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Abstract

Diabetes mellitus (DM) is the 5" leading cause of death in Taiwan, and the
prevalence is still growing. More than 95 % among all the cases belong to type 2
diabetes and characterized as insulin resistance that resulted in hyperglycemia. Phenolic
acids are widely distributed in vegetables and fruits. Although some studies have shown
the effect of phenolic acids on anti-hyperglycemia, there has been no systematic study
on DM vyet. In this study, the insulin resistant mouse hepatocytes FL83B cell model was
established and used as the screen platform. The cell viability test showed that the
critical safe dosage of 9 phenolic acids is 12.5 pM. The result from glucose uptake test
showed that vanillic acid exhibits the highest increment in glucose uptake in insulin
resistant cells among tested samples. Animal model was then performed to assess the
effect of vanillic acid in high fat diet-fed rats. Male Sprague-Dawley rats are randomly
divided into two groups, including a control group (fed with chow diet containing 14 %
kcal from fat), and a high-fat diet group (fed with high-fat diet containing 60 % kcal
from fat) for the development of hyperglycemia. Furthermore, the high-fat diet group
were further divided into three sub-groups, including the high-fat diet sub-group,
positive control sub-group (orally administrated pioglitazone, 30 mg/kg b.w.) and
treatment sub-group (orally administrated vanillic acid, 30 mg/kg b.w.). The results
showed that vanillic acid significantly alleviated high-fat diet induced syndrome,
including hyperglycemia, hyperlipidemia, hyperleptinemia and insulin resistance. We
thus demonstrated the potential of vanillic acid in the development of health foods or

dietary supplements for the prevention of hyperglycemia in prediabetes.

Key words:

Hyperglycemia, insulin resistance, phenolic acids, vanillic acid, high-fat diet
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it eEF A

L;.i:l

EE A ORI o AP & AR R T o e b 4B
i@ SR R DR O (diabetes mellitus, DM) z_ g {7 5 % %7% 2 > & =
Aot o kB F RN G A2 - o2 B Ed w5k (WHO) 2013 & 45 4)
PRI G 34T Bind v e RABAE 0 £ TR 2030 4 fe BB R A T ik

£ 1692 B9y 2012 & FrckufEd F it o E S %“##f]\}ﬁam4 T 3 iF 9281
Lo RBA LA FSRT (o 05 BT ARG - A OB S SR R D
B AR A 0% = AR (type2DM) G4 (iR AT HOB% 1 om B
WA B it o RF g A ,Jrqg:};](:ﬁﬁé*% #r (prediabetes) - pt pFHp § - fA i ¥

Al MR ORI B 0 BEIRR A B S MR FALR ARG T B
b RS AR AR o FI o e il DR R S SR AR A LM O D
FA o e FRARR R DL A

fo e (phenolic acids) = — f&R iZ i3 & ¥ @E % ~ k% ¢ e sgit £ > L
E:rﬂ PEE Sy 2 Fulp > w23k o ITE ke ”ﬁ =¥ éﬁﬂiiﬁ i) ﬁﬁ:ﬁ’;?%‘%d .
SPRER A G E M FURBAOBL LB BB R A RE R R
Bk oo

AFEG A ] BUTHE L etk FLB3B i T me F S i E A Bt E b f

PR 2 A B TE- B PR FHAPRES @RS
Sprague-Dawley ~ Bl3} & 5 #E2 2% & & i 2 R 0% 5 & ez 4] o
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- & WA

- WA

# o (diabetes mellitus, DM) & - 84 w T g i 0 K B 2 8
& -7 1550 & aih’ﬁ TS Rpe R AT AR P Tk AT
g 2 #0546 * Diabetes (7 % 3 5 2 &) kfgdpm A 5 RZ MR
WE Ab6E P P R PRDE P ¥ L6 H MR T - Pl
TR TR R R 2 EAETT TR L (20 2012) ¢

E

PR A BRI HE WA m 0 L& 0% g F (insulin) 424 > &
R R BT @ s A A SIS g e RGBT R
MR IR E 4 (hyperglycemia) 2 457 0 R B L fER LA T €
BARI TR AGE  CSHELFEBT LG T -

W R e AR E T B ek gE2 0h o R e 3% 3 (polyuria) 3 ek
(polydipsia) ~ #8 & i d= (weight loss) » 3 P57 3 %+ (polyphagia) % 4R+ &
## (blurredvision) ~ % B4 Egpfk o BB o B2 RN RS A T g
Wk e i (ketoacidosis)  F H # M B g eng 2 o 3 BB
E Jatk s el BT Flfdeom iyl e UL E g oy 2 LA LR
¢h (ADA, 2012)

B

EF T E UL R B A S AR I AR RS 4 T B s

X BFELFANCE NGRS ARBRRF 5 - -2 E DR

A F LARATHALZ - o

&R FEd ms (WHO) 72013 #4pdi- p o 233 > 5 347 et v e
BAEFR > £ 300 2030 & fe B AR fum A C BcH-F £ 1 6.92 o B



HEE  (International Diabetes Federation) *+ 2012 # 4 41 » 23k% 10 PFH
2 AARDET LA 0 & E G 480 F A N M A 0 F 10 57 1
AT EREACRAP M o 0 BT R R RIRMEAOR B T OREE L A B g
AP T B e

R o @ Ercmirs st > 1983 ERpRE T r S ARG
» ERE A 2 2012 # > FOMERRIA v 9281 4 0 BFA L A

e

1

A

g I o T ek 57 A\ﬁ_ﬁ,}c/}% SRR Y S Y TR Y o
=AM (type2DM) G > (ke 4 v 95 % 24 o EIFREAGR
R 2000 A AOR BT 2 92% 9 10 A 14 ek
B o B BARER 0 SRR A BT A R g B R4 AR
Btz - e

el FAE S HEMABEF LN R B E AR
Pl 0 SR B 7 et & 2R

E

= LS
195 % RAERR S ¢ (American Diabetes Association, ADA) & #74 4
i o RHEIR R Pl A 1 0 " A G~ 3 (ADA - 2012)

(-) % - 34 (type 1 diabetes)

W2 A5 % & F & f A4 fop (insulin-dependent diabetes mellitus,
IDDM) » i ¥ 453 30 % & & F 0 E g o 0 FI R LS % E AR OB
(juvenile-onset diabetes) o 1 & § d LB B fme b it e A o @ L
20075 & - A ARR A R OB AR KR & e 5~10 % o 1R § H R
P FS G
1. w#E44 4 (immune-mediated diabetes) :

R &) = B-cell Fidll 2 dmie LA 5% 52 B-cell 5 &y

£ RF A - fEp WAKAR (autoimmune-mediated diabetes) - d %



B <] & (pancreatic Langerhan islet) 7 B-cell % # B % ehp 4 %
Moo SR Bcell AE A E BB L A BRI R
Ao P AF R RS ARG A RN I L BRA

R
K

2. p %7 (idiopathic diabetes)
AR RFIE AL FAAMSL I FRRT > <55

E“\:\T"i"ﬁ_‘ rg}ij@r’}’“:u,ﬁl’r’ﬁp l“l’r' é:: —%1551%/\?0

(=) %= 3 (type 2 diabetes)

W2 L G & kgAY # # (non-insulin-dependent diabetes mellitus,
NIDDM) - 4 2 3080 3qg 4 o ¥ o & 5 90~95 %> = A

-

A
%%WPQM%%%’@W%%%AMZ£éﬂﬁ%%,%ﬁmgﬁmﬁ‘
mre 419% & & ArR 2 (insulin sensitivity) T 5 o BB AL g Ao 4 BVE S g
S EFEERE TSR

(2) B s #FrR37 B P (other specific types of diabetes)

1. B-cell # it 2z £ %144 15 (genetic defects of B-cell function) 4] :
4o % 12 ¥R 4 % 9F i fe % F]F -lo [ chromosome 12, HNF-la
(MODY-3)) ~ % 7 %% ¢ %8 % & 4% ps ( chromosome 7, glucokinase
(MODY-2) ) ~ % 20 %% ¢ §85F 4% +5 F]5 -4a [ chromosome 20, HNF-1a
(MODY-1)) % -

2. L E #iv% 2 3 Fl4k K5 (genetic defects in insulin action) ] :
4o A A% 5 2 Fedr (type Ainsulin resistance) ~ # = jz  (leprechaunism) »

Rabson-Mendenhall syndrome % -

3. RLER R K U T (diseases of the exocrine pancreas) 3| :
435 KL (pancreatitis) ~ £ i /95 S Kf (trauma/ pancreatectomy) ~ *# %3
(neoplasia)~ 4% 1+ & *& (cystic fibrosis)~x ¢ 2% it ¥ & (hemochromatosis) -

HRAT ﬁﬂ%%sfgﬁﬁé (fibrocalculous pancreatopathy) % -



4, p /v\i'&:),%f% (endocrinopathies) % :
4ossgse < o (acromegaly) ~ E % % & (cushing’s syndrome) > 2 4 % 7
(glucagonoma) - F%’ £ ' %2 B (pheochromocytoma) ~ 7 & 9:}1 B it
(hyperthyroidism) % -

5. FHAiFFigwal:
4ok A Figck  (glucocorticoids) ~ 7 4 #% (thyroid hormone) ~ 4 &0 )

Vacor & & = #1351 42 o

6. & # (infections) #7514e cmk f -
4ok X 248 B 7% (congenital rubella) ~ E o e :I]%—%- (cytomegalovirus)
7. 2EFANLEEA OHE R T (uncommon forms of immune-mediated
diabetes) :
4o B A (“Stiff-man” syndrome) ~ Fui% § % X B4k (anti-insulin

receptor antibodies) z J1 IR F o

8. Hif PEEE MR Qi
4o <& (Down syndrome) ~ ¥ %j& (porphyria) % -

(z) J=d=#% A (gestational diabetes mellitus, GDM)

FEREHE o P TR TR DR F AL 22
Ay Fd A X ARLET SRR E 0 T A EEE R RV L BRE S
24~28 3k PE o FRA AW RAFOTOL FEE LR 0 9 - KD ¥ B EEE

%A 275 % o AW R R RAERE ORI A )0 2
AFEAARANTRIVEADIE € <M > I WL ERERE A
REDLED e B BRp2 L 0 R RiEdRiEop (ADA, 2012) -

4 \1‘% FF’ ;‘I m,bk



Stages Normoglycemia Hyperglycemia

Types Normal glucose regulation | Impaired Glucose Tolerance Diabetes Mellitus
Impaired I:’) :sting Glucose Notinsulin  Insulin requiring  Insulin requiring
(Pre-Diabetes)  requiring  for control for survival
Type 1* _
Type 2 * .
Other Specific Types** —
Erces oo s S

Gestational Diabetes **

Bl 2-1 H Fos A 4 o

Fig. 2-1. Disorders of glycemia: etiologic types and stages.

*even after presenting in ketoacidosis, these patients can briefly return to
normoglycemia without requiring continuous therapy (i.e., “honeymoon”
remission);

**In rare instances, patients in these categories (e.g., Vacor toxicity, type 1

diabetes presenting in pregnancy) may require insulin for survival.
(ADA, 2012)
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A BE K BB E S A SRR > 4R Rdh MlkE F K
k2 Z_om 32009 £ 5 £ B# kR T ¢ (American Diabetes Association, ADA)
2B RBE PR B R (International Diabetes Federation) igf‘«  AE R A e B
B it ¢ % (glycosylated hemoglobin, HDALC) % & #% fops 1 ¥7dp ¥ 5 B 2010
ER o FRBRRE §F T ORRRLERE > o gL d R M B
T SR 2 - o

5% WAERH T ¢ (American Diabetes Association, ADA) 2013 # i 37
2R e AT E- R T BE LR (R 2]

() DRLAEARRER (Bl 5~ S 5 RS PR FIME ) o

B & 0 ﬁﬁ%ﬁ‘%i&)ﬁ = 200 mg/dL (11.1 mmol/L) -

(=) zHI A~ H 7w :ch ¥EHER = 126 mg/dL (7.0 mmol/L)
&% % %3 100 mg/dL) -

~

(2) T PRF 5 #atE 25 (oral glucose tolerance test, OGTT)
hTE TS L E MLk 2 PR R FHER = 200 mg/dl
(11.1 mmol/L) -

(z) #itid % = 65% o
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Table 2-1. Criteria for the diagnosis of diabetes

Diabetes

Glycosylated hemoglobin (HbA1C) ? > 6.5%°
or

Fasting plasma glucose (FPG)" > 126 mg/dL (7.0 mmol/L)°
or

2-h plasma glucose during OGTT ¢ = 200 mg/dL (11.1 mmol/L)®
or

Random plasma glucose® = 200 mgdL (11.1 mmol/L)

% The test should be performed in a laboratory using a method that is NGSP certified
and standardized to the DCCT assay.

b Fasting is defined as no caloric intake for at least 8 h.

