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[ABSTRACT] Pancreatic lipase (PL), a crucial enzyme in the digestive system of mammals, has been proven as a therapeutic target to
prevent and treat obesity. The purpose of this study is to evaluate and characterize the PL inhibition activities of the major constituents
from Fructus Psoraleae (FP), one of the most frequently used Chinese herbs with lipid-lowering activity. To this end, a total of eleven
major constituents isolated from Fructus Psoraleae have been obtained and their inhibition potentials against PL have been assayed by
a fluorescence-based assay. Among all tested compounds, isobavachalcone, bavachalcone and corylifol A displayed strong inhibition
on  PL  (IC50 <  10  μmol·L–1).  Inhibition  kinetic  analyses  demonstrated  that  isobavachalcone,  bavachalcone  and  corylifol  A  acted  as
mixed  inhibitors  against  PL-mediated  4-methylumbelliferyl  oleate  (4-MUO)  hydrolysis,  with  the Ki values  of  1.61,  3.77  and  10.16
μmol·L–1, respectively. Furthermore, docking simulations indicated that two chalcones (isobavachalcone and bavachalcone) could in-
teract with the key residues located in the catalytic cavity of PL via hydrogen binding and hydrophobic interactions. Collectively, these
finding provided solid evidence to support that Fructus Psoraleae contained bioactive compounds with lipid-lowering effects via target-
ing PL, and also suggested that the chalcones in Fructus Psoraleae could be used as ideal leading compounds to develop novel PL in-
hibitors.
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Introduction

Obesity, a chronic metabolic disorder, is associated with
a variety of human diseases. According to the investigation of

World Health Organization in 2016, the proportion of popula-
tion with  overweight  and obesity  around the  world  is  nearly
50% [1]. Overweight (BMI higher than or equal to 25 kg·m–2)
and obesity (BMI higher than or equal to 30 kg·m–2) will lead
to  excessive  accumulation  of  fat  and  thus  bring  a  range  of
disorders of  the  human  body.  Overweight  or  obesity  is  cus-
tomarily provoked by a combination of inordinate food diges-
tion, lack of lifestyle exercise, and genetic susceptibility [2, 3].
Accumulative  evidences  have  indicated  that  overweight  and
obesity  are  closely  linked  with  a  variety  of  human  diseases,
such as cardiovascular diseases (hyperlipidemia, arterioscler-
osis and hypertension), diabetes mellitus type 2, osteoarthrit-
is, asthma and various types of cancer (liver, gallbladder, kid-
ney  and  colon) [4-6].  Currently,  a  panel  of  many  therapeutic
strategies (such as dietotherapy, pharmacotherapy and surgic-
al therapy) for the prevention and treatment of obesity and re-
lated diseases in the clinical seting. Among these therapeutic
strategies,  pancreatic  lipase (PL) inhibition therapy has been
proven to be one of the most effective options to prevent and
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treat  obesity  or  obesity-associated  metabolic  diseases,  such
strategy may strongly blocks the absorption of dietary fat via
inhibiting PL in the gastrointestinal system.

Pancreatic  lipase  (triacylglycerol  acyl  hydrolase,  PL),  a
key hydrolase  in  the  digestive  system  of  mammals,  is  re-
sponsible  for  the  hydrolysis  of  dietary  triglycerides  and
thereby regulates the lipid absorption. Although there are sev-
eral kinds of lipases in the digestive organs of human, includ-
ing  lingual  lipase,  gastric  lipase  and  pancreatic  lipase,  PL
plays  a  predominant  role  in  the  decomposition  of  triglyceri-
des from dietary fats with the contribution of about 70% [7, 8].
Over the past  few decades,  many studies have been conduc-
ted  to  find  efficacious  PL  inhibitors  for  the  prevention  and
treatment of overweight and obesity, owing to the crucial role
of  PL in lipid absorption in humans [8].  Orlistat,  a  potent  PL
inhibitor that  has been approved for the treatment of obesity
in  1999,  can  covalently  bind  on  the  serine  residual  of  the
catalytic triad of PL, and thereby blocking the catalytic activ-
ity of PL [9, 10]. Although orlistat displays good performance in
weight  loss,  some  of  the  most  frequent  side  effects  of  this
agent (such as gastrointestinal toxicity, liver damage, pancre-
atic damage, kidney damage, metabolic system abnormalities
and high cancer risk) strongly limits its clinical applications,
especially for long-term treatment [11, 12]. Therefore, it is desir-
able to  find  more  drug  leads  or  candidates  for  the  develop-
ment of efficacious PL inhibitors with high efficacy and good
safety profiles, which may provide alternative pharmacother-
apy to  prevent  and  treat  obesity  and  obesity-associated  dis-
orders.

