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ABSTRACT

The major pathogenesis of metabolic syndrome is the development of insulin resistance,
which promotes the elevation of blood pressure, dyslipidemia, and dysregulation of glucose
metabolism. Liver is the principal regulator of glucose and lipid metabolism by controlling
hepatic glucose production, glycogen storage and lipogenesis. Toona sinensis (TS) has been
reported to be beneficial on health metabolic syndrome, however the effects of TS on liver
metabolism is not clear. In this study, effects of TS on liver metabolism of high fat diet mice
were investigated for the underlying mechanism. Mice were fed with high fat diet for 8 weeks
followed by treatment of TSL-E (100 mg/kg body weight) for 4 weeks. Two-dimensional gel
electrophoresis followed by mass spectrometry was carried out to identify differential expression
of liver proteins. In addition, western blot were performed for validation of proteomic analysis.
Up-regulated expression of genes involved in (-oxidation (PPARc and ACO) was observed in
liver of TSL-E treated mice. In contract, down-regulated expression of genes was involved in
lipogenesis (ACC), lipids transport (L-FABP) and decreased expression of profeins was
involved in gluconeogenesis (Transaldolase, Enolase, PCK2 and Nudix). In conclusion, TS
mediates its anti-metabolic syndrome potential through improvement of dyslipidemia and blood

glucose by promoting B-oxidation and inhibiting gluconeogenesis and lipogenesis.

Keywords: Toona sinensis, B-oxidation, gluconeogenesis, lipogenesis, glycogen synthesis, 2D
electrophoresis, PPARo/Y, liver, hepatocytes.

1. INTRODUCTION

Toona sinensis is well known as antioxidant sources. It has long been used as a traditional
Chinese medicine for a wide variety of conditions, including rheumatoid arthritis, cervicitis,
urethritis, tympanitis, gastric ulcers, enteritis, dysentery, itchiness, and cancer. While the
underlying pharmacological mechanisms of TS remain unclear, various biological activities of
TS leaf extracts have been reported. Recent scientific investigations demonstrated that agueous
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Proteomic analysis of liver on high fat diet mice treated with toona sinensis (meliaceae) leaf extract

leaf extracts of TS possess a variety of biological activities, including antioxidant, anticancer,
anti-inflammation, ant diabetes. In the present study, effects of TS on liver metabolism of high
fat diet mice were investigated for the underlying mechanism. Proteomic analysis provides a
better understanding of dynamic and overall views of the cell machinery under various
conditions. Thus, the differentially expressed proteins in liver of mice fed with TSL-E were
identified by proteomic analysis and confirmed by Western blot.

2. MATERIALS AND METHODS

2.1.Reagents and Materials

The 2-DE reagent including acrylamide solution (25 %) thiourea, immobiline drystrips,
immobilized pH gradients (IPG) buffer (pH = 3-10), IPG cover mineral oil, iodoacetamide
(IAA), TEMED, trifluoroacetic acid (TFA), 2-DE clean-up kit, 2-DE Quantkit, and silver
staining kit were purchased from GEhealthcare (Piscataway, NJ, USA), 3-[(3-cholamidoropyl)
dimethylammonio]-1propane sulfonate (CHAPS), dithiothreitol (DTT), EDTA, NaF, NaCl, NP-
40, PMSF, sodiumdodecyl sulfate (SDS), tween 20, urea, Na;VO,, methanol (HPLC grade >
99.9 %), and sodium deoxycholate were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Protein marker and polyvinylidene fluoride (PVDF) membrane were purchased from Invitrogen
(Carlsbad, CA, USA). Trisbase and trichloroacetic acid (TCA) were purchased from J. T. Baker

(Phillipsburg, NJ, USA). The primary and secondary antibodies 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 laboratory animal center of National Cheng
Kung University, Tainan, Taiwan. All mice were housed alone in standard cages for one week at
least before the experiments began. Animals were housed in a well-ventilated room maintained
at 22 £ 2 °C, and 12 h light-dark cycle. After one week of adaptation, obesity animals were
induced by feeding with high fat diet for next 8 weeks. The high fat diet consisted of food with
60 % of the calories coming from fat (5.24 kcal/g, 60 % kcal from lard/soybean 9.8:1, D12492;
Research Diets, New Brunswick NJ). Animals were randomly divided into five groups (n=8) for
the study: Control: mice were fed with normal diet; HFD: mice were fed with the HFD; PIO:
mice were fed with the HFD plus pioglitazones; TSL-E: mice were fed with HFD plus TSL-E
and PIO+TSL-E: mice were fed with the HFD plus pioglitazone and TSL-E. All animals were
fed with 5 g of food chow (LabDiet, Cat. No. 5001) mixed with or without the TSL extracts for
8 weeks, Additional normal food chow and sterilized distilled water were supplied ad libitum
while the TSI extract contained food chow was consumed completely. Animals were sacrificed
with CO; at the end-point of this experiment, liver were isolated immediately and stored at -30
to -80 °C for further analysis.

