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a b s t r a c t

Peroxisome proliferator-activated receptor a (PPARa) is a nuclear hormone receptor that

transcriptionally regulates lipid metabolism and inflammation; therefore, PPARa agonists

are promising agents to treat dyslipidemia and metabolic disorders. PPARa full agonists,

such as fibrates, are effective anti-hypertriglyceride agents, but their use is limited by

adverse side effects. Hence, the aim of this study was to identify small molecules that can

activate PPARa while minimizing the adverse effects. Antrodia cinnamomea, a rare medical

mushroom, has been used widely in Asian countries for the treatment of various diseases,

including liver diseases. Antcin B, H and K (antcins) and ergostatrien-3b-ol (EK100) are

bioactive compounds isolated from A. cinnamomea with anti-inflammatory actions. Ant-

cins, ergostane-type triterpenoids, contain the polar head with carboxylate group and the

sterol-based body. Here, we showed at the first time that sterol-based compounds, antcins,

but not EK100, activate PPARa in a cell-based transactivation study. The in silico docking

studies presented several significant molecular interactions of antcins, including Tyr314,

and His440 in the ligand-binding domain of PPARa, and these interactions are required for

helix 12 (H12) stabilization. We propose that PPARa activation activity of antcins is related

to their binding mode which requires conventional H12 stabilization, and that antcins can

be developed as safe selective PPARa modulators.
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1. Introduction

Peroxisome proliferator-activated receptors (PPARs) are

members of the nuclear receptor superfamily of ligand-

activated transcription factors. There are three PPAR iso-

types, PPARa (NR1C1, encoded by PPARA), PPARb/d (NR1C2,

encoded by PPARD), and PPARg (NR1C3, encoded by PPARG) [1].

In general, all three members of the PPAR subfamily function

as lipid sensors that transcriptionally modulate metabolic

programs involved in lipid and energy metabolism. PPAR has

been proposed as an important therapeutic target for meta-

bolic complications, such as dyslipidemia, diabetes and fatty

liver disease.

Specifically, each member has its tissue-specific distribu-

tion patterns and ligand specificities, which contribute to their

distinct biological functions. PPARa is highly expressed in

liver, where it has crucial roles in regulation of adaptive

response to fasting by controlling fatty acid transport, b-

oxidation and ketogenesis [2]. Mice lacking PPARa are prone to

develop to liver steatosis, inflammation, and hepatocellular

carcinoma [3e5]. Various fatty acids and their metabolites are

considered as biological ligands for PPARa. It also can be

activated by the fibrate class of anti-lipidemic drugs, which

includes fenofibrate and clofibrate [6]. PPARg is highly

expressed in adipose tissues, where it governs adipogenesis

and adipocyte function [7]. PPARg is activated by thiazolidi-

nediones (TZDs), such as rosiglitazone and pioglitazone. It has

been suggested that TZDs function as insulin-sensitizers and

are widely used for the treatment of type 2 diabetes mellitus

(T2DM) [8,9].

Antrodia cinnamomea is a rare and precious medical mush-

room found in Taiwan and has been reported to have anti-

inflammatory, anticancer, hepatoprotective and immune-

modulating properties [10]. Thus, it is used widely in Asian

countries for the treatment of various diseases, including liver

disease. A few bioactive compounds have been identified in

fruiting bodies and mycelia of A. cinnamomea, including tri-

terpenoids, polysaccharide, succinic and maleic acid de-

rivatives, and ubiquinone derivatives [10,11]. Antcins are the

typical triterpenoid compounds of A. cinnamomea. Among

them, both antcin B and H possess anti-inflammatory, anti-

cancer, insecticidal and hepatoprotective activities [12e17].

Similarly, antcin C and H have anti-inflammatory and anti-

cancer activities in vitro [16,18e20]. Ergostatrien-3b-ol (EK100),

a major component of the submerged whole broth of A. cin-

namomea, was reported to have anti-inflammatory and anti-

photodamaging activities in mice [21]. In addition to anti-

inflammatory effects, a recent study showed that antcin K

and EK100 displayed antihyperlipidemic and antidiabetic ef-

fects in a diet-induced obesity mouse model [22,23]. This

prompts us to investigate if antcins and EK100 mediate lipid

and glucose-lowering effects presumably through activation

of PPARs.

