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ABSTRACT

The major pathogenesis of metabolic syndrome isdtheelopment of insulin resistance,
which promotes the elevation of blood pressureligigemia, and dysregulation of glucose
metabolism. Liver is the principal regulator of ghse and lipid metabolism by controlling
hepatic glucose production, glycogen storage gmagénesisToona sinensigTS) has been
reported to be beneficial on health metabolic symdy, however the effects of TS on liver
metabolism is not clear. In this study, effectsT&f on liver metabolism of high fat diet mice
were investigated for the underlying mechanism.eMiere fed with high fat diet for 8 weeks
followed by treatment of TSL-E (100 mg/kg body weigfor 4 weeks. Two-dimensional gel
electrophoresis followed by mass spectrometry vaasex! out to identify differential expression
of liver proteins. In addition, western blot wererformed for validation of proteomic analysis.
Up-regulated expression of genes involve@4axidation (PPAR and ACO) was observed in
liver of TSL-E treated mice. In contract, down-rigad expression of genes was involved in
lipogenesis (ACC), lipids transport (L-FABP) andcoEased expression of proteins was
involved in gluconeogenesis (Transaldolase, Enpl&€K2 and Nudix). In conclusion, TS
mediates its anti-metabolic syndrome potentialugtoimprovement of dyslipidemia and blood
glucose by promotinf-oxidation and inhibiting gluconeogenesis and ligogsis.

Keywords: Toona sinensjs3-oxidation, gluconeogenesis, lipogenesis, glycoggmhesis, 2D
electrophoresis, PPARYy, liver, hepatocytes.

1. INTRODUCTION

Toona sinensigs well known as antioxidant sources. It has lbegn used as a traditional
Chinese medicine for a wide variety of conditioms;luding rheumatoid arthritis, cervicitis,
urethritis, tympanitis, gastric ulcers, enteritdysentery, itchiness, and cancer. While the
underlying pharmacological mechanisms of TS remiclear, various biological activities of
TS leaf extracts have been reported. Recent sieimyvestigations demonstrated that agueous
leaf extracts of TS possess a variety of biologaslvities, including antioxidant, anticancer,
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anti-inflammation, ant diabetes. In the presentisteffects of TS on liver metabolism of high
fat diet mice were investigated for the underlymgchanism. Proteomic analysis provides a
better understanding of dynamic and overall vieWsth® cell machinery under various
conditions. Thus, the differentially expressed eirat in liver of mice fed with TSL-E were
identified by proteomic analysis and confirmed bgaéérn blot.

2. MATERIALS AND METHODS
2.1.Reagents and Materials

The 2-DE reagent including acrylamide solution @3 thiourea, immobiline drystrips,
immobilized pH gradients (IPG) buffer (pH = 3-10PG cover mineral oil, iodoacetamide
(IAA), TEMED, trifluoroacetic acid (TFA), 2-DE cleaup kit, 2-DE Quantkit, and silver
staining kit were purchased from GEhealthcare @R#eay, NJ, USA), 3-[(3-cholamidoropyl)
dimethylammonio]-1propane sulfonate (CHAPS), dithieitol (DTT), EDTA, NaF, NaCl, NP-
40, PMSF, sodiumdodecyl sulfate (SDS), tween 28aulNav0O, methanol (HPLC grade,>
99.9 %), and sodium deoxycholate were purchased 8mma-Aldrich (St. Louis, MO, USA).
Protein marker and polyvinylidene fluoride (PVDFgmbrane were purchased from Invitrogen
(Carlsbad, CA, USA). Trisbase and trichloroaceticl dTCA) were purchased from J. T. Baker
(Phillipsburg, NJ, USA). The primary and secondantibodies for Western blotting were
purchased from Santa Cruz (Santa Cruz, CA, USA).

2.2. Animals and Treatments

The C57/B6 mice were purchased from the laborasmriynal center of National Cheng
Kung University, Tainan, Taiwan. All mice were hedsalone in standard cages for one week at
least before the experiments began. Animals weusdwin a well-ventilated room maintained
at 22 + 2°C, and 12 h light-dark cycle. After one week of @tdéion, obesity animals were
induced by feeding with high fat diet for next 8eks. The high fat diet consisted of food with
60 % of the calories coming from fat (5.24 kcaB0,% kcal from lard/soybean 9.8:1, D12492;
Research Diets, New Brunswick NJ). Animals weralcanly divided into five groups (n=8) for
the study: Control: mice were fed with normal didED: mice were fed with the HFD; PIO:
mice were fed with the HFD plus pioglitazones; TSLmice were fed with HFD plus TSL-E
and PIO+TSL-E: mice were fed with the HFD plus fitegone and TSL-E. All animals were
fed with 5 g of food chow (LabDiet, Cat. No. 500ijxed with or without the TSL extracts for
8 weeks. Additional normal food chow and sterilizdtilled water were supplied ad libitum
while the TSL extract contained food chow was camsth completely. Animals were sacrificed
with CGO; at the end-point of this experiment, liver weralased immediately and stored at -30
to -80°C for further analysis.