Body weight changes were measured each week from the start point of the experiments to
the end point of experiments. The levels of serum cholesterol (Cho), triglycerides (TG) were
determined using an automatic blood chemistry analyzer Dry-Chem 4000i (Fyjifilm, Saitama,
Japan). Blood glucose concentrations were determined by a blood glucose meter (Accu-Check
Advantage, Roche).

2.3. Preparation of TSL extracts
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The lyophilized extracts of TSL (1 g) purchased from the Taiwan Toona Biotech Corp
(Kaohsiung, Taiwan) were dissolved in 10 mL of ethanol (95 %) and shaken at room
temperature for 12 h, Crude extracts were collected from the supernatant and then concentrated
by using a vacuum freeze-dryer. The TSL-E powder was collected and stored in the dark at roém
temperature for the following assays.

2.4. Cell culture

FL83B hepatocyte is a gift of Professor Lee-Yan-Sheen in National Taiwan University,
The cells were incubated in F12K medium containing FBS 10 % and penicillin and streptomycin
1 % in 10 cm petri dishes at 37 C and CO, 5 %. Experiments were performed on cells that were
80-90 % confiuent.

2.5. Protein extraction and qualification

Cells were washed by PBS and collected scraping in lysis buffer (Sucrose 0,32M,
KH,PO, 10 mM, Na;VO, 1 mM; PMSF, mM; EDTA | mM; NaF 1 mM, pH 7.4). After
incubation on ice for 30 minutes, lysates were collected by centrifugation at 10,000 rpm for 30
minutes at 4 °C. Protein concentration was estimated by Bradford method. The protein assay dye
reagent concentrate (BioRad) was diluted 5 fold with distilled water. BSA protein standard was
diluted to 800, 400, 200, 100, 50, 25, 0 pg/mL with 50 mM phosphate buffer saline (PBS). The
concentrations PBS diluted protein samples were controlled in the standard curve range. Diluted
protein samples 10 pl and BSA protein standard were added to protein assay dye reagent,
transferred to the ELISA plate. The OD 595 nm was read by Tecan Sunrise machine,

2.6. Electrophoresis and blotting

Equal amounts 20 pg of total proteins were electrophorylated on SDS-PAGE 10 % and
transferred to polyvinylidene difluoride (PVDF) membrane. The membrane was blocked with
nonfat dried milk 5 % in TBST buffer (tris-HC! 20 mM, pH 7.4, NaC! 150 mM, tween 20 0.1 %)
for 1 hour then hybridized with specific primary antibody overnight at 4 °C. Subsequently, the
membrane was washed with TBST buffer and incubated with secondary antibodies for 1 hour.
Protein bands were visualized by enhanced chemiluminescence kits (ECL Plus, Amersham). The

band quantification was performed using LAS-3000 (Fujifilm, Tokyo, Japan) and Multi Gauge
software v 3.0 (Fujifilm).

2.7. Two-dimensions electrophoresis

For preparation of total protein extract, frozen liver tissue 100 mg were homogenized in
lysis buffer 0.5 ml consisting of urea 7 M, thiourea 2 M, and CHAPS 4 %,Tris-HCI 25 mM,
DTT 50 mM, and protease inhibitor cocktail 1 % v/v (Sigma—Aldrich) using homogenizer.
Samples were centrifuged at 13,000 rpm at 4 %C for 20 minutes. The supernatants containing the
total liver proteins were removed the contaminants by using a 2 DE Clean-Up Kit (GE
Healthcare, United Kingdom).The protein concentrations of the extracts were determined by
Protein Assay Kit (Bio-Rad Laboratories). 2-DE was performed in triplicate for three mice in
each experimental group. First, using the protocol recommended by the manufacturer, IPG IEF
of samples was carried out on pH 3 ~ 10, 13 cm IPG DryStrips. IPG strips were passively
rehydrated overnight in strip holders in rehydration solution 250 uL containing 50 pg of the liver
protein sample

2.8. Measurement of MMP Level

FL83B cells were collected in PBS. A Beckman-Coulter ‘Ep.ics XL-MCL Analyzer
(Beckman-Coulter, Hialeah, FL) equipped with a single 488 nm exciiation source was used for
all flow cytometric analyses. DiOCg, a lipophilic, cationic, fluorescent probe, can bind to
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mitochondrial inner membrane and be used for quantitative measurement of MMP. FI83B cells
were incubated with 4 nmol/L DiQCy at 37 °C for 15 min. The level of MMP was measured as
an increase in FL1 on a log scale for 5000-10,000 events.