In the present study, we examined the effects of antcin B,

H, K and EK100 on PPARa and PPARg activation using a cell-

based transactivation assay, and predicted the potential nu-

clear receptoreligands interactions using in silico docking ap-

proaches. As modest PPARa agonists, antcin B, H, and K

selectively activated PPARa activity. Computational studies

revealed that antcins occupied the ligand-binding site of

PPARa like PPARa agonistWy-14,643, which requires AF2 helix

stabilization. Together, our findings suggest that natural

compounds antcins are novel PPARa activators, and would be

potential chemicals for the improvement of current anti-

dyslipidemic agents.

2. Methods

2.1. Chemicals and reagents

The freeze-driedmyceliumofA. cinnamomea of the submerged

whole broth was extracted with methanol. Antcin B, H, and K

were isolated from the fruiting body of A. cinnamomea. The

detailed purification process of EK100, antcin B, H, and K were

described previously [24,25].

2.2. Cell culture and treatment

Chinese hamster ovary cells (CHOeK1) (ATCC CRL-9618) were

maintained in Ham's F12 Nutrient medium (Gibco) supple-

mented with 10% heat-inactivated fetal bovine serum (FBS)

(Gibco) at 37 �C in a humidified environment containing 5%

CO2. Cells were subcultured every 3 days in 25- or 75-cm2

flasks. All chemicals were dissolved in absolute ethanol

(Sigma, St. Louis, MO) and were then added at various con-

centrations to cells for 48 h. The final ethanol concentration

was less than 0.1%.

2.3. Expression and reporter vectors

The chimeric receptor constructs used were pBK-CMV Gal4-

rPPARa ligand binding domain (Gal4-rPPARa LBD) and the

pBK-CMV Gal4-rPPARg ligand binding domain (Gal4-rPPARg

LBD), respectively. The reporter genewas pBK-CMV-(UAS)4-tk-

alkaline phosphatase (ALP) [26].

2.4. Transient transfection and alkaline phosphatase
(ALP) activity assay

CHOeK1 cells were seeded in a 96-well plate (2.5� 104 cells per

well) in Ham's F12 Nutrient medium supplemented with 10%

charcoal-stripped FBS and incubated overnight before trans-

fection. Then, nearly confluent cells were transfected with

0.1 mg the chimeric receptor constructs containing PPAR LBD

and 0.04 mg of the reporter plasmid using Lipofectamine 2000

(Thermo Fisher Scientific, Waltham, MA) according to the

manufacturer's instructions. Five hours after transfection, the

supernatants were removed. The transfected cells were then

treated for 48 h with Wy-14,643 (Cayman Chemicals, Ann

Arbor, MI), BRL 49653 (rosiglitazone) (Sigma, St. Louis, MO),

and other reagents at the indicated concentrations. All tested

compounds were prepared in Ham's F12 Nutrient medium

supplemented with 10% TCM (Protide Pharmaceuticals, Inc,

Lake Zurich, IL). The supernatants were collected, and ALP

activity was measured by adding SEAP buffer, and p-Nitro-

phenyl Phosphate (pNPP) (Sigma, St. Louis, MO) was used as

the substrate. Absorbance at 405 nm was measured using a

Multiskan GO Microplate Reader (Thermo Fisher Scientific,
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Waltham, MA). Relative PPARa or PPARg activity is expressed

as a fold change relative to the vehicle control.

2.5. MTT assay

To determine the effect of the chemicals on cell viability, cells

were applied with 55 mL of 0.45 mg/mL 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma, St.

Louis, MO) dissolved in Ham's F12 Nutrient medium in the

dark, and then cells were incubated for 3 h at 37 �C, 5% CO2. To

solubilize the product of MTT cleavage, 100 mL of isopropanol

containing 0.04 N HCl was added to each well and thoroughly

mixed using a microplate shaker (Scientific Industries, Inc.,

Bohemia, NY). After 20 min of HCl-isopropanol addition,

absorbance at 540 nm was measured using a Multiskan GO

Microplate Reader. Relative cell viability is expressed as per-

centage change relative to the vehicle control.

2.6. Docking simulation

Crystal structures of the ligand-bound LBD of human PPARa

(PDB ID: 4BCR) in complex with Wy-14,643 were employed as

receptor for docking study, which was edited using PyMOL

(Schr€odinger, NY) to select a single polypeptide chain and

remove all water molecules and co-crystalized ligands. To

perform docking with AutoDock4 [27], the structures of re-

ceptor and ligands were transformed to the pdbqt file format

by using AutoDock Tools package. A grid with dimensions of

25 � 25 � 25 points was centered to ensure coverage of the

binding pocket of LBD. The structures containing selected

pose of ligands upon LBD were applied a procedure of solva-

tion and following energy minimization to obtain the final

structures. 2-Dimensional (2D) diagrams of interacting resi-

dues were depicted by default procedures and tools in Dis-

covery Studio 3.5 software (Accelrys Inc., San Diego, CA).