Over  the  past  two  decades,  numerous  phytochemicals
and synthetic  compounds  have  been  found  with  PL  inhibi-
tion  activities [13].  Notably,  natural  products  from  herbs  or
medicinal plants are still one of the major sources for discov-
ery of the lead compounds for drug development [14, 15]. Many
previous studies have demonstrated that a wide range of nat-
ural  compounds (such as flavonoids,  bioflavones,  triterpenes
and other  phenolic  compounds)  display  strong PL inhibition
activities [16-21]. Fructus  Psoraleae (also  named  Bu-gu-zhi  in
Chinese,  FP),  a  famous  edible  Chinese  herb  that  have  been
frequently used in Asia countries for a long history, has been
found with  lipid-lowering  activity  and  other  beneficial  ef-
fects  for  the  prevention  and  treatment  of  metabolic  disor-
ders [22-27].  Recent  investigations  have  found  that  the  major
constituents  from Fructus  Psoraleae display strong  inhibi-
tion  against  a  panel  of  serine  hydrolases,  such  as
carboxylesterase  1  and  carboxylesterase  2 [28, 29].  Consi-
dering  that  the  catalytic  triad  (Ser,  His,  and  Glu)  is  highly
conserved in all serine hydrolases, while the inhibitor spectra
of  mammalian  serine  hydrolases  are  highly  overlapped [30],
Fructus Psoraleae constituents may also inhibit  the catalytic
activities of  PL,  thereby  regulate  lipid  absorption  in  mam-
mals.

This study aimed to investigate the inhibitory effects and
the inhibitory behaviors of the major constituents in Fructus
Psoraleae on PL,  a  crucial  target  regulating lipid  absorption

in mammals. To this end, a total of eleven major constituents
from Fructus Psoraleae were obtained and their ability to in-
hibit PL  was  carefully  investigated  by  a  routinely  used  bio-
chemical  assay.  The  results  showed  that  three  constituents
from Fructus  Psoraleae including  isobavachalcone  (4), ba-
vachalcone (5) and corylifol A (6) displayed strong PL inhib-
ition activity, with IC50 values of less than 10 μmol·L–1. Next,
the inhibitory behaviours of  two chalcones (isobavachalcone
and  bavachalcone,  two  potent  PL  inhibitor  isolated  from
Fructus  Psoraleae) was  well-characterized  by  both  inhibi-
tion  kinetic  assays  and  docking  simulations.  These  studies
provided a  novel  evidence  to  support  the  lipid-lowering  ef-
fect  of Fructus  Psoraleae,  while  two  chalcones  with  strong
PL inhibition activity could also be used as lead compounds
for the development of new PL inhibitors with improved po-
tency and good safety profiles.