Body weight changes were measured each week fremstént point of the experiments to
the end point of experiments. The levels of serinolasterol (Cho), triglycerides (TG) were
determined using an automatic blood chemistry aealpry-Chem 4000i (Fujifilm, Saitama,
Japan). Blood glucose concentrations were detethidyea blood glucose meter (Accu-Check
Advantage, Roche).

2.3. Preparation of TSL extracts

The lyophilized extracts of TSL (1 g) purchasednrfrthe Taiwan Toona Biotech Corp
(Kaohsiung, Taiwan) were dissolved in 10 mL of etha(95 %) and shaken at room
temperature for 12 h. Crude extracts were collefrtea the supernatant and then concentrated
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by using a vacuum freeze-dryer. The TSL-E powdes eadlected and stored in the dark at room
temperature for the following assays.

2.4. Cell culture

FL83B hepatocyte is a gift of Professor Lee-Yan&shie National Taiwan University. The
cells were incubated in F12K medium containing ABS% and penicillin and streptomycin 1 %
in 10 cm petri dishes at 3T and CQ 5 %. Experiments were performed on cells that \8ére
90 % confluent.

2.5. Protein extraction and qualification

Cells were washed by PBS and collected scrapimggia buffer (Sucrose 0,32 M, KRO,
10 mM, NaVvVO, 1 mM; PMSE mM; EDTA 1 mM; NaF 1 mM, pH 7.4). After incubatiam ice
for 30 minutes, lysates were collected by centafian at 10,000 rpm for 30 minutes af@.
Protein concentration was estimated by Bradfordhowkt The protein assay dye reagent
concentrate (BioRad) was diluted 5 fold with dietll water. BSA protein standard was diluted
to 800, 400, 200, 100, 50, 25, 0 pg/mL with 50 mkogphate buffer saline (PBS). The
concentrations PBS diluted protein samples weréralbed in the standard curve range. Diluted
protein samples 10 ul and BSA protein standard veelded to protein assay dye reagent,
transferred to the ELISA plate. The OD 595 nm vesdrby Tecan Sunrise machine.

2.6. Electrophoresis and blotting

Equal amounts 20 ug of total proteins were eletivogated on SDS-PAGE 10 % and
transferred to polyvinylidene difluoride (PVDF) mbrane. The membrane was blocked with
nonfat dried milk 5 % in TBST buffer (tris-HCI 200y pH 7.4, NaCl 150 mM, tween 20 0.1 %)
for 1 hour then hybridized with specific primarytiéody overnight at 4C. Subsequently, the
membrane was washed with TBST buffer and incubaféid secondary antibodies for 1 hour.
Protein bands were visualized by enhanced chemiesoence kits (ECL Plus, Amersham). The
band quantification was performed using LAS-3000jiffm, Tokyo, Japan) and Multi Gauge
software v 3.0 (Fujifilm).

2.7. Two-dimensions electrophoresis

For preparation of total protein extract, frozerefi tissue 100 mg were homogenized in
lysis buffer 0.5 ml consisting of urea 7 M, thicar2 M, and CHAPS 4 %,Tris—HCI 25 mM,
DTT 50 mM, and protease inhibitor cocktail 1 % \{&igma—Aldrich) using homogenizer.
Samples were centrifuged at 13,000 rpm & 4or 20 minutes. The supernatants containing the
total liver proteins were removed the contaminaoysusing a 2 DE Clean-Up Kit (GE
Healthcare, United Kingdom).The protein concentrai of the extracts were determined by
Protein Assay Kit (Bio-Rad Laboratories). 2-DE wasformed in triplicate for three mice in
each experimental group. First, using the protoeobmmended by the manufacturer, IPG IEF
of samples was carried out on pH 3 ~ 10, 13 cm ¢Strips. IPG strips were passively
rehydrated overnight in strip holders in rehydnatsolution 250 uL containing 50 pg of the liver
protein sample.
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2.8. Measurement of MMP Level

FL83B cells were collected in PBS. A Beckman-Caulkpics XL-MCL Analyzer
(Beckman-Coulter, Hialeah, FL) equipped with a EB/88 nm excitation source was used for
all flow cytometric analyses. DiQCa lipophilic, cationic, fluorescent probe, camdito
mitochondrial inner membrane and be used for gizivee measurement of MMP. FI83B cells
were incubated with 4 nmol/L DiQGt 37°C for 15 min. The level of MMP was measured as
an increase in FL1 on a log scale for 5000-10,0@0ts.

