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Abstract

With the developing habit of high-carbohydrate, high-fat diet and sedentary
lifestyle, modern human often appears overweighted resulting increased prevalence of
metabolic syndrome such as hyperglycemia. Antidiabetic medicines on market could
cause side effects as weight gain, bloating and diarrhea. Lactic acid bacteria (LAB) is
regarded as GRAS microorganism and representative probiotics in intestinal, research
reports LABs have effects defer insulin resistance, inflammatory, bloating, modulate
hyperglycemia and reduce body fat, but of all among there is lack of discussion of its
mechanism. Therefore this study aim to investigate with animal model of LAB’s
effect on blood glucose metabolism regulation and molecular mechanism in
improving insulin resistance and evaluate the potential to develop functional food.
C57BL/6J mice were divided into four treatment (1)Normal, consumed regular feed
and water (2)High-fat diet, fed with 30% fructose water and 60% high fat chows
(3)Drugs, oral gavage antidiabetic drug Acarbose (40 mg/kg) along with high- fat diet
(4)LAB, oral gavage different dose of LAB (10%-10'° CFU/mouse) along with high-fat
diet. Acarbose and LAB were gavage after type two diabetic model was set up. Body
weight were measured weekly and blood sample collected from tail vein of the mice
for fasting blood glucose analyze and OGTT. After mice sacrificed blood sample and
organism were collected and weighted simultaneously. Serum biochemistry value,
histochemical stain, RT-PCR and western blot were analyzed for molecular
mechanism. Results shows after oral gavage LAB to mice, abdominal, epididymal and
perirenal fat decreased, on the other hand concentration of FFA, CHO, TG, LDL,
glucose, fructosamine, HbAlc, insulin and value of HOMA-IR in serum had
significantly reduced whereas increased serum level of HDL. With gavage of LAB to
mice, gene expression of adipokines in abdominal fat indicates elevated expression of
leptin and adiponectin which ameliorate insulin resistance and suppression of resistin
and TNF- « . Results shows improved expression of ACC, GS, GCK, AMPK, AKT
and GLUT2 and suppression of ACC and PEPCK in liver insulin signaling.
Furthermore histopathology result of HE stain and oil-red stain demonstrate decreased
lipid droplet and arrangement of cells returned orderly. In summary, the present study
shows that after induction to type 2 diabetes, mice fed with LAB retards weigh gain
and improve insulin resistance by increase glucose uptake, restrain gluconeogenesis
and lipogenesis. Thence has the potential to exploit as antihyperglycemia function
food.
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(America Diabetes Association, 2017)

A -~ BEAOR 2 2 ETR S (America Diabetes Association, 2017)

Normal Prediabetes Diabetes
FPG <100 mg/dl (5.6  100-125 mg/dl (5.6-6.9 mmol/L)  =126mg/dl (7.0
mmol/L) mmol/L)
OGTT <140mg/dl (7.8  140-199 mg/dl (7.8-11.0 mmol/L) =200 mg/dI
mmol/L) (11.1 mmol/L)
AlC <5-7% (39 5-7-6.4% (39-47 mmol/mol) =6.5% (48
mmol/mol) mmol/mol)
RPG =200 mg/dI

(11.1 mmol/L)

1-2-3 4 Fi s 0015

%%%%iﬁ’*@$i$¢@<{ﬁ%¥2ﬂ%i$’¥ y%@%
u%ﬂﬁ%4émﬁiﬁiﬁ%&§éﬁ' SETFERR WL
FEF TR LA AT - SR RE R T LD ‘ﬁfﬁf—?‘fﬁkilmﬂ‘%i‘i
#B% m%iZA%%%Am%#’%W%%%’%ﬁl*ﬁvmﬁ%%%%
Fo¥ILE S o VIRFUE R A AL A S5 G F o0 A AR F T mte 2k g
FAUEES T EBG RO T AR VL SRR R LT R
Wil kR

1-2-3.1 & fie/k % #7 (sulfonylureas, SU)

Fifiefi k& anE 2 BT A PIEOE B e 2 b L 5 % b £ ¥ LR ik
P& in#Ede ¢ 45 0 Glurenorm (#E3% ) ~ Glidiab (74 # 1) ~ Diamicron () % 5. #%)
Diabinese (4#:x3%) ~ ~ Euglucon (& f &) ~ Amaryl (35 f 5%) & o « IR0 B4k
g 30 A4EFR* o Amaryl BIF O B R * o FFRARE B LR TEY S
e pE AR ZAREEA FTH NG P GBI E AL EHE
,{;Jgam&ff\% L PR BTN B o B’“sﬁ; /-\‘Féi‘ﬁ'#k RIS SVEE I b S o i g
PAERREF o THEH AL BT H s P L 0 F IR BIAEE
TR M R g
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1-2-3.2 % & 4 paim4 ¥ (Megnitinide)

Megnitinide #fchi* R B ek 2 8 E 57 b > R E20%4p 000 05
@~ msn g § & A% o 4o D NovoNorm (e ft) ~ Starlix (i@ #5= §#) - %13
e i@ e £ ey Flt R ® Boav 2 TRy > § BB hE e
¥ e gl (T 0 Megnitinide #fch#Ef S § M i}?%m'ﬁ" fe 0 A TR G xR
RR B OPEE A TIEOL G F A e 0 T M e il o

1-2-3.3 %53 (Biguanides)

B cndEd L Metformin » 2 B (7% 5 bR b RS G e e B
aﬁ%?% ERLRE R LU 0 BRI RS RIS I ERAR
: Loditon (& #&4z) ~ Glucophage (= 454%) ~ Glibudon (&4 %) o 1 & g it *
& #é’?i’ig ST P G AR Hpr BRI R B B2 A - Ao
BISIRAE > i s g R o ig o R AR R @ dek ) ]
EFRARRER - AR 2 ﬁvﬁﬁéjf‘ué T e Tt R AR S TORE O @
PESEhESG T AR AR gAY 3 TR
B A ES o

1-2-34 a-% % &+ prdr41% (Glucosidase inhibitors)

KA EH L Acarbose & S 1A Ed2 - HG AR R R4 020 AR T
AR Al o A RATE LR RN A fR S G T RO PRAT RS PEAT &
PR Bl R FRERF - U SR o F] SR cnfth A g o or
MU LR TER KRG iR d R RS > TLIRE o a-F § M pE
Pl A E DR T R f i M o AL H R POk § R A R b doR bR
FH A AL M R IR TR A A L ek A T F
TG ERETERECIERR T IR AL 7 T ER - SRS
FESY TG a-§ A PR RIA § PRl s ol fReje

1-2-3.5 st 22 = AR 3 (Thiazolidinedione » TZDs)

FRCay %i‘g(f?]’ IRIEH FEME e "ﬁ\« B P L B F anfEpuld o
P %G B F ATR M - et Avandia (B Lfﬁ) Actos( EHE) o Foaw R ITH A

TR 4 s ok nﬁ‘ﬂ,&/ﬁ‘a?[ii B SEOTY F g bR o BB e T
&f/k%'-;% At ’ﬁ%ﬁ:uﬁ*%m,]%&ﬂ.tféilé T,

11



1-3 7y 958+

R A s ff'v** CFPE R B om FIS ALY Lm0 BRIRE b oYL
FiFlm e iy iR o 0 ¥ P FREN G 3~D0E £ g8k § g AR S B
%\_j_—r—ﬁ W 4 pqgﬁ#ﬁ BIFEERN ,rpq X B BT o B B AFTE FiE p%jﬁéﬁlﬁﬁva 7ﬁ§_
BOTEWE R R s 0 RARRAR S g e aFa 2 B F] LB R R F AR A
VAR S T 2HIEEE R 5% 5 5 (Non-alcoholic fatty liver disease,NAFLD) -

1-3-1 22 iFp 1275 %43+ ( Non-alcoholic fatty liver disease,NAFLD)

PEFPE IS AT A RAR G K Lo A B RS A R L 1 AT A e 2LF L
g SR ;;];5";: %] % ﬁ_g;}gfgu—ﬂ;ﬁﬁqﬁ _;];35]4\, ;F'II%* ER SN L B R RS aN G
s &g s TR G KT o 7 38 NAFLD o S eng gyl L 2 A & £ - A
PR 2 8 B mi‘a ‘v B HeanBf % (Ballestri et al. 2016; Katsiki, Mikhailidis, and
Mantzoros 2016) = % = 31 4% s 2 5 sl}i BTALEALSBRRSE BARY
Bl & A7 - ond Faldekr 9 2 Fd Y e R o N RIRE OB R DT
1‘i’1‘%fﬁfﬁi‘ff+%f11wﬁﬂmﬁil’ﬁ£§%" PLIFPH 127 50 B o et gt s A g
AP EIEAF AL S n o A RBE LY S FELT T
(International Diabetes Federation , 2016) - ¥ TR An %= M pop 2 éh,ﬁq‘% e
TR R K duE F S f‘? i p Fenie? 22 fuld & ST e
FoAeF ORA B E SR L F R FIUC R DN F F ORI S B RR e
TR Y AR A FIA TR R r?% TR R R ORETFFAREOEE
T2 EHRE TS —F{ Frsg 8300 A fog s & & A 4 Pt o

1-3-2 % #3752 (% 2t

AL LA S F R M IR g m il R R s g
* Ry ¥ e T3 4p R (Prince et al. 2017) - 3 BBE-k p EAEZ 3 S4BT K
e J\m% WAL B B N SbEEE RS FlE (Bray 2013) 0 F 5 T4 48
PErF et el B R RiR ABREARY &~ i FEEY § AR
f¥ (glucokinase)wips (= 6-wpk§ § #% > £ 4 O-RAELH § 48R Hpv @B 5 6
PAfL S R F D B S s -1 (PRK-L)EREL T = % 48-16- Bk > @ SFF R §
W RO (ATP)Z R IR (Citrate) f #4422 AMPﬂfrADPIL B e T
FEMAFnsre Lo N BREPEE F FRB IR a7
FopEA 3 5 d K obEEps (fructokinase) i i F5g P & ﬁ&f ERARVE R R P
* % E/E}f%ﬁﬁ“ﬁifq"é%#i VAR UBEOLE B OREA T R BRnf w AR o T o SR
PHEAET R R A IS4 b B - (Tappy and L& 2010) > ig+ &% P iP5
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Mg Ry B ARSI W 2 MéE (Bruynseels et al. 1999; Cortez-Pinto et
al. 1999)c fr PF & s A L E B o R T RS F E e R B R T A S

B IR 0~ B e fa fr A (Acetyl-CoA) 2 = > ez faH b fig 2
I REGFTIEERY O A5 g A 4ot Bl (Tappy and L& 2010) » SF & ¢ i F Ao
R # PR 0 R pa‘yﬁb‘%ynlgg\.n 35 8F- ';g;g,sé;% ’%FF A A o

R -~ SRS ORI AT (Tappy and Lé 2010)

Fructose Glucose
Fructose Glucose

Fructoklnase

Fructose 1-P Glucose 6-P

H Glucose-1-P
Glyceraldehyde Fructose-6-P
Glycogen

Fructose 1,6-diP

Y

Di-hydroxy- <—>Glyceraldehyde -3-P —<=—Di- hydroxy-
acetone-P 4 acetone-P

' i
Pyruvate

AcetylCo-A
S

4

4 ¥
CO, Fatty acids

R S s R R G R R A 4] (Tappy and Lé2010)

Potential mechanisms for fructose-induced
insulin resistance

AR

Lipogenesis tBody fat ROS Hyperu ricemia
Dyslipidemia t Visceral fat
Ectopic fat ER Stress Impalred
vasodilation

Lipid me——) |mpaired insulin signaling
metabolites

Insulin resistance
13



1-4 §gp o B30 3

AREREP A BT Y RFASTMM L oA w ,’c;:“f OV B
;‘,;/;Bé;,_% % z _dﬁt»%%iﬂ , ﬁ%;ﬁg Bé;,_% %gg;}?_% Eﬂg_%k %:Qﬁs , .QVB-I—F;ﬁ\ LT N
3% (Zierath and Kawano 2003) > 44 % = (Endocrine disorders and endocrine

Surgery, 2016) -

R = - =4 i+ (Endocrine disorders and endocrine Surgery, 2016)

l LowBlood  High Blood '
Glucose Glucose

Pancreas
Glucagon Released Insulin Released
by Alpha Cells by Beta Cells
of Pancreas of Pancreas
Liver Releasas Fat Cells Take in
Glucose into Blood Glucose from Blood
Achieve
Normal Blood
Glucose Lavels