¢ The test should be performed as described by the WHO, using a glucose load

containing the equivalent of 75 g anhydrous glucose dissolved in water.

%1n a patient with classic symptoms of hyperglycemia or hyperglycemic crisis.
¢ In the absence of unequivocal hyperglycemia, result should be confirmed by

repeat testing.

(WHO, 2013 )
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ol 5 Mo ie B en® ¢ - 30 0 g R A G2 Bl
%gﬂi%%’ﬁ%@%%%%{ﬁ&ﬁg%(thl%ﬂoﬁ%iW%%
FyFmp (FDA) 2 A8 48 % S ia Rk o in® B4 52 A A

47T L

1. % & % /% (insulin therapy)

PABISR LA S EE T - AR AR A e TR
FLEESRL N RV FEFEFL B R F LR RRE L
RPN T B BTSNV A LA g £ Lispro
Aspart ~ Glulisine » &»x 3| % § % (rapid-acting insulin) Regular » » »x 3] %
%5 % (intermediate-acting insulin) NPH 2% Lente - £ »c 3] % § %
(long-acting insulin) Ultralente 2 Ultratard » &£ »<%|% § % Glargine %

Detemir -

2. A fEfcE %8 (sulfonylureas, SU)
5 R3% & % & A (insulin secretagogues) @ 4 & 1FH AN ILER %gc} g
LR Pl i b cnSU R B E > m T ORAEMEL S R 2 A T8 4
¥R E ML § & 2 A & (Scarsi etal., 2007) o gt &5 & 4 ¢ 47 Glipizide
Gliclazide ~ Gliquidone % > /& + ¥ @ * » E BI R chg 4 » ¥ i
AT ML M- MEH e 2 4oif Blore L f F o

3. Z m fefk# #g (meglitinides)
5 R3% G & 4 s (insulin secretagogues) > £2 A figfj & #EF 4 b % i1
B2 fs (T L EA R > AR R ROPTAERF > &
MRS ) R en A o R H A R B e M s (Keilson et al,

a7

2000) - * % Z 4 ¢ 3= Repaglinide -~ Nateglinide % » H 7% 3¢ » &g
PR $F SU M Ay Lk enme (N E o i AR AR e

AR E

g



5.

6.

gasg (biguanide, BG)
% guanidine z_ =4 3 > p w & + B & & 3£ Phenformin -

Buformin £ Metformin - Phenformin #]5ld=5 i@ 4 7 R~ FRE >

FLRMpEIE o B GG * LB pwig* BGC MEH 2 F RO
32 Metformin 5 4 (H 5145 /¥ 3 20 5 & Phenformin % 10
B) o MEEHOET SIS AR 2R e FA TR NS
ERLE lﬁi‘iia’j é]Lﬁg‘.ﬁ’glp’}l— N Lp# ﬁFﬁ;frﬂl e ~ Bt F
W IFRCE f2 (Johnson et al., 1993) 2 & 3 % 2 X Mehg &4 X ivH
T EE A EERELEASRILE, K o E G g M
3 e A E R SRR AR ATRR L A B AT SR
mE (¥ gE > 2008)

\v

i

o-fE H pFFrl A (a-glucosidase inhibitor, AGI)

A& TR N e SRR & e e drd| (starch blocker) > i®
L s 4% 5K o- amylase 2 %5 ) 2. a- glucosidase ¢ f i FEEE
R it ARG B e AR SR HRITY 5 FlAMRSR T
PERg e~ d PR FAFRE M LR R EEESRIGRR 2 RS
ERH TR 5 a4 H Y BREE A B Bk Mg RER 4

(Van de laar et al., 2005) -

Thiazolidinediones (TZDs)

% B F Fe Fusg A (insulin sensitizers) - ¢ 3% Troglitazone -
Rosiglitazone % Piolitazone % - it % 4 5 & i w2 2 £ X B PPAR-y
(peroxisome proliferative-activated receptor-y) » 4v 53 % i g%Fk ¥4 | % g
R BREs 5% M) F 8% 5 F0 L @8 L FF TNF-a 2 IL-6 7
JER 0 B F'E M ffree 9% § # fedrz (7% (Rangwala and Lazar, 2004) -
CEFFAMER S KRR R > B TR P AR R R
R L REREITRE G L L IR LHEF LR L R T
G FHa o - LFERFH R R QR EBY L ES (Panunti et al.,
2004) -

10



F o AR
N S

¥ o P (prediabetes) 4 2 3t % ¥ = AR i (type 2 diabetes) 2 0 » &L

A Ao R 2 R ¥k Ao & §d 3055 g F e do (insulin resistance) »
AR PBAZFARE P FERERAAZELN T Flad <3l R
# (impaired fasting glucose, IFG) % # % # & < 8 ¥ (impaired glucose

tolerance, IGT) z_ 35 -

PR B R B AE R SRR 0 P ALR G AR E G RS DR GRS
%%%’i&&%%%msﬁ%aoﬂﬁ’%mﬁ%ﬂﬁmi%%“’uﬁﬁ
WA e 2 LI R T A & R A

248 P P 20 17 o B

% W B 7d#2 #7 7 Ix (National Institutes of Health, NIH) 45 1 - 2009 & i3
g»ﬁmog&@ﬁ%%ﬁmw’%%n%ﬂi%y@’*;ﬁi&%éJOE
P\ z"PxE’.F L' J‘}'ﬁﬁ'\}?‘a

FATRRFLAFEAZERA AL WA DR BBl FEF
B TAT %o % o 40 S RSB RF T2 A 0 B R b (L5~T7.3%)
R GSHC AEAE (350 2001) gt vh s F AR R R BEDR F (< 100
mg/dL) £ B % (100~125mg/dL) & > G+ & gL F R TR BER ¥ K
CHRREA S (368%) AL EABED K (LT %) B A
A5 BB RPN R L HEE B AP (R 2005) -

v #i#’%‘f“’l‘i’i , #%)T\]%ng,rggh,\,ﬂ_ ?ﬁjﬁg{r?« 2. Y AR
Borm Lt ENFER SRR OE G ANMN FRCOB AR Y ST G §
S 0 s BB LR 0 BT R E R TR BRI 2 (B

2005) -

11



3. W Flop ) P ET R0

5 @]%%fj\ffiaﬁ ¢ (American Diabetes Association » ADA) 2013 #
TR LELERRRY (2 22)

BT AR ko £ T E o

(-) %x 3]{'%“::37%%/)%)% (fasting plasma glucose, FPG) = 100 mg/dL * <

125 mg/dL » ¥V Z %52 7" H 5 2 % (impaired fasting glucose,

IFG) -

(=) vRRE E AR R 2 ) Pl B § BdcE 40 140 ~ 199 mg/dL 2
B v el § 5 #aE 2% (impaired glucose tolerance, IGT)

(Z) #iti & % 57~64%

22 T RS

Table 2-2. Criteria for the diagnosis of prediabetes

Prediabetes”

Impaird fasting glucose (IFG)

Fasting plasma glucose (FPG) 100 ~ 125 mg/dL (5.6 ~ 6.9 mmol/L)

or

Impaird glucose tolerance (IGT)

2-h plasma glucose during OGTT 140 ~ 199 mg/dL (7.8 ~ 11.0 mmol/L)
or

Glycosylated hemoglobin (HbA1C) 5.7~6.4%

*For all three tests, risk is continuous, extending below the lower limit of the range

and becoming disproportionately greater at higher ends of the range.
(WHO, 2013)
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¥o8 wg 4
- RLERA

5 % (insulin) 2- f&d WLuKRF ] § f wreisrld o R G o
A+ & %% 6000 kDa - 5% § & E_ A Mra— "N fRergk o o A e R
EPEAE ~ P Pp ekt e S ehjk o BHER R G R BT LML
PE o~ RGER B HEG R flgcwe 4 £ foa 14 (Rosen, 1987) -

5 E s RV E % (anabolic hormones) » 14 375 ~ 4 RLaeEr By ik e
AHEF 2 PHRET > ARHIIFER DA B RIEH LRI E

fomse HPEAT g s B FZ AR ALY £ BEE (W21

(-) pEap

L h 2 AL R PIEBYHY FHE2Z % (glucose
uptake ) > 54§ F BEIE X T e p ’,‘{gcj R 2 (7 (glycolysis)
Frd|pEFATA £ (gluconeogenesis) b 1 & R AFRRG v P2 SRR LA
(glycogenesis) » Fr |3+ "% f2 (glycogenolysis) > #-‘mz P F F 4% 3 »cfl* »
Em e P FERER -

(=) 35 F

b RV R o b RA R el B 0 BagRARM g jTs 2§ PR
t2f: (DNA) ~ 2+t (RNA)~ 39 T2 &4 5 F 2 » $% 5§ %73 & pl
g0t By AR deid o33 S Foo I L R (45019865 01986 ) -
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() F
G AR R A R AR FI R FACR 2% 355 (hormone
sensitive lipase, HSL) s > "5 7z s % (lipolysis) » & > = fa 4 i fig & f#
Parg spe (free fatty acid, FFA) 22+ @ (glycerol) » :& @ "% i< 5 }:‘ PEEL Y
ipfe iy ot thoRL g € W 4e e Rl ps A 21t A5 (acetyl-CoA carboxylase ,

ACC) %z #M» Bigrgsspeens = (de novo lipogenesis) -
“ﬁi%‘%%‘i’;f/%’ RSzt %G ZFRT AL e AL EFT kR F
475k (vasodilation) ~ #u#F ¢ (anti-inflammatory) ~ 3 it (anti-oxidation) 2.

# i (Dandona et al., 2001 ; Dandona et al., 2005) -

Amino Insulin
Glucose acids receptor

FFA

Wbl

M‘W’éw

.