2. RESULTS

3.1. Effect of TSL-E on body weight, triglyceride ontent, serum cholesterol and serum
glucose in HFD mice

At the end of the treatment period, the HFD miceemeverweight compared with the
control. The HFD+TSL-E mice, on the other hand,enréhter than the HFD animals, reaching
a body weight not dfierent from that of the control animals (FigureSgrum glucose level was
higher in HFD mice than in control mice, wherea$lFD+TSL-E animals it was reduced at the
end of the treatment period (Figure 2A), respebtivdHowever, HFD mice exhibited
significantly elevated levels of the plasma trigljde and serum cholesterol and HFD+TSL-E
was not significantly different from that of HFD i (Figure 2B, 2C).
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Figure 1 Effect of TSL-E on body weight of HFD mice.

C57BL/6 mice were fed with HFD for 8 weeks to indwbese then treated with TSL-E for
6 weeks. The body weight was determined each weedty weight was set 100 % as the body
weight at the first week. At the end of treatmeetigd, body weight of HFD mice were raised
significantly, up to 5 % compared with the contfBEL-E feeding HFD mice restored the body
weight to normal level of control mice.

C57BL/6 mice were fed with HFD for 8 weeks to indwbese then treated with TSL-E for
6 weeks. The serum glucose (GLU) (A), serum trighae (TG) (B) and serum cholesterol
(Chol) (C) were determined each week. HFD mice aased triglyceride, cholesterol and
glucose level compared with control mice.
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Figure 2 Effect of TSL-E treatment on serum glucose, ygégride and cholesterol level of HFD mice.
3.2. Proteomic profiling of TSL-E regulated proteinon liver of HFD mice

To gain insight into TSL-E effects on liver metaboi of HFD mice, we subjected liver of
HFD; HFD treated with TSL-E and control mice to EDand MS proteomics because liver is
the major site for glucose and lipid metabolismLIESgroups showed the highest number of
protein spots, respectively (1195 spots), whilet@drand HFD groups just showed 876 and 815
protein spots (Figure 3). Compared control groujtk WSL-E groups there were 179 spots were
up regulation and 185 spots were down regulatedil&ly, compared TSL-E groups with the
HFD groups, 174 spots were up regulated and 19t spere down regulated. Compared with
control groups, HFD groups showed the highest spot®gulation (186 spots) but lowest spots
down regulation (178 spots). fldrentially expressed proteins in livers of conttdkD, and
HFD+TSL-E mice were identified by mass spectromeinyg reported in Table 1. Additional
experimental details for mass spectrometry ideatifims are reported in Table 2.
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Figure 3 The 2D-E images obtained from the liver of cohtrt-D mice and HFD + TSL-E groups.

Representative 2D-E images obtained from liverginodf mice in control group (A), HFD
group (B) and HFD+TSL-E(C). 2D-E was performed gsinnonlinear pH range of 3—10 in the
first dimension (13cm strips) and SDS-PAGE (12 %hie second. Protein loading was 60,
and the gels were stained using silver. Identifismtgin spots among those with a density that
differed significantly between experimental groups (PO%) are marked and numbered.
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Table 1 Mass spectrometry identified of the significaiftedence protein in liver.

No [Swissprot Protein name P value Relative expression
SPot |5ccession (Between groups) (Control:HFD:TSL-E)
1 gi|6678499 | UDP-glucose 6-dehydrogenase P<0.001 1:2.4:0.7
2 i|387144 Muscle-specific enolase beta subunit 0.026 1:1.7:1.1
3 0i[148686112| Transaldolase 1 0.098 1:0.6:2.3
4 Qi|1009706 | Sorbitol dehydrogenase precursor 0.085 1:1.65:1.1
5 gi|21706762 Nudix (nucleoside diphosphate linked 0.017 1:4.2:1.2
moiety X)-type motif 9 [Mus musculus]
6 gi3452686 | Protein kinase C lambda [Mus 0.025 1:0.4:11
musculus]
7 0i|31982522( Short-chain specific acyl-CoA P<0.001 1:1.7:0.7
dehydrogenase
8 gi|13097375| Electron transferring flavoprotein, alph 0.009 1:2.2:1
polypeptide
9 0i|8393343 | Fatty acid-binding protein 0.003 1:3.2:2.9
10 0i|191804 | Aldehyde dehydrogenase Il 0.023 1:0.3:1.2
11 |gi|]1739129 | Hspdl protein 0.005 1:1.2:0.8
12 |gi|55925018 | Catalase 0.001 1:2:0.8
13 |[gi|31560686 | Heat shock-related 70 kDa protein 2 0.036 1:1.4:.0.7
14 Qi[6671549 | Peroxiredoxin-6 [Mus musculus] 0.048 1:0.5:1.3
15 |gi|148692928 Glutamate dehydrogenase 1 P<0.001 1:2:0.5
16 Qi|1841443 | Glutamine synthase 0.002 1:0.5:2.7
17 Qi|19526790 S-adenosylmethionine synthase isofor 0.019 1:0.8:1.5

type-1
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Table 2 Mascot - identified differentially expressed miatin liver of mice.