1-5 %% & % @2

%, & % @ 4 25 (upstream) 0 22 T 5 (downstream) - ¥ 2 BLant 25 F
- B X B (insulin receptor) c ¢ 42A BoZTH~wa BRIHE~ o H
himte L B A B L EEmE WS L E L me N E A
tyrosine kinsag = 4 > B LG ML EF -G B L FF R TA
tyrosine 4 + + & > & 4 giph v £ & (phosphorylation) - & = COOH :3 } &

i,

~
>

A
=
IH e &

¥

q—
A
#

T

a

’.f:
A~
3

f
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tyrosine A& 4 Eifk i o PIIRAEML § 2 Hiwre & B eni®® ) A kinase P EEEL (¢ o
Rl3 @it 5% o Insulin receptor A& ] & tyrosine ~ + & & 4 gAY > A i AR
HTPFaiz@ e 4 5 40% 7 4 tyrosine » + + & 4 gifkit > @ % serine/threonine
+ A Vg s o £ A 2.1 F] serine/threonine i B AEFL T 0 &L 5 R IR R T %
® 0+ 7 ¢ B tyrosine A 2 gipk it o i&{ﬂ-&% Frebuinis % o WL E Bk f 3
BHRXBALE ZG5GE o 25 T RS B EE (insulin transporter) 7
B2k f Rredg Mot 2 BB I F 5 #4838 3 4 (glucose transporter 4,
GLUT4) » 4 2 GLUTA RIH FAEcr3fcd & » ¢ 2 4% § % 1242 (Pessin and
Saltiel 2000) ™ #5avnzE # sc 22 — &_ PI-3-kinase (phosphatidylinositol-3-kinase) -
B Mg E T 0 n E H i B Pl-3-kinase &t 0 GLUT4 o iz p #
T BN EFY 5 e ) 2T e b o0 § F FE s 420 Pl-3-kinase &
Lo J F a2 0 T % -Pl-3-kinase (£ % T 252 - §_ protein kinase B (PKB -
4 L AKT) > #% § %4558 B & serine/threonine &+ & A 4 gpk v o & #5135 4§ -
gt KBRS ) o 4ot Ble  (Biddinger and Kahn 2006) -

R w o~ % § # 922 (Biddinger and Kahn 2006)

Insulin
"'l receptor

N =

|

= @ ® /
E
5 RS X _IRS3 D o—{caB-1]
a CIRS-2 X _IRS4_>
g :‘/-*'\“: Raf
9 MEK
c
= Akt PKCA. MAP kinase
mTOR GSK3
REBP-1
§| FOXO-1 2 ' - l
2
+ - Celigrowth
Glucose / protein Lipid synthesis differentiation

metabolism
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1-5-1 % 5% % (Insulin)

; _/% Ad RN 2 Bamreiraisi Afe B @ﬁiﬂ'}?k;ﬁ‘d B il a4t

ﬁ%%s\ TEBDNG S B E FATIR R BER U@y i & 7

% (Baumgard Hausman, and Fernandez 2016) » % = #&)k & + = pFiL § % ¢ 42

TR BE N BT F RO G TR R Ry R R 3 ’97«15‘.1%‘*« I P e
#1125 12 (Klover and Mooney 2004) -

1-5-2 %% & % < 48 (Insulin receptor, IR)

% § % < %8 (insulin receptor, IR)/‘gfL,f“ﬁx F-v jpcfi' 7% (tyrosine Kinase)sii=
RE- AW anEREN 5 BPERY IR A FEES #&H—'i"j’%-féﬂ/‘?\":"ﬁlﬂ
AR AR R R é: dho = H e B30 e ek sl e R 2
e eh B = H ~ (Ullrich et al. 1985) TR FEERE REALR BT

2 IR p MBS g e 2 XF 4% A XMAE (insulin receptor
substrate, IRS) %2% (Pessin and Saltiel 2000; White 1998) -

1-5-5 F-v % jcfi= B (Protein kinase B, PKB/AKT)

R %ri’ IR B &&= Kol@sups B2 kg 2 (S bp il s 3
PIBK/AKT 8% - 5% i+ 2. IRS ¢ & # binding site & & ¥ % PI3K » PI3K T 7%
8.4 3 AKT 7 4 PDKL 2 PDK2 gifit i @ jfie 5 PIBK B/ M 4gs = 7 4
AL E AL S e B RIS e B e
4 EDE S R P FuA= B % icd B w4 13 - Protein kinase B (PKB)*
FAKT > i PH domain $4:h4 & % 4 3 = 88 1] 1 AKT1AKT2 2 AKT3
RN S SR ST OVIVS RS DNSrE SNV R R
RppaE A B FL G F kg Flt AKT2 2 =2 BR3¢ 3 R A G & Ty
5 #:4:F v * (Choetal. 2001) -

e

1-5-6 #api W3 FriE d-d ps (AMP-actived protein kinase, AMPK)

AMPK z 3 = B &3A ta~Bry= TL%:'KE;U P HY afeB oA B R
(al, a2, Bl F=B2)m v 3 = B (yl1-y3)5 02 i & HR pssvfod f29vsal Pl & &
L E B ? AMPK » - A& +"‘T‘m”§'mAMPKﬁ—gﬂ’|IﬁLmﬁF{a LA 5
o AMPK S5 5 M4~ ~ i d s FRZ s &~ gipim i
FE AR EIEF BE R BERLAREY » AMPK gn_,miapx AMP/ATP

16



Bl R m R BB T A TR A A A B R T Ao S § O F R
ﬁ%?%*im% ﬁﬁﬁ%ﬁﬁﬁ’%‘€¢aa%?%?$"mé*?ﬁ
it £ #r (Cai et al. 2007) - B4 i F 0 J&:}i;}%;*]&{ﬂ%;% ZMEdis B E 3
w >~ fga g~ B o % %8 (Guan 2004) - m%#&fﬂ}i}ifjﬁiﬁiiﬂ ¢ F
SRE R E A P At RF S Ak 8BS Y AMPK it #r4] ACC ey ec X i
§ % pufd 2 sesdon ik (Horman et al. 2002) -

1-5-7 Bafs i B3 13 ik fik 2% 1 s (Phosphoenolpyruvate carboxykinase,

PEPCK)

¥ A FMBBETATAA R G-RAfk ) § BEEfLfs (glucose 6-phosphatase,
GGPase)ﬁ PEPCK #7343 » 4-*+® I (Shoji, Deng, and Hotta 2012) » 3% & % +# 12
PESTATIRRE T ATA 2 VR A RS el R A N 2 0 H B TE 84 5 B
BTV 2 & BEE 1B Sir BIPEAT S AR R AL B & TR AT 2T A
fa4p M 2 % A 12 & 3 (Pilkis and Granner 1992) o % § % # 44 AT 2 %
% 7 Pl 4 F]+  Foxhead protein family (Fox)i& @ e 4 5 A7 4 ¥ 5 '3 fE %
(rate=limiting enzyme) PEPCK 2 ¥] % 78§ e 4% > "% (XF38 % 3 fEchA 0 > B a
#& ez 2_ (Schinner et al. 2005) o

R I PFRRERRS BE R ATA B S (Shoji, Deng, and Hotta 2012)

Glucose
| Glucokinase (GK) |
o

Glucose-6-phosphate

7,

7]

8 T 1 '\\‘ Glycogen

Y Fructose-6- ycog

o phosphate

& FBPase 1 | PFK1_ |

8 Fructose-1,6-bisphosphate

>

/_, Phosphoenol pyruvae (PEP

PEP Carboxykinase (PEPCK) | Pyruvate kinase

(PK)
Oxaloacetate (T

Pyruvate
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1-6 § 5 HEREE 2 1

TEMERT gD & F BRIA B R DFELE  we o LT FHE
WROKE R E #&aﬁ% a F R o Tl e 54 %’f%’%%{%gﬁ BB AERE
v (Glucose transporters, GLUTS)i& » ‘m?z p (Augustin 2010; Wilson-O'Brien,
Patron, and Rogers 2010; Mueckler and Thorens 2013) -

1-6-1 § % 4818 39 (Glucose transporter, GLUT)

GLUTs &7 [r e g 7 2558 o 4odF3g? L GLUT2 5 4 > f e 8§
% # (Preitner et al. 2009) - GLUTL B i 5 e & fe sk ? > mre i b fs % L A
AAF FHEE S CGLUTA R+ 2R 20% L Fa 2 v Brigipe e v
WL ZERB TR 0 %5 25X EH 5> GLUTA ¢ ~ 2 =8 woe
Wb RSl W AR B E T 48 P 0 (Herman and Kahn 2006;
Huang and Czech 2007) -

£
i,

i‘a
1%

1-6-2 % % #% ¥ p= (Glucokinase. GCK)

> B g s D (Hexokinase D)= # Glucokinase (GCK) » 5 &3 7558 ~ B '
#z ¢ (Cardenas, Cornish-Bowden, and Ureta 1998; Wilson 2004) - § # § #5:& » ‘w
ISH R G MBI AN A BART 2 USRI A AR F§ e T
T 1 &% GCK it o' gt *F GCK 2 Km iE fie s ik jgcpis (Hexokinase)® - #
7w A R R R PR A A LR T R S B B
M BEER o

1-6-4 "+ & = fx (Glycogen sythase, GS)

GS L9FPEL N eni B it EE > @ ML g\ﬁqm,rﬁgi FIFHE & = RepE
F4E% v (Glycogen synthase Kinase-3, GSK-3)m At ] o 4 § 2 2 H 2 B £ (5
o — i@ B 2 gk it sk PIBK B @ 4] GSK-3 2 % ¢ protein phosphatase-1
(PPL) > i&m B8 GS /B (73FpE2. & = (Cross et al. 1995) o #4& & = §2 T he i
Bl #r7+ (Mostafa 1. Waly, 2013) -
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R &~ RS = T (Mostafa 1. Waly, 2013)

Glucose

Glucose-6-phosphate

Mutase >

Glucose-1-phosphate

UTpP
UDP-glucose pyrophosphorylase
\ 4

UDP- Glucose

UDP J Glycogen synthase

Branching enzyme:

PPi

(Glucose),

> (Glucose),.4

1-6-7 ¢ fsd iz A 2 it fis (Acetyl-CoA carboxylase, ACC )

ACC ¥ 11 & biotin e §Te4 T » g it Acetyl-CoA # & i* @ & # malony-CoA
(Cha et al. 2005) » & 4 £ £ B & £ (8 T & S & aarg vk 5
malony-CoA ~ ¥ 113 i& 474 carnitine palmitoyl-transferase-1 (CPT-1) % 3 §- 75 %%
feh B-% it (Manco, Calvani, and Mingrone 2004) - :&m 838 g F 4 = o v;l%
phdkZ ACC e H 2 grfd 5 S f-F M it MEF 7 gD
@ € % (Abu-Elheiga et al. 2001) - F] & ACC & crdrdl 7 it $5 99 & 45 F s
B

1-7 "3 km e A 4 2 m ¥ ek

T RO Y A fﬁw aim : ,“ﬂ“%";i’%%wﬁaw 2 #¢ '
RS TR L AE
Wp > B N T ,giﬁéﬁwk%'}’%’"ﬂﬁﬁ?'x ‘”’JLET’A\” F% Tk

(Kershaw and Flier 2004; Schinner et al. 2005) -
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1-7-1 #8753 5 ]+ a (Tumor necrosis factor alpha, TNF-«a )

TNF-aq & 4+ & % 26 kDa ihlm?e 5 3 d-v > ¢ 2wt & B TNF-a %
Eph5 2 p75 % &5l TNF-q 2.3 & @y o« "R A B M2 B o g R BT & 1R
B L s e TNF-afr IL-6 > @iz 3 Uk g Fesie § 2 XMAT 1

(IRS-1)fr# #4248 v (GLUT)ehi#uiem F 8% 5 24 (Chenetal.
2017) -

1-7-2 "5 8% (Adiponectin)

A b §AE R AR BRI Y bk G Y e
0.01%z & &5 = < £FF 5 *“ﬁ# 5 R AT R AR 2
=M (Diez and Iglesias 2003) o % @ Bk 38 Tt b il 5k £ B po de - ) TL%’T\
TR T if\:c‘ BEE TR %;«,)g\ SSTE S T TS S A TR ) A
BE RS e R EHREA LA E S BT s L85 F ffuaiE A (Berg et
al. 2001; Fruebis et al. 2001; Yamauchi et al. 2001) -

1-7-3 #=% (Resistin)