2. RESULTS

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

At the end of the treatment period, the HFD mice were overweight compared with the
control. The HFD+TSL-E mice, on the other hand, were lighter than the HFD animals, reaching
a body weight not different from that of the control animals (Figure 1). Serum glucose level was
higher in HFD mice than in control mice, whereas in HFD+TSL-E animals it was reduced at the
end of the treatment period (Figure 2A), respectively. However, HFD mice exhibited

significantly elevated levels of the plasma triglyceride and serum cholesterol and HFD+TSL-E
was not significantly different from that of HFD mice (Figure 2B, 2C).
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Figure I. Effect of TSL-E on body weight of HFD mice.

C57BL/6 mice were fed with HFD for 8 weeks to induce obese then treated with TSL-E for
6 weeks. The body weight was determined each week. Body weight was set 100 % as the body
weight at the first week. At the end of treatment period, body weight of HFD mice were raised
significantly, up to 5 % compared with the control. TSL-E feeding HFD mice restored the body
weight to normal level of control mice.
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Figure 2. Effect of TSL-E treatment on serum glucose, triglyceride and cholestero! level of HFD

mice.

C57BL./6 mice were fed with HFD for 8 weeks to induce obese then treated with TSL-E for
6 weeks. The serum glucose (GLU) (A), serum triglyceride (TG) (B) and serum cholesterol
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(Chol) (C) were determined each week. HFD mice increased triglyceride, cholesterol and
glucose level compared with control mice.

3.2. Proteomic profiling of TSL-E regulated protein on liver of HFD mice

To gain insight into TSL-E effects on liver metabolism of HFD mice, we subjected liver of
HFD; HFD treated with TSL-E and contrel mice to 2D-E and MS proteomics because liver is
the major site for glucose and lipid metabolism. TSL-E groups showed the highest number of
protein spots, respectively (1195 spots), while control and HFD groups just showed 876 and 815
protein spots (Figure 3). Compared control groups with TSL-E groups there were 179 spots were
up regulation and 185 spots were down regulated. Similarly, compared TSL-E groups with the
HFD groups, 174 spots were up regulated and 190 spots were down regulated. Compared with
control groups, HFD groups showed the highest spots up regulation (186 spots) but lowest spots
down regulation (178 spots). Differentially expressed proteins in livers of control, HFD, and
HFD+TSL-E mice were identified by mass spectrometry and reported in Table 1. Additional
experimental details for mass spectrometry identifications are reported in Table 2.
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Figure 3. The 2D-E images obtained from the liver of control, HFD mice and HFD + TSL-E groups.

Representative 2D-E images obtained from liver protein of mice in control group (A), HFD
group (B) and HFD+TSL-E(C). 2D-E was performed using a nonlinear pH range.of 310 in the
first dimension (13¢cm strips) and SDS-PAGE (12 %) in the second. Protein loading was 60 ug,

and the gels were stained using silver. Identified protein spots among those with a density that
differed significantly between experimental groups (P < 0.05) are marked and numbered.

Table 1. Mass spectrometry identified of the significant difference protein in liver.

No (Swissprot Protein name P value Relative expression
spot [acession (Between
kgmups)
UDP-ghucose 6-dehydrogenase L P<0.001 28 | o
221 I
1 |
} {192 ] |
E:. i {F‘-&& %“F <~ %
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2 \gil33}144 | Muscle-speﬁiﬁc enolase beta subunit 0.026 2 | ]
3 i MB&Q:__SI:_I& Transaldolase 1 0098 [ E e
SN . l
4 gil1009706 | Sorbitol dehydrogenase precursor 10.085 z
1.5
i
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0
_ CONTROL HFD
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Control HFD TS5t
6 gi3452686 | Protein kinase C lambda [Mus musculus] [ 0.025 15
’ Comntrel  HFD Til ~
7 gi[31982522 | Short-chain specific acyl-CoA P<0.001
dehydrogenase I
Lontrot HFD
8 gi|13097375 | Electron transferring flavoprotein, alpha 0.009 ~
polypeptide _ I
. Control HFD T5L
9 gi|8393343 | Fatty acid-binding protein (.003 N
10 1j191804 Aldehyde dehydrogenase I1 0.023 ]ﬁ
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11 Ei_l_l73912£1§ Hspd1 protein 0.005 I 15 -
11, " S
45 - l I '.—
. B B
14 Gantrel  WED  OSC
12 [gi55925018 | Catalase 10.001 o é
“ q:,s J'
1 .
KRB
[Conuel - -RfD- T
13 [gi{31560686 | Heat shock-related 70 kDa protein 2 0.036 2
1.5
1- -
[ “ . :
Contral  HED TSl
14 gil6671549 | Peroxiredoxin-6 [Mus musculus] (.048 15 |
) R "
3 0.5
' Comtrol HFD  TSL
15 {2i|148692928 | Glutamate dehydrogenase 1 P<0.001 25 -
2
| I J— _
1 -
" =
Control  WFD T5l
16 gi|1841443 Glutamine synthase 0.002 N U I
1% _:::::::__._':: I
| s PI I ,
' I y oy q-.'@ S _
17 £1119526790 { S-adenosylmethionine synthase isoform 0.019 2 SR
type_] P S i i
1
1l 6 - —_— !
| CONTRCL  HFD TSk