No | Protein name Mass | Scorg Matches | Sequences emPAl | pl

1 | Heat shock-related 70 kDa protein 2 | 69599 | 778 | 40(22) 9(5) | 0.52 5.51

2 UDP-glucose 6-dehydrogenase 54797 104 3(2) 3(2).14 0| 7.49

3 | Catalase 4375 | 90 3(0) 2(0) | 1.04 9.42

4 | Transaldolase 1 19251 28 1(0) 1(0) 0.2¢ 9.18

5 | Glutamate dehydrogenase 1 54185 | 255 | 29(10) 9(4) | 0.95 7.66

6 | Muscle-specific enolage subunit 40680 | 112 1(1) 1(1) | 0.09 6.45

7 | Short-chain specific acyl-CoA 44861 | 95 2(1) 2(1) | 0.08 8.68
dehydrogenase

8 Electron transfer flavor protein 35018 746 (1) 8(4) 1.27 8.67

9 | Fatty acid-binding protein 14236 | 294 | 13(9) 7(4) |8.11 8.59

10 | Protein kinase C lambda 67156 35 1(0) 1(D) 60.0 5.53

11 | Glutamine Synthase 42162 | 141 6(3) 52) | 0.29 6.57

12 | Hspd1l protein 26998 137 10 (4) 3(2 0.69 4.76

13 | Nudix (nucleoside diphosphate linked| 38599 | 29 1(2) 1(1) |0.1 6.39
moiety X)-type motif 9

14 | Peroxiredoxin-6 24811 153 12(8) 6(3 1.63 5.98

15 | Aldehyde dehydrogenase I 54447 | 109 | 7(3) 4(2) | 0.22 7.89

16 | S-adenosylmethionine synthase isoform3481 | 297 9(6) 3(1) 0.09 5.51
type-1

17 | Sorbitol dehydrogenase precursor 40066 | 151 19(5) 7(3) | 0.43 6.60

Mass spectrometry identified thefdrentially expressed proteins in livers of contHiED,
and HFD+TSL-E mice. Accession number, protein namecellular role are reported according
to Swiss-Prot database.fférential expression (P < 0.05) were identified bgwa-test. Values
were calculated by comparing mean relative intgr{gtt) values between spots within the same
experiment (representative analysis set, n = 4)sdda identified dferentially expressed
proteins in livers of control, HFD, and HFD+TSL-Ece. Protein name, the predicted molecular
mass, pl are reported according to Mascot seastlitre

When our interest was limited tofféirential expressions of at least 2-fold and asdiedil
significance of at least 95 % (P < 0.05), the cowsdse 17 protein spots, respectively. These
proteins can be separated into 4 groups: anti-tixilastress, lipid metabolism, glucose
homeostatic, nitrogen and amino acid metabolisni.-EShowed the anti-oxidation effects by
revealing the protein expressions of heat shockedl 70 kDa protein 2 (Hsp70), Hspd1l,
peroxiredoxin 6 (Prdx 6), CAT, nudix (nucleosidplitbsphate linked moiety X)-type motif 9
(NUDT9) and aldehyde dehydrogenase (ALDH). Gluamstabolism related proteins included
UDP-glucose 6-dehydrogenase (UGDH), muscle-speeifiolasef3 subunit (MSE), sorbitol
dehydrogenase precursor (SDH), transaldolase (TASL-E affected lipid metabolism by
altering the protein expression of short-chain Beacyl-CoA dehydrogenase (SCAD),
electron transfer flavor protein (ETF), fatty atimhding protein (FABP). The expressions of s-
adenosylmethionine synthase (SAM), glutamate deigaitase (GLDH) and glutamine synthase
(GS) were alternated by TSL-E indicating that TShigo effect nitrogen metabolism in liver.
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3.3. Effect of TSL-E on PPARY, PPARy, PCK2 and HMG-CoA protein expression in liver
of mice

PPARx and PPAR are members of the PPAR family of nuclear trapsicm receptors and
play a central role in glucose metabolism, lipidodynthesis and insulin sensitivity.
Phosphoenolpyruvate carboxykinase 2 (PCK2) is agkeyme on gluconeogenesis pathway. 3-
hydroxy-3-methylglutaryl coenzyme A synthase (HMG)Ccontains an important catalytic
cysteine residue that acts as a nucleophile iritstestep of reaction: the acetylation of enzyme
by acetyl-CoA to release the reduced coenzyme A.GHBS is an intermediate in both
cholesterol synthesis and ketogenesis. To invastitpe effects of TSL-E on glucose and lipid
metabolism, the Western blot was used to identiéyaxpression of PPAR PPARx, PCK2 and
HMG-CS in liver of mice.