Resistin £_d g intmie 2 td 94 Ricflpi e &2 -9 7> »+ £ 12kDa >
g F AR B w2 0§ & i (Rajalaetal 2004) - # 5@@? ,
&5 Resistin BJR z_SFmie ¥ § % BA T L R s £ A AR GE B30 Bl
(Yang et al. 2009) -

1-7-4 %% (Leptin)

Leptin »* 1994 # 4 3. » # 2008 # & 7|7 74| = &% 04 ;& (Zhang et al.
1994) - - Leptin 5 A T iL b3t 5 — AL Ao SR 12 % {8 JRd TR R 0F
PV LI RPN AHEY e MBI L 2 ER L e RS ER
FU PR A AR R R hA IR~ e Py 7 £ % (Wang et al. 2010) ; #- Leptin
A RA GG E e VERAEZER o Ay o Leptin eniEr ¥ iEd T
A e Leptin X B2 P LB g e chiTd @ E P A B ok B (Kalra
2009) » i@ o w4 e
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1-8 £ 2 1
£ 4 ] (Probiotics) A F $1 M § & im0 T F R R AL G
it o AR E N wmE A 5008 XA A EALL G LET

ﬁi%ﬁ%é%(muamzmq,m*%

AR AR
eRRL BEAEA LS £
FERCTRAE R AR o B Y LR “p%]"év‘ A= (Blfldobacterlum)ﬁx
AR 2 % (Salminen et al. 1998) - &= ¢ F H ¥ 14 @t ﬁxl& % > X b HFE
W AEWE AR Y B ot d = (Saarela etal. 2002)- 5 # F]rmﬂ* Wi
PR EMAY AR DR E

%g‘f TIRF RERYE pH %> 24 5 8430 3
#FAEERMALAEF i (Fuller 1991; Ng et al. 2009)

C F A FAARL #2052 (Saarela et al. 2002)

it &
5 R R o S RES
FItRA iRt 2 HER AFRRS & B2
it fa f 2 mipLE PR o
LTI § R B4 A e B R 4 R LA RS e
drimE R R S ARR B P RS BITRYERE T
;Z o
ﬁi;}gﬂ%é‘éxl Boadreng s o i 4} #wava{w# Fﬁf‘?ﬁ‘]m*fiié
ﬁ%*?%ﬁ%@ﬁﬁi4wé°
T I BALEDEN A R CRpR e
Z > é‘]’/ﬂ‘%iﬁg,/};t}%}%:;;é_r'_!»—rli—‘fl/ﬁ:‘g‘_—'é‘ BRI
PR gk ol
del FE Pep veFchbe 1 R AREGEHD T FRELL AR
FirARE T AHREF F 2 Q2 A &
e - IR VECE e S e S A
ER-S e

Z’}tiﬂ 2 F]#H-i7 B B AN
—ki'ﬁd-xaf—rﬁgrr.*ﬁ,ﬁj

T i &

REE iRt it REE B AT &Y P

Rt Tk % a T LB A MRk A% AR s
BE g p
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1-9 52 3

FURAF AR RS pﬂﬁ’wb??ﬁ}w“b#ﬂﬂﬁ’?ﬁ" A4 < B
mpﬂm "%ﬂ— 5 ﬁ&pﬂp TR ]ZE’%T N 'im 2 & AT % g P":’F&{/‘ %ﬁ"’%i ¥
L&A gb;}ikxf 2 el p R Feh2 & (llose and Sozzi 1991) » i » IR E 7
AA2EITPFTERLEET ARE AFFLSE AN THF > A2 2
(biofilm):Z F| B fR iT* » ¥ 5c &4 a5 HRRESF Y E RIEIRE - TGEY i 4F# friy
AT S HE Y R F oz Tl &£ F & (Fukushima et al. 1998; Aattouri et al.
2002) » #4c 5 A $pnd 0 X F e g i chd £ (Ganetal. 1999) 0 s B
" P2 e (Hosono 2000) ~ = /& 2 noi% (Hung, Tseng, and Pan 2016) 7 »x o

1-9-1 4 {4 22 & 47

ARBRS i pcd 44 - 2 A e o 4ot Bl (Holzapfel et al. 1998)#77 o /] % p
Bt 10* ~10° CFU/ML 2 @ > 1 & ¢ d25 kit ] (Lactobacillus) » % P fm
(Enterobacteriaceae) # 4&7f 3+ (Streptococcus)# f 2/ F > M 2 H s 1§ $R
¥ # 0 4% @ % (Bacteroides) - B ut % ) (Bifidobacteria) 2 i #
(Fusobacterla)z o %55 Eiic e 10" ~10" CFU/mL 2 F'“‘  FHRE FLER A
hodgm A S s B Bk T fE (Clostridia) frimit [% > # & Ald
R E Facpst A (Yeast) 43k A3~ 5 P AL 2 5L S *ﬁ;f#g\ = B
FRALL L FY R R e AR T i
SRR MR R R Nd R F ik § X T ) RTE Y VR T Ry
THER P - BRLIRAC A TN GE T R A B ot o5 B RE T
B ESIREAL  ASTER %’Lfri*’fg €A T2 EFFFTANHEP o LA
fr%‘rmws BT TS LA Rk £ EEPRY 2 E A HR 2

S A o RS IERET FIRE AN FROLE R AR RGP}
Fiipd A3 HSTEEA T LR LwBe )t R L EIIEY - At R
Gove ARMCE R PR & L £ 2 AR d MR LY E R Mtk ¢
ERPEBINAGOREE FILIARAZ S SRR F AR DL LA
&0t o 5B B b engi 2 (Guarner and Malagelada 2003; Holzapfel et al. 1998;
Parvez et al. 2006; Saarela et al. 2002) -
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B -~ ARG ;ﬁpﬂ#ﬁ & % B (Holzapfel et al. 1998)

Stomach and Duodenum
(10" = 10° CFU/mI)
Lactobacilli

Streptococci

\ Yeasts

Jejunum and lleum
(10*— 10° CFU/ml)

Lactobacilli Bacteroides
Enterobacteriaceae Bifidobacteria
Streptococci Fusobacteria
Colon
(10"~ 10" CFU/g)
Bacteroides Clostridia Pseudomonas
Bifidobacteria Veillonella Yeasts
Streptococci Lactobacilli  Protozoa
Fusobacteria Proteus

Enterobacteriaceae Staphylococci

1-9-2 4 3@ 5 3z

1-9-2.1 ‘a3 & ¥ % AP

B o SR O RR R R FE R A st L e 2
PR - E LR R A ROEREEE I LA WE LT T Ramck
LERPHE Q) ZARBRARSSER NFERT T (D B EL AW
SRR B D o R RIS R @ P A S S P A
4eng Pk SHEGF ARG AT b FArEA S R IFR R E2
£ e p &1 (Bengmark 2000) ¢

St

1-9-2.2 E % M "E B fig 54 3T

(Akalin, Gong, and Dizel 1997) 't #& ¢  Streptococcus thermophilus 2
Lactobacillus delbrueckii ssp.%# f¥2_ - %k yogurt £2 ¢ Streptococcus thermophilus 3
Lactobacillus acidophilus 7 %2 acidophilus yogurt - & s i ¢ "% ] i 2 J
FIA 0 AR fE2 yogurt 35F "E MR A F R F g DA 4 o —%i " %
acidophilus yogurt »z % $ i o A& )" Mo FAEF AR o] (1) s iE
SR E S N PERER 0 ®F AL H A e (Grill et al. 2000) 5 (2)2 &
)2 BB EER L UK AN PEFRT D TR FAS L T R d
Pod P PERFFR NP EH R T - ER A PERR A HREARY TvRIB A o
PR L g Y £ 2% 5 B 5 bile salt hydrolase % b /4 Lactobacillus
Bifidobacterium ~ Clostridium ~ Peptostreptococcus -~ Enterococcus §- Bacteroid -
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R PR FIRAE (TR RN AT 2 B A2 B H kB R
Mo g BRERIRRAL A LU IE R A D R R L PE R RRAR ST 0 PR
R v PR R R A A e g g 5 (Klaver and Van Der Meer 1993) o g A FER X B
AN ER > B REB A EFREEET ANk R AT D
glycocholates #¢ taurocholates % ##g>'cd % if £ 1148 & 252 steroid hormone >
£ d hormone sk gBHiE* o d JLF pEDERCL o e ptag s R R84 o (Jinetal.
1998) 45 P R FAFIERE G 2 B AN RIEFR UKL S 0 gL R AT
PR b B R R B R Fl - 5 (3) FrHIMETER S A L g
¥ % - £ 3 8 pL 4o uric acid~orotic acid £ hydroxymethylglutaric acid, 7 *# X %
gk R & = 2 %% hydroxymethylglutaryl-CoA reductase (HMGCOA reductase)
S, Fp Lot MR EER enit* (Khedkar et al. 1993)

1-9-2.3 & 3 "% M B chart ok

PR RS B 2R EH A B Y 25 ¥ ¥4 angiotensin
I-converting enzyme (ACE)&= 4~ o ACE & - fai=*tlm"s & g it o > H 2
- BEkporrig s mve i @ L EEBE G R R 2k § G e g
B> % - Pz pg% (Hopper and Turner 1987) - ACE &% Z-m ¢ 2 B Z-4 g
fiv % %L (rennin-angiotensin-aldosterone system)® > &34 #a R & $& 5 o )
ACE g fh » 7 4§ %2 ik B o § s B ek SRS PR B A2 L s B a
BT %<2 B % (Nakamuraetal. 1995) » @ & {7 A H8:¥5%k~ £ § 4p b st 2k o
Fe F4e L. helveticus %% ffi4z? § A 35 Gev @ A2 80k 2@ VPP
(Val-Pro-Pro) £+ IPP (lle-Pro-Pro) ¥ e ¥ jcig 7 @4 fr & ACE (hidfte § 8 &
BREFA T ZIEEGE & RP R4 5 % i (Jauhiainen et al. 2005)) -
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Putative Lactic acid bacteria » Genomic DNA
.
y 16S rDNA
Cultivation v
DNA sequencing
DNS method
Pour plate method v
r— Strain identification
A 4
Culturing media C57BL/6]
| [ [
{ } ; I I }
FL83B 3T3-L1 Naive HF Acarbose HF-L HF-M HF-H
| I I R N
Alamar blue assay Alamar blue assay ' |Semificd by Ce‘mcal dislocation :
Cell survival Cell survival } ¢ l
A 4
: Glycogen Histopathologic ;
OGTT Serum chemistry YEE e b Real-time PCR Western blot
content examinnation
Glucose tolerance TC » TG » Anthrone -sulphuric HE stain . GLUT2 » GCK -
Abd | fat
HDL » LDL » acid method Oil red stain PEPCK » AKT *
FFA » HbAlc » NP AMPK » ACC »
sirl Adiponectin
Insulin » : GS
Leptin
Glucose » o
Resisitn

Fructosamine
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2% ~#EgEa i

3-1 7 Bttt
3-1-1 f i F ¥ %

3-1-1.1 5% Ftk kR

PRS- EE L Atk SAh T T RAFERAIEE & 3t LA
Bl 5 F7-4 ~F7-3~ F2-2¢
3-1-12 S pe Fse % A

Lactobacilli MRS broth pp Difco (DM, USA) o L-cystein p=p Sigma (MO,
USA)% Agar F£p Difco (MI,USA) -
3-1-1.3 DNS 7 #&:85% & 5

Sodium sulfate (Na,SO4) P p frk % 1 ¥ 4k 3¢ ¢ 4+ (Osaka, Japan) °

3,5-dinitrosalicylic acid (DNS) ~ /7% f&ém 4k pi-p Sigma (MO,USA) ~ Phenol 7% A
Amresco (OH, USA) ~ & 3 i 4 pip B (Taiwan) o

3-1-2 ‘mre F B

3-1-2.1 | 8357 Hh

o B ' P2 FLB3B fm 2 $& (mouse hepatocyte cell; BCRC number:60325) »
Rkt Al s P 8 R 1 EFBEF T A S T IRIEG 22 ¢ o (Bioresource
Collection and Reserch Center, Hsinchu, Taiwan) -
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FL83B w®s th2_ 32 & £ % F12K (Kaighn’s modification of Ham’s F12 medium)
RER % fo (Sigma, USA) - 0.22um & i 17 PEp "L 17 (Millipore, USA) » #52 i i
(Foetal bovine serum ; FBS)r-p - & (NQBB, Australia)