Protein name

Heat shock-related 70 kDa protein 2 <
L | i ) PRSI B . )
2 | UDP-glucose 6-dehydrogenase 54797 | 104 |3Q2) 32 |01 1749
3 | Catalase 14375 +90  +3(0) . _ 20 11.04 (9427
4 | Transaldolase 1 19251 {28 | 1(0) 1(0) {020 [9.18|
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Proteomic analysis of liver on high fat diet mice treated with toona sinensis {meliaceae) leaf extract

5 | Glutamate dehydrogenase 1 T 154185 [ 255 | 29(10) o(4) [095 [ 7.66
6 | Muscle-specific enolase B subunit 40680 | 112 | I(1) (1) 1009 |645
7" | Short-chain specific acyl:CoA~ [ 44861 [ 95  [2(1) 2(1) [0.08 [ 8.68
dehydrogenase
8 | Electron transfer flavor protein 35018 | 746 | 27(19) 8(4) | 127 |86
9 | Fatty acid-binding protein | 14236 | 294 [ 13(9) 74) |81t [8.59]
{0 | Protein kinase C lambda 67156 | 35 1(0) 1(0) [0.06 |5.53
11 | Glutamine Synthase o [42162 [141_[63) | 5(2) [029 |6.57
12 | Hspdl proteir 26998 | 137 | 10(4) 32) (069 [4.76
13 | Nudix (nucleoside diphosphate linked | 38599 | 29 1{1) (1) 1ol 6.39
__ | moiety X)-type motif 9 Pt
14 | Peroxiredoxin-6 24811 | 153 12(8) 6(3) 1.63 5.98
15 | Aldehyde dehydrogenase II 54447 | 109 | 7(3) 42y 022 7.89
16 | S-adenosylmethionine synthase isoform | 43481 | 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 the differentially expressed proteins in livers of control, HFD,
and HFD+TSL-E mice. Accession number, protein name and cellular role are reported according
to Swiss-Prot database. Differential expression (P < 0.05) were identified by anova-test. Values
were calculated by comparing mean relative intensity (RI) values between spots within the same
experiment (representative analysis set, n = 4). Mascot identified differentially expressed
proteins tn livers of control, HFD, and HFD+TSL-E mice. Protein name, the predicted molecular
mass, pl are reported according to Mascot scarch result.

When our interest was limited to differential expressions of at least 2-fold and a statistical
significance of at least 95 % (P < 0.05), the counts were 17 protein spots, respectively, These
proteins can be separated into 4 groups: anti-oxidative stress, lipid metabolism, glucose
homeostatic, nitrogen and amino acid metabolism. TSL-E showed the anti-oxidation effects by
revealing the protein expressions of heat shock-related 70 kDa protein 2 (Hsp70), Hspdl,
peroxiredoxin 6 (Prdx 6), CAT, nudix (nucleoside diphosphate linked moiety X)-type motif 9
{(NUDT9) and aldehyde dehydrogenase (ALDH). Glucose metabolism related proteins included
UDP-glucose 6-dehydrogenase (UGDH), muscle-specific enolase 3 subunit (MSE), sorbitol
dehydrogenase precursor (SDH), transaldolase (TAL). TSL-E affected lipid metabolism by
altering the protein expression of short-chain specific acyl-CoA dehydrogenase {(SCAD),
electron transfer flavor protein (ETF), fatty acid-binding protein (FABP). The expressions of s-
adenosylmethionine synthase {(SAM), glutamate dehydrogenase (GLDH) and glutamine synthase
(GS) were alternated by TSL-E indicating that TSL-E also effect nitrogen metabolism in liver.

