative
of lipstatin derived from Streptomyces toxytricini, is a
potent inhibitor of PL and one of the best-selling drugs
worldwide [16]. The drug has proved to be effective
for the treatment of obesity, but side effects due to its
potency, such as faecal incontinence, have also arisen
[17]. The success of orlistat has prompted research for the
identification of new PL inhibitors derived from natural
products, such as Anthemis palaestina Boiss., Ononis
natrix L. [18], Sapindus rarak DC. [19], and oolong tea
[20]. In the course of a search for natural PL inhibitors
from herbal medicines [18], the leaves of Ginkgo biloba
L. (Ginkgoaceae) was chosen for more detailed investiga-
tion, since the plant extract showed a fat mass reduction,
hypolipidaemic effect, and a potential weight reduction
effect [21-25].

G. biloba has been used for medical purposes for
centuries in traditional Chinese medicine. The standard
extracts of G. biloba leaves are now more commonly
used as dietary supplements or phytomedicines in
Western countries. Both experimental and clinical stud-
ies have verified the cerebrovascular, cardiovascular,
and neuroprotective effects of G. biloba extract (GBE)
[26,27]. Currently, the most common clinical uses of GBE
include vascular dementia, Alzheimer’s disease, memory
enhancement, intermittent claudication, and tinnitus of
vascular origin [28]. The extract contains large number of
active compounds, the most important of which are ter-
pene trilactones (TTLs) and flavonol glycosides [28]. The
mixture of biologically active ingredients in GBE accounts
for the pleiotropic effects, including antioxidant effects
[29], inhibition of platelet aggregation and thromboxane
B2 production [30], vasodilation [31], and modulation
of cholesterol metabolism [32]. The active ingredients
of the mixture, such as the flavonoids, have antioxidant
properties, prevent stroke and transient ischemic attack,
and inhibit membrane lipid peroxidation [33]. In addi-
tion, ginkgolide B has found to be a potent inhibitor of
platelet-activating factor [34]. Recently, it has been found
that the alcoholic leave extract of G. biloba has fatty acid
synthase inhibition activity [21]. Fatty acid synthase
enzyme is reported as a potential new therapeutic target
for the treatment of obesity [21].

The fat mass reduction and hypolipidaemic activi-
ties observed for G. biloba prompted us to evaluate its
potential PL inhibitory activity and to find the active

components that could directly bind and inhibit PL.
Findings from this study should help in understanding
the mechanism of action of G. biloba as hypolipidae-
mic agent; furthermore, it should provide new insights
towards the discovery of new natural safe PL inhibi-
tors. The current study commenced by computer-aided
molecular docking of TTLs, one of the major constituents
of the plant, into the binding pocket of PLin order to reach
to preliminary conclusions about terpenes/PL-binding
energetics. Eventually, the leaves extract and the docked
active components were tested in vitro against PL to
evaluate their inhibition potential.

Material and methods

Materials

All of the chemicals used in these experiments were of
reagent grade and obtained from the following sources:
porcine PL type II; Tris-HCI buffer; orlistat; ginkgolide
A; ginkgolide C; bilobalide; and p-nitrophenyl butyrate
(PNPB) from Sigma (St. Louis, MO); acetonitrile and
methanol from Merck (Whitehouse Station, NJ).

Molecular modelling
Software and hardware: The following software packages
were utilized in the present research.

1. CS ChemDraw Ultra 7.01, Cambridge Soft Corp.
(http://www.cambridgesoft.com), Cambridge, USA

2. OMEGA (Version 2.3.2), OpenEye Scientific Software
(www.eyesopen.com), USA [35]

3. FRED (Version 2.1.5), OpenEye Scientific Software,
(www.eyesopen.com), Santa Fe, USA [36]

4. DS visualizer 2.0, Accelrsy Inc. (www.accelrys.com),
San Diego, USA

Docking experiment

The chemical structure of TTLs (ginkgolides A, B, C,
J, K, L, M, and bilobalide, Figure 1) was sketched in
Chemdraw Ultra (7.01) and saved in MDL molfile format.
Subsequently, an ensemble of energetically accessible
conformers was generated using OMEGA2 software [35].
OMEGA builds initial models of structures by assembling
fragment templates along sigma bonds. Conformations
for the fragments are recovered from pre-generated
libraries within the software. Once an initial model of a
structure is built, OMEGA generates additional models
by enumerating ring conformations and invertible nitro-
gen atoms. The generated conformers are saved in SD
format.
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Figure 1. Structural formulas of terpene trilactones (TTLs): ginkgolides and bilobalide.