2.7. Statistical analysis

Data are presented as the means ± SD. Each experiment was

performed in triplicate. Statistical analyses were carried out

using IBM SPSS Statistics 20 (IBM Corporation, USA). One-way

analysis of variance (ANOVA) was used to determine differ-

ences among control and experimental groups. P < 0.05 was

considered statistical significant. EC50 values were calculated

with GraphPad Prism (GraphPad Software, San Diego, CA).

3. Results

3.1. Activation of PPARa ligand binding domains (LBD)
by Wy-14,643 and antcins in CHOeK1 cells

Antcin B, H, K and EK100 contain steroid-like four rings

structure, and a side chain. All antcins andWy-14,643, but not

EK100 contain a carboxylic acid moiety on the side chain

(Fig. 1). As all test compounds were dissolved in ethanol, we

first examined the cytotoxic effects of the organic solvent on

CHOeK1 cell by MTT assay. There were little or no effects on

cell viability when the cells were treated with 1% (v/v) of

ethanol, or lower than this concentration (Fig. S1) (Supple-

mentary material). 10% ethanol significantly decreased cell

survival to 15.7%. Next, we measured the effects of test com-

pounds at various concentrations (0.1e200 mM) on the viability

of CHOeK1 cells using MTT assay. None of the compounds

caused a reduction in cell viability to 20% of the control when

applied up to a level of 10 mM, except for 10 mMof EK100, which

caused a 45% reduction in cell viability (Fig. 2A).

To understand whether the test compounds activate

PPARa, PPARa activities were determined by the ALP reporter

assay using co-transfection of a plasmid carrying chimera

genes encoding the Gal4 PPARa ligand-binding domain (LBD),

and a plasmid carrying UAS ALP reporter gene as described

previously [28]. Cells were treated with ethanol (vehicle), Wy-

14,643 (PPARa agonist), or test compounds for 48 h. The levels

of PPARa activationwere expressed as a fold change relative to

the vehicle control. As shown in Fig. 2B, the strongest activa-

tion was observed following the application of Wy-14,643,

which had an EC50 value of 0.08 mM. In this system, antcin B,

H and K activated PPARa activity. As estimated from

concentrationeresponse curves, the EC50 for antcin H was

Antcin B Antcin H Antcin K

EK 100Wy-14,643
A B

C D E

Fig. 1 e Chemical structure of (A) Wy-14,643, (B) EK100, (C) antcin B, (D) antcin H, and (E) antcin K.
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found to be 9.3 mM. The EC50 values for antcin B and K in this

system could not be calculated since activation could not

reach top plateau at the range of tested concentrations of

these substances.

All of the examined antcins activated PPARa in a dose-

dependent manner (Fig. 2B). Expression of the results of the

application of 10 mM of each compound as a percentage of the

control revealed a trend, in which the order of activation ca-

pacity was antcin B ¼ antcin H>antcin K, with calculated

folds of 2.5, 2.5 and 1.1, respectively (Fig. 2B). As concentra-

tions were increased, maximal activation (5.7-fold) was ach-

ieved by application of 200 mM of antcin K. This activation was

better than that observed for Wy-14,643, a well-recognized

specific activator of PPARa (Fig. 2B).

3.2. Little or no activation of PPARg LBD by antcin B and
H in CHOeK1 cells

To understand whether antcin B and H activate PPARg in

CHOeK1 cells, cells were transfected with the PPARg LBD

plasmid construct and reporter construct and treated with

BRL 49,653 (PPARg agonist) for 48 h. 1 mM BRL49653 activated

PPARg more than 7 folds compared with vehicle in CHOeK1

cells, whereas none of antcins activated PPARg activity at

concentrations up to 30 mM (Fig. 3A). Cell viability was

unaffected upon antcins treatment (Fig. 3B). These results

suggest that antcins are less likely to act as PPARg agonists.