As shown in Figure 4A and 4B, PPARand PPAR protein expression were up regulated
in HFD mice. Interestingly, the PPARand PPAR expression were higher in TSL-E treatment
compared with that of HFD mice. PIO, a full PPA&gonist significantly increased the PRAR
expression. The PPARexpression in TSL-E treatment was higher than ith&lO treatment
while the PPAR expression in TSL-E was lower than that in PIGutmeent. Combined TSL-E
and PIO did not change the PPABXxpression but significantly increased PRABxpression.
HFD and HFD+PIO elevated the PCK2 protein expressidiver (Figure 4C). TSL-E treatment
decreased the expression of PCK2 compared with dR@® HFD+PIO, respectively. TSL-E
combined PIO also decreased PCK2 expression cothpatie PIO only. HFD up regulated the
HMG-CS expression (Figure 4D). The expression of S in HFD fed TSL-E were elevated
and up to a level higher than that in HFD mice. IE5Slcombined PIO decreased HMG-CS
protein expression in liver of mice compared witBLTE only.
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Figure 4 The protein expression of PPARPPARy, PCK2 and HMG-CoA in liver.
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Control: mice were fed with normal diet; HFD: mieere fed with the HFD; PIO: mice
were fed with the HFD plus pioglitazones (5 mg/kadp weight); TSL-E: mice were fed with
HFD plus TSL-E (0.5 g/kg body weight) and PIO+TSLriice were fed with the high-fat diet
plus pioglitazone and TSL-E. TSL-E increased thetgin expression of PPARand PPAR.
Data are expressed as means plus standard desiafitiree similar experiments. The data are
given as means + SE. a, b, ¢, d: bars with supptscwithout a common letter differ
significantly (student test, P < 0.05).

4.DISCUSIONS

4.1. TSL-E improved liver metabolism by suppressethe elevated of gluconeogenesis and
increased lipolysis in liver of HFD mice

4.1.1. TSL-E suppressed the elevated of gluconestein liver of HFD mice

HFD have been used as model for obesity, dyslipm@aeand IR in rodents for many
decades [1]. Our model with HFD was pronounced ibb@dich increased body weight at the
end of treatment period (Figure 1). We found thaimarous enzymes associated with
gluconeogenesis were increased in liver of HFD naind normalized in HFD+TSL-E mice
including UGDH, ETF and SDH. UGDH provides curstws an array of extracellular matrix
glycosaminoglycans such as heparin and hyalurogid, a&and also catalyzes the crucial
structural modification of xenobiotic toxins reqedr for their eventual eliminations [2].
Disturbed metabolism of glycosaminoglycans (GAGa3 been proposed to play an important
role in the pathogenesis of diabetic complicatif@ls Via UDP-glucose, glucose flux from
gluconeogenesis was converted to glycosaminoglyoamgycogen. In the present study, HFD
increased UGDH, and HFD+TSL-E restored UGDH to radrtavel. SDH is a member of the
super family of medium chain dehydrogenases/redastaSDH, the second enzyme in the
polyol pathway, oxidizes sorbitol to fructose irethresence of NAD. Fructose is converted to
glucose by the way of gluconeogenesis through amat®n of triose- phosphate to fructose 1,
6 biphosphate. Recent studies have shown that flaxpelyol pathway enzymes aldose
reductase and sorbitol dehydrogenase is requirechddiate hypertension complications of
diabetes [4]. Oxidation of sorbitol to fructose B{PH causes oxidative stress because its co-
factor NAD+ is converted to NADH and NADH is thebstrate for NAD(P)H oxidase to
generate ROS [5]. Caffeic acid (CA) and ellagicda@A) at 5 % mediated its anti-diabetes
effects by decreased the levels of sorbitol delyeinase [6]. In this study, HFD increased SDH
and HFD+TSL-E restored to normal level of SDH swsgge that TSL-E might inhibit the
activation of polyol pathway in HFD condition.