3.3. Effect of TSL-E on PPAR«a, PPARY, PCK2 and HMG-CoA protein expression in liver
of mice

PPARc and PPARY are members of the PPAR family of nuclear transcription receptors and
play a ceniral role in glucose metabolism, lipid biosynthesis and insulin sensitivity.
Phosphoenolpyruvate carboxykinase 2 (PCK2) is a key enzyme on gluconeogenesis pathway. 3-
hydroxy-3-methylglutaryl coenzyme A synthase (HMG-CS) contains an important catalytic
cysteine residue that acts as a nucleophile in the first step of reaction: the acetylation of enzyme
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by acetyl-CoA to release the reduced coenzyme A. HMG-CS is an intermediate in l:’:ﬂ!h
cholesterol synthesis and ketogenesis. To investigate the effects of TSL-E on glucose and lipid

metabolism, the Western blot was used to identify the expression of PPAR0, PPAR, PCK2 and
HMG-CS in liver of mice.

As shown in Figure 4A and 4B, PPARc and PPARY protein expression were up regulated
in HFD mice. Interestingly, the PPARx and PPARY expression were higher in TSL-E treatiment
compared with that of HFD mice. P10, a full PPARY agonist significantly increased the PPARy
expression. The PPARo. expression in TSL-E treatment was higher than that in PIO treatment
while the PPARY expression in TSL-E was lower than that in PIO treatment. Combinéd TSL-E

and PIO did not change the PPARY expression but significantly increased PPAR expression.
HFD and HFD+PIO elevated the PCK2 protein expression in liver (Figure 4C). TSL-E treatment
decreased the expression of PCK2 compared with HFD and HF D+PIO, respectively. TSL-E
combined PIO aiso decreased PCK?2 expression compared with PIO only. HFD up regulated the
HMG-CS expression (Figure 4D). The expression of HMG-CS in HFD fed TSL-E were elevated
and up to a level higher than that in HFD mice. TSL-E combined PIO decreased HMG-CS
protein expression in liver of mice compared with TSL-E only.
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Figure 4. The protein expression of PPARc, PPARY, PCK2 and HMG-CoA in liver.
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Control: mice were fed with normal diet; HFD: mice were fed with the HFD; PIO: mice
were fed with the HFD plus pioglitazones (Smg/kg body weight); TSL-E: mice were fed with
HFD plus TSL-E (0.5g/kg body weight) and PIO+TSL-E: mice were fed with the high-fat diet

plus pioglitazone and TSL-E. TSL-E increased the protein expression of PPARa and PPARY.

Data are expressed as means plus standard deviations of three simifar experiments. The data are
given as means + SE. a, b, ¢, d: bars with superscripts without a common letter differ

significantly (student ¢ test, P < 0.05).
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4. DISCUSSIONS

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

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

HFD have been used as modei for obesity, dyslipidaemia and IR in rodents for many
decades [1]. Our model with HFD was pronounced obesity which increased body weight at the
end of treatment period (Figure 1). We found that numerous enzymes associated with
gluconeogenesis were increased in liver of HFD mice and normalized in HFD+TSL-E mice
including UGDH, ETF and SDH. UGDH provides cursors for an array of extracellular matrix
glycosaminogiycans such as heparin and hyaluronic acid, and also catalyzes the crucial
structural modification of xenobiotic toxins required for their eventual eliminations [2).
Disturbed metabolism of glycosaminoglycans (GAGs) has been proposed to play an important
role in the pathogenesis of diabetic complications [3]. Via UDP-glucose, glucose flux from
gluconeogenesis was converted to glycosaminoglycans or glycogen. In the present study, HFD
increased UGDH, and HFD+TSL-E restored UGDH to normal level. SDH is a member of the
super family of medium chain dehydrogenases/reductases. SDH, the second enzyme in the
polyol pathway, oxidizes sorbitol to fructose in the presence of NAD. Fructose is converted to
glucose by the way of gluconeogenesis through condensation of triose- phosphate to fructose 1,
6 biphosphate. Recent studies have shown that flux via polyol pathway enzymes aldose
reductase and sorbitol dehydrogenase is required to mediate hypertension complications of
diabetes [4]. Oxidation of sorbitol to fructose by SDH causes oxidative stress because its co-
factor NAD+ is converted to NADH and NADH is the substrate for NAD(P)H oxidase to
generate ROS [5]. Caffeic acid (CA) and ellagic acid (EA) at 5 % mediated its anti-diabetes
effects by decreased the levels of sorbitol dehydrogenase [6]. In this study, HFD increased SDH
and HFD+TSL-E restored to normal level of SDH suggested that TSL-E might inhibit the
activation of polyol pathway in HFD condition.