[[Tiglyceride ] —> [FFA]
Glycolysis/oxidation

e
e S
v

[ Glycogen |

Bl 2-2~ %% 5 b a2 (RoEr .
Fig. 2-2. The regulation of metabolism by insulin. - ( Saltiel and Kahn, 2001 )
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MR S N EU K7

L FNAMY 32 BA PR oA u L FmE Mgk e i B

&2
LA R E R T i A % % % (insulin receptor) -

N
R
i
&

GERET ok BR DT FAEE S TR i e
v 2 (glucose transporter-2) i&i% I AF5g¢ 5 bk fE T OB dn e B e Ak |
o b e d e BE LS ¢ B X B2 tyrosine p M ERRL
(autophosphorylation) > @ 31 4 =  insulin receptor substrate (IRS) -
phosphatidylinositol-3- kinase (PI3K) % protein kinase B (AKT / PKB) % & &
gk it (phosphorylation) % 4 gip4 i+ (dephosphorylation) &% » F]pt &
TR g L B R A R e R R B o Aol 2-3

Glucose InsuIm/IGF 1
receptors

" mmmmmmwmmm i
‘W‘ @S, L ""??‘?Hzé }

S o

&‘

'U-U.U_U

PTEN (RIE] CShcy:
SHIP2 - (WPTTOTTPE5? PRS- P 1GiD2 SO Ras )
PIB)K P Q, IRS-2 P |
7 (dRS:3... P SHR2) / Mtk
P . IRS4 __ rP
<«—— Akt aPKC — 0
£ LN MAP kinase

p70 PP1 GSK3 ‘ @

\ Cell growth General gene
Differentiation expression

Glucose metabolism
Glycogen/lipid/protein synthesis
Specific gene expression

Bl 2-3~% 4 204 BRI -
Fig. 2-3. Signal transduction in insulin action. (Saltiel and Kahn, 2001)
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ENRR N ik

35 6 & e (insulin resistance) ¥ 5 RN lmre ¥4 E AR R TR 2
Ao G A AT PR e FF L M) SR E o SR G
P 3R i3 (metabolic syndrome) € & 4tk + EERE - AR A H
#Foxehi & i ¥ (Kendall et al., 2002; Qatanani et al., 2007) -

LA SUECES CECE CFNIEESR IR £ i i sU A L AR O LR RO |
Favh b R EERE Y > E SRV R FRAME > T LAY F %
% & (hyperinsulinemia) ox ¢ 3% § % B2 3 4c 0 € Fxde f A2+ (down
regulation) » @# % % £ Bl E R0 o &a F A F EBALF L2 A L pF
o ffu{ﬁ'ﬂﬁbj TR TR AR R FALL A P EE-H
g ETHFRESF 2 A (Okabayashietal., 1989) -

P e dvig % G R AT R A4 E Ao (] 2-4)

() a8 4 s

BN R W7 R i a2 B i R WA R W AR
gOESFECY o g B S Y B A S DAG (diacylglycerol) 2 =6 3 4e
DAG v i¥ z 3 & @~ 3 /& it ™ % PKC (protein kinase C) #-v > & ek
FARL @R ot g R Y AT € AR VRS BN TR RS
B4 o HRWE G Z g 4 (Unger et al., 2000; McGarry, 2002) -

(=) mrep 5 VR4 K

g B R Ak € LB R A B ooxidation F* o R EEF Bpod A
(reactive oxygen species, ROS) # S 3 4c » g 3§ (L4 cht 2 o fpEE 0
ROS ¢ /=it serine/threonine kinase (4 : JNK ~ IKK ~ p38) 2 i¢ = 448 # i £
Fooop FRRs e Fladrdeh 2L 0% TR F iy 2
(Carlsson et al., 1999) -
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(f:) w :ﬁﬂ;iﬁiﬁ

C g o 0L vh BT R 4 . s,
BE] 873,387 L4 l;’? EE] Ly ,E'_ﬁ‘\ _E' ik <@

#¢ (Adipose tissue macrophage, ATM) &3 4r

£ TR Py S e A0 LTS (e TNFron IL-6) 2 3 35 4 F peng 4

Ea PR E LB EREE 2 refiang 4 (Qatanani et al., 2007) o

Resistin
Adponactin 4 PAI1
A ’
L
-  Facr @
u RBP4

4 IRS-1 serine phosphorylation
............................... 4 IRS-1)2 tyrosine phosphorylation
IRS degradation

|
|
|
Insulin |
I
|
_ !

S0Cs-3
Nucleus

= = STATs SOCS-3
Mitochondrial
dysfunction

NFB AR Cytokines

gsans ¥l
W

Liver/Muscle/Fat

Bl 2-4 ~ Se agp bR ] rig A2 L g R IEfR o
Fig 2-4. Obesity — associated intrinsic mediators of insulin resistance.

(Qatanani et al., 2007)
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S8 3RS ER LBl RS

-~ RERESHA

% fafc @ (high-fat diet) 2 3 &5 v @mid ~ 1940 # » L HiFE
TOFHE - F Ao PARR: §ERF I ABRRE AR IF L > G
ek b R P % A AOR o B F ~ fq59F % (Buettner et al., 2006)
FtF PR R R B AT 2 b AP R B R A
T

B SHAF R L B B AR RS RET o R
&@?$M%%%%ﬁi%i#1%%,wﬁﬁ%@ SEE 2 (] 4

ARG AR 5] 40~60% 0 E Bdp Al g WRES AR E + A (weight gain)

% & % & g (hyperinsulinemia) ~ & "7 B % (dyslipidemia) ~ % &4 % &
(hyperleptinemia) % jz & (Buettner et al., 2007) -

SR AL LR R A

FHEEGB A GPL  MP AT B LRG> 33 E F AR
HEPSF e BeFas gMpRiaFEs L fEEHIF &
ﬁ‘%ﬁﬁi%%’gﬁﬁéﬁéiﬁﬁﬁiﬁﬁﬁbm,ﬁﬁiamg%
EEE R 0 Fla FRE A4 E* (down regulation) 4 > RLE F 2
BB oA FAEE FE o SR e RO 4 T Y
¥ 4B R ¥ 2 17 (Okabayashi etal., 1989 ) -

MR RAAGZ BT B R AR BN A ey
BraR kR P EERCAFSABEF I ARG T P
T ABLE g% F mduz B2, (Watarai et al., 1988; Zierath et al., 1997;

1)(

Song et al., 2001; Gregoire et al., 2002) - p* *h > #7 3 dg o BB R St T o
REUFRR S R R RO NG F L BE Y EEE AREY T

% ™ "¢ 03 % (Youngren et al., 2001; Lalli et al., 2008) -
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EDFESF g 0§ ER MR LY FRNPE G E A R R
So ¥Ry Bendl ~ &2 £ 2> id = DAG (diacylglycerol) »:5%¢ 3 fg 2 525 « 7 3
indDAG E g Fiihen? BAL - @ %’ﬁé 7% i* PKCe (protein kinase Cg) >
Pralh g AL BIEARRE By E 2 ARE 0 3 RIFRDL | R dueni 2
(Samuel et al., 2012) (] 2-5) -

Fatty acids Insulin receptor

Glucose
o |
[
= IIIIIIII'III
5 ./ - GLUT2
E o|m
a oo
- IH

Lo |

TGIuconeog?nesis

fuoons /' :
s

| / T G6Pase
de novo lipogenesis @ T PEPCK

lGchogen Synthesls NUCLEUS

- =\--

Bl 2-5 « DAG-PKCe ¥/ 2 W55 § % [efun 3 4] o
Fig 2-5. Molecular mechanism of diacylglycerol-PKCe mediated hepatic insulin

resistance. (Jornayvaz et al., 2012)
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SR N IO o i S

m

Kot % (leptin) &- fdd #5% e Soor 2 eh?y 950k  (adipokines) » # 3

4p 1 ’WMFWT’ﬂmmﬁﬁﬂ'%ﬁé Fi v A kR A 83

- HERY fp# 5 LRI 2 e (leptin resistance) 2.
( Munzberg et al., 2004) (@ 2-3) -

B AA B MPBRED Y B ZERRY A F 0 R N
Gad BN L B e E e Tl g S ? A R R IR

I S SR € ERR L S TR L T R

TR SR T R s el T TSN DRRRE R R4 4y

& (Considine, 2011) -

Weight gain

Lean adipose tissue Obese adipose tissue

4 | -Adipocyte R
( .y
2 ‘ \
P \ 0
& U ) —4 /
SASE «=—Blood 7SR
, N vessel
b i \ 0

\/~Macrophage Apoptotic
adipocyte

Sy

Macrophage-
derived factors

el * Resistin (h
Adipocytokines ‘ N ‘ . ”f;"; in {human:
* Adiponectin G —— \

* Leptin
* Resistin ‘

v Pro-inﬁammatory cyiokines and chemokines

* TNF

«IL-6
« CCL2

Crosstalk > 0g3 ) —>

Copyright © 2006 Nature Publishing Group
Nature Reviews | Immunology

B 2-6 ~ Po i AT b2 P kiR B OGE L ik o

Fig.2-6. Adipose tissue : cellular components and molecules synthesized.

(Tilg et al., 2006)
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7 :g aae’ﬂggﬁau—%‘sa%“r@g&j—irﬁg 4

B GELE FIf s PR E Y R AR s B o
T SRR ST 2B 0 PR L IR A TR T R B Y
UM G o W 5 sk kg ey & % (lipogenesis) Ap B 4 ] 5
(peroxisome proliferator-activated receptor gamma, PPARy; sterol regulatory
element binding protein-1c, SREBP-1c) ¢ 3R » & it g B2 & & 2L Flengd 45 17
Foo R TR TR 2 6 S iAo s g JRd drdlisapg sk (free fatty
acids, FFA) % it & % 22 "% X jiesp 48 = B 4 ¥ fg 3 32 3-v  (microsomal
triglyceride transfer protein, MTP) s {28 & L3 » 0 "% I8 B eng (2 425
I 5 TR TR, B AP A BB ¥ (Adams et al,

2005) () 2-4)

e
rHyperinsuIinemia/
Llnsulin resistance

din

esterification

Adipose tissue Liver

B 27 ~ 2L L% 0T e i S BB I -

Fig.2-7 .Development of nonalcoholic fatty liver disease. (Adams et al., 2005)
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5 3E

fEF B IRl f Se nkerilde b £ % fE
FAy e adp

ep o L osa v
T e v o ARTL S

o)

SR B E Lotk (Xu et al, 2003) 0 H ¢ FREHE KR
g3 RINA > LM g F a4 (Arkan et al., 2005;
Caietal.,, 2005) - H 8 X ¥ i %44 4™ (F) 2-5)

_i%

(- ) #drn A e d e B DR ROTIRR I R 1

L
Ao

it 3= Fpcps (4o protein kinase C, PKC)» i@ #7258 IKKB~IJNK-~p38 >
#F A LF]F (4ot TNF-a~ IL-6) o > @ sl4=fp 2 LK g -

(Z) BRfFa T o @ 4R e Bh E v w e (adipose tissue
macrophage, ATM) 3§ e 2} = » F] @ (8¢ 7 5 0 SR H 4o & i X F]F (4ot
TNF-o ~ IL-6) » EREPN 3 L F BhEF 4 o

Hormonal and
metabolic signals:

k
2
ypothalamus

<

Increased
Glucose Production

Liver

Vagus nerve

Insulin

FAs 4 IRS-1 serine phosphorylation A
Glucose ¢ IRS-112 tyrosine phosphorylation X
Insulin Obesity IRS degradation pr3
Leptin @ '\\

Decreased
Glucose Uptake

Muscle

Resistin
Adiponectin PAI-1
Resistin
T PAH b J
Adiponectin : Obesity °
Fateet @ —_— Fat cell . ﬁ
FAs 4 o FAs 4~ .
b\
e RBP4
TNFa

RBP4

TNFa

IL-6

B 2-8 ~ 575k~ 5k f F gl i LR B T

Fig. 2-8 . Endocrine,inflammatory,and neuronal pathways link obesity to insulin
resistance.