3-1-2.2 | B %y 95 i v% th

/| Bl BE P ¥4 o P2tk 3T3-L1 (mouse adipocyte cell ; BCRC number : 60159) »
Bpbrg Al e > Mg A R 1 EFEFATTA S T RG22 ¢ < (Bioresource
Collection and Reserch Center, Hsinchu, Taiwan) -

3T3-L1 fmre k2 32 % A 5 DMEM-low glucose (Dulbecco’s Modified Eagle
Medium)?&é Gibco (CA, USA) (Cat. No. 31600-026) - 0.22um & /s % (Millipore,
USA) - #z+ x iF (Foetal bovine serum ; FBS)pEp & (NQBB, Australia)

E

3-1-2.3 & it 5|

DEX (L-Dexamrthasone)f-p Sigma (MO, USA) » » & & 394.46 Dalton > #-1
mg = & 7% >t 1019.21ul & 5 Fp o £ 28 $FpE 10 B4R - 0k & 250uM > 3 3
w200 H * o

IBMX (3-Isobutyl-1-methyl-xanthine) g g Sigma (MO, USA) » » + & 222.25
Dalton- #-100mg #- % % ** 10 mL & $HiFpd - £ 2 8 $HFpHE 9 3 g = & B 5mM>
3200 % * o

Insulin F& g Gibco (CA, USA) » % i )k & 4mg/mL » » &+ & 5800 Da » 4~ % =
P FERF20CHS TR N R AFHIET R

3-1-2.4 'mie iz % B 4 5

Trypsin-EDTA -~ L-glutamine 2 + & & % ptp Gibco (CA, USA)

Trypan blue f& g Biological Industries

Sodium chloride ~ Disodium hydrogen phosphate ~ Glycerol pp Panreac
(Barcelona, Spain)

Porassium chloride p-p 4k 2 1 ¥ 4k5¢ ¢ 4+ (Osaka, Japan)

Sodium hydrogen carbonate pf-p ek & 2 1 % k3¢ ¢ 4+ (Osaka, Japan)
Potassium dihydrogen phosphate p-p 7 2 % # tk ;¢ ¢ 4+ (Osaka, Japan)
Glucose F£p Sigma (MO, USA)

AlamarBlue®pp Invitrogen (CA, USA)

© N o O &
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3-1-3 # 4 7 %%

3-1-3.1 & 4 -7

5 iF# B6 s+ ] 2 & (C57BL/6JNarl) » pp B #F %64 ¢ .~ (National
Laboratory Animal Center, Taipei, Taiwan) °

3-1-324&2 &4 2 ApRE * &

60% 7 =% B B "q 4L B p 5§ 4% 4 $ (ResearchDiets, USA# D12492) -
LIGNOCEL ##php #35s ¥ (JRS, Germany) ~ 1 mL 4 F R p ¥ 3k & ¥
(Taiwan) ~ s A% 45 2 5 pEs S pp 2 B 4 $- 5040 (Arkray, Japan) ~ 75 %% & % 4
PLp s dF & L 7 (Taiwan) e

3-1-4 ¥ A 45

Anthrone £ 5 Sigma (MO, USA)-zipkpd g Zif 1 it & ok i> 5 P12 @ (Taipei,
Taiwan) - Potassium hydroxide p-p 4k % 1 ¥ k3% ¢ 4+ (Osaka, Japan) o

3-1-5 3-v F 447

3-1-5.1 'm?e A fz;%& (Cell lysis buffer)

Tris £ p Amresco (OH,USA)

Nonidet P-40 substitute (NP-40)pp USB (OH, USA)

Sodium chloride F#£-p Panreac (Barcelona, Sprin)

Ethylenediaminetetraaceticacid (EDTA)~Sodium orthovanadate ~ Sodium flouride ~
Phenylmethanesulfonyl flouride - Protease Inhibitor Cocktail r+ + w & % 3| ' pi
p Sigma (MO, USA) -

M e

3-1-5.2 Fv B 184

BCA™ Portein Assay Kit p-p Thermo (USA) -
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3-1-5.3 & = # & 25 H

N,N,N,N-Tetramethylenediamine (TEMED) ~Ponceau S f£p Sigma (MO, USA) -
Glycine ~ Glycerol 2 Tween-20 p&p Panreac Quimca Sa (Barcelona, Spain) -
Ammonium persulfate (APS)-~Dithiothreitol (DTT) 2 Sodium phosphate monobasic ~
monohydrate p£p GERBU (Gaiberg, Germany) - Acryamide-bis solution 37%Fpp it
75 (Bio-rad, USA) - Sodium tetraborate-10-hydrate ~ Sodium phosphate dibasic - p
Merck (Darmstadt, Germany) - Sodium dodecyl sulfate (SDS)ptp Bio-Rad (CA,
USA)-Methyl alcohol %2 Tis (hydroxymethyl)aminomethane F£ 5 Mallinckrodt Baker
(NJ, USA)-BlueRAY Prestained Protien Ladder f# p GeneDireX (Bruges, Belgium) -
Blotting Paper Bt p  Whatman plc. (Kent; UK) - Polyvinylidene Fluoride
(PVDF)Membrane ~ Immoblin™Western Chemiluminescent HRP Substrate P& p
Millipore ( MA, USA) -

3-1-6 MRNA # & & #7

RNA % 2~% = RareRNA fip ® 29 % (GenePure, Taiwan) ~ cDNA & ## 4+
£ @ iScript™ cDNA Synthesis Kit pp & 75 (Bio-rad, USA) ~qPCR % & iQ™
SYBR® Green Supermix g f & 5 (Bio-rad, USA) ~ ROX Reference Dye f-p # +
(Invitrogen, USA) ~ 4p B 31+ fEp 2 1 3 22 & (MDbio) -

317 4 & % EX R &

CO 128 £ % 4 (31355 Forma310) (Thermo,USA)

s R AR (2135 WB212-B1) (Kansin,USA)

o I #cE (Hemocytometer) (Superior, Bad Marienfeld)
4% 1T & (Bellco,USA)

¥ kR pcs (2150 1X-71) (Olympus, Japan)

¥ R (3% LS-750) (Taylor-Wharton, Germany)
A1 %5 Vortex-2 genie) (Scientific Industries,USA)
ot 1y (215 MC-01S) (Major Science, Taiwan)

i % 4% & 7% ()5 Vortex-2 genie) (Scientific Industries, USA)
F=v LA (215 MiNi-Protein) (Bio-Rad, USA)

& = &% H (2]%. Ctiterion™ Blotter) (Bio-Rad, USA)
7R EEE (A% MP-250N) (Major science, Taiwan)

£ Algpe 8 (4]%50 5415D) (Eppendorf, Germany)

PO

—

S Rg = \_1~ ET
“ﬁ

*jm ¥

© o N gk~ wbdhPE
)

e el e
w N o
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14. % i %GE 3o ()55 5810R) (Eppendorf, USA)




3-2-1 &l &

#-Fupe 4R a1 7 0.05% L-cysteine 2 Lactobacilli MRS % 3% % & (DIFCO,
Detroit, Michigan, USA),12 37°C# % 20 /| P75 L 2 FeFe R MU A 3
N H - FiE,5 MRS broth @ f =t A i 3 £ 47 F G H B0 3R 0 R R A A B
- Btk o Bt 12 FRk R 20 g 15%H @ 2 MRS broth,>t -70°C 4 ik %% e

3-2-2 3 B Genomic DNA

F e 2 DNA #hge B~ , 5 41" Quick-DNA™ Fungal/Bacterial DNA
Miniprep Kit (Zymo Research, USA)i& = @l # - #- 10° CFU/ mL #i% 3s (12000
rpm, 2 4 4k),3 + i is 200 uL 1xPBS &2 Fj 6B~ 3 ZR BashingBeed™
Lysis tube ¥ ,4r » 700 pL Lysis Solution % tube ¢ 2 % #& & vortex 5 4 45 - 4
& (10000 xg, 1 4 4&),B~+ gk 400 L 2 Zymo-spin IV™ Spin Filter 4.« (7000
Xg, 1 # 45) T % Collection tube ¥ 4z & Jgi%,%c » 1200 uL Fungal/Bacterial DNA
Binding Buffer >t Collection tube ¥ gz = & , 4 =t P 800 puL & & & %
Zymo-Spin™ IIC Column A2~ (10000 xg, 1 4 48) & *f ja & { 4 Collection
tube, e » 200 uL DNA Pre-Wash Buffer = Zymo-Spin™ IIC Column #gt.= (10000
Xg, 1 & 4&),4r » 500 pL Fungal/Bacterial DNA Wash Buffer &t~ (10000 xg, 1 4~ 4&),
#- Zymo-Spin™ IIC Column # & 753 1.5 mL .= ¢ 5 4 » 50 pL DNA Elution
Buffer # ¥ 2 & 4&, 4t~ (10000 xg, 30 /)47 &1 DNA, %15 &7 <57 DNA *+-20C -

3-2-3 B & pF 44l £ it 7)(16s IDNAPCR)

FI#* Beh e g 4 2 pe2 515 o (Castellanos et al., 1996; Matsuki et al., 1998,
1999, 2003; Tilsala- Timisjarvi and Alatossava, 2001), & 0.2 mL fic & 3o § L 4e » fe @
¥ PCR F e 19 pul,H &2 & > p 4 05 uL 2= 200 pM dNTP,2.5 uL 2 10x PCR
buffer,0.5 uL 2. 10 pmole (each) primers,0.5 puL 2. MgCl,,0.1 uL 2. Tag DNA polymerase
2 & A2 3+ KR 4o r 1pl 2 P 1% F% genomic DNA- @ {5 % ~ PCR thermocycler
(MJPTC200)i& {7 & fis =~ 5 p¥ 3~ 5 uLPCR & J & 47 i 4 MaestroSafe ™ nucleic acid
stains, 'z 1.5% agarose ** 0.5 X TAE buffer ¢ & {7 § 7 4~ 47,02 UV box BL% S dp Be -
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3-2-4 DNA z_F (DNA sequencing)

Mk LR A P D 77 %A - Lacl6S-F > Sequence 57-37 © AgCAg
TAggg AATCT TCCA ; Lacl6S-R > Sequence 5°-3° » CACCg CTACA CATgg AG -

3-2-5 5 ik 3+

A iR10 pL &8 1 7 0.05% L-cysteine 2 4mL Lactobaccilli MRS % f& 32 &
£ (DIFCO, Detroit, Michigan, USA) » 7 37°C# % 20 /] Prie {7 - 7% > 445 100
uL Fi 35 4 »¢ MRS broth 37°C# § 16-18 | prit {7 = /& » #-= 752 iR d
"3 &% 0 7 PBS e s PBS Rt e e 0 @ s p - & %‘“‘? 1
£ F2 PBS B 714 1002 10° > B~ 10° 107~ 10° = #¢ 5/3 & s i+ 4
# 2. MRS agar 32 % 37°C 48 /| p& > gLz H F¥c -

3-2-6 ¥ F ﬁ’ i% /§ *E] Fﬁg Fé‘%

3-2-6.1 32 % i Bl

o 52§ % 0 4000 rpm AES ) EERF 20 A s 0 £ 2 0.22 um filter ik
(e B-H B R R 3-200F 34 * o

3-2-6.2 DNS (3,5-dinitrosalicylic)zs & & 45

FEMEBRS > T RBBBRY 4 L B AP (DNS)ER R &5
2o 3mAS-A AR HAFF = & 575nm 3 & s Bk (Gusakoy,
Kondratyeva, and Sinitsyn 2011) o B~ 1 mL 2. 5 f& 33 & ik 4c » 1% Bk 2 99% A
RBEFARE K 100C-kip 15248 £ 4> 05mMLCREF RS > 50 25Cok
i1 &4 0 > 575nm T I;E;EJ;flJong o ¥ & AANE T T 20 glucose » ™ A K E
AP R ERDT FHARFEES ERA%95:02-4-6-8-10mg/mL >
FU R MR AT -
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3-2-7 m¥e 32 % 2 fA R A 45

3-2-7.1 fme 35 % 21 A

IR F 4P Bmre 2 ok E 0 B0 3T°Cokip 3 4 s 2k o £ 10 em
dish ¥ 4c~ 10 mL & A > £ 4 » Rk 2w ’f’é’%f‘)f}’-‘}x AN FAGELR G A
J37C 7 5% COz a4 BE2X{Fwe s LT84k FEFBAR
% o

wmiep e P RIA AWz o AR L AT L PBS ka0
*~ IX Trypsin-EDTAImL > *h 32 % 58 5 N4 2 8 F wree 3t R 74z > a2
W2 35 & A% Trypsin-EDTA 8% » ke #-twie B 3R T 3am fe I 3738 &
oo EENBEEHY B R