B-oxidation represents an important source of energy for the body during times of fasting
and metabolic stress, providing carbon substrates for gluconeogenesis and contributing with
electrons to the respiratory chain for energy production. Increased transfer of electrons from
reducing equivalents generated by B-oxidation could contribute to increased mitochondrial RGOS
generation [7]. HFD mice increased EFT expression that contributed to increase oxidation and
gluconeogenesis and HFD+TSL-E decreased EFT expression in liver. Moreover, HFD decreased
TAL and HFD+TSL-E increased the expression of TAL. Our results indicated that TSL-E
decreased gluconeogenesis via increased TAL expression in HFD mice. With respect to
gluconeogenesis there was a large increase in a key steps, PCK2 have been confirmed by using

Western blot. The PCK2 expression in liver of HFD) mice was significantly increased (Figure 4)
and HDF+TSL-E decreased the expression of PCK2 compared with HFD and HFD+PIQO groups.

Hepatic gluconeogenesis contributes to elevation of fasting glucose. Hyperglycemia in type
2 diabetes 1s characterized by enhanced glucose production in the liver. In the presence of IR,
enhanced glucose output by liver contributes to hyperglycemia. Inhibition of hepatic glucose
production contributes to glycemic control in the diabetic patients by insulin sensitizers, Several
reports have documented that inhibited or decreased gluconeogenesis has benefit in patients with
type 2 diabetes and IR suggesting that TSL-E can be used as a therapy for type 2 diabetes patients.
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4.1.2. TSL-E increased lipolysis in liver of HFD mice

The protein expression of FABP was increased in both HFD and HFD+TSL-E mice (Table
1). FABP transfer fatty acids between extra- and intracellular membranes. Expression of FABP
is regulated by dietary long chain fatty acid (LCFA) as well as by stimulating mitochondrial and
peroxisomal oxidation of LCFAs [8). FABP physically interacts with PPARa and functionally
interacts with both PPAR¢ and PPARY [9].

SCAD plays a pivotal role in energy metabolism providing fuel after prolonged starvation
or during periods of increased energy requirements [10]. Although HFD+TSL-E decreased the

protein expression of SCAD compared with HFD, the B-oxidation was up regulated in
HFD+TSL-E feeding mice. Indeed, PPAR« regulates mRNA expression of genes involved in
FA oxidation, and synthetic PPAR«, agonists decrease circulating lipid levels and are commonly

used to treat hyperlipidemia and other dyslipidemic states [11]. The PPARa expression in
HFD+TSL-E was higher in HFD mice. Similarly, HFD+TSL-E significantly increased the
expression of HMG-CSprotein in liver of mice. Due to FABP and HMG-CS are target genes of
PPARq, the activation of PPARc leads to up regulation of FABP and HMG-CS. FABP

enhances cellular LCFA uptake, enhances intraceilular transport/diffusion through the cytoplasm
and targets LCFA to peroxisomes for f-oxidation generate acetyl-CoA. Acetyl-CoA is the

product of B-oxidation and is passed into of the ftricarboxylic acid (TCA) cycle for the
production of additional adenosine triphosphate (ATP) or is used for the production of ketones
under the expression of HMG-CS.

IR in HFD has recorded increasing de novo lipogenesis [12]. However, de novo hepatic
lipogenesis was normally contributed by a minor portion to total hepatic triglyceride synthesis.
Increased plasma FFA levels may result in intracellular accumulation of lipid metabolites in the
liver, leading to fatty liver, liver IR and type 2 diabetes [13]. Therefore, one potential strategy for
improving metabolic syndrome is not only to reduce the level of plasma FFA, but also to oxidize
instead of accumulates intracellular TG in the liver. TSL-E does not decrease lipogenesis but
enhance lipolysis in liver of HFD suggesting that TSL-E may have benefit in metabolic
syndrome.

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

Under the oxidative stress of HFD, the mice increased the expression of anti-oxidation
protein included Hsp70, CAT, Prdx 6 and NUDT9.

CAT is enzyme that catalyzes the decomposition of hydrogen peroxide to water and
oxygen, protecting cells. Feeding mice with HFD caused a significant increase in the activity of
CAT. HFD increase oxidation of fatty acids through the peroxisomal oxidation pathway that is
associated with increased generation of hydrogen peroxide. Therefore, the increased activity of
CAT would suggest a compensatory response of hepatic defense system under condition of
enhanced H,O, generation.