(Qatanani et al., 2007)
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SeE pRABRA

f> ¢ (phenolic acids) 3 B i 75 A FEF ~ k% ¢ - fE it F
(phytochemicals) » i & ¥ & 5 ¥ 7 gasiw4 4= (hydroxybenzoic acids derivatives) %

¢ EfL T4 4 (hydroxycinnamic acids derivatives) = + #g (B 2-6) :

(A) Hydroxybenzoic acid

R1 R2 R3 Chemical name

R}
OH OH OH Gallic acid
R COCH H OH OCH3 Vanillic acid
OCH3 OH OCH3 Syringic acid
R OH OH H Protocatechuic acid

(B) Hydroxycinnamic acid

R1 R2 R3 Chemical name

R H H H Cinnamic acid
OH OH H Caffeic acid
R CH=—CH— COOH
OH OCH3 H Ferulic acid
R3 OCH3 OH  OCH3 Sinapic acid
Bl 2-9 - prpez B4 -
Fig. 2-9. Chemical structures of phenolic acids. (Kilmartin et al., 2001)
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Fepk B FoF o FE L s g 2 SR BIEm 2 # i (Scalbert et al., 2005)
peeb o 3Tl 3 F Y ;}F]ql’ﬁg’h % BN LI B R

(-) ¥ 1 (cinnamic acid)

Adisakwattana % 4 (2005) 4] * streptozotocin (STZ) 3#% %%&ﬁqﬁa« =y
A S RET o F R p-methoxycinnamic acid ¥ 3 e #E o ~
EUFRORER T ~ "5 MOFHOIB I ATE (5% > T4 Feanhie > a L5 %
n FETE o

Hwang % 4 (2009) 1 * 5% § Z redo | BUF%K A WPz $k FL83B i {7
By BRI E ZIEFUFIRT o cinnamic acid F o sticd R §

Wl r 200 4 o
(=) r4pk (ferulic acid)

FRBSEF CHAY T3P PFEEd ALY - FLHER &%
#¢ streptozotocin (STZ) # ¥ % - A Fop | & 0 & 25 = A fop KK-AY
PR RREL Y AR R MR R R R 0 X B T 120k
% (Ohnishi et al., 2004) -

(=) wwetfit (caffeic acid)

Okutan % * (2005) 4 .»whefih $ STZ %2 4 o * RE F Ful /i
faz ek o Jung £ 4 (2006) £ 4 4 0+t dbldb B = ARl R8s

P p‘:{:?—‘f"—,ﬁ’;? B é{aﬂq‘—s;ﬁ; 5 E;_gmgégd-g“ggr%iﬂ% y B4 i o BEZ ATk o

A 7

(=) X a3 pk (gallic acid)

REFEE- AP ABSESEE BN KT FERFEaSY
(Singhetal., 2004) - ** STZ # %% = Z\pEfip ~ Rz B F 00 a3 @
%;ﬁ'g H Ao P FRORE AR T % F MOTROERATA (% > Wk wie $ F

A L3 i fEocs (Punithavathi et al,, 2010)  ** & % 434 Sk fop 5 9 < R

Py =

S M AR L LT Rt T EER R S £
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2B A LR AR F 2 ) LA & g2 2k (%5 2012) .
() % 3 p& (vanillic acid)

AE S - AR RESF PR &4 (phenolic compound) > B LT B34
¥ @EF-~k*x% a4 ¢ (Shyamalaetal 2007) c #7345 » A Xt 7
%ﬁfr} F#r#| PTP1B (protein tyrosine phosphatase 1B) #-v i®* > *} i< PTP1B %%
BEALBERY 2 BV N R o ARRREFHN L R
2 175 (Feng et al., 2007) = gt ¢t » > MG (methylglyoxal) % % Neuro-2A #
Swrek= 2Py gl AAEMT BB MF RS A MAPK #
#iTip M 39 (INK- p38 MAPK -~ PKC) £ % " iim p 41 % & 4
CML (N-g-carboxymethyllysine) % 4% » @ i£ 3| A (L wmre 2 ¥ 520 7 iy & 3
T Ffop E g % B4 op % (diabetic peripheral neuropathy, DPN) 2 # »c
(Huang et al., 2008) -
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Fzi FIGBATRER

I

B & FETeSap

VAR T - BB SRR B AP R R T L ER K
LR LA OMEE - E 2 F 35 g PR AR PR A
FUELAME PR A RER S AR RE AL ¢ HF vescalagin &

%Wﬁﬂdﬁﬁﬁ%ﬁ“€%£4nﬁﬁw7W“’?ﬂ% RERPMFULE
B el i e d B R AR AR R T B X Rk A IR R R

MtH 6 G50 F LBMED S B ApM D ¥ A4 RS -

ipf%ﬂm%?%ﬁﬁwé*'&ﬁ%%%%&ﬁ%*i%%%ﬁ’i@
- HREFESF &K VRS AR RS S B S gtk X G E R
’%%%Eﬁi%ﬂ°?$#ﬁ@%12
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Phenolic acids

Sprague-Dawley (SD) rats 3

|

F1.83B cell line

|

|

Cell viability

Glucose uptake assay | —>

of msulin resistant cell

|

High-fat diet fed rats

|

Treated with vanillic acid

|

Liver tissue

|

|

B 31§k
Fig.3-1. Experimental design.
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Frd s HEE32

F- & g R f RS

(-) F &%

Y RRBRRRES f TP

1. Sigma (St. Louis, MO, USA)
cinnamic acid, caffeic acid, ferulic acid, chlorogenic acid, gallic acid,
sinapic acid, vanillic acid, syringic acid,
2. AlfaAesar
protocatechuic acid
(=) 7 &kimre

o BUFRR A Pz 4k FL83B P p American Type Culture Collection

(ATCC, Rockville, MD, USA) -

(2) Fo&E &2 FH

1.

Sigma (St. Louis, MO, US)

bovine serum albumin (BSA), insulin, NaOH, HCI,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide

(MTT reagent), dimethyl sulfoxide (DMSO), disodium hydrogen
phosphate (Na,HPO,), potassium chloride (KCI), potassium dihydrogen
phosphate (KH,POj,), sodium chloride (NaCl), sodium phosphate dibasic
(NazHPO,), nutrient mixture F12 Ham Kaighn’s modification (F12K)
medium, HEPES

Gibco BRL (NY, USA)

fetal bovine serum (FBS)

JRS (Lenexa, KS, USA)

trypsin
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4. Invitrogen (Eugene, Oregon, USA)
2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose
(2-NBDG)

(z) 7%k EXA
% I (balance) (HR-200, A&D, USA)
% % %% ~ 17 % (microplate spectrophotometer) (Epoch, Biotek, Australia)
%84 % (-20°C refrigerator) (CH-401 » &5 » 2 %)
g i B4 ® (pipeting-aid) (Matrix, Themo Fisher Scientific Inc., Waltham,
MA, USA)
AR B2 (reciprocating shaker baths) ( BT-15D » gra 5 % > 5
#)
ez imfz ik (flow cytometry) (FACScan, Becton Dickinson, USA)
& FAld.< 8 (centrifugator) (KUBOTA 5100, Tokyo, Japan)
Aok E g (milli-Q ultrapure water system) (Millipore, Bedford, MA,
USA)
w8 27 B (orbital shaker) (TS-500, #% o o Taiwan)
B i 4. (centrifugator) (Sorvall RC 5C, DUPONT, CT, USA)
B B 4 (autoclave) (HL-341 - #F > 24 0 o)
Z F “m ¥ % 45 (CO, incubator) (Model TC2323, SHEL LAB, Tokyo,
Japan)
& F# T 5 (larminar flow) (i A& 0 &4 > 5 #)
fedk B 4% (hanna instruments) ( HI9017, Italy )
2R & % (vortex mixer) (G-560, Scientific industries, Inc., Bohemia, NY,

USA)
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() ¥ & ESRY
FPirZ B2 BB RIS DMSO P o Yl et g kR o 114

FiBpBEER > k> -20C % -MTT & * 2 kR ~»% 5 12525~

50 ~ 100 uM ; Glucose uptake i * z_ & 5k & 2 125 uM o

(=) FL83B im*s thz i%15 8733 %

1.

FHESRY

phosphate-buffered saline (PBS)
8 g NaCl / 1.15g NapHPO,4 + 2H,0 / 0.2 g KH,PO,4, 0.2 g KCI / 1 L

ddH,0 -

nutrient mixture F12 Ham Kaighn’s modification (F12K) medium

F-12K medium / 10% FBS / 2.5g NaHCO3 /1 LddH,0 2 pH % 7.3 -

T & 3

fRiaf 162 FLB3B Mm% & - 1 = X HEiE (- N MER % -4 "f
Bz & 216 > {1 PBS (phosphate-buffered saline) i i ik fw ¥2
Foo o £ L G0 fE (trypsin) TE* 22T dmfe o 4o r 12 %% (FI2K +
10% FBS) 47#cd fiximre 12 > Mmoo Big= 1 15 ml & F4
# ¢ > 2 1000 rpm ~ 5 min 2. #F & g o 5] ¥ FRE LR AR
B2y Rrme s i T e BT 1 x 10° cells/mL - B~ 1
mL ®&&37%32 10cm A ® » e E5337 C 5% CO, &2n
BREZEEHPN o FrAT FL83B me £ I N A &S 0 BT

l%; °
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(2) w9 535 X% (MTT assay)

1.

P Stk & il
FPirZ B2 BB RIS DMSO P o Rl et 2k

K 125+25~50~100 uM » & iR BB m 0 k3T 220 TH * o

TwESRYU

MTT reagent
2mg MTT /1 mLddH,0 -

phosphate-buffered saline (PBS)
8 g NaCl / 1.15g Na;HPO,4 - 2H,0 / 0.2 g KH,PO,4, 02 g KCI /1 L

ddH,0 -
85 R e
MTT £- figimbend ¢ 2 > B RIma & 24| Ehme p 24

’J;j‘wﬁ—i & = (mitochondrial dehydrogenase) #-% % & -kiz £ MTT 3
% (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium bromide )
BR AR E T 2 KA A M formazan Tk ;gcj 4 NEEd ER
$rEmie B i E o T AN A w3 s a5 (Chan et al,

2005) -

T & 3

B A a2 me R Fwre e 1x10°/mls L #2 5 % mve 2
fmre RERB 200l 396 3t AE P 12 R 24 ) PEE mre pENE o Br g2
FigogarEatwell ¢ 4o 20l BEZ 180l 3 %% 37 C 05
% CO, 35 % 8¢ 24 | fFroBdigz & p £ >0& 3L well # 4 » MTT
B 25Ul 2 AR 100 pl @k EHEY FRA R LB R
Mz A& ts 0 &34 well #24c ~ 100 pl DMSO & Ji 15 4 45 > ip] 450

nm 2_ vk (B (Pk EAXE N & H e 3 m F4A%F) o
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Cell viability (%) = (Sample group — Blank group) /
(Control group — Blank group)x100 %

(z) # % ¥4 » :#% (glucose uptake assay)
1. F&%Bsprd
PPt B2 RERRBRISZ DMSO P o Rl T 2k

B 125uM > 4 R Bl 0 okt 20 TH ¥ -

2. FEERARY

insulin reagent
500nM insulin -

Kerbs-Ringer Biocarbonate buffer (KRB buffer)
6.9 g NaCl / 2.1 g NaHCO3 / 0.163 g KH,PO, / 0.35 g KCI / 0.28 g
CaCl, + 2H,0 / 0.29 g MgSO, » 7H,0 / 3.574 g HEPES / 1% BSA/ 1 L

ddH,0 # pH 2 7.3 -

2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose reagent
(2-NBDG reagent)
200 uM 2-NBDG reagent °

phosphate-buffered saline (PBS)
8 g NaCl / 1.15g NapHPO,4 + 2H,0 / 0.2 g KH,PO,4, 0.2 g KCI / 1 L

ddH,0 -

TNF-a reagent
10 pg TNF-0. /1 mL PBS fie # = 10000 ng/mL- £ 2 PBS ﬁ&ﬁ = 100 ng/

mL > k3t =20 CH * o
3. FHRARE
2-NBDG  (2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-

deoxyglucose) 3 i3 4% fs & ¥ kM F AL H o %‘»gv} B T _tm e ¥
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2-NBDG sl » £ > 7 1 fRim % S F 52 A0 B 0o § EL

% 2-NBDG >+ § % #:4 » 25k 27 Wk An b 2 #7 3 (Louzao et
L, 2008) 5 gt 7k > 7 f AT 6 % 2-NBDG 4534 FL83B ‘% >tk §

FIEFUEA; T 0 | 2%~ 35 (Changetal., 2012) -

F %
(1) TNF-o 2% % FL83B im® ki & 2 % § % JLda

# FL83B mwadip 4 FHALI M2 RP 3 Hoan i
eder 4mL #2333 &% 1mL - 100 ng/mL 5 TNF-o > 3%
37 C &4 % 5 | prts > W Eid S FL83B e th2 % §

FEFUf-A) o

(2) PRt § & IEdiimie 1 FL83B 2 § § 14k » 3%

# FL83B mw A% » FHA L1 Ao mp > 2d g
Fiser 5mL A 32 AR2 TNF-a (5% kA& 20 ng/mL) >
37T C BAMY 8% 5 PP 4o x5 F9 fs (trypsin) I3 37
T4 47 (v% 5448 > 2 1200 uL - KRB buffer i* = fm®z o B~
172 uL R i3 sm?2 ;% ~20 uL z 50 nMinsulin 2 125 uM ek 5% 8
UL 2-NBDG (2-NBDG 2 ## ik & 5 200 uM) R & » 37 C-kip %
T 1 i BpFkahd Z%Eti%ﬁ'\‘»‘%%:'%ﬁ%?i’ki BabF o #
13000 g (4 C) He 5 Ao 4 Fiis o PBS gk
oo BfSAer 1 mLPBS BHA* il mre RiE T AT RE kR
Bl kulimeEmrFE R 5 ¥FLaRpBn i nedEHr ¥
XFEHELH (2-NBDG) €45 % - L gd T o H Dpmph Lk
§ %1 HLFL83B wmve § § i~ 2 i L A5 o