3-2-7.2 fm¥e & it

3T3-L1 miegf A w FA R T 2R BIELLIRER Y URBAR
= 4 itk B > DEX 0.25 uM ~ IBMX 0.5 uM ~ Insulin 0.58 pg/mL » 2x % & % {5 $&
5z Insulinbpug/mlL 2 32 &8 > 53 X L 3- B AR A0 10x85 =R

5‘;] 85 fm B o

3-2-73# &y pimiz A4 %6 2 12

#-3T3-L1 w2 35 % 3 = B g ¥ mP2 > 4 » 30mM Glucose #7 & ‘mbe » 13
% 24 ) pF s 4 K,ﬁ%i%%z’%."l IXPBS Eied = > k54 ~ 3 R (1600ppm ~
800ppm ~ 400ppm ~ 200ppm)2. #5005 Ptk 2 * 2 7 FBS 28 %
e 4 -

3-2-7.4 me ¥ 4 |2k

I & mre ¢ - AlamarBlue ;2% ¢ i Resazurin @ R F B A i d 2
Resorufin it & 47 o>+ L £ 575 2 595nm T Rl H e L @ TP b e {4 E o

#imre %0 06 V4 ¢ (107 cellwell) 4 3 kR 2 SRR F L iR £ B 24
| BE o FS “,ﬁ% BA R PBS Bk &34 x 100 uL AlamarBlue (AIamarBIue- DMED
medium=1 : 10) » ** 37°C¥ % 24 -] pF » 3> 570 2 590nm jp|H w2 & & -
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3-2-8 #+ 47 F Bk 5 40 M iR T

328l F kbR E L

FEHb D MEE A B RSF %4 ¢ o (National Laboratory

Animal Center NLAC, Taipei, Taiwan) - & 4 Z_ps5 /i 2 2214 C57BL/6JNarl (B6 ) ok 2

TR0 L FRR-FRETRLLEFTFEKR RHEEHLS e BT TOME

AHEFALL -

Bl KM EFEHA D6 2 (1) ¥ = (Naive &> n=8) > # £ iF P il 2
Zu ;5 (2% 2 (High Fructose » n=7) » 5 % 4&-K 3% 3K 8 iF {8 ? A R A
-k 10 ml/kg/day 2. . %] ; (3) Acarbose & (&4 4% > n=8) 2 & ¥ k% £ 8%
t6 o # A& XA Acarbose (40 mo/kg) s ®l s (4) HE-L Je (n=8)» & %4k ¥ 8 i
50 F Ak AR (10°CFU) e Fe sl 5 (B) HF-M o (n=8) - 5 % #&-k:4 & 8
3ﬂ;’§é&w ¢ # & (10°CFU)7 it v 5 (6) HF-H i (n=8) » 5 30%% #
KA R8s F ST F AR (L0CFU)F ik e ] o 45 -k & &kl R 18 = 40
TEFES AL R E AR B ) RCER AR 12 | ke - 12 ] pF

3-2-8.2 %% § % P dpicdlaE »
B S b b T - iw’% Naive 7 4c * 4G -Kgr & 7 — gl > H 4

U3 E 30% B SRR bR S UL E Fd o

3-2-8.3 ¥ § 4T IRt £ % (OGTT)

MR BB TR BT ) NS R AR L % R R
AL G FIfie F R H S 14-16 ) RIS 0 BN PR LR T 8 AR
Wr o i RS RS FAERRE A% 306090120 4 4R H
R HEE B 6T G BB R TR e

3-2-8.4 x ; i/\ M3 4738 P

B PR AR 2 R RE S L w ) g Isofluane B 0 FEie]
ﬁ?%iﬁfé."liin‘s‘@"‘ PR BRI ERARREY ImLEFicha iR REF
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% 30 4 41 2 10000 rpm &ges 10 4 455~ 1) i 5 03 3
¥ & TRl 7 TC~TG~FFA~ HDL ~ LDL ~

4 E

e °

-80°C >t 42 g?%ﬁ
Insulin ~ Glucose 2 HbAlc

3-2-8.5 SR LA 437

| Bgkatis » PoHOFEREE 2 PBS Pk iSRE 0 M-S Rehip i n 3 K,éft »
Bg A E2 T A A L, - Lizie 1096485 FRA R ¢ AQiE 24 ) PE & e
Ak E R L M FRA K- 24 d 72 (Hemotoxylin and eosin stain, H&E stain):t i+
$d ;¥ - LIFERRIARIE 1500 R Bk 24 P RSB R 30% kAR L EiE 24
o EE s 2 f8 B ’”—’«’%%i Bovgp s B o 1 O.CT 4 ¢ & (Sakura
tissue-Tek, USA)# 2 {5228 -20°C 2 2 2 F - FH BRAGeF A0 ¥ (10
m) d =4 4 (O|I-Red-0 stain) » & »° ok 5 R ACELT BLR 0 T TR S e
T REEREE T farl S

(1) u;—ﬂ;ﬁﬂ;ﬁ% A ﬁ
FEB 3 50 mg > 4r »~ 600pl 2. 30% KOH {5 » ¥ %t 95°C-kip 20 4~ 45 > #
4 %rts 12 10000 rpm &~ 15 4 48 > B~ 0.5mL 5% 4 » 7 2 mL 99% EtOH
2. 15mL g g P o ARG Al R TR o Fcﬁafiwg”ﬁ Bd R LS
H2E g % 4000 rpm o 30 A 48 0 o] o B R T B p R 10 A4 e 4
N AImLddHO B 2 » § AGHER S R RT 3 1 R 2B fF

e g 0 felh B g
#F#Z v ¢ P 1mbLddH,0
BB e Iml i SRR

PlEHREHERZ E
B~ 5 mL 0.1% anthron reagent ** & & g 2 {53 RATER L KT b o (F4 A0 1S K-
EREEWBC R IS & Bt A R HRBIAE 620Nm T 2Bk

e
B o©°

(2) e H&E % ¢
SAEAPT UL P e R G A S ee B o L gAY
-+ 24 4 ;2 (Hematoxylin and eosin stain, H&E stain)i& 7 & ¢ o

(3)* % % Oil Red O % 4

od ik Lo-FFN B2 gk Y izie 3 609 isopropanol 10 4 48 0 b iz O
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=% 10 » 48 > 60% isopropanol i34 10 #5114 p K-kt ik § £ isopropanol &
t6 11 60%Glycerol -kiz 429 5 449 » B Tk B RHAET BLE -

3-2-8.6 MU F-v A A7

() 3 FEm

#5203 -80°C 2 AFHEES ) 0 B~ K 40 mg RS e~ 600 ul Lysis Buffer
(50 mM Tris-HCI, pH7.5~150 mM NaCl~1% NP-40-2 mM EDTA~1 mM NazVO, ~
10 MM NaF ~ 2 mM PMSF) {1 * 32§ #% #5555 s 35 1 4.~ (12000rpm » 4C -
20 A 48) 0 Bt Fik i 0 -80C ¥ -

(2) 30 =i
i * % &% = BCA™ Protein Assay Reagent (Thermo Fisher Scientific Inc.,
USA) % & /| B3 B2 i 7 © %39 712 Lysis buffer 10 & ﬁrﬁ s 2~ 10

MI— 7%'—%$ }‘; ?ﬁﬁ 200 ML Fé‘ﬁf' (ReagentA B=50: 1)/““ £ i”% ,9 s B 3% 379 C ™ ﬁj’
F 30 A48 it £ 562nm T RIE 3k o 7 kB RE 5 BSA ] PRt ¥
Mo R 30 kA (ng/mL) o

@) & = #if

P~ 20 ug v B & 52 Sample buffer (Working:0.3mM Tris~1.5% SDS-150mM
B-Mercaptoerhanol ~ 6.8% glycerol ~ 0.013% bromophenol blue);2 & 323 v 325 1
95°C 4 #1 5 4 4&,>* Running buffer (192mM glycine ~ 24.8mM Tris-base ~ 0.1% SDS)
¢, 100%™ 73 SDS-PAGE & {7 & /&, #-F-d B A3 o 5 {530 Tris-Glycine
Transfer buffer (25mM Tris ~ 200mM Glycine ~ 20% Methanol) # ,#-3 7% % + F-v
B # 3 Polyvinylidene Fluoride (PVDF)#5-1 o #4550 % %5 2% BSA-1X TBST (20mM
Tris, pH7.5 ~ 150mM NaCl ~ 0.1% Tween-20)® ,r2 100~150rpm 2 #F 1 -] pF 4 » ¥
FEOLP R0 B2 — Bdifl (in 2% BSA-IX TBST),*t 28 F R T 2] FF o &9
2 TBST /2% 5 & 48 3=, f 4 » = &4l (in2% BSA-1IXTBST)** 2 2T 2 1
B, TBST Bk 3 =0, 8 {4 309 F 4c ~ Immobilon Western Chemiluminescent
HRP Substrate (Millipore,Billerica ,USA) 5 f,#-% % *+ C-DiGit'"Blot Scanner
(LI-COR, USA)# 4 1 =& °

3-2-8.7 MFuEE 5y v Ak 1A LA 15

(1) RNA 3 2~ cDNA 4 #%

g 7 &2 KB F RNA #8 2 RareRNA (GenePure, Taiwan) - *» B~*3 35 50 mg
=72 > 600 uL RareRNA Reagent, M 32 f #3298 1 25 P s B s 2 B # E 3~5
& 48,4 ~ 300 uL Chloroform,jjl 718 & 2 ¥ k@ 54 4815, 4w (12000rpm) 5 4 48
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s By b FL e AT e ? PR s 2 B8 m,ﬁﬁt (95% 12 )R &30 5 g
(12000rpm) 5 4 415, #-1 ite h B4 F 40, § TS o 4o~ 7% (L mL)
7B B4 (12000rpm) 54\4, EREC - x/grjgg;g;,g—r JTHR P o4 » 50 L
grddH,0 w3 T %3 30-80C # * o

F4rpE 6 B 8 F 4 A 2 2 iScript™ cDNA Synthesis Kit (Bio-rad,
USA),#% 2 uL RNA ~ 4 pL iScript™ Reaction Mix ~ 1 pL iScript™ Reverse
Transcriptase # 13 uL Nuclease-free H,O % ** PCR ¥ # /& & ,£ §/* DNA Engine
Thermal Cycler 3t 25 ¥ jig 5 2 4518 4o 3 42°C e ¥ 2 F i 30 ~ 48,5 {8 41 3
85°CiT* 5 a4t F R, TE A% DNA,%53-80CH * o

(2) B TEREreasiF R

#-2 L cDNA ~ 5 uL iQ™ SYBR® Green Supermix (Bio-rad, USA) ~ 0.5 uL &
5 31+ ~ 0.2 uL ROX Reference Dye (Invitrogen, USA)% 1.8 uL ddH;0, ¥ *+ PCR
~ i 2 (Bio-rad, USA)R 4,1 445 5 10 pl = & [ 757k 5 7 1 4e £ 95°C ~ 3
24895 ~ 30 £5; % AR BB A 1A 48;72°C ~ 45 45 % % 25  #] SYBR Green
¥ X8, 47 40 UAIR (51807 fR4EH 2 PCR A 4 11 B4 ¢ Mg 1.5%:% 3 #% T
AKRFERATE S B - LA R E PR F i BT 5 B3R Y e SYBR
Green ¢ 4t » B DNA P T 3 8 B or il Rl ¥ L B2 A2 5 0

TS A A TR YR oA AFeARE R BR B2 ki (Ct7)
T P %P ARt Bactin A F] AL E (T2 N REER, P AT AR E

AT ZACt’é"‘.E, B Ao

3-3 3t 47
RETG R % SAS O3 Mt B RE (7 £ Hekh s A 1 e
H 75 % B #A 47 (one-way analysis of variance, One-Way ANOVA)
fcdy ¢ 1 One-Way ANOVA = i 47t » & i ge 4§ %34k 22 (Duncan’s
g

multiple-range test)ie (= £ (6 T VR EFZ AR o T AR BE Y T4
BMELiP2HFE (p<0.05)-
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FrE o BRaEn

A-1 5k FjiE S

4-1-1 5 s ;) DNA R & ps4a4y & & (PCR) &7l

A ERAANUNMBAMKRERS G 0 SERFAREAT A FFE
#rE it 55 & 0 40 P~ gDNA 6 12 PCR#5# 16S IRNA ¥ B & ¢t 2 A - o Bl- 7

% 0F22-FT-33F7-4 o 2 ke ROR A48 Tt d 4 2 R aigaisy £ 4 (341
bp)» ¥ 5 B & F BT AL RTHEE & BEE - FEL AL Fik DNA
5 PCR A F % A BIRLED] 55 ¢ # 5 RAHHE A F M3 2 PCRER S 7 B
SRR S ZRFRLBH AT 0L AT AT R

4-1-2 T/ %%

SR AFEIL AR B FES &4 42 Lactobacillus spp. A e T 4 3 1 ik 5 12
#5 7lgr 4 B (Genbank) & {7 v 50 SR RA TRV SRR (27 )
4-1-3 5 ik Fif 2 52 BGER

PRGBS AR A AP R ) RPREL S S
i%%T Bi‘pf"l‘ ?]/pﬁ;: 44’\?\—7\.5%2‘?7 ,Kfq\z‘i,g‘}g:y F2-2 b » F7-3 «

F7-4 3%+ 2 p p $2i4% e 10° CFU/ML > e BF 7 5 54k 5] F2-2 ~ F7-3~ F7-4 &
7 ISR BT M R BT RF R SL R AR .