Hsp70 are central components of the ceflular network of molecular chaperones and folding
catalysts. Hsp70 assist a wide range of folding processes, including the folding and assembly of
newly synthesized proteins, refolding of misfolded and aggregated proteins, membrane
translocation of organelle and secretory proteins, and control of the activity of regulatory
proteins [14]. A few studies involving overexpression of Hsp70 in cell lines have shown
protection against heat shock and oxidative stress. Hsp70 levels in the mononuclear cells are
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elevated reflecting increased oxidative stress in patients with diabetes [15]. Hsp70 is thought to
be beneficial in defending against oxidative injury. But if overexpression of Hsp70 continues,
the ability to respond to subsequent stressful conditions such as aging, exposure to oxidizing
chemicals or reduced antioxidants may be impaired. In diabetes, continuous hyperglycemia, or
attenuated activities of anti-oxidative enzymes may cause chronic overexpression of Hsp70 and
subsequent reduction of the ability to cope with stressful conditions. In our results, HFD
increased Hsp70 protein expression and HFD+TSL-E normalized to the level of control groups
suggested that the stress condition in HFD were decreased under TSL-E treatment.

The peroxiredoxins, belong to the rapidly growing family of the thiol-specific antioxidant
proteins that are highly conserved from bacteria to mammals. Prdx6 uses glutathione and
ascorbate as electron donors and is the only member of the Prdx family that has the ability to
remove H;O, and phospholipid hydroperoxide and is, therefore, able to reduce the accumulation
of phospholipid hydroperoxides in plasma membranes [16]. Previous study has been reported
that HFD induced the decreased expression of genes associated with antioxidant defense, such as
superoxide dismutase-3, metallothionein-1, glutathione peroxidase-S, and Prdx 6 [17].
Consistently, in our study HFD decreased the expression of Prdx 6 and HFD+TSL-E significant
increased Prdx 6 expression in liver of HFD mice.

Moreover, S-adenosylmethionine synthesis is the first step in methionine metabolism in a
reaction catalyzed by methionine adenosyl transferase. SAM is the principal biologic methyl
donor, the precursor for polyamine bio synthesis and a precursor of glutathione (GSH) by means
of the transulfuration pathway. The increase of SAM can lead to increase homocyteine, therefore
increase the generation of glutathione. The beneficial effect of SAM in preservation solutions
could therefore include direct radical scavenging as well as acting as a precursor for intracellular
GSH [18]. Recently, Fonseca V. et al. were able to demonstrate that the PPAR agonist
troglitazone had significant increases in hepatic concentrations of S-adenosylhomocysteine
(SAH) and S-adenosylmethionine (SAM) plus SAH. Additionally, there was a significant
decline in the SAM/SAH ratio. In our result, TSL-E treatment increased the SAM level
compared with both control and HFD group indicated that the anti-oxidative stress activity of
TSL-E might through the increase the GSH level in liver.

B-

L L]

Figure 5. Effect of TSL-E on MMP of FL83B cell treated oleic acid induced oxidative stress.

The FL83B hepatocytes were cultured in normal condition (M1), treated with 200 uM OA (M2) treated

with TSL after added OA (M3, M4) or pretreated with TSL-E before added OA (M5, M60combine with
the TSL-E treatment (pretreat and treatment).. * P <0.05, Student’s 7 test,
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Mitochondrial aldehyde dehydrogenase is responsible for metabolizing of ethanol and their
activities contribute to the rate of ethanol elimination from the blood [19]. Ethanol metabolism
also produces reactive species, including acetaldehyde and free radicals, which can directly
attack proteins, lipids, and many other cellular components. Diabetic rats exhibited significantly
increased ROS, accompanied by decreasing in ALDH2 activity and expression [20]. In our
study, HFD decreased the ALDH2 expression and after fed with TSL-E, ALDH2 was
significantly increased, restored to normal level. This result also confirmed the anti-oxXidation
effect of TSL-E on the liver of high fat mice.

Mitochondria are considered as the main source of ROS in the cell. The ability of ROS-
mediated oxidative stress has been associated with lipid peroxidation and loss of MMP [21].
Moreover, the damage to the mitochondrial compartment might be the toxic effect of
accumulation of compounds that are normally degraded by peroxisomal B-oxidation, particularly
by fatty acids. To confirm the anti-oxidation effect of TSL-E, we investigated the effect of TSL-
E on MMP in HepG2 using flow cytometry with DiCOs dye. While OA caused loss of MMP,
the TSL-E treatment restored it indicated that under anti-oxidative activity of TSL-E, the ROS
induced by OA were decreased associated with meliorated the MMP level (Figure 5).