Amelioration rate (%) = ( (2-NBDG uptake fold change of sample
group) — (2-NBDG uptake fold change of TNF-a- treated group) ) /
( 2-NBDG uptake fold change of TNF-a- treated group J x 100 (%)
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Fo 8 FRAREEER LB RS

() 7 =®ks
1. Sigma (St. Louis, MO, USA)
vanillic acid (4 ¥ &)
2. oHRreERZIERGFF AP

pioglitazone hydrochloride tablets (& < #%)

=

Fr e FHRGES RIRERE LY B Aty
M 4 2Rt s — A % e vanillic acid (g Sigma) &7 H 4
T NAFSRWIEFERL G 0 T R XL, FILRE R L M S

rgg[]\]»f{[:"}” o

(=) F&EF
z2 42 Sprague-Dawley ~ Bl » pbp S22 f L0 o > i
EWL B FEER L 3 IEPFER AL RE TR %K
* 4z 44 (Laboratory Rodent Diet) » & #-8 & #4530 25+ 2 C ~ 4p %
%k 40 ~ 60 % ~ kpeird (light-dark cycle) 4% & 12 -] pFkpe - 12 |
PRI ET o

(2) 7 bt 4
1 W& g St 2 0@ s Gl e 5 580 %kt &
$285% F-9 H~13.5% #5#5-0.4% 4% 1.1% 47~ (Laboratory
Rodent Diet 5001, The Richmond’s Standard, PM Feed Inc., Louis, MI,
USA) ("4 1)
2. B oA LR KRR ARG~ 0 RIS 1 WA T RE
ERAT 60% 2 3 gafd o
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(z) 7 %% &2 24

1) ~FRE

1.

Bio-Rad Laoboratories (Richmond, VA, USA)
Bio-Rad protein assay dye reagent

J.T. Baker (Philipsburg, NJ, USA)
sodium dodecyl sulfate (SDS), tris base, acrylamide/ bis 37.5: 1, 40%

solution

Lonza (Rockland, ME, USA)
ProSieve protrack dual color protein loading buffer

Merck KgaA (Darmstadt, Germany)
dipotassium phosphate (K,HPO,4), hydrochloric acid (HCI),

Tween-20

Millipore (Billerica, MA, USA)

immobilon western chemiluminescent HRP substrate

Roche (Manngeim, Germany)

complete, Mini - Protease Inhibitor Cocktail Tablets in EASYpacks
phos STOP - Phosphatase Inhibitor Cocktail Tablets in EASYpacks

Sigma (St. Louis, MO, USA)

ammonium peroxidisulphate (APS), bovine serum albumin (BSA),
ethylenediaminetetraacetic acid (EDTA) , glycerol, glycine,
phenylmethanesulfonyl fluoride (PMSF) , sodium chloride (NaCl) ,
sodium hydroxide (NaOH) , sodium carbonate (NaHCO3) , sodium
phosphate dibasic (Na;HPOQ,) , sulfuric acid (H,SQOy,) , triton X-100,
TEMED ( N,N,N,N’-tetramethyl-eyhylenediamine )

il

disodium hydrogen phosphate anhydrous, ethylenediaminetetraacetic
acid disodium salt dihydrate (EDTA-2Na), sodium hydrogen
carbonate (NaHCO3)
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9. Pefrit k5t ¢4+ (Tokyo, Japan)
sodium digydrogen phosphate anhygrous (NaH,PQOy)

10, B/ it1mipg s

methanol

(AN Ik
1. ratinsulin ELISA kit (Mercodia AB, Sweden)
2. mouse and rat leptin ELISA kit (BioVendor, Germany)

3) 4t
1. Cell Signaling Technology (Beverly, MA, USA)
Insulin Receptor B (L55B10) Mouse mAb
P13 Kinase p85 Antibody
Acetyl-CoA Carboxylase (C83B10) Rabbit mAb
Phospho-Acetyl-CoA Carboxylase (Ser79) Antibody

2. Gene Tex (Irvine, CA, USA)
MCP-1 Antibody
COX-2 Antibody [C3], C-term
beta Actin Antibody
Mouse IgG antibody (HRP)
Rabbit 1gG antibody (HRP)

3. Millipore (Billerica, MA, USA)
Anti-GLUT-2 Antibody

(I)FHRRBRA
UVP 4 -k 4 %8 22 %% % UVP biospectrum image system (Level, Cambridge,
UK)
% #= (balance) (HR-200, A&D, USA)
% % f% % ~ 17 % (microplate spectrophotometer) (Epoch, Biotek, Australia)
v % & er f (transfer tank) (Mini Compact Electro-blotting Unit V10-EB10,

Scie-Plas, UK)
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20 'C ™4 % (20 °C refrigerator) (CH-401 » &2 » 5 74%)

£ F A3 (centrifugator) (KUBOTA 5100, Tokyo, Japan)

Bok gl (milli-Q-ultrapure water system) (Millipore, Bedford, MA,
USA)

#win T AH (mini-PROTEAN Tetra Cell, 1.5 mm, 4 gel) (Bio-Rad, USA)
&\ P& 7 % (orbital shaker) ( TS-500 » H—%& » Taipei > Taiwan)

B i .o 48 (centrifugator) (Sorvall RC 5C, DUPONT, CT, USA)
=g (homogenizer) (Model DC-CHA40, Pyrex, Japan)

0 FHE e TRk E power supply (Hercules 200, EZlan, Taipei,
Taiwan)

A g a3 " PVDF membrane (Millipore, Billerica, MA, USA)

k& P 4% (hanna instruments) (HI19017, ltaly)

w5482 (casting frame) (Bio-Rad, USA)

Nt

e}

FJ,&@E’I*

AT R ERE (power supply) (Bio-Rad, USA)

N

(i
T8 (Bio-Rad filter paper criter ion size) (Bio-Rad, USA)
& % bE32 50 (OneTouch Ultra test strips) (Lifescan, Milptas, CA, USA)
#& %o #&1# (OneTouch Ultra) (Lifescan, Milptas, CA, USA)

(-) F&EFRA
4 w| #=B~ pioglitazone % vanillic acid {& » 733t 3 3+ -k ¢ > P pe @ =

30 mg/mL 2 i & -

() dPFEzr L
Rz (82 4244 Sprague-Dawley ~ B > p d 283 3N rdle
A F A L PRk S BLRAR S B P bt (60 keal % fat) -
Fo HAE % o4 (hyperglycemia)~ 3 %% 5 % o 7 (hyperinsulinmia) %

% & % e (insulin resistance) 2o gk 0 B B pdil e d il 2 # G o
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s L ¥ aukeqp > EHEFMELE (p <005 o ARG © 33
BB BFLEN PR F SRR o

FHEFBLRBESEGE O RRPT L AR R IR L BT

(D) #pdlie e ¥4 RFEVIF B FpFadgps Lo

(2) fidle e Bt ARSI F A TP F &I HPF ko

@) it aeF el FEXF LB 5 p F&ESH —pioglitazone
(30 mg/kg b.w.) ©

(4) F ke e g g A EA) S 8 o b # P F &S & — vanillic acid
(30 mg/kg b.w.) o F S d+47 B AR F (ST

(2) @k 2
1. &R AJge
P82 > B3 15 mL 2 eppendorf ¥ s i Fde (4 C o

30009+ 20 ~48) P~iF2 F Kk oo BT 20 °C A o

2. 7 "w # (fasting plasma glucose) 2. ip| z_
FI* BB > 7048 ol #2148 (One Touch Ultra) & {7 7 *L o 4%
B2 RT_ BT FAFT R - H =i mo/dL e

3. &g & (seruminsulin) 2 R %

FIH BTk R o qo 2w F &3 1.5 mL 2 eppendorf ¢ > iE
fF4re (4 °C-30009°20 4 48) P~1F 1+ KR e £ f1* ratinsulin
ELISA kit (Mercodia AB, Uppsala, Sweden) ] %_x % § % &7 T & -
P~ calibrators % & & 10 pl 4c 3] coated 96 well plate # > # 4c »
enzyme conjugate solution 100 pl > 2% 8 T 150 rpm 2§ 2 -] pFis >
r2 wash buffer ;£ 6 =t > 4t » TMB 200 pl > 38 F B 15 4450 F &
S 4v » stop solution 50 pl » 74 f & f%Z A 47 ke B~ 450 nm =k B

DS SEE P g AR B h g/l
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= Rt % (serum leptin) 2 B €

BP-i82 > Y 1.5mL 2 eppendorf ¥ o i FaEs (4 C o
3000 g 20 4~ 48) P~} Kk e o £ f1* mouse and rat leptin
ELISA kit (BioVendor, Germany) ] <« 7 B4 % & (7 TE o L
i 14 dilution buffer ##f# 20 % {5 » P~ calibrators % s 7 & 100 pl 4c 3]
coated 96 well plate # > %™ 250 rpm Z# 1] pF{é > 12 wash
buffer ;2 3 = » 4r » biotin labelled antibody solution 100 ul > % % &
250 rpm 2 1) pF{s > 12 wash buffer ;& 3 =t > 4r » streptavidin-HRP
conjugate 100 ul » %™ 250 rpm ZF 1 -] pFis » 2 wash buffer
# 3=t » & 4 » substrate solution 100 ul > 8 F & 10 ~ 48> + B =
4v » stop solution 100 pl » ™ £ B fEE 2 47 XR3 T A 480 3 B~ 450 %
630 nm Bk E o d Y AL LG AW ARRE > Hin

ng/mL -

TR F AR (25 (oral glucose tolerance test, OGTT)
vIRE AL k2 ikyy Clarke & 4 (1986) 7 E o k-
ARZES 16 s uE o LR T A LR E AT 5B
i (k& 159g/mLddHO; & & 1.59/ kg bw.) » 4% £ ** 30 ~
60~ 90~ 120 4~ 4B w i P R BLA BRI T 4 LB H b AR 1 RN o
LRSS
BURALPE o 1% R3] 7 p AEs R fE Skt 20 C
/'% )}F o
i AR il SN R S e
(1) *F5ie s e 5
B 0.2 2R MRS 2R MY RAS
BARK o BT 1 FA 2 EWBER (7 7 Murea, 2 M

thiourea, 0.002 % bromophenol blue, 65 mM DTT, 65 mM CHAPS)
FREE Y o K TR 4 T #5 1) u4gq dmre st
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R AR B0 F e 0 £ 0 4C 0 20000 2 B 0 g 60 A
B R BFIR T LT % 39 TR
2) v TRz 28
o Frpyl
BSA (500 pg/ml)
0.05g BSA ;33 100ml £ g3 k¢ o

® T
rEs 2 g -9 (bovine serum albumin ; BSA) fe ¥ =k &

0~ 100 ~ 200 ~ 300 ~ 400 £ 500 pg/ml 2 F-v FiLE 5 > & H &
-9 B % & (Bio-rad protein assay dye reagent) (1 : 4 2+t &) &
M fé 3t A 47 &k T P E 595 nm sk (g (7 ) G TR Ao
Rtk AR Y PR 2 RR (DR 150 ) 0 & R
FAFET 8 dpf Jod THRES & I P2 N4
Bosdd TER -

() @ = #% A~ 45 (western blot)

R AR T & (polyacrylamide gel electrophoresis)

LAl

(1) #F&pd

>

o

/

acrylamide/ bis 37.5 : 1,40 % ;3 %

B ;% : A 3948 (separating gel) i =

18.2 gtris/0.36 ml TEMED +c 2 5 -k 60ml ;3 f# >
HCI :# pH % 88 & > 4c-k32 100ml> &5 4 C -
( TEMED=N,N,N,N’-tetramethyl-eyhylenediamine )

C ik : 8 &% (stacking gel) ’ W

6.0gtris/ 0.4 ml TEMED “4c& 5 -k 40ml ;3% > 2 HCI
# pH 2 6.8 &> 4ok 100ml g5 4 C o
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10 % SDS /3 %

B 1gSDS i3 10ml 2 33 k¥ 5 EE A F R .