4-1-4 32 % % 4 B 35

4-1-4.1 DNS 7 #& A 45 32 %

W2 HFR e R N PRIV R L EF A e AT %Y U
B8 e 7 e o a RS EL iR A BT KRB B B
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B9 B ek 0 2 {1 DNS SRALE 7 54 i 08 % i 2 A RBiRE o
.3%%41\?%\»}_ BEm AT P TR 2R A FEET ZRIREAS FIROABE ST
g Bl

427?’5 5 ﬁ;*’]?ﬁj'/liéf% ‘mPe 7_ 82 B2 5K

Z]

4-2-1 o) B %K 7e FLB3B

4-2-1.1 mPe 5 & X Rk

1 & dmre ¢ % AlamarBlue ;2% ¢ i Resazurin @ R F &> A ds 2 d 2
Resorufin it & 3 o 5 7 By f3 5" frxpfﬁ%’;\ PRt fHwies 4 0 RAREY
$HR-F2-2~ F7-3~ F7-4 38 & 2 g5 &k 41§ 1 200 -~ 400 ~ 800 ~ 1600ppm -
AP Tﬁ««,y BV ke F|_83B % 24 . p% > 302 Alamar blue ¥ 4 473 4
AR -BEHIT TR - D CHRARTEREARLIe AEARH o T B F HIEY o

4-2-2 ] %95 mre 3T3-L1

4-2-2.1 'm¥e 3 5 5 i %

I 7 dmre ¢ 4 AlamarBlue ;2 %] ¢ o Resazurin g R F A8 ds i d 2
Resorufin it & 4= 5 7 By f25¢ ﬁ‘r?a AR ﬁi‘zi—g ZRHELFHwe s A N Raeiwr
$HR-F2-2 - F7T-3~F7-4 3R & 2 g3 & ff¥ 1 200 ~ 400 ~ 800 ~ 1600ppm -

A ‘%'J;fjt be o) BURG vk ke 3T3 L1 ie* 24 ) p= > 02 Alamar blue 33| 4 473 4
B BEHT VR  ZHRARTHEERARL s AR A S RIEY o
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430 &S REFHBBE SR EL AL R R

4-3-1 -] Bz HE ~JE3 24k E

EENR R ERAEAF 20,0 AT PPRESERRES 16 &
WE FBSUFE L E 2P B IR TGRS 3B ed e §
f‘%ﬁ-?r*iaﬁl PR F e e L BRGE A T E 12 T
Appe i 15 5L b 8 60% o g His ¥ 13k H Andt ) Rl ﬁg‘;f;f]’l w9
PR - acarbose 2 Ak & o I BT Ak F/HF L maE by < WM E B F o
5

FEVH ¢ R E SR eG4 £ o0k B i @ acarbose =t 2,7 ey 2

LN

<
T
pul
%
R

EERFEALE (p<0.05),7 M@ HE AR BEF o N L - BT
%;ui’f;w P HBES B A FLRE (p>005), L5 v miEREHF
53 (p<0.05);% v &~ HF & ~ #4215 B Ak & X~ ¢ 38

B gﬁgiigﬂk\‘%' % 7.259 ~ 26.61g ~ 20.99g ~ 23.48g ~ 26.48g % 16.95Q °
FTREEFEHE RS F RS EHE R AP ] B BT
AR RREGY S B et e B F A A RS 2 Rk 297 X
P rardlAE € 5 e o

&
%

’?El;
303
§

l.ﬂs’,\

<l

1'11

A

)

4-3-2 ) B2 7 W B2 COIRF B L ik

BT S B YERF/FL D E AR FE S e BT T RS
75 (200/kg)it (788 > v %4 FHEw (5 0 ~48)8 %S 2% 3060

90 ~ 120 A 45 pF » Boo] Bl 2NEEE% & % TEBALLP%  BRRL LAY
P fe 30 A48t A A BUEF o Rr JRY F A Hids%d SR Lt - -
Loz (@#T 0@ (b),a—,—_u.—fﬁm&@‘i’f\ijf d%]—l-&p—ra.%q%%p;g

PENAFED L IR LI LB RT R FAEFLE (p>0.05) - B
—HT R AR B R RS EAL T IR R L L
ZOo R o B MT R FEFE LY e (p<0.05) BT B b
¢i°@*:@%¢?%ﬂ#*#&“¢—iwﬁ AR SRR EE T £
i (p<0.05) HY FEFFHMELL T B RN REF
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ZE (p>005)-d btk @i 4F & R FSS Vg RFF 3
Mook d2 o R R W OoER e

4-3-3 /] H 2 s;—s;f{ v BSEE S Py'"}?;-g ~ Py Ly R 95‘ g §

EUFHE S BOBE S AR s st and R R Yo d T 0 &2 AT 0 BB Py
B RO RS G E RPN 18 0 HF 0%~ TO% - R S ”7'%:3“_
53tz 9 e (p<0.05); @ & HF ‘ejpit 24 &7 5L AL B e 095 B8R
SR F R (p<0.05) fgirE BRI B e PR E S AT B HEFR (
0.05) o 25 £ 4 wiom B F L L (p>0.05) o d &%k 2 5Lk e
3 A ;Q:_%g; % fa B kG WA ik A2 R B,?‘s;ﬁ;ﬂ;j Fg_’?%"?ﬁ—\ frrg sﬁ;&g_ﬁ

W <l

H-
4 A IFe ki

434 ) B2 i F 2 et

4-3-41 i i P Rdera R CERME S a2 §

Ep /P BREATARAGEERES L B RLY L R LR
» FFA -~ CHO {=TG ek ARl % » %% 4ok = #77 o HF x5 ¢ FFA ~ CHO
e TG kR BEFF 39 & (p<0.05); EH {oi i e s HF wiprt w57
FFA » CHO fv TG kA 985 % ' i< (p<<0.05) o o & % 348 1 & L ik Fenip
o RS ‘EJL/F 7 T % B kB s he e FRFA CHO = TG BB o

4342 s Fe B R ARIY A MR R I 27 R

By /S BRARART S RS RES L R RBER G R TR
* HDL {v LDL ek R Bl % > & %40k > 4777 o HF 24 F7 HDL f- LDL k&
BEh s HELR D Ef o fit .82 HF gt “f;f REAHER LR
e j? HDLER B F &S (p<005) @ #4225 f e LDL kR 5
BEH (p<0.05) - d S5 MAFFENEANES et n Fe FF 93 %
W d 314 HDL {o LDL #38 % -

4-3-43 & F ¢ w BFELE L AR ik

By /P RATRS S FEE ] REG e [ BE PR TR

* % 5 # (Glucose) ~ % p& "= (Fructosamine) ~ #& * & ¢ % (HbALlc)fr': § 2

(Insulin) shik A il 0 3> B % § 3 F § S HF BAR B2 BFih
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(HOMA-IR) P BEArR PRl T o P RBEIRERT F P 2-3 3P 1R
%%Lﬁ_f‘i AR L EER L L 5 F 2R RS ARG F T * 0

ek 4 '}%f}]ﬁa # 2 - THOALC#E Tt 5 & F R F F pA T 2-3 7 RI% 5 n #
\in{:}ﬂ%—  HOMA-IR & 5 f1* RA KRBT % g 2 B2 s BB E % g
F# it o HF 2 5 ¢ Glucose ~ Fructosamine ~ HbALc ~ Insulin & & = HOMA-IR
B FR Y B (p<0.05); EF -t Fee HF ipit i 7@ Glucose
Fructosamine ~ HBA1c -~ Insulin jk & v HOMA-IR & 354 ¥ *% i< (p<<0.05) - d %
FHHELEFRFDET RFEL Y FIR R E R BRI L B A HE VA%
LI JLE LT 3

4-3-3F & S PLFHIFRY FRE S B2 B

up

B /TR A A M B S L] pE TR B B R R A
fil i P RIFHES FEE 5 R SR AR L N AT o HE @SR OTHE 5 F A E Ko
Z9 2 (p<0.05); B feftm s HF it sirm g EFR S (p<0.05) -
d S RT v FRASBRFORSTRFRL IR a8 SRS TR
X E RS EFA

4-3-6 47 £ ' fh AR L2 B

4-3-6.1 45 BB LA i 2 55

Ff P RAE AT 2 B BE G Ly | PR P BT R TR
HABREA G SRRl LT o SR T 8 F A E Lo HE BT R
PG ARV AR A P R g d @ 0 B EP| RO SR E e
GFEE R ek Fefere Biprt o B et BFY AL m RS e d
POHF e i 2FaggErd i3t pd e HE B2 B - d B %7 g NEF SR
Pk G AR TR g B R MR S B TR AR A

4-3-6.2 "R A % 21 = = (H&E stain) % ¢

Fr /S RAT R ) RE S e R R R
EUgRAR B E LS SR B R AoB D L 2T 100 BARIF T PR B H E AT
B SR R S BT S A B R AR 6 e HE e
N B A (L afz.—mé’ ViRl ZE g R Wl P DI R ‘f@F_,f‘%L%,fﬁm’ié’#E}xJ;ﬂ o
HF = 4p- 2% & 5 ﬁ’x few| Rk e k] s BB B e B ST S
UBHEEEP R D PV AR FR T PRI R R i
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& e PR B DA o
4-3-6.3 %% = (Oil Red O stain) % ¢

LR 3oL E Sl A EEC RS- R Rl IS Fel S s S A
PR d SR B4Rl - 5200 AR TR I BFLEN L
BlLz2 Pk R TE T BT F %ﬁ:gf;%‘,@éﬁHF il E—‘F—F;?{t’ )
FARREKL » b B P A ARADET B FROANIBRAZHE 25 P
Boood PRV e pk oAk 8 T M MOFERR B F R R o

4-3-7 5 EjH% § & B2 B8

Ey /I BRE AR AT RE S o] pRT R BB RN 55 2 8
> W4 B~ MRNA £ 3¢ 5 > 4% Real-Time PCR # R|#53% %% ¢ TNF-a
Adiponectin-~ Leptin f-Resistin 2 F] & L& 2 % | * @ = 45 2 i P57 ACC -
GS ~ GCK ~ PEPCK ~ AMPK ~ AKT ¢ GLUT2 3-v F# & -

4-3-7.1 #7715 (TNF-a)Z Flin % & 2

Bl= = 5%%7 TNFa A FlApft 2 RE G % & 3
AF 2R EREFRE 1602 (p<0.05) > m Ly fh A
wl it HF 2 50.63+0.84 4= 0.51 & » H ¢ &£ & 3
<005)F 2z p waki¥ L3 (p>0.05) ¢ d 3
%5 ¢ TNF-o 22 MRNA £ 8 & 2 &% £ % o

# <
m’ﬂ
-
I
T
"ﬂ
ZE\
~
Ee)

'E‘
LI i ‘];%]“)?@‘l £he ‘;4] zﬁ‘

4-3-7.2 " 7% (Adiponectin) z F14p ¥t £ &

Bl= - = 5"%*% ¢ Adiponectin A F4p ¥t 2 I E S % « 27 ¢ wipt HF &
Adiponectin £ Flip 4t 2 LB R F R 041 & (p<0.05) > @ L BEHric ¢ 3B
W2 AR AR S 12 A 42 Adiponectin A FIAp# A R E o 29 mApt 4w 5 1.28 -
056083 % 1.16 2 - H ¢ nEH w2 3 HE zbrr;r;é]‘m HF e 4pit B E 322 (p
<005)r &6 wakE¥ £ 8 (p>0.05) - CEZ F O EE I F 0 SoLE
iv B2 ¥ 3% 2 "L 75 Adiponectin - mRNA % IﬁLg_ °