B-oxidation represents an important source of enéwgyhe body during times of fasting
and metabolic stress, providing carbon substrategliuiconeogenesis and contributing with
electrons to the respiratory chain for energy potidn. Increased transfer of electrons from
reducing equivalents generated®pxidation could contribute to increased mitochdadROS
generation [7]. HFD mice increased EFT expressnmat tontributed to increase oxidation and
gluconeogenesis and HFD+TSL-E decreased EFT expnasdiver. Moreover, HFD decreased
TAL and HFD+TSL-E increased the expression of TAdr results indicated that TSL-E
decreased gluconeogenesis via increased TAL expness HFD mice. With respect to
gluconeogenesis there was a large increase in atkpg, PCK2 have been confirmed by using
Western blot. The PCK2 expression in liver of HFizenwas significantly increased (Figure 4)
and HDF+TSL-E decreased the expression of PCK2 aosdpwith HFD and HFD+PIO groups.
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Hepatic gluconeogenesis contributes to elevatidiasifng glucose. Hyperglycemia in type
2 diabetes is characterized by enhanced glucoskigtion in the liver. In the presence of IR,
enhanced glucose output by liver contributes toehglycemia. Inhibition of hepatic glucose
production contributes to glycemic control in thalsbtic patients by insulin sensitizers. Several
reports have documented that inhibited or decregmtneogenesis has benefit in patients with
type 2 diabetes and IR suggesting that TSL-E camdesl as a therapy for type 2 diabetes
patients.

4.1.2. TSL-E increased lipolysis in liver of HFDceni

The protein expression of FABP was increased ih bi#tD and HFD+TSL-E mice (Table
1). FABP transfer fatty acids between extra- anichgellular membranes. Expression of FABP
is regulated by dietary long chain fatty acid (LQFS well as by stimulating mitochondrial and
peroxisomal oxidation of LCFAs [SBFABP physically interacts with PPARand functionally
interacts with both PPARRand PPAR [9].

SCAD plays a pivotal role in energy metabolism jdong fuel after prolonged starvation
or during periods of increased energy requiremgt@y Although HFD+TSL-E decreased the
protein expression of SCAD compared with HFD, tBexidation was up regulated in
HFD+TSL-E feeding mice. Indeed, PPARegulates mMRNA expression of genes involved in
FA oxidation, and synthetic PPARagonists decrease circulating lipid levels andcaramonly
used to treat hyperlipidemia and other dyslipidestates [11]. The PPAR expression in
HFD+TSL-E was higher in HFD mice. Similarly, HFD+I-& significantly increased the
expression of HMG-CSprotein in liver of mice. DueRABP and HMG-CS are target genes of
PPARY, the activation of PPAR leads to up regulation of FABP and HMG-CS. FABP
enhances cellular LCFA uptake, enhances intraeeltthnsport/diffusion through the cytoplasm
and targets LCFA to peroxisomes fproxidation generate acetyl-CoA. Acetyl-CoA is the
product of B-oxidation and is passed into of the tricarboxydicid (TCA) cycle for the
production of additional adenosine triphosphate FA®r is used for the production of ketones
under the expression of HMG-CS.

IR in HFD has recorded increasing de novo lipogesng®] However, de novo hepatic
lipogenesis was normally contributed by a minortiparto total hepatic triglyceride synthesis.
Increased plasma FFA levels may result in intratalaccumulation of lipid metabolites in the
liver, leading to fatty liver, liver IR and typed?abetes [13]Therefore, one potential strategy for
improving metabolic syndrome is not only to redtlue level of plasma FFA, but also to oxidize
instead of accumulates intracellular TG in thelivESL-E does not decrease lipogenesis but
enhance lipolysis in liver of HFD suggesting thaSLTE may have benefit in metabolic
syndrome.

4.2. TSL-E decreased oxidative stress in liver of FD diet mice

Under the oxidative stress of HFD, the mice inaedathe expression of anti-oxidation
protein included Hsp70, CAT, Prdx 6 and NUDTO9.

CAT is enzyme that catalyzes the decomposition yifrdgen peroxide to water and
oxygen, protecting cells. Feeding mice with HFDsma significant increase in the activity of
CAT. HFD increase oxidation of fatty acids throule peroxisomal oxidation pathway that is
associated with increased generation of hydrogeoxjpe. Therefore, the increased activity of
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CAT would suggest a compensatory response of lepafiense system under condition of
enhanced kD, generation.

Hsp70 are central components of the cellular ndtwwbmolecular chaperones and folding
catalysts. Hsp70 assist a wide range of foldinggsees, including the folding and assembly of
newly synthesized proteins, refolding of misfoldeeshd aggregated proteins, membrane
translocation of organelle and secretory protemrs] control of the activity of regulatory
proteins [14] A few studies involving overexpression of Hsp70 dell lines have shown
protection against heat shock and oxidative stidsp70 levels in the mononuclear cells are
elevated reflecting increased oxidative stressaiiepts with diabetes [15]. Hsp70 is thought to
be beneficial in defending against oxidative injuBut if overexpression of Hsp70 continues,
the ability to respond to subsequent stressful itiend such as aging, exposure to oxidizing
chemicals or reduced antioxidants may be impairmdliabetes, continuous hyperglycemia, or
attenuated activities of anti-oxidative enzymes roayse chronic overexpression of Hsp70 and
subsequent reduction of the ability to cope witresstful conditions. In our results, HFD
increased Hsp70 protein expression and HFD+TSL4alized to the level of control groups
suggested that the stress condition in HFD weresdsed under TSL-E treatment.