Material and Methods

Chemicals and reagents
The major constituents isolated from Fructus Psoraleae,

including psoralen,  isopsoralen,  8-methoxypsoralen,  isoba-
vachalcone, bavachalcone, corylifol A, corylin, bavachin, ba-
vachinin  A,  bakuchiol  and  psoralidin  (purities  >  98%)
were  obtained  from  Chengdu  preferred  Biotech  Co.,  Ltd.,
China.  Porcine  pancreatic  lipase  (PPL,  type  II,  Lot  No.
SLBL2143V)  and  4-methylumbelliferyl  oleate  (4-MUO,
substrate)  were  obtained  from  Sigma-Aldrich,  USA.  The
chemical  structures  of  all  tested  constituents  from Fructus
Psoraleae (FP) were depicted in Fig. 1. The stock solution of
all tested natural constituents were prepared using DMSO as
the solvent and stored at 4 °C. Kaempferol (a known revers-
ible inhibitor of PL) was provided by Chengdu preferred Bi-
otech Co., Ltd., and used as a positive inhibitor in this study.
The  buffer  of  the  entire  experimental  system  was  prepared
according to a previous report [16]. Other reagents were of LC
grade.
PL inhibition assay

To explore  the  inhibitory  potential  of  each  natural  con-
stituent from  FP  against  porcine  pancreatic  lipase,  the  en-
zyme  solution  (10  μg·mL–1,  final  concentration)  was  co-in-
cubated  with  each  inhibitor  and  4-MUO  (10  μmol·L–1,  final
concentration).  Explain in detail,  200 μL incubation solution
contains  194  μL  citrate-Na2HPO4 buffer,  2  μL  pancreatic
lipase solution  and  2  μL  each  inhibitor  (suitable  concentra-
tion  gradient).  The  mixture  of  enzyme  solution,  inhibitor
solution  and  buffer  were  pre-incubate  for  10  min  before  the
enzyme  was  reacted  with  substrate.  The  substrate  or  each
tested compound was dissolved in DMSO to a final  concen-
tration of DMSO at 1% in the incubation mixture (V/V, a con-
centration  that  had  no  effect  on  catalytic  activity).  The
amount  of  4-methylumbelliferone  (the  hydrolytic  metabolite
of 4-MUO in PL) released by the reaction of pancreatic lipase
in all incubations was further assayed under excitation at 340
nm, while the fluorescence signals of the 4-methylumbellifer-
one were recorded at 460 nm by using microplate reader. The
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residual  activity  of  PL in  the  presence of  each inhibitor  was
determined  using  following  formula,  residual  activity  =  (the
hydrolytic  rate  in  the  presence  of  each  inhibitor  at  a  given
concentration)  /  (the  hydrolytic  rate  in  the  presence  of
DMSO) × 100%.
Inhibition kinetic analyses

The  inhibition  kinetic  parameters  (Ki values and  the  in-
hibition modes) of isobavachalcone (4), bavachalcone (5) and
corylifol A (6) against PL were determined by a set of assays
using various substrate concentrations in the presence of dif-
ferent concentrations of each inhibitor. The related inhibition
kinetic  parameters  were  calculated  by  the  inhibition  kinetic
plots and  the  Lineweaver-Burk  plots.  For  reversible  inhibi-

tion, the inhibition kinetic modes including competitive, non-
competitive  and  mixed  inhibition.  The  following  equations
for  competitive  inhibition  Eq.  (1),  noncompetitive  inhibition
Eq. (2), or mixed inhibition Eq. (3) were used to find the best
suitable mode for fitting all kinetic data.

V = (VmaxS )/[Km(1+ I/Ki)+S ] (1)

V = (VmaxS )/ [(Km+S )(1+ I/Ki)] (2)

V = (VmaxS )/ [(Km+S )(1+ I/αKi)] (3)

where V is  the  velocity  of  the  hydrolytic  reaction; Ki is
the inhibition constant describing the affinity of each inhibit-
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Fig. 1    The major constituents from Chinese herb Fructus Psoraleae (also named Bu-gu-zhi)
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or  for  the  target  enzyme; S and I is  the  substrate  (4-MUO)
and inhibitor concentration,  respectively; Vmax is the maxim-
um velocity; Km is  the  Michaelis-Menten constant  (substrate
concentration at 0.5 Vmax) 