3.3. Computational analyses of bound ligands

The orientation and residue bonding of Wy-14,643 inferred

from the X-ray structure of human PPARa (PDB code 4BCR)

served as amodel for computing the interactions ofWy-14,643

and antcins. The overall structure of LBD of human PPARa

(here denoted hPPARa _LBD) encompasses resides 196e467,

which consists of 12 helices and a 3-stranded antiparallel b-

sheet (Fig. 4A). C-terminal helix (helix 12 or AF-2 helix) which

is packed onto the core of LBD is crucial for maintaining the

active conformation of PPARa [29]. The region between helix 3

and the 3-stranded antiparallel b-sheet is proposed to be

ligand entry site [29]. Based on the structural analysis, there

are three main features can be described at the binding site,

including hydrogen bonds, a hydrophobic region, and elec-

trostatic interactions. Residues Ser280 (H3), Tyr314 (H5), and

Tyr464 (H12) form a hydrogen bond network with the car-

boxylic acid group of theWy-14,643molecule (Figs. 4C and 5A).

In addition, Wy-14,643 also makes hydrophobic contacts with

residues Phe318, Leu321, Met330, Leu331, and Leu460 (Fig. 5A).

Next, we compared the in silico docking results of antcins

and Wy-14,643. Intriguingly, antcins interact with the

hPPARa_LBD like Wy-14,643 did (Fig. 4B, D, E and F). The car-

boxylic acid moiety of antcin H forms a hydrogen bond with

residues Tyr314 on helix 5 (Fig. 4D), while the carboxylic acid

moiety of antcin B and K form hydrogen bonds with residues

His440 on helix 10 of hPPARa_LBD (Fig. 4E and F). As identified

for other PPARa agonist, the hydrogen bonds linking agonist

and Ser280, Tyr314, His440 and Tyr464 of the receptor are

crucial for stabilizing AF2 helix in the active conformational

state [29].

The antcins-nuclear receptor interaction involved addi-

tional interactions at the binding site. Since antcins are

composed of steroid-like four rings and aremuch bulkier than

Wy-14,643, it is capable of carrying out a significant part of the

hydrophobic interactions, such as those between antcins and

residues Asn219, Met220, Phe273, Val324, and Val444 (Fig. 5A).

Due to the structure similarity, antcin B, H, and K shared in-

teractions with 20 surrounding residues of hPPARa_LBD

(Fig. 5A and B). Among them, antcins and Wy-14,643

commonly interacted with 10 PPARa residues, including

Cys276, Gln277, Thr279, Ser280, Tyr314, Met330, Met355,

His440, Leu460, and Tyr464 (Fig. 5B, highlighted in bold in the

box).

Combining the hydrophobicity analysis plot of PPARa

ligand binding pocket and the common residues shared by

antcins andWy-14,643, we then divided these 10 residues into

two groups. One group includes the seven residues Gln277,

Thr279, Ser280, Tyr314, His440, Leu460 and Tyr464, which

contributes to the hydrophilic center near the H12 of the

pocket (Fig. 6A). The other group contains the rest residues

Cys276, Met330 and Met355, which comprise the hydrophobic

surface between H7 and b sheets (Fig. 6B).

Among the tested antcins, antcin H had the lowest EC50

value. We further examined the structure-activity relation-

ships of antcins. Antcin B has a carbonyl group on A ring,

while antcin H and K contain one and two hydroxyl groups on

Fig. 2 e Antcins are PPARa agonist. (A) Cell viability and (B)

PPARa transactivation by different concentrations of Wy-

14,643, antcin B, H, and K, and EK100. The CHOeK1 cells

were co-transfected with the plasmids encoding chimeric

receptor constructs containing PPARa LBD and their

cognate ALP reporters (see “Methods”). After transfection,

cells were treated with vehicle (ethanol) or ligands with

various concentrations. Data are means ± SD of at least

three replicates.
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A ring, respectively (Fig. 1). We found that among the residues

of ligand-binding pocket surrounding A ring, Asn219, Glu282,

and Glu286 contribute to a local polar center, whereas Met220,

Val324, and Leu331 make up the other non-polar region

(Fig. 6C). Antcin K has two hydroxyl groups on ring A. One of

them was pointed to the direction of the polar center, while

the other was headed toward the non-polar hemisphere

(Fig. 6C). The possible repulsion may lead to the decreased

potency of antcin K. In contrast, the hydroxyl group on A ring

of antcin H was predicted to pointed to the direction of the

polar center, it may provide the stabilization energy for

binding of antcin H to the ligand-binding site (Fig. 6C). This

may account for the lowest EC50 of antcin H among antcins. In

addition to interactions around ring A, the hydroxyl or

carbonyl groups on the others rings of antcins can engage in

additional hydrophobic interactions at the binding site. For

instance, antcins were predicted to make hydrophobic in-

teractions with Leu321 through their carbonyl group or hy-

droxyl group on B ring (Fig. 5A).