The peroxiredoxins, belong to the rapidly growiagnfly of the thiol-specific antioxidant
proteins that are highly conserved from bacteriam@ammals. Prdx6 uses glutathione and
ascorbate as electron donors and is the only meofbdne Prdx family that has the ability to
remove HO, and phospholipid hydroperoxide and is, therefalde to reduce the accumulation
of phospholipid hydroperoxides in plasma membrdié$ Previous study has been reported
that HFD induced the decreased expression of gessexiated with antioxidant defense, such as
superoxide dismutase-3, metallothionein-1, glutatbi peroxidase-5, and Prdx 6 [17].
Consistently, in our study HFD decreased the espraf Prdx 6 and HFD+TSL-E significant
increased Prdx 6 expression in liver of HFD mice.

Moreover, S-adenosylmethionine synthesis is thé step in methionine metabolism in a
reaction catalyzed by methionine adenosyl transéer&AM is the principal biologic methyl
donor, the precursor for polyamine bio synthests aprecursor of glutathione (GSH) by means
of the transulfuration pathway. The increase of Sédvl lead to increase homocyteine, therefore
increase the generation of glutathione. The beia¢fiedfect of SAM in preservation solutions
could therefore include direct radical scavengisgvall as acting as a precursor for intracellular
GSH [18]. Recently, Fonseca V. et al. were abledémonstrate that the PPAR agonist
troglitazone had significant increases in hepatocentrations of S-adenosylhomocysteine
(SAH) and S-adenosylmethionine (SAM) plus SAH. Adufially, there was a significant
decline in the SAM/SAH ratio. In our result, TSL{#eatment increased the SAM level
compared with both control and HFD group indicatieat the anti-oxidative stress activity of
TSL-E might through the increase the GSH levehverl
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Figure 5 Effect of TSL-E on MMP of FL83B cell treated aleicid induced oxidative stress.

The FL83B hepatocytes were cultured in normal domdi(M1), treated with 20@M OA
(M2) treated with TSL after added OA (M3, M4) orepeated with TSL-E before added OA
(M5, M60combine with the TSL-E treatment (pretraad treatment). * P < 0.05, Studentsst.

Mitochondrial aldehyde dehydrogenase is responsiblenetabolizing of ethanol and their
activities contribute to the rate of ethanol eliation from the blood [19]. Ethanol metabolism
also produces reactive species, including acetatiéetand free radicals, which can directly
attack proteins, lipids, and many other cellulamponents. Diabetic rats exhibited significantly
increased ROS, accompanied by decreasing in ALDet®ity and expression [20]. In our
study, HFD decreased the ALDH2 expression and dier with TSL-E, ALDH2 was
significantly increased, restored to normal leviélis result also confirmed the anti-oxidation
effect of TSL-E on the liver of high fat mice.

Mitochondria are considered as the main source@$ i the cell. The ability of ROS-
mediated oxidative stress has been associatedlipithperoxidation and loss of MMP [21].
Moreover, the damage to the mitochondrial compantmmight be the toxic effect of
accumulation of compounds that are normally degtdxyeperoxisomap-oxidation, particularly
by fatty acids. To confirm the anti-oxidation effe¢ TSL-E, we investigated the effect of TSL-
E on MMP in HepG2 using flow cytometry with DiG@ye. While OA caused loss of MMP,
the TSL-E treatment restored it indicated that wrad#i-oxidative activity of TSL-E, the ROS
induced by OA were decreased associated with nagdidithe MMP level (Figure 5).

Taken together, TSL-E showed the anti-oxidationvegtby increasing the expression of
Prdx6 and its glutathione supply S-adenosine methé The increase of Prdx6 suppressed the
elevated of HO, generation in HFD mice, since restored to norreakl of CAT, Hsp70
proteins expression. This results is consisterit pievious documentation that protein oxidation
and oxidative damage have been previously assdomdth diabetes [22] and TSL-E have anti-
oxidation activity.