[31-33].
Molecular docking simulations

Molecular docking simulations were conducted by Auto-
Dock  Vina.  The  crystallographic  structure  data  of  porcine
pancreatic  lipase  was  taken  from  the  Protein  Data  Bank
(PDB:1ETH),  and prepared by AutoDockTools  1.5.6 [34]. In-
teraction analysis  and  visualization  were  performed  by  Dis-
covery  Studio  Visualizer  (BIOVIA  Discovery  Studio  2019,
Dassault Systèmes,  SanDiego,  USA)  and  PyMOL  (The  Py-
MOL Molecular  Graphics  System Version  2.3,  Schrödinger,
LLC., New York City, USA). The calculated affinity energy
and X-Score were calculated by AutoDock Vina and X-Score
v1.2 [35].
Statistical analysis

The IC50 and Ki values were estimated by the GraphPad
Software and shown as mean ± SD.

Results

Inhibition potentials of the constituents in Fructus Psoraleae
against PL

Firstly, the inhibition potentials of 11 major constituents
in Fructus Psoraleae on pancreatic lipase (PL) were assayed
using  three  different  inhibitor  concentrations  (1,  10,  100
μmol·L–1, final concentration). As shown in Fig. 2, the resid-
ual  activities  of  bakuchiol  (10),  psoralen  (1),  bavachin  (8),
corylin  (7),  bavachinin  A  (9),  corylifol  A  (6), isobavachal-
cone (4) and bavachalcone (5) at high dosage (100 μmol·L–1,
final  concentration)  were  53.13%,  53.08%,  15.06%,  9.03%,
8.9%,  6.56%,  6.53% and  3.61%,  respectively.  Meanwhile,
isopsoralen  (2),  8-methoxypsoralen  (3)  and  psoralidin  (11)
displayed negligible  effects  on  PL.  To  quantitatively  evalu-
ate  the  inhibition  potency  of  these  compounds  on  PL,  the
dose-inhibition  curves  of  bakuchiol  (10),  psoralen  (1), ba-
vachin  (8),  corylin  (7),  bavachinin  A  (9),  corylifol  A  (6),

isobavachalcone (4) and bavachalcone (5) were plotted using
a series of inhibitor concentrations. As shown in Fig. 3, these
natural  compounds  inhibited  PL activities  in  a  dose-depend-
ent  manner.  The  IC50 values  were  determined  as  108.3  ±
8.85, 84.18 ± 3.30, 29.55 ± 1.93, 27.15 ± 0.77, 17.15 ± 0.93,
7.81 ± 0.50,  5.73 ± 0.34 and 3.30 ± 0.24 μmol·L–1 for psor-
alen (1),  bakuchiol (10),  bavachin (8),  corylin (7), bavachin-
in  A (9),  corylifol  A (6),  bavachalcone  (5) and  isobavachal-
cone (4), respectively (Table 1). Meanwhile, the IC50 value of
the  positive  inhibitor  (kaempferol)  was  54.22  μmol·L–1,
which  also  determined  under  some  conditions  as  mentioned
above. These findings suggested that isobavachalcone (4), ba-
vachalcone (5) and corylifol A (6) displayed relatively strong
inhibition on PL (IC50 values < 10 μmol·L–1).
Inhibition kinetics of  three PL inhibitors from Fructus Psor-
aleae