Docking simulations

The 3D coordinates of PL were retrieved from the Protein
Data Bank (PDB code: 1LPB, resolution; 2.46 A) [37].
Hydrogen atoms were added to the protein using the
DS visualizer templates for protein residues. The protein
structure was utilized in subsequent docking experiments
without energy minimization. The docking study was
conducted in the presence of crystallographically explicit
water molecules. The drug was docked into the binding
site of PL employing FRED software [36], which takes a
multiconformer database of one or more ligands, a tar-
get protein structure, a box defining the active site of the
protein based on the co-crystallized ligand and several
optional parameters as input. The ligand conformers and
protein structure are treated as rigid during the docking
process. FRED’s docking strategy is to exhaustively score
all possible positions of each ligand in the active site [36].
The conformational ensemble of the terpenes trilactone
generated using OMEGA software was used as inputin the
FRED software. We employed the docking settings that
succeeded in reproducing the experimental pose of the
co-crystallized ligand (CIIP; Figure 2A) [37]. Accordingly,
the following FRED parameters were employed:

1. Addbox: An optional parameter that adjusts the
geometry of the box defining the active site by extend-
ing each edge of the box by the specified number of
Angstroms. The binding site in the current docking
experiment was generated from the co-crystallized
ligand with the targeted protein. The box defining the
active site was expanded to 2A.

2. Num_poses: This parameter specifies the number of
poses to be returned by the exhaustive rigid body
search. In the current docking experiment, the num-
ber of poses to be returned by exhaustive search was
set to the maximum value of 1000.

3. Num_alt_poses: Only the top-ranking poses will
be selected from the list and scored by the scoring

© 2011 Informa UK, Ltd.

functions specified by the user. This flag specifies
how many alternate poses, in addition to the top
pose, will be presented for consensus scoring. In the
current experiment, the number of alternative poses
to be retrieved was set to 3.

4. The docked poses were scored by the Chemgauss2
scoring function and the highest ranking poses were
retained for evaluation. Chemgauss2 scoring func-
tion represents all atoms as smooth Gaussian func-
tions. Hydrogen bonding interactions are the most
significant chemical potentials accounted for by
the Chemgauss2 scoring function. The Chemgauss2
function is the sum of the following potentials, all of
which are based on smooth Gaussian functions: (1)
Shape-based interactions between all heavy atoms.
(2) Hydrogen bonding interactions based on favour-
able interactions between polar hydrogens and lone
pairs and a mild repulsion between donor heavy
atoms and acceptors (which tends to make the hydro-
gen bonds linear). (3) Aromatic ring interactions
based on favourable interactions between aromatic
atoms and the m-electron positions plus repulsive
aromatic atom to aromatic atom and m-electron to
mt-electron interactions [36].

Plant material

The plant materials were collected from G. biloba spe-
cies cultivated in the northern Jordan and identified by
Dr. K. Tawaha, Department of Pharmaceutical Sciences,
Faculty of Pharmacy, Jordan University, Jordan. A voucher
specimen has been deposited at the Department of
Pharmaceutical Sciences/Faculty of Pharmacy, University
of Jordan. The leaves of this plant were cleaned of residual
soil and air-dried at room temperature. The dried leafy
parts were minced to a fine powder using a laboratory mill
and passed through a 24-mesh sieve to generate a homo-
geneous powder, stored at room temperature (22-23°C),
and protected from light until use [18].
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Figure 2. (A) Comparison between the docked pose (green) of the ligand CIIP as produced by docking simulation and the crystallographic
structure of this ligand (red) within the binding pocket of PL. (B) The solvent accessible surface area of the binding site of PL (1LPB) and

the co-crystallized inhibitor (CIIP).

Plant extraction

Methanolic extractions were conducted using 1 g aliquot
of the plant material in 40 mL methanol (80%) at 37°C for
3h in a shaking water bath. After cooling, the extract was
centrifuged at 1507g for 10 min, and the supernatant was
recovered. The solvent was evaporated under vacuum at
40°C using a rotary evaporator. The solid residues were
collected and stored in dry condition until analysis.

Preparation of compounds and extract for in vitro
assay

The tested pure compounds or extract were initially
dissolved in DMSO to give seven different stock solu-
tions with a concentration range of 0.078-5.00 mg/mL.
Subsequently, 20 pL of each stock solution was used to
give final concentration range of 1.56-100 pg/mL in the
reaction mixture.