4. Discussion

Increasing evidence has shown that PPARa plays a crucial role

in fatty acidmetabolism, as it controls the expression of genes

mediated peroxisomal and mitochondrial b-oxidation, u-hy-

droxylation, and ketogenesis [30]. PPARa has been considered

as an important therapeutic target for metabolic disorders,

such as dyslipidemia, and fatty liver diseases. Hence, identi-

fication of PPARa agonists has amajormedical interest. This is

the first study showing that natural triterpenoid compounds

antcins activate PPARa.

One of the common structural features among the activa-

tors is a carboxylate group, which is not found in the non-

activator, EK100. These findings highlight the importance of

the carboxylate moieties of these ligands in the activation of

PPARa. Indeed, most known PPAR agonists share features

including a carboxylate head group, a central hydrophobic

part, and a flexible linker to the tail. The results of the

computational analysis suggest that antcins are inserted in a

similar orientation as Wy-14,643, in which the carboxylic

group faces the hydrophilic region of the binding site and is

close to a key switch helix, H12 (AF2 helix) [31]. In the absence

of ligand, H12 is highly dynamic and is mobile along with

other portions of the LBD [32]. Ligands stabilize the receptor

folding and lower the conformational dynamics [32]. Like Wy-

14,643, antcins form hydrogen bonds with Tyr314 on helix 5

and His440 on the helix 10 by its carboxylic group. Several

studies showed that hydrogen bond network between the

carboxyl group of ligands and the residues surrounding AF2

helix can stabilize the dynamics of AF2 helix, which permits

coactivator recruitment [33,34]. These specific interactions

enhance the transactivation activity of the PPARs [34]. As ex-

pected, antcins exhibit PPARa activating ability in the cell-

based transactivation assay. These data suggest that forma-

tion of hydrogen bonds between residues near H12 of PPARa

and its acidic ligands is crucial for ligand activation ability.

A recent study reported a bipartite mechanism of PPARa

activation by Wy-14,643, which involves two ligands in the

pocket simultaneously [31]. The first Wy-14,643 occupies

standard PPARa agonist position, and requires conventional

direct H12 stabilization [31]. The second Wy-14,643 molecule

binds to a site positioned between H2’ and H3 (hereafter

denoted site two), and is primarily stabilized by nonpolar in-

teractions [31]. Site two is located in the region called omega

loop. Activity assay showed that site two is required for full

Wy-14,643 activity [31]. According to our results of docking

Fig. 3 e Antcin B and H are not PPARg agonists. (A) PPARg

transactivation and (B) Cell viability by different

concentrations of antcin B and H. The CHOeK1 cells were

co-transfected with the plasmids encoding chimeric

receptor constructs containing PPARg LBD and their

cognate ALP reporters (see “ Methods”). After transfection,

cells were treated with vehicle (ethanol) or ligands with

various concentrations. Data are means ± SD of at least

three replicates.
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simulation, all antcins and EK100 can be docked to the stan-

dard PPARa agonist position (Fig. 4 and data not shown), but

not all of them induce PPARa activation in vitro. One possibility

is that EK100 is lack of carboxylate group, and the other is that

the conventional docked position is not sufficient to induce

PPARa activation. As antcins, which contain a carboxylate

head group, have higher EC50 values than Wy-14,643, it is

tempting to speculate that site two and/or simultaneous

insertion of two ligands into the pocketmight be also essential

for full activity of the ligands. Further studies with site

mutation analysis need to be performed to decipher this

possibility.

In the present study, we showed that antcins activated

PPARa not PPARg. PPARa and PPARg share 60e70% sequence

identity in their LBDs. Although both subtypes bind to natu-

rally occurring polyunsaturated fatty acids, they exhibit

ligand selectivity. For instance, only PPARa binds to a wide

range of saturated fatty acids [35]. This is supported by

structural analyses revealing that PPARa ligand binding

pocket has the more hydrophobic nature compared to that of

Wy14,643 Antcin H

H12 (AF2) H12 (AF2)

His440 Tyr314

Tyr464 Ser280

Antcin HWy14,643

KnictnABnictnA

His440 Tyr314

Tyr464 Ser280

His440 Tyr314

Tyr464
Ser280

His440
Tyr314

Tyr464

Ser280

BA

DC

FE

H9

H4

H3

H11

H6

H2’