The above mentioned results encouraged us to further in-
vestigate the inhibitory behaviour of three constituents (4–6)
from FP with strong PL inhibition activity. Before inhibition
kinetic assays, time-dependent inhibition assays of three con-
stituents  on  PL  were  performed  to  ascertain  whether  these
enzymes  are  time-dependent  inhibitors  of  PL.  As  shown  in,
isobavachalcone  (4),  bavachalcone  (5)  and  corylifol  A  (6)
displayed  similar  inhibitory  effects  and  closed  IC50
values  with  different  pre-incubation  times,  suggesting  that
these  three  natural  compounds  were  reversible  inhibitors  of
PL rather than irreversible inhibitors, which was much differ-
ent from  that  of  orlistat.  Subsequently,  a  set  of  kinetic  ana-
lyses  were  performed  using  varying  concentrations  of  both
the  substrate  and  each  PL  inhibitor.  As  illustrated  in Fig.  4,
both  inhibition  kinetic  plots  and  Lineweaver-Burk  plots
clearly  demonstrated  that  isobavachalcone (4),  bavachalcone
(5) and corylifol A (6) inhibited PL via a mixed manner. As
listed  in Table  1,  the Ki values  of  isobavachalcone  (4), ba-
vachalcone  (5)  and  corylifol  A  (6)  were  evaluated  as  1.61,
3.77 and 10.16 μmol·L–1, respectively.  These results demon-
strated  that  isobavachalcone  (4)  and  bavachalcone
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Fig. 2    The inhibitory effects of major constituents (0, 1, 10, 100 μmol·L–1, final concentration) from Fructus Psoraleae on PL.
All data were shown as mean ± SD, n = 3.  *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 vs  the control group (inhibitor con-
centration = 0 μmol·L–1
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(5),  two  abundant  natural  chalcones  isolated  from Fructus
Psoraleae, could potently inhibit the catalytic activities of PL
via a mixed inhibition manner, with the Ki values of less than
3.8 μmol·L–1.
Molecular docking simulations

For  deeply  understanding  the  interactions  between  PL
and two newly identified chalcone-type PL inhibitors and PL,

molecular  docking  simulations  were  conducted  using  a
reported  crystal  structure  of  PL (PDB:  1ETH).  As  shown in
Figs. 5A and 5B, both isobavachalcone (4) and bavachalcone
(5) could be well-docked into the catalytic cavity of PL, with-
in 4.3 angstrom to catalytic triad (Ser-153, Asp-177 and His-
264).  As  shown in Figs.  5C and 5D, 2D representation  ana-
lysis  showed that  bavachalcone  (5) was  able  to  form hydro-
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Fig. 3    The dose-inhibition curves of psoralen (A), isobavachalcone (B), bavachalconec (C), corylifol A (D), corylin (E), bavachin
(F), bavachinin A (G) and bakuchiol (H). All data were shown as mean ± SD, n = 3
 

HOU Xu-Dong, et al. / Chin J Nat Med, 2020, 18(5): 369–378

– 373 –



gen bonds with Asp-80, Ser-153 and His-264, while His-152,
Phe-216  and  Leu-265  could  interact  with  bavachalcone via
pi-cation, pi-pi and pi-sigma interactions, respectively. Simil-
arly,  isobavachalcone  (4)  could  interact  with  Leu-265 via
pi-sigma  interactions  and  with  Phe-216 via T-shaped
pi-pi interactions, as well as with Phe-78 and Arg-257 via hy-
drogen bonding (Fig. 5). The binding affinity of isobavachal-
cone  (4)  and  bavachalcone  (5)  on  PL  was  listed  in Table  2,
and it was evident from Table 2 that both isobavachalcone (4)
and  bavachalcone  (5)  displayed  similar  binding  affinity  to
PL.

Discussion

As  one  of  the  most  popular  herbal  medicines, Fructus
Psoraleae (the dried ripe fruits of Psoralea corylifolia L.) has
been  widely  used  in  Asian  countries  for  the  prevention  and
treatment of a variety of disorders, such as asthma, diarrhea,
and  osteoporosis [24, 25]. Recent  investigations  have  demon-
strated that  the crude extract  of  FP can strongly inhibit  lipid
accumulation and reduce serum lipid and hepatic triglyceride
levels,  suggesting that  some natural  constituents  in  this  herb
can  regulate  lipid  metabolism [36].  Considering  that Fructus
Psoraleae are always oral administrated and the exposure of
its constituents to the gastrointestinal system will be at a high
level, the bioactive constituents in Fructus Psoraleae may in-
teract  with the key enzymes participating in  lipid absorption
and  metabolism  in  the  gastrointestinal  system.  In  current
study, the inhibition potentials of 11 major constituents isol-
ated from Fructus Psoraleae towards PL, a key serine hydro-
lase in  the  gastrointestinal  system that  regulate  lipid  absorp-
tion  in  mammals,  have  been  well-investigated  for  the  first
time. The major constituents in Fructus Psoraleae have been
well-investigated,  and  several  different  classes  of  natural
compounds  (such  as  coumarins,  chalcones,  flavonoids  and
others)  that  bearing various  scaffolds  have been reported.  In
this  study,  our  results  clearly  demonstrate  that  these