4-3-7.3 % (Leptin)z Flip $ 4 &

Bl-Lw 2% ° Leptin AF AP HARERL S 236 gt HF &2 Leptm
AFRHAREEF RS 046 8 (p<0.05)> @ wFEfHp 2 d « FHENLERE
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B o F RS Leptin AT A RE (p<0.05) > 3w dprt 4w
1.98+1.66~1.66 2 1.38 1 o o &% (iris s B o 5L FASD o w100 M F#
< #g 7y Leptin 22 mRNA # & -

4-3-7.4 2% (Resistin) & Flip ¥+ 4 &

Bl- 7 5% " Resistin AF a4 RELE o226 gt HF &

*5 Resistin 22 mRNA £ & -
4-3-7.5 o fpdf i A # 45 (ACC)s FinstZ m

Bl= L= 5 ACC 8 Fin$t 2 M2 8% « HF 29 % ¢ ACC 3-v T
AR EEFF 20 8211 & (p<0.05) - 5d B P B HE SR
F & {62 HF eqpvt ACC 3o TRt A MBS FT % (p<0.05) # %5 %
% @ 145183099 2 0.84 & o d % (7 5B b b 5k FAIL 2 w5 B F R
M ACC F-vi F 3" Fgend B m BV il T S RARE R
AT B ARBTF o

4-3-7.6 3+p5 & 2% (GS)3-v FApst4 mE

Bl- = Z0F8EP GS F-d FAn$t £ R E B % o HE & 757 GS F-v Fip 4t
LARBREFR 7Y 2016 8 (p<0.05)» fd F it ¢ o F A E&
Gfgr HF mfprt GS i Tinff 2 RELH F# (p<005) A8 5 70
074083053 2 041 & o ¢ 3% Fwdd & 7 5 FAIL 2 o )i & % £ 2
GS 31 e ggend L o

4-3-7.7 3 § #pps (GCK) v Fap¥ 2 mE

Bl -~ 5895 GCK 39 FApst & E 8% - HF 2395 GCK 39
HLRERFR 20 2078 (p<0.05) - i FFfi ¢ FHESR
Fe @ te 2 HF fdpt GCK 3-v Fript 2 mEHHFH A (p<0.05)> » 4 3 %
o 1.33+1.27-0.96 2 0.94 & o o %% @ &5 FAIL 2 B Ui Ok
F2 GCK Frv oo sFagend M i 4o § 542§ »cql? o
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4-3-7.8 GRFL PR3 L s (PEPCK)Bev o 2 M2

Bl= -4 %97% ¢ PEPCK v ¥ ip%t 4 ME % % « HF 23957 PEPCK -
GOTARH AR ERFS N2 2130 8 (p<0.05) > Gd Fp P s FAHE
FUBE 4k @ 15 % HF ‘e dpt PEPCK 30 Fin$t & B9 F 7% (p<0.05)> 4
W5 %6 2 0592043035 % 036 & o o &% @B R AL 2 By 0
B %% 04 PEPCK Fev 0 sFgend IR 5 39500 BE T AT 4 IR o

4-3-7.9 Eféﬁi“ﬁ'\ﬁiﬁi’é 0 pfr (AMPK) 30 Fipft# &

W=+ 595 AMPK 3-v Fiapit 2 mE %% o HF 23%5¢ AMPK 3-v
T2 REREF M6 2 090 B (p<0.05) 7 igd Fir v 3 HE 5ok Fok
¥ HF e 4prt AMPK 3-d T ip$ 2 E B F & < (p<0.05)24 & 5 5 6  1.08
2 101 % o d & FavdEy 23 E F AT 2 b 2 AMPK 3-8 FTe 575
ARINELAZHEI BRI E SBEF -

4-3-7.10 3-v B jcps B(AKT) v Fip st B2

Bl= - 297%7? AKT &9 Fip$t 2 mE 5% o HF 2e8ged AKT F-v &
WHEAREEF 29 2059 & (p<0.05) 0 Sd ¢ s 3 HESRFLS
e HF fefprt AKT Fov TApst2 ME DB FHRS (p<005) > #4550 =
0.91-0.81 2 1.19 o d & Faf ik FAIT 2 % b i % AKT F-v J0 375
A R2 g A E IR F R SR At o

43711 § FHEEE 3¢ 2 (GLUT2) 3-8 Fanst 4 mE

Bz - 5957 GLUT2 3¢ Hipst4d T % % o HF &9 %¢ GLUT2 3
AR HAREREF RN 28 2 0658 (p<0.05) Gd Fihpr i HE SR
Flk & 152 HF 2 4pt GLUT2 3ed oS 2 I E S FH S (p<0.05) A & 5
70 20810952 0.84 Bod &% FrwF 2 5L FAIL 2 w2 GLUT2
o FEOFRNA RS FERLA 0 Y KA TSR ARG TR AT o
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F2-2 F7-3 E7-4
1X 01X 1X 01X 1X 01X

Bl - ~ 4 B~5Uk A2 A 7142 DNA  (genomic DNA; gDNA) S % i3 3 16 2 4 o
Fig. 1. PCR amplification product of 16S rRNA from LAB extracted genomic DNA.

fi* @t e g A& v pe2 31+ e (T Rinttilaetal,, 2004) > % 0.2 mL g g g £
e~ fetl 4 e PCR F fieiz 19 pls # 224 >} 4 0.5 pl 2. 200 pM-dNTP > 2.5 pL
2_ 10X PCR buffer » 0.5 uL 2_ 10 pmole (each) primers > 0.5 uL 2. MgCl, > 0.1 uL
2_ Taq DNA polymerase % j {4 4 -k £ 40 » 1 ul 2 P & 542 genomic DNA -

@ ¢ & » PCR thermocycler (MJ PTC200)i& {7 & J& - » $7 &2~ 5uLPCR ¥ & A +
7 e SafeDye - 4 1.5% agarose ** 0.5 X TAE buffer ¥ &i= 7 A& 47> M ERBEZ
fodp e o
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2 - “I'REATAE SR
Table 1. LAB sequencing result

Number Name
F7-4 Lactobacillus plantarum
F7-3 Lactobacillus brevis
F2-2 Lactobacillus brevis

M-z fEp 3 % 8 54 32 Lactobacillus spp. Fk 3 17 ik 25 15 > -5 72 A
F& (Genbank)it 7 1t 4 -



hoo o SR EFEES

S

Table 2. LAB plate count

Count (CFU/mL)
treat/days 1 2 3 4 5 6
with 15% dextrin
F2-2 1.69x10° 1.78x10° 1.72x10° 1.26x10° 1.16x10° 2.31 x10%
F7-3 3.25x10° 3.45x10% 3.60x10%° 1.66x10° 1.91 x10%" 4.40 x10*
F7-4 1.49x10%° 2.24x10° 2.82x10% 3.30x10% 2.14x10% 2.16x10%"
without 15% dextrin
F2-2 154 x10° 1.29x10° 1.30x10° 1.24x10° 8.60x10° 9.65 x10®
F7-3 2.95x10° 1.72x10° 1.61x10° "1.80x10° 1.34x10° 1.44x10°
F7-4 2.95x10° 1.98x10° 1.39x10° 1.69x10° 1.19x10° 1.22x10°

P~ % 10 pL #4862 7 0.05% L-cysteine 2 4 mL Lactobaccilli MRS ;% 32 % #

(DIFCO, Detroit, Michigan, USA) » 12 37°C# % 20 | PFi& (7 — 5 >

2 4 B~ 100 pl

Fite 5% % >* MRS broth 37°C # § 16-18 | PFi& {7 = i - ¥ 7F 2 Fik dre 4 %3
A 0 M PBS ik X1 PBS Rig ¥ A KAF @ fE p B 4 RE AR
2. PBS A #|ff 101 2 10° » B 10° 107~ 10° = 3 2% 243 ¢ i) 2
MRS agar 35 % 37°C 48 |- p% > BLR 3 F#c o Hcdip 4 SAS 9.3 Bzt fud e A a0
MLRBAFABKRIETREEARRA T L e FEEE LR (p<0.05)-
*EATER 7 1I5%RHR A T Bl L R o
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2 OZCPREL FIRZABERR
Table 3. Residual sugar detection of LAB supernatant

LAB residual sugar (mg/dl)
F7-4 3.88+0.76
F7-3 4.32+0.48
F2-2 4.30£0.22

Polmb 2 Ff L R4 » 1% B g (5% NaSOg)% 99% A % (1% DNS -~ 1%
NaOH % 0.2% phenol 4r d.dH20 & % 100 mL) & #F & & > 5 100°C -k i# 15 4 45 >
£ 4 r 0.5mLCiR (67 WiF)F phdm4h) R iR 3 0 B 2% 25°C-kig 1 4 40>t 575nm
TR He ki o MRS 12 % & A 5 2% glucose > @ A HER AP A Ok
Renf IR EES kRA% 5022246810 mg/mL > g R
bR RE RS AT o g TEEHEEZL LT o
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50 1

1
40 1 Jﬂ_ B Naive
a [ High Fructose

= T
a 30 a
s - b b
e a b 2
= 2 o
%\ 20 -
S
aa]

10 A

0 - T T T T T T T

0 2 4 6 8 10 12

Time (week)
Bl 2 - 3N35RAEDT%E Friv] 2 ME g
Fig. 4. Effects of body weight in high fat and high fructose induced insulin resistance
murine model.

B2 B EBEAEDE > B4 W2 ME - 76 2 NaveGroup - % 5iF
PRIE2 W] 5 R BEFEZ BN 5§ a4 # e  High fructose Group 0 & 12
30%#E-k &2 B it 2 v o Hop M THEHRE L (n=8)4& 7 > M H F|F
FREATSEFATF FRB R L bR 32 E A RMAT L EFE
BFEFZLR (p<0.05)-
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60 1

a
50 A a T ab g ab
a 1_ ab b "Ib 1D
N (ib be
b b
g 40 1 b B Naive
& 13
; I Acarbose
o 30 4 e f d [ HFL
s i B HFM
%‘ [ HF-H
m 20 A
10 A
0 - - - - - - - - -
4 6 8 10 12 14 16

Time (week)

Bl I ~FERAFNS 3 SRR A1 R e Rt
Fig. 5. Effects of LAB on body weight in high fat and high fructose induced insulin
resistance murine model.

% 163:‘;’%‘&*;;?]5&’%'?#%%@@??“ » Bhko R e o 79 & 1 Nawve Group > 7 5
ER g2 W LA REFFEZ e B FEE  HF Group > i 30%#E-k
BB Akl e ] AR e 0 Acarbose Group 0 & 30%#E K 27 B Fp L
FE2 v o & F %S 40 mglkg/day 2. Acarbose Ak s F 4k 0 HF-L 2 47 &
PSR R S 30% Mk R R e s ks 10°
CFU/mouse/day 23 & s faff ; HF-M:A4F &SP i A @ A€ 20 5 30%4E k& 3
Y 3 SRCRTIE &R 10° CFU/mouse/day 2. 4F & 5 A s HF-H 47 &
PRESAME R 3 30%BE R EF R ER SR ey 0 FF w10
CFU/mouse/day 2. 4F & *fit ] - Bcp Lo e £ (n=8)% 7 » M ¥ 75 %
BEAFTBEFAFN F BRI LB ET 23R E I RAAT L TR
¥4 32 (p<0.05)-
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Fig. 6. Oral glucose tolerance test (OGTT) and area under curve (AUC) of OGTT in
Naive and high fructose groups before high fat and high fructose diet.
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Fig. 7. Oral glucose tolerance test (OGTT) and area under curve (AUC) of OGTT in
Naive and high fructose groups after 8 weeks high fat and high fructose diet.
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Fig. 8. Effects of LAB on oral glucose tolerance test (OGTT) and area under curve
(AUC) in high fructose and high fat diet induced insulin resistance murine model.
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Table 4. Effects of LAB on weight gain, food intake and fluid intake in high fructose
and high fat diet induced insulin resistance murine model.