Since alterations in oxidative capacity and mitoadr@al functions may have an important
role to play in the pathophysiology of diets inddiogbesity and its complications. HFD is
redirected into harmful pathways of non-oxidativetabolism with intracellular accumulations
of toxic metabolites. The present results provigther evidence that TSL-E supplement, while
improve dyslipidemiaféects, may furnish protection against diet-indudeer ldamage, possibly
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by reducing oxidative stress. In previous studyun lab, we also found thdtoona sinensis
extracted exhibited the ant oxidative effect whiobreased the enzyme activities of CAT,
cupper/zinc superoxide dismutase (Cu/Zn SOD), tiligae peroxidase (GPx), glutathione
reductase (GR), and Glutathione S transferase (@&wjties in liver [23], this study supported
another evident to confirm anti-oxidation activity TSL-E.

4.3. Proposed pathway of TSL-E effect on HFD

PPARx regulates genes involves in fatty acid uptake axidation, inflammation, and
vascular function and plays a central role in fatyd catabolism in liver and other tissues by
up-regulating beta- and delta-oxidation [2BPARy ligands are particularly interesting for
treating type 2 diabetes mellitus because theypmesensitivity to insulin, increasing glucose
uptake into liver and skeletal muscle cells anducaty plasma glucose levels. By promofed
oxidation via PPAR activity, TSL-E decreased gluconeogenesis whielaged in HFD mice
caused hypertension and IR. PRARctivation also controls hyperlipidemia in HFD miby
decreased lipogenesis. While PCK2 protein expressicelevated in HFD mice, the TSL-E
treatment decreased PCK2 compared with HFD grolipsse results suggest that TSL-E is
more efficient activity on PPAR relative to PPAR The interaction between PPARand
PPARy agonist activity of TSL-E can alleviate side effestich as increased body weight
associated with PPARagonists. The classic full PPARgonists have a variety of side effect,
chiefly weight gain due to edema and increasednfass [25]. However, the side effect
associated with PPARactivation may be circumvented through the combinetivation of
PPARx and PPAR, which is known to result in a complementary agdesgistic increase in
lipid metabolism and insulin sensitivity [26]. Ilammary, TSL-E might manipulate the lipolysis
and energy homeostasis in liver through the regulabf PPARt/y downstream signaling
pathway.
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TOM TAT

PHAN TICH PROTEOMICS MO GAN CHQT NHAT CHO AN VOI HAM L UGNG
CHAT BEO CAO TRONG & DAP UNG VOI DICH CHIET BANG CON CUA LA CAY
TONG DU (TOONA SINENSIROEM)

Ta Ngoc Ly
Truong Pai hoc Bach khoaPai hoc Pa Ning, 54 Ngugn Lirong Bing, Pa Ning
Email: tnly@cb.dut.udn.vn

Céc Ignh sinh cli yéu cua hoi chimg chuyn héa la g phat trén khang insulin, thiday sy
tang huyét ap, 6i loan M5 mau va éi loan chuyn héaduong. Gan la ¢ quan chinhaa chugn
héaduong va clit béo king cach Kdm soat sn Xuit glucose, tu trit glycogen va smhohg hop
chit béo. Nhéu nghién é¢u da cho thy ring cay téng du tacuthg Ht Ién Bnh nhan ric bénh
réi loai chuyén héa, tuy nhiérinh hrong aia cay téng du lén ho dong aia gan chra dugc
nghién &u ré rang. Nghiéntw nay nfim lam réanh hrong dch chiét cay tong du 1én qua
trinh sinh éng hop cua gan chat nhit duoc choan vsi ham krong chit béo cao. Chit nhit
dugc choan vi luong chit béo cao trong 8 &m d¢ gay i loan chuy:n héa, sado6 chwt duogc
choin thic an ¢ b sung dch chét tong du (100 mg/kg) trong 43u. Chung t0i & dung ky
thuat phan tichdién di 2 chéu két hop v6i sic ki khdi pho dé xacdinh ar biéu hién cia cac
protein md gan chit. Ngoai ra, K thuit lai Western @ing dugc thyc hién dé kiém tra Kt qua
ciia phan tich proteomics.é’Kqué cho thy, c6 sr gia ing biéu hién cia cac gen lién quan quéa
trinh oxi hoa beta (PPARva ACO) va ngoc lai, giam biéu hién cia cac gen lién quan quéa
trinh sinh éng hyp chit béo (ACC), ¥n chuyén chit béo (I-FABP) va qua trinh sinbrig hop
duong (Transaldolase, Enolase, PCK2 and Nudix). €&éhluan ring, dch chét bing dn cia
la cay tdng du c6 &m nang khang di hoi chang chuyn héa théng quayscai thién rdi loan
chuyén hoa n¥ va duong mau Bing cach ing arong qué trinh oxi hoa beta va lamimi sinh
téng hyp duong va clat béo.

Tir khoa cay téng du, oxi hoa beta, siring hyp duong, sinh éng hyp chit béo, sinhdng hop
glycogen, PPARY/y, gan, & bao gan.

532