constituents displays  differential  effects  on  PL.  The  chal-
cones (such as isobavachalcone and bavachalcone) exhibited
strong inhibitory effects on PL (IC50 or Ki < 5 μmol·L–1), the
flavonoids (such as  corylifol  A,  corylin,  bavachin  and bava-
chinin A) displayed moderate inhibition on PL (IC50 or Ki =
5–50  μmol·L–1), while  bakuchiol  and  the  coumarins  dis-
played  weak  inhibition  on  PL  (IC50 or Ki >  50  μmol·L–1).
These finding  suggest  that  the  chalcones  (including  isoba-
vachalcone and bavachalcone) are bioactive compounds with
PL inhibitory effects.

The  levels  of  the  major  constituents  in Fructus  Psor-
aleae have been accurately determined and reported by sever-
al groups [37-40]. Isobavachalcone (4),  one of the most abund-
ant  constituents  in Fructus  Psoraleae,  with  the  high  content
in this herb of 5.8 mg·g–1 dried material [41]. Notably, the re-
commended daily dose of Fructus Psoraleae in Chinese phar-
macopoeia  is  6–10  g  for  adult,  which  means  that  the  daily
dose of isobavachalcone (4) alone can up to 58 mg·d–1. Con-
sidering that the total volume of the gastrointestinal system in
human is about 4 L and the molecular weight of isobavachal-
cone (4) is 323.37 Da, the local exposure of this potent PL in-
hibitor  to  the  human  gastrointestinal  tract  could  be  up  to
44.8 μmol·L–1, which is much higher than the inhibition con-
stant  of  isobavachalcone  (4)  towards  PL  (1.61  μmol·L–1).
Considering that other constituents in Fructus Psoraleae also
display strong to moderate PL inhibition activity,  it  is  easily
conceivable that  oral  administration of Fructus Psoraleae or
the  herbal  products  containing Fructus  Psoraleae are  more
likely  to  partially  block  the  catalytic  activities  of  PL  in  the
gastrointestinal tract in vivo. It is worth noting that some con-
stituents in FP (such as psoralen, isopsoralen and bakuchiol)
have  been  reported  with  hepatotoxicity via targeting  various
off-targets [36, 42, 43], but  the  chalcones  in  FP  (such  as  isoba-
vachalcone and bavachalcone) displayed good safety profiles
and beneficial  effects  for  the  treatment  of  a  variety  of  dis-
orders  (such  as  osteoporosis  and  obesity) [44].  In  future,  it  is

 
Table 1    The IC50 values, Ki values and the inhibition modes of all tested natural constituents in Fructus Psoraleae on PL-medi-
ated 4-MUO hydrolysis

Compounds MW IC50 (μmol·L–1) Ki (μmol·L–1) Inhibition mode Goodness of fit (R2)

Psoralen 186.16 108.3 ± 8.85 N.D. − −

Isopsoralen 186.16 > 100 N.D. − −

8-Methoxypsoralen 216.19 > 100 N.D. − −

Isobavachalcone 324.37 3.30 ± 0.24 1.61 ± 0.47 Mixed 0.97

Bavachalcone 324.37 5.73 ± 0.34 3.77 ± 0.89 Mixed 0.98

Corylifol A 390.47 7.81 ± 0.50 10.16 ± 1.91 Mixed 0.98

Corylin 320.35 27.15 ± 0.77 N.D. − −

Bavachin 324.37 29.55 ± 1.93 N.D. − −

Bavachinin A 338.40 17.15 ± 0.93 N.D. − −

Bakuchiol 256.38 84.18 ± 3.30 N.D. − −

Psoralidin 336.34 >100 N.D. − −

Kaempferol* 286.24 54.22 N.D. − −

* Kaempferol can used as a positive control
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better to isolate the chalcones or get the fraction rich in these
two  chalcones  from  the  crude  extract  of  FP,  which  can  be
used  to  prepare  a  new  drug  or  alternative  medicines  with
good safety profiles and improved efficacy.