[Fh s

Group Weight gain (g) Food intake (g/day) Fluid intake (mL/day)
Na've 7.25+0.35" 3.66+0.13 5.95+0.27°

High fructose and high fat diet induced Insulin resistance murine model

HF 26.61+0.48 3.4140.15% 5.86+0.66"

Acarbose  20.99+2.28" 2.94+0.31° 4.9140.01°

HF-L 23.48+0.46" 3.08+0.21° 5.11+0.00°

HF-M 26.48+0.64% 3.25+0.68° 5.07+0.07"

HF-H 16.95+1.56° 3.31+0.39° 5.15+0.36"

L 5 30%% RAEKARE D R 0 7@%‘%"_53'—%“'? B RN RS S S
E‘féigfﬁ‘aﬁﬁfy»\li:—%a‘ggarf’éﬁj\ oz v % Nawe Group » % fixiw
Rz W] s L ARGTHEL BE G E -q?f?%,& ! HF Group’ % 30%HEk 2 B

Po el 2 dew]  Zde3Pe e Acarbose Group 0 i 30%iE-k ¥ B g Akl

2w > ¥ A 40 mglkg/day 2 Acarbose A% Ao % 47 HF-L ¢ 4F & 35Uk R
“&%Jf‘é_ 0 % 3094k & B el o mw] o & A4 10° CFU/mouse/day
L‘

A5 pE . HE-MiAF S5 pa /e &2 2 5 30%HE-k & 3 E]ép g w

I_'gé&aﬂ@f 10° CFU/mouse/day 2 4§ & F* L B  HF-H: 4F & 1 e 7 % #l 8 o
L 3004k k2 B radeplag 2 wul s ¥ F S 10'° CFU/mouse/day 2 4F & 5 fit
Flo gt TR L (N=8)A& 5 » M H FIF R E 75 TN RS
BT LN TET2ZFAEARRAAT L EF AT LR (p<0.05) -
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Table 5. Effects of LAB on weight of liver, spleen, kidney and gastrocnemius muscle
in high fructose and high fat diet induced insulin resistance murine model.

Group Liver Spleen Kidney Gastrocnemius
weight (g) muscle

Na've 1.2040.12¢ 0.08+0.01° 0.3740.03° 0.14+0.05
High fructose and high fat diet induced Insulin resistance murine model

HF 2.81+0.20° 0.15+0.04° 0.46+0.04% 0.11+0.08°
Acarbose  1.67+0.32° 0.10+0.02° 0.40+0.04" 0.08+0.05
HF-L 2.18+0.38" 0.1140.01° 0.41+0.02° 0.15+0.09%
HF-M 2.4040.39" 0.1240.01° 0.41+0.02° 0.11+0.06°
HF-H 1.64+40.33° 0.1140.03" 0.40+0.03" 0.12+0.06°

ARG Rk R B R T S TR g PBS
bk (s 11—-& Toiekk o 79 ﬂ : Nalve Group® % & iz P @2 W] 2 5 4 (7 H
I I ’?af;f; % e i HF Group > 5 30%i% k& B rqbeflif 2 ww; B
%P8 % : Acarbose Group > 5 30%i#&-k 22 B 57 4L 34 %{7‘ KRR *g 5440
mg/kglday 2. Acarbose #% fip %47 5 HE-L @ 48 & - e A £ = 5 30%:#% -k
2 ra kg B2 s ¥ F A 10° CFU/mouse/day 2 4f & 54t s HF-M :
ﬁ@?&ﬁﬂ%ﬂw’ﬁ-%%%$* A 2 ’z?%$%1&
CFU/mouse/day \w; Eip s HFFH S AF & S i A B A& e > & 30%4E ke 3
L 2 wow] o & E Ak S 10" CFU/mouse/day 2 4F & 5 ik i - 3:#;'11%
B F (n=8)%-‘r VL H TG BB AR ERE MBI T L et
Br2 3253 FR4irL e EBELR (p<0.05).
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Table 6. Effects of LAB on weight of abdominal fat, epididymal fat and perirenal fat
in high fructose and high fat diet induced insulin resistance murine model.

I

Group Abdominal fat Epididymal fat Perirenal fat
weight (g)

Na've 0.40+0.13° 0.02+0.02° 0.13+0.09°
High fructose and high fat diet induced Insulin resistance murine model

HF 1.42+0.18° 0.48+0.13 1.37+0.15°
Acarbose 1.21+0.17° 0.26+0.09° 1.03+0.22°
HF-L 1.32+0.18% 0.42+0.10% 1.23+0.09%°
HF-M 1.49+0.11° 0.29+0.16" 1.07+0.13"
HF-H 1.20+0.17° 0.32+0.07" 0.65+0.16"

PR LRES S FRREEF R FRA T R TR LT
Z v 2 I Nalve Group » % S iE P dB2 W] 5 A FA iz 2 3hAE
2 HF Group: % 30%#&-k &7 5 P &l 2 2 e w); 2 4% 44 PR e @ Acarbose Group °
% 30%#% -k 22 B Pg &kl R %r* BE o T ?5&*@3 40 mg/kg/day 2. Acarbose #%
i dE S HE-L 247 & FPpe s £ e > 5 30%#5 k& % Padetl o 2 B o 1
# Ak~ 10° CFUImouse/day 2 45 & S fe ] 5 HF-M @ 4F & S pejE” g e 5
30004E -k 2 % £y 4 ef 2 e w)s ¥ F Ak %5 10° CFU/mouse/day 2 4 & 5 ]
HF-H D 4§ £ 5 e A3 B E 2> & 300K 3 gl e o v > ¥ g &
10" CFU/mouse/day 2 4§ & 5 fit 7 o Bcdpd THo@+HR 8 £ (N = 8)4 75 » ¥ 7
FRBEAFEEFTRY IR LW ETZREAEF IR AT LR
LHFELR (p<0.05)-
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Table 7. Effects of LAB on serum free fatty acid (FFA), cholesterol (CHO) and
triglycerol (TG) in high fructose and high fat diet induced insulin resistance murine
model.

Group FFA (mmol/L) CHO (mg/dL) TG (mg/dL)

Na've 0.3240.03" 146.14+20.14" 53.00+6.98"

High fructose and high fat diet induced Insulin resistance murine model

HF 0.53+0.06° 190.00+9.90° 63.50+6.24°
Acarbose 0.35+0.03" 146.75+15.65™ 49.20+8.11°

HF-L 0.40+0.04° 155.00+6.06™ 50.67+5.13"
HF-M 0.37+0.02 138.25+5.32° 49.00+6.04"

HF-H 0.48+0.01° 165.00+20.66° 50.80+3.56"

%o wmo Blis -t Fé‘“%% F 1A [ FEEFHRERE L g > TRl ¢ FRA S
CHO -~ TG g«z o % v % : Nawle Group s # &ix na;%@wf KR - xw%%z
e %] 5 % b e HE GrOUp v & 0%k & B A E 2 e n] ) B iR

w : Acarbose Group » i 30%#E-k &2 B Rq Rl g 2 mno T F éﬁz@ 440
mg/kglday 2. Acarbose ¥ /s &4 5 HF-L * 48 & 5 ik (7] <] ?é_ w0 5 30%#E -k
g gkl g W2 wn)h ¥ kA 10° CFU/mousel/day, 2 4§ & 5 ik B HF-M :
WEREEY B 5 30%HEk A e L e 10
CFU/mouse/day 2 4f & 5' fa s HF-H - 47 & S ia A8 B 2> 5 30%4E- k& 3
L 2 wow] o ©E Ak %S 10" CFU/mouse/day 2 4F & 5 ik i - 3:#;'11%
EHEE L (N=8)%4 7 > MH T+ SR #1716 8 FEFE Bk L Byt
T2 F*ErAFREA L EeEFEHEFLE (p<0.05)-
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Table 8. Effects of LAB on serum high-density-lipoprotein (HDL) and
low-density-lipoprotein (LDL) in high fructose and high fat diet induced insulin
resistance murine model.

Group HDL (mg/dL) LDL (mg/dL)
Na've 76.00+1.41% 35.00+2.31"
High fructose and high fat diet induced Insulin resistance murine model
HF 62.00+£10.44° 42.25+5.56°
Acarbose 81.20+6.72° 35.60+6.31"
HF-L 71.00£4.97% 34.00+2.74°
HF-M 82.75+10.59° 34.67+4.46"
HF-H 77.80+6.91° 35.25+4.57"
2 e B gL é%w§ﬁ14 PR Fa 0 TR 7Y HDL
% LDL 2—_&1_07"' ® NalveGroupv% FiEpadlz Wb 23 EFHE2 2

W B Ee i HF GFOUIO’ = 3000 K B P bulleh 2w EhHRE
Acarbose Group » % 30%#E-k 22 3 o &L 2R a%lf w3 Ak¥ S 40 mg/kg/day

2_ Acarbose %ﬁ—fj\fﬁé%#r HFE-L : 48 & S pa i £ 2 > 5 30048 k& 3 fq 4ot
F¥2 ww s ¥ A 10° CFU/mouse/day 2 4 & 5 e 5 HF-M @ 48 & 5 i
Y R e b 300Kk F A W2 e w8 & %5 10° CFU/mouse/day
zZ A EFRFHFH DA AR AR AT 2 L 0% kB R gL x
CIRES-E- S0 10%° CFU/mouse/day 2 4 & 5* & - ficdp 4 T 32+ £ (n=8)
27 o NEFF PR ELPLEFRY R T e MET 25 E T F
Pl&7 t eFEFE LR (p<0.05)-

63



300

a
250 A b T
T C _T_ C
e 20004
= d
B T
\J 150 A
wn
o
Q
© 100 A
50 1
0 1 1 1 I I I
Naive HF Acarbose HF-L HF-M HF-H
Group

Bl 4 I RATEIHZ SBAELE F A Kl FopEa g
Fig. 9. Effects of LAB on serum glucose content in high fructose and high fat diet
induced insulin resistance murine model.
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Fig. 10. Effects of LAB on serum fructosamine concerntration in high fructose and
high fat diet induced insulin resistance murine model.
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Fig. 11. Effects of LAB on hemoglobin Alc (HbAlc) concerntration in high fructose
and high fat diet induced insulin resistance murine model.
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Fig. 12. Effects of LAB on serum insulin concerntration in high fructose and hlgh fat
diet induced insulin resistance murine model.
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Fig. 13. Effects of LAB on Homeostatic model assessment insulin resistance
(HOMA-IR) in high fructose and high fat diet induced insulin resistance murine
model.
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Fig. 14. Effects of LAB on glycogen content in high fructose and high fat diet induced
insulin resistance murine model.
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Fig. 15. Effects of LAB on hepatic patterns in high fructose and high fat diet induced
insulin resistance murine model.
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Fig. 16. Effects of LAB on hematoxylin and eosin stain of hepatic patterns (100x) in
high fructose and high fat diet induced insulin resistance murine model.
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Fig. 17. Effects of LAB on oil red stain of hepatic patterns (200x) in high fructose and
high fat diet induced insulin resistance murine model.
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Fig. 19. Relative mRNA expression of Adiponectin in abdominal fat.
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Fig. 20. Relative mRNA expression of Lepin in abdominal fat.
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Fig. 22. Relative protein expression of Acetyl-CoA carboxylase in liver.
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Fig. 24. Relative protein expression of Glucokinase in liver.
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Fig. 25. Relative protein expression of Phosphoenolpyruvate carboxykinase in liver.
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Fig. 26. Relative protein expression of AMP-activated protein kinase in liver.
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Fig. 27. Relative protein expression of Protein kinase B in liver.
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Fig. 28. Relative protein expression of Glucose transportase 2 in liver.
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Lacl6S AGCAG TAGGG AATCT TCCA 341 bp
CACCG CTACA CATGG AG
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[B-actin CAGCCAAGGACCCCGTCCTA 231 bp
GTGAAGACCAGGACCACccC
TNF-«a CCACGCCCAGCACTTTTTGATTAC 500 bp

GTGCGACTGGCTGGACCTGAGAAC

Adiponectin AGCCTGGAGAAGCCGCTTAT 151 bp
TTGCAGTAGAACTTGCCAGTGC

Resistin GTACCCACGGGATGAAGAACC 253 bp
GCAGAGCCACAGGAGCAG
Leptin CACCAGGATCAATGACATTTC 124 bp

TGCCAGTGTCTGGTCCATCTTG
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[B-actin novus 45kDa
GCK Cell signaling 91kDa
Glut2 Millipore 50kDa
AKT Cell signaling 60 kDa
p-AKT Millipore 60kDa
AMPK Cell signaling 62 kDa
p-AMPK Cell signaling 62 kDa
PEPCK Cell signaling 71 kDa
ACC Cell signaling 280kDa
GS Cell signaling 84kDa
Anti-rabbit 1IgG HRP-linked antibody Millipore
Anti-mouse 1gG HRP-linked antibody Cell signaling
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