1B AL 4%% % (ammonuium persulfate, APS, 10 %)

B 0.1gAPS 33 1ml 4 33 k¢ - F TRl

(2) 5 =43

L H 75~10 % 2 ~ 3" % (separating gel) > ™2 95 %
e RE S > FHERFRL ;za‘é*&ﬁ%_iﬁ‘—ﬁ%vwf s R 4o r 4 %
z_ BB (stacking gel) - E 4k & &+ (comb) - A

FA R B kT4 T R

SDS-PAGE *#4873 % (¥ = :mL)

o -SRI A BEIRRES R EERWIR R
(separating gel) (stacking gel)
10 % 4 %

A% (40 %) 2.475 0.495

B % 2.5 -

C iz - 1.24

10 % SDS 0.1 0.05

H,O 4.875 3.115

10 % APS 0.05 0.1

EXT 10.0 5.0

SA Bl R RS PF 0 APS B fs b x o

2.

e il
*t 1.5 mL 2 eppendorf # > ik B 4v » i F Fov FIR R E
protein loading buffer » ;& 3 #6295 C 4c# 10 ~ 48 > 4 4r ik

* o
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3.

7 7 (gel electrophoresis)

1)

(2)

1)

@)

Fepd

T A% 7% % (running buffer) (10x)

30.29 g tris / 144.13 g glycine / 1 % SDS +c 2 #t= -k 800 ml
AfE - HCL 2 pH 2 83 {6 > 4r-k 2 1000 ml - &35 3¢
4 C - f%wﬁwi%ﬁ;;*ﬁ-ﬁi 1.

EETE
L/ R T 'G#‘i",ﬁ% A G R S F PN g:.;,;\,ﬁ% 7,

T~ & A @5 % (running buffer) o ik B3tk &4 ¢ L~

o

protein marker 2 3¢ A > M HETT ROV EF T A F

ARSI PN ME T Ry THE e (transfer) 2 4 3% -

o & e (protein transfer)

#eped

& B % 7% % (transfer buffer) (10x)

30.3 g tris base / 144 g glycine » 4c 3 &% -k 800 ml ;% f% -
 HCI 3% pH 2 83 8 4c-k 2 1000 ml> #&3 4 °C -
R 3 g ok FEI LR HY 5 10% U

?:‘%ﬁ‘%
% PVDF e oz 100 % 7 i B o) 4h 1

W

~

e EE R B AT 2 R ARy L

Wi

BT E g R Y LR o MR S LA PR

®

g ? T RN 5 A4 Bdigg i+ @ (Bio-rad RN
Brif) o o#-5atiEA R~ 3M R~ PVDF membrane - #%
BA3M RA FaLHARERAY Y XL ERF e
2 A TRAFE P2 BE g Bt e Lk
MY > R G e f 1R PVDF i e R ¥
d W2 F e U@L R E o 4 C T

400 mA z i itig 7 er 90 A48 o
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5. Blocking

(1) #&pd

o

TBS (tris-buffered saline) (10x)
24.2 g Tris base / 80 g NaCl » 4c & g3 -k 800 ml 3 iz » 2

HCl 23 pH 3 7.6 5 > -k 1 1000ml- &5 4 °C o i
AR Y A L

TBST (tris-buffered saline and Tween-20)
#-10x TBS #f#1 - % » *r » 0.05 % (v/v) Tween-20 -

'_Jﬂ

%% TBST -

blocking buffer (5 % non-fat dry milk)
1gmrg2 4% 20 ml TBST (0.05 % (v/v) Tween-20) +

o

(2) % %%
W Er = & 2. PVDF membrane 2~ » v/ TBST 5%
SoE & 5 Ak f H BN 5% wmegdn (33 TBST #) o

B3 %87 blockingl /] pF > e d2bh - BERF R o

6. - &Fuf8 (primary antibody) % = <48 (secondary antibody)
#-blocking = = 2. PVDF membrane- v+ TBST jfit= =t -
F 16 Ao BFE 4 - mpal (0 TBST #fRL % 2
i) % 4C F Bl - sbulw fois o TBST k= =
&= 15 ~ 48 £ 1 TBST ffFfféts HRP 2 = sl > 1 4p
fp = 3¢ %+ PVDF membrane 1 -] p¥{5 >0 TBST itz =t »
&= 15 A4k e
7. 4% d 2 (chemiluminescent detection)
(1) & Apeg
wFAGKRE S W o 4o~ XA 0 luminol reagent %

peroxide solution » 53 jR & ¥ #Fk o
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(2) % % 2

By PVDF 500 1 e Asg 5 & buffer » & #8 & 45

hEdBF - A4 R 1% UVP 24 FRG LR

AR OLGETEAS T Farke £ AR 0

- BB B PR 2 kR

- BFRY = Fal ¥ (kDa)
Anti-Actin (1 : 4000) Anti-rabbit 42
Anti-IR (1 : 1000) Anti-mouse 95
Anti-PI3-Kinase (1 : 1000) Anti-rabbit 85
Anti-GLUT2 (1 : 1000) Anti-rabbit 57
Anti-ACC (1 : 1000) Anti-rabbit 280
Anti-pACC (1 :1000) Anti-rabbit 280
Anti-COX-2 (1 :1000) Anti-rabbit 69
Anti-MCP-1 (1 : 1000 ) Anti-rabbit 35

8. o4t

F 2% 2% 2 SAS v 9.0 %& (SAS Institute Inc, Cary, NC, USA) #4834

{7 5Lt A 45 > 1 one-way ANOVA 2|2 5 & £ R B IR RT 5 35

%: ;% (Duncan’s new multiple range test) #& .= % 2 B & F 7 ¥ £ & >

11 p<005ith 7 BFHLLE 2 L -
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FIRREEHE
o8 NwmRHAREERTELBE PR
- -~ @ (phenolic acids) # FL83B im# k4 £ %5 & (cell viability) 2 §48

% &Rk (MTTassay) & 41% v ¢ 2 kT plimie 4 £ chifa) > ¥
AL N F A B e 2 K e 2 & Bk £ (Sargent, 2003) -
i s frdg it 4 ch—fa > BiEA W3 EEE ~ k%7 (Luximon-RammaA. et
al.,, 2003; Bahorun T. et al., 2004) » & 3 2 4Fengng it ~ i ~ " n 55 4
12 544+ (Inoue et al., 1995; Scalbert et al., 2005) = 247 » A= fs fik B 18 &
T F AL A dnse 44 e Fpt B 125225250 ~ 100 pM 2 Ak 0 42t e 5
% 24 | PEz FLB3B w2 %% ® » 337 C -5 % CO B T2 Fkiz % 24
) BE s B E_450 nm sk E s i * o582k B 8 e 5 5 (cell viability) e
% 51 2% kRS FL83B v chd K rd|ifa) o 2% &1 0 0
R LY 0 12 100 pM ¥ etk FL83B & 17 AR » i1 L ks et imie § B0
B4 drdenfias o @ e 3 iE K K 80 Y% o @ NEF 1R SRR R B P M
FI e 3 F R 100 pM AR e n] R I 2 2 A% H ¢ 5 125 uM P
TR IR FLB3B 2 3 F T M E T 80% 0 £ 7 T R T > fE R
FL83B 2 & ki 24F » Tyt kR T 2 finfic 7 € ¥ me $A FL83B i = & 4 o
d e e ¥t FL83B MwPe i3 id F 2 RIR S % 7 T L8 (7 e § § M3~ 8%
FRiAPHE2L 2T " mTme It FAERET AL EF R 2 H
SREAER o FE I ERHRES > AP TEYBRRER 250M 2F RS
70 TNF-o0 3 5% § & 1Lt P 055 2 § A ~ 3% 0 100 27 B ke g
LB e fime B BE S 2ok o
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-f& (phenolic acids) $& % § &% reduim® $k FL83B § § &8 » (glucose
uptake) 2§ 3
Tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6)
Z interferon-y (INF-y) % @ % X F|+ ¢ RFERF LA F %5 2ot B
(Shiba et al., 1998; Iwata et al., 2001; Senn et al., 2002) - # % 45 i » TNF-a. ¢
J%E HoLE EA L BvE s sea PRI v AR e R P8k im e
wre ¥ H § 4~ 2 N3z it 4 (Feinstein et al., 1993; Kroder et al., 1996;
Peraldi et al., 1996) -
2-NBDG (2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxyglucose)
LA By kg FAEMA P (D - glucose fluorescent derivative) - 5 #p
FEEFRAE A FE A S e 7w %2 A~ ¥ (Yoshiokaet al.,
1996) » B = 7 éﬁi Bt AR BN e § R OB BB Y 2 {55 H
(2-DG) *k it {7 ¥ FopiAp B 2277 3 (Louzao et al., 2008; Chang et al., 2012) - %]
B AFZ 5 %% Chang (2012) 2 = % > 12 TNF-a AJ® FL83B im*s tki¢ H 3 # =
LE Rl BT H FBE Bk P w2 ¥R EITR
FL83B im® 2. § 5 #& (2-NBDG) #& » it 4 » M N5 B ec LW § % eyl
P2 PREFEERS &K -
B (12.5 UM ) $9% § & [ duim s tk FLB3B i 7 7 § #E#E ~ 3856 14 #7
Bz k@ (B 51 748 7 @4 522 2L F (amelioration rate) » ¢
27 007 R (125uM) $E % 5 A 1E4FL83B Mme i § 44 ~ 2 e L I
A5 0 e B o N Qo ol
Amelioration rate (%) = ( (2-NBDG uptake fold change of sample group) —
(2-NBDG uptake fold change of TNF-a- treated group) ) / ( 2-NBDG
uptake fold change of TNF-a- treated group J x 100 (%)

A

BERET o B G FIAUES LB 2 AEpERES Y D RETE
gallic acid (19.88 %) -~ # % f& vanillic acid (13.66 %) -~ ~— #% fi& syringic acid
(836%) « H¢ > pzFxwaz bEAFHFLE (p<005)-i3H = 547
ip 41> Gallicacid *+ STZ N i “'Hﬁ);fc)?;«’ HZ 3 %Baig %fy‘%fj\}?ﬁ?
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AR BFHN? T A REEL N B 30 A
it ¢ & (HbALC) 2 224 " MFgFiEF it (MDA) &2 '

LR ey VR4 E ;ﬁr’ W Aofpfz e * pE%  (hexokinase) 2 /&1 ~ %
MpEEATA F* fE % (glucose-6-phosphatase ~ fructose-1,6-bisphosphatase) #
o eme g gAY > EASLBERLRL F L0
( Punithavathi et al., 2010; *& » 2012) - d **;2 & & ﬁ.‘riléi’a‘%ﬁ]«}ﬁai#a BT E R
BAETHERRS > FIN AP TERRRE G VL L AL B 2 A Y
fe (vanillic acid, VA) & {7 (s §id 4 F % o
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¥ & £ (vanillicacid) $3 erk+ B2~ 2 M iE 2 B

N Y. T TR SR-F0

B 5-2%% % Bt ¥ A5k 2w (Control) T34 42 5 91.0+ 2.8 mg/dL -
Sprague-Dawley « &1z 3 "g &l (Faia#i £ F 44 9 £ 8 60 %) % E 12:3% 18 »
B fg el e w] (HF) L3524 4% % 108.8 £ 9.5 mg/dL » & vzt b 2 &g ¥ fs
£ 3 (p<0.05)c:#-=7H% 3 o k2 ¥ %~ RS A fe 2 HE~HF + Pio
BHF+VA 2w 5l SR Fa ik LoFiamind 5ags
ARG g B a B B2 3 M W i g 2R % (Yuanet
al., 2003; Huang et al., 2004) » * § 5 {5 4 » #-:2 FAp b 2. & 47 o