Taken together, TSL-E showed the anti-oxidation activity by increasing the expression of
Prdx6 and its glutathione supply S-adenosine methionine. The increase of Prdx6 suppressed the
elevated of H,;O; generation in HFD mice, since restored to normal level of CAT, Hsp70
proteins expression, This results is consistent with previous documentation that protein oxidation
and oxidative damage have been previously associated with diabetes [22] and TSL-E have anti-
oxidation activity,

Since alterations in oxidative capacity and mitochondrial functions may have an important
role to play in the pathophysiology of diets induced obesity and its complications. HFD is
redirected into harmful pathways of non-oxidative metabolism with intraceilular accumulations
of toxic metabolites. The present results provide further evidence that TSL-E supplement, while
improve dyslipidemia effects, may furnish protection against diet-induced liver damage, possibly
by reducing oxidative stress. In previous study in our lab, we also found that Toona sinensis
extracted exhibited the ant oxidative effect which increased the enzyme activities of CAT,
cupper/zinc superoxide dismutase (Cw/Zn SOD), glutathione peroxidase (GPx), glutathione
reductase (GR), and Glutathione S transferase (GST) activities in liver [23], this study supported
another evident to confirm anti-oxidation activity of TSL-E.

4.3. Proposed pathway of TSL-E effect on HFD

PPARw regulates genes involves in fatty acid uptake and oxidation, inflammation, and
vascular function and plays a central role in fatty acid catabolism in liver and other tissues by
up-regulating beta- and delta-oxidation [24]. PPARY ligands are particularly interesting for
treating type 2 diabetes mellitus because they restore sensitivity to insulin, increasing glucose
uptake into liver and skeletal muscle cells and reducing plasma glucose levels. By promoted B-
oxidation via PPARw activity, TSL-E decreased gluconeogenesis which elevated in HFD mice
caused hypertension and IR. PPAR« activation also controls hyperlipidemia in HFD mice by

decreased lipogenesis. While PCK2 protein expression is elevated in HFD mice, the TSL-E
treatment decreased PCK2 compared with HFD groups. These results suggest that TSL-E is

more efficient activity on PPARa relative to PPARy. The interaction between PPARo and
PPARYagonist activity of TSL-E can alleviate side effect, such as increased body weight
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associated with PPARy agonists. The classic full PPARy agonists have a variety of side effect,
chiefly weight gain due to -edema and increased fat mass [25]. However, the side effect
associated with PPARy activation may be circumvented through the combined activation of
PPARa and PPARy, which is known to result in a complementary and synergistic increase in
lipid metabolism and insulin sensitivity [26]. In summary, TSL-E might manipulate the lipolysis

and energy homeostasis in liver through the regulation of PPARc/y downstream signaling
pathway.
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Cac bénh sinh chu yéu cia hdi chu'ng chuyén héa 13 sy phat trién khang insulin, thic day
sy tang huyét ap, rbi loan m& mau va réi loan chuyén hoa dudng. Gan 1a co quan chinh cia
chuyen hoa dudmg va chét béo bang cach kiém soat san xuit glucose, luu triv glycngen va sinh
tnng hop chat béo. theu nghién ciru d4 cho thiy rang cdy téng du tac dung t6t 1én bénh nhan
mic bénh rdi loai chuyén héa, tuy nhién anh hurdng cia ciy téng di 1én hoat dong cla gan chua
dugc nghién citu rd rang. Nghién ciru nay nhim 1am rd anh hudng dich chiét cdy tong du lén
qua trinh sinh tung hop cia gan chuét nhit dugc cho an v&i ham lugng chit béo cao. Chudt nhit
dugce cho 4n voi lugng chat béo cao trong § tudn dé gay roi loan chuyen hda, sau dé chudt duroc
cho #n thirc #n c6 bd sung dich chiét tnng du (100 mg/kg) trong 4 tuin, Chang t6i str dung ky
thuét phan tich dién di 2 chiéu két hop véi séc ki khéi phd dé xac dinh sy bidu hién cua cdc
protein mé gan chudt. Ngoai ra, ky thut lat Western ciing duge thuc hién dé kiém tra két qua
ctia phén tich proteomics. Két qua cho thdy, c6 su gia ting biéu hién cia cic gen lién quan qua
trinh oxi hoa beta (PPARc va ACO) va nguoc lai, glam biéu hién cia cac gen lién quan qua
trinh sinh tong hop chit béo (ACC), vén chuyén chét béo (I-FABP) va qua trinh sinh tung hop
duong (Transaldolase, Enolase, PCK2 and Nudix). Cé thé két luan rang, djch chiét bing ¢oOn cua
la c@y tong db c6 tiém nang khang lai héi ching chuyén héa thnng qua sy cai thién réi loan
chuyen hoa m& va dudmg mau bang cach tang cuong qua trinh oxi hda beta va lam giam sinh
tong hop dudng va chit béo.

Tir khda: ciy tong du, oxi héa beta, sinh tong hop dudng, sinh tdng hop chét béo, sinh tdng hop
glycogen, PPARw/Y, gan, t€ bao gan.
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