PL inhibition assay

The PL activity was quantified by a colorimetric assay
that measures the release of p-nitrophenol as previ-
ously described [18,38-40] with minor modification. The
enzyme solutions were prepared immediately before
use. Crude porcine PL type II (Sigma, EC 3.1.1.3) was
suspended in Tris-HCI buffer (2.5 mmol, pH 7.4 with
2.5 mmol NaCl) to give a concentration of 5mg/mL
(200 units/mL) and mixed using a stirrer for 15 min. The
solution was then centrifuged at 1500g for 10 min and
the clear supernatant was recovered. The 0.10 mL of PL
solution was preincubated with different concentra-
tions (1.56-100 pg/mL) of the extract and the selected
compounds for 5min at 37°C, then the PNPB substrate
(10mM in acetonitrile) was added. The volume was
diluted to 1 mL using the Tris-HCI buffer before measur-
ing the solution absorbance spectrophotometrically at
410nm at least five time points: 1-5min. The release of
p-nitrophenol is measured as the increase in absorbance
at 410nm against blank using denaturated enzyme. The
PL activity is related to the rate of p-nitrophenol release,

which can be estimated from the slope of the linear seg-
ment of absorbance vs. time profiles. The final concen-
tration of DMSO was fixed and did not exceed 2.0%. The
percentage of residual activity of PL was determined for
each compound by comparing the lipase activity of PL
with and without the compound. All assays were tripli-
cated; thus inhibition percentages are the mean of tripli-
cate observations. Orlistat, a known inhibitor of PL, was
used as a positive control in the assay mixture

Results and discussion

Dietary fat plays the central role in obesity and therefore,
to bring weight loss, the amount of fat available to be
metabolized must be decreased. Inhibition of PL, the key
enzyme for lipid absorption, is considered a valid thera-
peutic target for obesity. Phytochemicals identified from
traditional medicinal plants present an exciting oppor-
tunity for the development of newer anti-obesity lipase
inhibitor therapeutics. As a part of our screening project
for biologically active anti-obesity agents from natural
herbal resources, G. biloba has been investigated for its
anti-lipase activity, since several studies have reported
the hypolipidaemic activity of this plant [23,24]. Testing
the anti-lipase activity of the methanolic extract of G.
biloba leaves revealed a potent PL inhibition activity in a
concentration-dependentmannerwithIC, =16.5 pg/mL.
This pronounced inhibition has encouraged us to further
explore the active constituent(s) that could be respon-
sible for PL inhibition and thus could explain the hypo-
lipidaemic activity of the plant. The methanolic extract of
G. biloba leaves contains TTLs and flavonol glycosides
[28] as major constituents. The first major components,
the flavonoids glycosides, like kaempferol, quercetin,
apigenin, and luteolin [28], are ubiquitous in nature with
polar character. On the other hand, the TTLs, the second
main bioactive constituents in G. biloba leaves extract,
have chemical uniqueness as unsaponifiable lipids pres-
ent as cyclic esters, which enriches their concentrations
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in the solvent (80% methanolic solution) selected for
their extraction. On the other hand, flavonoids extraction
is, generally, favoured with more polar solvents (20-50%
alcoholic solutions) [41].

Therefore, TTLs were considered as potential PL
inhibitors for further exploration. TTLs include the
diterpenes, ginkgolides A, B, C, J, K, and L (further
abbreviated as G-A, G-B, G-C, G-J, G-K, and G-L), and
the sesquiterpene bilobalide (Figure 1) [28]. Our efforts
commenced by evaluating the possibility of TTLs-PL
binding via computer-aided molecular-modelling tech-
niques. Accordingly, TTLs were docked into the bind-
ing pocket of PL (PDB code: 1LPB). Docking consists of
two stages: (i) prediction of the conformation and pose
of the bioactive compound into the binding cleft and
(ii) estimation of the tightness of target-ligand interac-
tions (scoring) [42]. The final docked conformations are
selected according to their scores. The docking study
was conducted utilizing the docking engine FRED [36].
FRED was recently reported to illustrate good overall
performance, particularly in virtual high-throughput
screening experiments. However, simulated molecu-
lar docking requires the user to provide FRED with an
optimal set of parameters for the docking experiment
(see the section “Docking experiment”). Therefore, to
identify the optimal docking configuration and scoring
function for PL, we extracted the ligand CIIP (Figure 2)
from crystallographic structure of PL (PDB code: 1LPB)
[37] and redocked it again into the same protein (self-
docking) via a variety of docking conditions and scoring
functions. Chemgauss2 was found to yield the closest
model to the crystallographic structure as shown in
Figure 2A. Subsequently, TTLs were docked into the
binding pocket of PL employing the same optimal dock-
ing parameters and scoring function (see the section
“Docking experiment”). The seven TTLs were predicted
by simulated docking to bind within the active site of PL.
Table 1 shows the estimated binding affinity-rank for
each compound calculated using Chemgauss2 scoring
function. The preliminary docking study has supported
our hypothesis that TTLs could be responsible for the PL
inhibitory activity of the plant extract and encouraged
us for further investigation to evaluate the inhibitory
actions of TTLs. Accordingly, all the docked TTLs were

Table 1. The docked G. biloba terpene trilactones (TTLs) with
their IC, values ranked according to the estimated binding
affinity.