=~ AXp (vanillicacid) 3 g4l x R4 22 BEJSE - NEZ .’&%‘ii
FEHY T L wekr a8 E (energyintake) m A F |+ % B (£ 5-3) 7 &
WAk @ 3 fi &% E_¢ 4 pioglitazone # vanillic acid &# % » % 7 B~ H2Z # &

=
ARE 25 o Frigsfle (HF) P33 § e (Control) » ® i &

F_

FHAR (p<005) %% Huang % (2004) 2 #= 7 %% 4pf @ §4& S
pioglitazone & vanillic acid = 15 » ¥ g Py 3 o < B2 T ¥ ¥
B Al (HF) ™ et & ¥ 408 %2 (Control) % (p<0.05) - faipl n #]+
it 4 4% @ pioglitazone 2 vanillic acid {¢ > ¥ "3 M8 p 0Py 9 4 = (lipogenesis)
% > Flm 7 MR L B S E R FH e ) o

é_,ég.?%“«:a‘_féﬁ oo B g Arie (HF) et 52 pp e B 4 8
¥y H e 2w (p<0.05): @ 4k & pioglitazone & vanillic acid 2. % %] ¥7 3
gl (HF) 40t Bl A F % i) (p<0.05)0 ad b P PR EHE R
B AR e HRER R e FIZ R R AN P A o

TA A BraA e i S HP 8 P Z Y i B 2 T RER Y e

TR ERpsEEd A g L Bt Ep R 2 (Fraze et

al.,1987; Jensen et al.,1989) - B "n 4t & if = T UKL £ H 4r 2 ?‘%&Li‘%‘z R e
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11

PR 2% o ¥ A = TR 5 (Jiang et al., 2005; Deji et al., 2009) - 4k @
VB T AR I 2 R 0 B AR R L ) 0 Fla
RS E R e o BT TSR G R IR § - A ORI RN
& (Puigserver et al., 2006) -

457 (vanillic acid) %5 4+ R BIEM 2 0 B2 B (24
= % § % 2 HOMA-IR index)

FREAEE RIA BRI BN E RSB AR A G
TR - XA R h M kAo B 53 a0 M E g
Sprague-Dawley + & 12 ¥ {5 » 7 "o $EP B 5 >0 & ¥ 4L = (Control) (p <
0.05) o 4 & # 57 i¥ {4 > HF +Pio 2 HF + VA 2.2 % "5 4 P AT M0 8 2
gople (HF)» 2 im g »v 0 F 4L 2 (Control) > & 7 & 2 5.8\ 4k 55 3 18 >
H 3“;’«"5.;:&#%5—:4}; L2 ABF o e AwRI DT KB ST HEe ks HF
+ VA B2 2 P R M F el e (HF) > & 1§ &3 & (Control)
PlakgF¥ iR (p<005) &7 %3 3 fgbiklz < B At vanillic acid = %

TRRALEF AL IV R I BRI FE

FrAp N WKL RS EF L FEL AR
(hyperinsulinemia) (Prada et al., 2005) - ~#* 3 Sprague-Dawley ~ &1/ & g 4%
A (e E L R SHEE 60 %) FE 123 0 £ 4 wF p &S pioglitazone
£ vanillic acid = ¥ 2 i& {7 #& 4> 14 rat insulin ELISA kit (Mercodia AB, Sweden)
BERH F% g FER - B540R 54 97 o B bl (HF) &% § £
kR FE430£1.14 pg/lo & F A e (0.96 £0.33 pug/L) 4pt B 11 347.9%
(p < 0.05) » 4aplpt P54t e (HF) % RPN Vil o § Bd d¥h b 3 jidn
(insulin resistance) 2, » Flm kol 7 B E FEASFL B 5 A F &S
pioglitazone £ vanillic acid = {5 » ¥n P 3B %5 5 0 7 B F e L 2 0%

25 (p <0.05) -

aY iy s B2 F R4k I 4p M Matthews % 4 (1985) 3% 41 »
FI RAEKREPFNT %G & B2 o 4B 2838 0 HOMA-IR index



(homeostasis model assessment of insulin resistance) # -+ % § % [edn2 2.5 >
HOMA-IR index = insulin (pU/mL) x glucose (mmol/L) /22.5- Bonora %
A (2000) 7= 3 vt #apt 2 = 22 glucose clamp p B 1 0 /2 HOMA-IR #
B~ % glucose clamp # ig * % % 4T 7 - HOMA-IR index g2k 5 % % B~
FER A EE A BE - AN PHEA T 0 B AREY 0 RGRG
0% § & 1) 2 At 4p 1 (Mattews et al.,, 1985; Bonora et al. -

2000) - #-m@] 5-3 & ] 5-4 i?:ﬁgiﬁ%)\j TPy

"ET;E;'

HE L e

LN
=)

HOMA-IR index - HOMA-IR index #cig A% » % = 3 % § % [LFfLR A% -
d B 55 7 5 4 F bl e HOMA-IR index P % # Control =g HF
+Pio~HF +VA 2% > %7 & g4l e (HF) + SR %% 5 3 fe bl imd 4
Bef o MR R 2iE A RATI G RS S B A2 R
% 4p # (Huang et al., 2004) -
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~

F ¥ pk (vanillicacid) 3 a4+ R F R BE (TIRTF R
e EE Hd AT R AR
TPRF § #Ea X 4R (oral glucose tolerance test, OGTT) £ i <= &
PEH B AES B2 0~30-60~90120 S pFRF B o BT BERAFRE
FAEZA A X FACIRG FAEL R ED BT ERdciE ¥ 030~60 &
MEEEEERYE > LFFF R Son BB € B BT ' o ipEd A
AP LI PAFCE: EEEIE SR LR TS 1 L
T%’¥ﬁ2%%iﬁﬁﬁﬁ%ﬁﬁﬁﬁ’3+%&*Kﬁﬁ#iﬁi*
T RFERALAALRRERFLFEERT R o B L B E R et
R EL

ﬁ?

vORY M iE% (OGTT) %% 4o® 56 “r7 - o B¢ ¥ P A5
Do B raaitle (HF) 2o #8230 30 ~ 4855 P &g+ 2 a8% > 30 4 4515 v 4%
TR RS L EM @ HF +Pio 2 HF + VA 22 i #B 8 % (L RIgg it o
F 45kl (Control) o #-[B) 56 2 % B v R FHEMALY BT G ﬁ%
(areas under the curve of OGTT) » ¥ * k2| % < B § § #af £ (2 428 >
Be®ARH 47 % B2 § 3 pats pAx L od B 5-7 ¥ LRI F "y bt le (HF)
~ Rz gFymma i L for ¥ 45 e (Control) 4p - s g ¥ A & (p <
0.05) ; @ HF+Pio 2 HF+VA a2 § F a2 4% 5 P AEcd > P w41
TFE (p<005) e syt KW Bl aLdob § AREE FIE4n
v 4 (Kraegen et al., 1986; Storlien et al., 1986; Pedersen et al., 1991) % %
N Becell E Fz AR Flad eIy Faat Ry
(Ahren et al., 1999; Kaiyala et al., 1999) » A& 7 S % fri s 27 7 B 5 1p

e
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% ¥ (vanillicacid) 3 "érpl+ R gdp b 2 L ikE2 BE (2 Y
b i ~ PTG L)

CEREE RS LERED R RS IR N AP
WEPPFRE R Bl ey o S % g Prdl H SRR S S

| oo @ iRGBr E L | & IRdE rg eaFang 4 (Vazquez-Vela et al.,

AT

EXNS

2008) e AT dg > AR S B gt ARG R g R W 2 e LY 2R
4 7o fig (triglyceride) ~ #£f5 it (225327, 95 F4  (non-essential fatty acid, NEFA)
gk s U E B R Py v (0T '8 (Yuan et al., 2003; Huang et al., 2004) -

B P AR B CTE B ek 5-4 ST o N Z FaH b g B PR ARG B o0 B
Padpft e (HF) 4pft i f 4942 % (Control) # A% 2 3 23R % (p < 0.05)°
M § A& & pioglitazone ¢ vanillicacid & > 2 = pa+ o fig 2 P47, W pa4p 3t
HF 2 fl3 % K2 8% > AF 7 S5 20Em 7R85 E -

4 3B (vanillicacid) $3 a4+ Ra ';i‘-f)&"iﬂ;% (serum leptin)z_ 8% 58

et % (leptin) E- fod Pyl sk ke k4 37 S B %R
TR AL EMME M ESE BRI FRARZ
(Halaas et al., 1995; Pelleymounter et al., 1995) = y* ¢t » 7% g > 5 @ Rkl
Z kR sns & 5 4p Bkt (Considine etal., 1996) @ 59 5Lz 4 - A4
B Bos @ hRof & o AROT T ¥ A G B FH A eniEA) o v @iz gar
KoM E B nd JLITh » B g A2 5l & e (leptin resistance)
(Maffei et al., 1995) » H s+ & £ %) 5 & ¢ okl & @28 » 5¢ TR
(Caroetal., 1996) -

d R 58+ 51 R pbfte (HF) w72 k& (19.5+7.3ng/mL)
HMEFR T ¥4 2 (3.720.7ng/mL) (p <0.05) 4B 2+ pF B 75 &5k e (HF)
< B P Vi k& reda (leptin resistance) A 0 @ EiRa ¢ MY
kR AMgE 3 5 @ g A& 8 pioglitazone & vanillicacid = ¥ 13 » FiE %
YRR R A F et aedk (p<0.05) -
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¥z & A (vanillicacid) $3 4R A BFHE RS FAREL B

- ~ B XE (vanillicacid) 3 g4t « BUFH R & & 187 2 3K
ACC (acetyl CoA carboxylase) % #5%=f& & = (de novo lipogenesis) #

Fre OB AERER o M BEEL T S B VA5 B iE* S acetyl CoA g it

T # #& % 5 malonyl CoA»m 2 4 amalonyl CoA 7 Pp%5fc & = 2. a0 B4 * »

fe pEF 7R # ;ﬁ d B =3 & CPT-1 (carnitine palmitoyl transferase-1) % #r+] % %
ﬁjg;m; it » ACC it#% % g%’?]”%% 2 AT o

% fadoflle (HF) & o % 45 % (Control) 4pt » H

59 %%k7 3
+5¢ 0 acetyl CoA carboxylase F-v 7% it A]5% 5 3 4o AR 4 > A § 4& S

vanillicacid = ¥ {8 » & :x L 3 Pgéeikl « BUMFSEP 050 & = (T

pioglitazone
P A2 ARg S A ¥ AZHRPHEF (p<0.05)-

gheb s - R FIRREEM AL B AR R BI5-10 B R ET 0 R

Z '

¥ &L e (Control) Ap it » H AFBEcpEaE Ry bk 4

e (HF) & o
4 & vanillic acid = ¥ 75 » B B ¥ "5 M4k & 3

I EE A2 8
PR & BV A iR 0 MR R 502 B R AP o
p;,‘:;}% ARV ;g 5 ép;f,'_ég{{;‘, ES = ;g 9@;,5' —% e }ﬁ__g i® aq‘—pggg\; LER VN

e SR A R AR LR L SR R Bl SN S

A 4 (Shao et al., 2008; Hummasti et al., 2010; Lietal., 2012) - ® £ Hp &=
B RO EE & ¥ FREAE G E o R TR A g T e

Frpd o A drdh g AL RPN B a2 ARE
,,11,,_1_5:»&;}:7]‘,{3 ;mf_;o

i3 AT

L g B IEdihig 4 (Samuel et al., 2012)
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T

~ A X (vanillicacid) 3 a4+ R¥F505 § 0 4 B g2 B

FEY ZREN AP B E R £ R B NRR N
§ L}'i¥7}':,J</\ZL, *m—l%] #‘mﬂi%—% %E\lé&u’%?{xﬁiﬁ