Although the  results  demonstrate  that  some constituents
in Fructus Psoraleae (such as isobavachalcone and bavachal-
cone)  can  strongly  inhibit  PL,  the  PL inhibition  activities  of
these  natural  chalcones  are  not  good  enough  as  orlistat,  the
marketed synthetic PL inhibitor [40].  Therefore, it is desirable
to  develop  more  efficacious  PL  inhibitors  using  these  two
newly  identified  natural  chalcones  as  lead  compounds.  As
mentioned  above,  the  content  of  isobavachalcone  (4)  in
Fructus Psoraleae is very high [37-40]. The medicinal chemists
can easily get isobavachalcone from this herb and then to get

a  wide range of  structurally  diverse  chalcone derivatives via
chemical modifications. From the viewpoints of the chemical
structure,  isobavachalcone  (4)  contains  several  phenolic
groups, which could be easily modified by the chemists. The
chalcones could also be obtained via total synthesis [45], which
strongly facilitates the medicinal chemists to design and syn-
thesize structurally diverse derivatives for  detailed structure-
activity relationship studies. Notably, molecular docking sim-
ulations suggest  that  the  C-4  phenolic  group  of  both  isoba-
vachalcone  (4)  and  bavachalcone  (5)  can  strongly  interact
with  the  key  residues  of  PL via hydrogen bonding,  suggest-
ing that the C-4 phenolic group is essential for PL inhibition.
Hence,  this  key  interaction  can  be  conserved  for  the  design
and development  of  the  next  generation of  PL inhibitors  us-
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Fig. 4    The inhibition kinetics of three natural PL inhibitors from Fructus Psoraleae. Left: the inhibition kinetic plots of isoba-
vachalcone (A), bavachalcone (C) and corylifol A (E) against PL-mediated 4-MUO hydrolysis. Right: the Lineweaver-Burk plots
of  isobavachalcone  (B),  bavachalcone  (D)  and corylifol  A  (F)  against  PL-mediated  4-MUO hydrolysis.  All  data  were  shown as
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ing  chalcone  as  the  scaffold.  Additionally,  considering  that
most natural chalcones can be readily metabolized by hepatic
drug metabolizing enzyme [46-48], some novel strategies should
be used to improve the dissolution and/or the local exposure
of  these  chalcones  to  the  gastrointestinal  system,  which  will
be  very  helpful  for  enhancing  the  PL  inhibition  effects  of
these chalcones in vivo.

Conclusion

In summary,  the  inhibition  potentials  of  major  constitu-
ents in Fructus Psoraleae against PL, a crucial digestive en-
zyme  controlling  lipid  metabolism  in  mammals,  have  been
carefully evaluated and characterized. Among all tested com-
pounds,  isobavachalcone  (4),  bavachalcone  (5)  and  corylifol
A  (6)  displayed  strong  PL  inhibition  activity  (IC50 values  <
10  μmol·L–1).  Inhibition  kinetic  analyses  demonstrated  that
isobavachalcone  (4),  bavachalcone  (5)  and  corylifol  A  (6)

were mixed inhibitors against PL-mediated 4-MUO hydrolys-
is,  with  the Ki values  of  1.61,  3.77  and  10.16  μmol·L–1, re-
spectively.  Finally,  docking  simulations  demonstrated  that
isobavachalcone (4) and bavachalcone (5) could interact with
key residues  located in  the  catalytic  cavity  of  PL via hydro-
phobic interactions and hydrogen binding. Collectively, these
results  provided new evidence  to  support  that Fructus Psor-
aleae contained bioactive compounds with lipid-lowering ef-
fects via targeting  PL,  and  also  suggested  that  the  natural
chalcones  in Fructus  Psoraleae could  be  used  as  ideal  lead
compounds to develop novel PL inhibitors.
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