Rank” TTLs Chemgauss2 score  1C,, (ug/mL)
1 Ginkgolide A 53.92 22.9

2 Ginkgolide L 53.76 —

3 Bilobalide 42.62 60.1

4 Ginkgolide J 41.20 -

5 Ginkgolide B 37.55 90.0

6 Ginkgolide K 34.24 —

7 Ginkgolide C 32.22 inactive

*Rank: Estimated binding affinity-rank calculated using
Chemgauss2 scoring functions.

© 2011 Informa UK, Ltd.
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ordered for in vitro activity bioassay. Unfortunately, only
four TTLs were obtained: G-A, G-B, G-C, and bilobalide.
The in vitro activity was expressed as the concentration of
TTLs that inhibited PL activity by 50% (IC_ ) using PNPB
as substrate. Unsurprisingly, three TTLs (G-A, G-B, and
bilobalide) showed substantial inhibitory action against
PL. As shown in Table 1, there is a clear successful rank-
ing correlation between the Chemgauss2 scoring func-
tion and the IC, values for the commercially available
TTLs. This finding validates the successfulness of the
docking conditions in predicting, approximately, the
affinity and thus the bioactivity of the docked available
compounds. Orlistat, a well-known potent PL inhibitor,
was employed as positive inhibitor and it possessed an
IC,, 0f 0.35 pg/mL.

On the molecular level, several significant bind-
ing interactions can be observed between the docked
natural compounds and the PL, as shown in Figure 3.
Comparison of the docked poses of the most potent com-
pound (Figure 3B) with the co-crystallized ligand within
the binding site of PL (Figure 3A) illustrates similarities
in their binding profile. Both have potential hydrophobic
interactions with the key amino acids Phe-215, Phe-77,
and Tyr-114. Moreover, the most potent TTLs (G-A,
IC,,=22.9 pg/ mL) has a network of multiple strong hydro-
gen bonds with Ser-152, His-263, and Tyr-114, which
stabilizes the ligand-protein complex and contributes to
the relatively high affinity of G-A. Similarly, the co-crys-
tallized ligand has analogous interactions with Ser-152
and His-263 (Figure 3A). However, it is strongly hydrogen
bonded with two more amino acids: Leu-135 and Phe-77.
In the structure of PL, His-263, Asp-176, and Ser-152 form
a triad representing the lipolytic site. Furthermore, enzy-
matic activity has shown to be diminished after chemical
modification of Ser-152, indicating its essential role for
the catalytic activity [13]. Therefore, it is unsurprising that
compounds strongly bind to the catalytic triad, especially
Ser-152 could inhibit the lipolytic activity. On the other
hand, although bilobalide (IC_=60.1 ug/mL) has simi-
lar pattern of binding interactions (Figure 3C); however,
it lacks the Ser-152 hydrogen bond attachment and the
potential hydrophobic interactions provided by the ter-
tiary butyl group. This might explain the lower affinity of
bilobalide comparing with G-A. Finally, the inactive TTLs
(G-C) lacks any hydrogen bonding interaction within the
lipolytic site, especially with the catalytic triad, and the
hydrophilic face projected outside the binding pockets
towards water (Figure 3D). These simulated observations
could explain its lack of activity.

Conclusion

The results of this study clearly proved that G. biloba
leaves extract has a substantial PL inhibition activity,
which could partially explain its reported hypolipidae-
mic and fat mass reduction activities. Moreover, we
have unequivocally proved through experimental test-
ing and theoretical docking simulations, that the TTLs
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Figure 3. (A) Detailed view of the co-crystallized structure (ClIP) and the corresponding interacting amino acids within the binding site of
pancreatic lipase (PL) (PDB code: 1LPB). (B) Detailed view of the docked ginkgolide A (G-A) structure and the corresponding interacting
amino acid moieties within the binding site of PL. (C) Detailed view of the docked bilobalide-PL interactions. (D) Detailed view of the

docked ginkgolide C-PL interactions.

(ginkgolides A, B, and bilobalide) are PL inhibitors and
therefore responsible, at least partially, for the G. biloba
PL inhibitory activity. In conclusion, this work can be
considered a new step towards the discovery of new natu-
ral safe hypolipidaemic PL inhibitors. The kinetic studies
for the most active constituents will be carried out in the
near future in attempt to correlate these studies with in
vivo activities of the phenolic compounds.
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