H2
H7

H1

H10

H5

H8

Fig. 4 e Three-dimensional structures of PPARa-LBD stabilized by the ligands. (A, B) Overall structure of Wy-14,643 (A) and

antcin H (B) bound with PPARa in ribbon representation. The bound ligands are shown in stick representation. The H12

(AF2) helix is labeled. Missing residues in the H2eH2′ loop are depicted as an orange curve. (CeF) Close-up view of the Wy-

14,643 (C), antcin H (D), antcin B (E), and antcin K (F) at the binding site of PPARa showing the interacting residues. Ligands

are shown as black sticks, and receptor residues are shown as grey sticks. The bound ligands and receptor residues are

shown in stick representation with oxygen, nitrogen, chloride, sulfur and hydrogen atoms depicted in red, blue, green,

yellow, and white, respectively. Hydrogen bonds are shown as dotted green lines.
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PPARg [34]. As expected, antcins containing the steroid core

ring structure were detected to make hydrophobic in-

teractions with PPARa LBD in the software simulation.

Furthermore, one of the determinants of selectivity between

PPARa and PPARg is the substitution of Ala454 on the hinge

(loop) of H12 in PPARa for Met463 in PPARg [36]. H12 dynamic

stabilization is crucial for activation of PPARs by ligands [37].

The larger volume of the Met463 side chain in PPARg may act

as a lid to limit the accessibility of ligands to ligand binding

pocket. Thus, not only hydrophobic nature of PPARa ligand

Fig. 5 e Major interactions established by key residues were identified using docking analysis. (A) Two-dimensional

interaction diagram of the predicted binding mode of the ligands (Wy-14,643, antcin B, H, and K), PPARa, and bound water

molecules (blue). Ligands are shown as black sticks with oxygen, nitrogen, chloride, sulfur and hydrogen atoms depicted in

red, blue, green, yellow, and white, respectively. Hydrophobic and electrostatic interactions are indicated in green and pick,

respectively. Hydrogen bonds are shown as dashed blue lines. (B) Venn diagram showing the overlapping numbers of key

residues by antcin B, H and K. Twenty residues shared by antcins were listed in the box, and ten of them commonly

interacted by Wy-14,643 were highlighted in bold.
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binding pocket, but the amino acids on the hinge (loop) of H12

may be involved in the ligand selectivity.

Several studies have demonstrated that PPARa activation

ameliorates metabolic disorder and non-alcoholic fatty liver

disease (NAFLD) in diet-induced obesity [1]. In this study, we

showed that triterpenoid compounds antcins activate PPARa

in vitro and in silico. Recent studies showed that the crude

extract of A. cinnamomea, or purified antcin K prevent

obesity and display antihyperlipidemic effects through

regulating AMPK signaling in high fat diet-induced obese

mice [22,38]. One could speculate that the protective effects

of antcins against obesity and hepatic steatosis could be also

attributed to their abilities to activate PPARa. In addition to

synthetic agonists, several natural compounds, including

triterpenoids, have been identified as PPARa modulators

[39]. For example, the pentacyclic triterpene oleanolic acid

was found to stimulate PPARa activation by a reporter gene

assay using PPAR response element activity in CV-1 kerati-

nocytes cells [40]. Cucurbitane-type triterpenoids isolated

from wild bitter melon (Momordica charantia L.) were shown

to activate PPARa and PPARg in a transactivation assay [26].

In addition, wild bitter gourd has been shown to ameliorate

metabolic syndrome (MetS) in animal models and subjects

with MetS [26,41]. Thus, natural PPARa agonists may have

therapeutic potential for treating metabolic disorders.

5. Conclusion

In summary, thepresent study is thefirst to elucidatemolecular

aspects of the nuclear receptor activation effects induced by

antcins using both in vitro and in silico approaches. Our findings

identified potential PPARa agonists from herbs, and provided

insight into the interaction of antcins with PPARa pathways.

Fig. 6 e Maps of the hydrophobicity at the binding site of PPARa docked with the antcin H and K. (A, B) Ten residues shared

by antcins and Wy-14,643 are showed as grey sticks. The bound ligands are shown as black sticks. H3, H5 and H7 of PPARa

are shown in ribbon representation. (C) Maps of the hydrophobicity at the binding site of PPARa docked with the antcin H

and K. Ligands and receptor residues surrounding ring A of antcins are shown as black and yellow sticks, respectively.

Regions surrounding ring A are highlighted in dotted rectangles.
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