LE R
TG AR LB H IR 2§ 4 Sl 2 (Wellen et al.,

AL G AWML @RS G B 54T (B 511 B 512 § 5-13) 0 % %
Guflie (HF) HoF5g79 2 5 22 4 @vf4p i 39 IR (insulin receptor) ~ PI3K
(phosphatidylinositol-3-kinase) * GLUT-2 (glucose transporter-2) % &
gt oF A4 e (Control) % 5 b edg% > @ § &k @ pioglitazone &
vanillic acid w 3¥ {5 » Fif v A RE Y § wR2ABF > FL X4 TR

AT T ET Rt LT TR E R STE

Frdpdios ¥ 5§ FEER 4 ¢4 f A% (down regulation)

RS G FXBHRE R &2 F F ML L2 73, (Okabayashietal.,
1989) o  *a4k § & A 4 J¢ B Mokt a8 E 3 0 o R inleie i 0 V0
B ORFLE N MFRRY o N E B E B ;ﬁ_g BT qﬁiﬁb VI N
i# = DAG (diacylglycerol) ##f > 3F5¢ » &— 9 K it g & 7 955% (fatty
liver) 2 5% § Fredey 4 > iK% a4 @yEi®*  (Jornayvaz, et al.,

2012; Moore, 2012) » p 2 X E AT T AR o

% 3@ (vanillic acid) #8 740« B FRE L F B2 B2

LHBES BRI G EF E ERWL, fowakarilde gk § F e
U e Agdp AU YRR B s (Xu et al., 2003) - He oo aEggg
LF BaE AR5 2 Rt 2 B s g Fefeng 4 (Arkanetal.,
2005; Cai et al., 2005)

COX-2 (cyclooxygenase-2) = — fa%F L F % @ @ LIFiRT €3
B ? e d AR FERT AT E 2 R G AR g

P E LE B HFER &4 - MCP-1 (monocyte chemoattractant protein-1)
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- AEE LR HEPR AR BB E R - BRSO B L
LK Y%Fﬁgiaﬁ # 3¢ (Boseetal., 2009) -
E% k7 (B 5-14-5-15) % qénkt e (HF) &1 i 4L % (Control)
Aprt o 3R COX-2 2 MCP-1 % WUApRE 30 2R E 7 W v Tl $ > @ §
# & pioglitazone ¢ vanillic acid = ¥ {4 COX-2 % MCP-1 % X 4phf kv %
FER GRS 2ARE > Y A EHFELLE (p<0.05)-

FEgdn o A 8 or RO A & e g~ R Mg LR i 0 s ks
P ¢ A28 UF s P 2% COX-2 2 MCP-1 39 £ RE Y § 1 &
35 (Weisberg et al., 2006; Esposito et al., 2009) - e & 5 2% & X 3 AP
SEOCHEPIAFTTNNG FWE O &S L B 23T AR AT B
e R 0 Flt WS BB IDFRCE LTS 5 2 adg g o
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% 5-1~ 7 Ip ik & e fo ¥t FLB3B Mz th2 4 & drd )

Table 5-1. Concentration effect of phenolic acids on the cell viability of FL83B cell line.

Cell Viability (%)

12.5 pM 25 uyM 50 pM 100 pM

Caffeic acid 101.8+15.8 99.4+16.8 82.0+14.3 74.3+8.6
Cinnamic acid 86.2+2.1 88.7+2.5 88.6+6.7 89.6+0.1
Ferulic acid 92.7+7.3 88.9+9.1 86.7+6.7 77.4+28.2
Gallic acid 101.8+8.8 101.0+6.3 92.6x7.7 76.3£8.0
Protocatechuic acid 91.7+10.4 91.8+9.0 75.4+8.1 71.8£9.0
Rosmarinic acid 104.3+17.6 97.2+13.1 102.5+16.5 90.7£22.4
Sinapic acid 97.2+2.9 102.1+10.1 102.0+£10.5 80.0+9.2
Syringic acid 90.9+2.2 79.8+17.4 70.2£13.1 64.6+14.5
Vanillic acid 114.2+26.3 114.8£18.5 109.8+25.5 116.7£17.6

#Cell viability (%) = [ As7oof Sample group J / ( Aszoof Control group J x 100 (%) .

Values are expressed as percentage relative to control value (100 %). Each value is means = SD (n = 3).
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Fig. 5-1. Effect of phenolic acids (12.5 uM) on glucose uptake in insulin resistant
FL83B cell line.

N: normal group, cells incubated with F12K medium;

C: control group, cells incubated with F12K medium containing 50 nM insulin.

T: TNF-a- treated group, cells incubated with F12K medium containing 50 nM insulin
and 20 ng/mL TNF-a.

Each value means = SD (n = 3).
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4 52~ pape (12.5uM) ¥ E5% 6 & e duimiz & FL83B § 5 #24& » 2 :x L 75

Table 5-2. Effect of phenolic acids (12.5 uM) on amelioration rate of glucose uptake in

insulin resistant FL83B cell line

Phenolic acids (12.5 pM)

Amelioration rate (%)*

Gallic acid 19.88%
Vanillic acid 13.66%
Syringic acid 8.36%
Caffeic acid -6.60%
Rosmarinic acid -10.28%
Cinnamic acid -11.30%
Protocatechuic acid -12.90%
Sinapic acid -15.37%

Ferulic acid -22.01%

“Amelioration rate (%) = ( (2-NBDG uptake fold change of sample group) — (2-NBDG

uptake fold change of TNF-a- treated group) J / ( 2-NBDG uptake fold change of

TNF-a- treated group J x 100 (%) .

Values are expressed as percentage relative to control value (100 %).
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Fig. 5-2. Changes of fasting plasma glucose in rats fed with high-fat diet before treated

with vanillic acid for four weeks.

Control : Normal diet

HF : High-fat diet ( 60 kcal % fat );

Different letters (A, B) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean = S.D. for six rats in each group.
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Table 5-3. Effect of vanillic acid on body weight, tissue weight and food intake in rats fed with high-fat diet

Items / Groups Control HF HF+Pio HF+VA
Body weight (g) 630.36+ 25.96°  759.46+ 53.37° 690.47 + 20.39° 681.07 + 56.02"
Diet intake (kcal/rat/d) 102.71+ 3.53° 104.35+ 11.40° 102.82+ 1.95° 103.26+ 4.36°
Liver weight (g) 14.28 + 0.44° 19.58+ 1.20° 13.93+ 1.15° 13.93+ 1.42°
Kidney weight (g) 3.32+ 0.08%® 3.45+ 0.14° 3.23+ 0.21° 318+ 0.19°
Adipose weight (g) 17.63+ 3.05° 55.93+ 8.91° 36.13+ 4.63 3442+ 8.74°

Control : Normal diet

HF: High-fat diet (60 kcal % fat);

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);

HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (a, b, ) in the same row signify a statistically significant difference at p < 0.05.
Results are expressed as the mean values + SD. (n = 6/group)

Adipose weight : including epididymal fat pad and abdominal adipose tissue weight.
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Fig. 5-3. Changes of fasting plasma glucose in r high-fat diet fed rats treated with

vanillic acid for four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat);

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B, C) signify a statistically significant difference at p < 0.05 in
week 12.

Different letters (a, b, c) signify a statistically significant difference at p < 0.05 in
week 14.

Different letters (o, B, v) signify a statistically significant difference at p < 0.05 in
week 16.

Values were calculated as mean = S.D. for six rats in each group.
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Fig. 5-4. Changes of serum insulin in high-fat diet fed rats treated with vanillic acid for

four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B, C) signify a statistically significant difference at p <0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-5. Changes of HOMA-IR index in high-fat diet fed rats treated with vanillic acid

for four weeks.

Control : Normal diet

HF : High-fat diet ( 60 kcal % fat);

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B, C) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-6. Changes of oral glucose tolerance test (OGTT) in high-fat diet fed rats treated

with vanillic acid for four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + Vanillic acid: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-7. Changes of areas under the curve of OGTT in high-fat diet fed rats treated with

vanillic acid for four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Table 5-4. Effect of vanillic acid on blood parameters in rats fed with high-fat diet

Items / Groups Control HF HF+Pio HF+VA

Triglyceride (mg/dL) 7433+ 14.31° 90.00 + 8.65° 64.67 + 9.29° 68.83 + 6.18"
Free fatty acid (mmol/L) ~ 0.92 + 0.09° 1.17 £ 0.26° 0.69 + 0.16° 0.76 + 0.14"
Total cholesterol (mg/dL) 62.83+ 7.252 56.17 + 13.70®  58.67 + 6.41° 47.17 + 6.46°
HDL- C (mg/dL) 51.33+ 7.832 4353+ 9.55% 4625+ 582% 40.00+ 5.20°
LDL - C (mg/dL) 7.33+ 1.51% 10.83+ 4.02° 9.33+ 1.97° 517+ 1.17°

Control : Normal diet ;

HF: High-fat diet (60 kcal % fat);

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);

HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (a, b, ) in the same row signify a statistically significant difference at p < 0.05.
Results are expressed as the mean values £ SD. (n = 6 /group)

HDL - C : high - density lipoprotein cholesterol ;

LDL - C: low - density lipoprotein cholesterol.
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Fig. 5-8. Changes of serum leptin in high-fat diet fed rats treated with vanillic acid for

four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF+Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF+VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-9. De novo lipogenesis protein activity in high-fat diet fed rats treated with

vanillic acid for four weeks.
Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Different letters (A, B) signify a statistically significant difference at p < 0.05 .
Values were calculated as mean = S.D. for six rats in each group.
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Fig. 5-10. Changes of hepatic free fatty acids in high-fat diet fed rats treated with

vanillic acid for four weeks.

Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF+Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF+VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.);

Different letters (A, B) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-11. Expression of insulin receptor (IR) protein in liver of high-fat diet fed rats

treated with vanillic acid for four weeks.
Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio : HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA : HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Different letters (A, B) signify a statistically significant difference at p < 0.05 .
Values were calculated as mean = S.D. for six rats in each group.
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Fig. 5-12. Expression of phosphatidylinositol-3 kinase (PI3K) protein expression in
liver of high-fat diet fed rats treated with vanillic acid for four weeks.

Control : Normal diet

HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Different letters (A, B, C) signify a statistically significant difference at p < 0.05 .
Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-13. Expression of glucose transporter-2 (GLUT-2) protein in liver of high-fat diet
fed rats treated with vanillic acid for four weeks.

Control : Normal diet

HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Different letters (A, B) signify a statistically significant difference at p < 0.05 .

Values were calculated as mean + S.D. for six rats in each group.
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Fig. 5-14. Expression of cyclooxygenase-2 (COX-2) protein in liver of high-fat diet fed
rats treated with vanillic acid for four weeks.
Control : Normal diet
HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Values with the same letter are not statistically different at p < 0.05.
Values were calculated as mean = S.D. for six rats in each group.
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Fig. 5-15. Expression of monocyte chemoattractant protein-1 (MCP-1) protein in liver

of high-fat diet fed rats treated with vanillic acid for four weeks.

Control : Normal diet

HF : High-fat diet ( 60 kcal % fat );

HF + Pio: HF (60 kcal % fat) + pioglitazone (30 mg/kg b.w.);
HF + VA: HF (60 kcal % fat ) + vanillic acid (30 mg/kg b.w.).

Values with the same letter are not statistically different at p < 0.05.
Values were calculated as mean = S.D. for six rats in each group.
e
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Fig. 6-1. The postulated mechanism of vanillic acid to ameliorate hepatic insulin resistance by regulating de novo lipogenesis and

insulin signal transduction in rats fed with high-fat diet.
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Laboratory Rodent Diet, 5001

Laboratory Rodent

Diet

5001 *

DESCRIPTION

Laboratory Rodent Diet is recommended for rats, mice, ham-

sters and gerbils. This diet is formulated using the unique and

innovative concept of Constant Nutrition®, paired with the

selection of highest quality ingredients to assure minimal

inherent biological variation in long-term studies. It is formu-

lated for life-cycle nutrition; however, it is not designed for

maximizing production in mouse breeding colonies. This

product has been the standard of biomedical research for over

65 years.

Features and Benefits

* Constant Nutrition” formula helps minimize nutritional
variables

* High quality animal protein added to create a superior bal-
ance of amino acids for optimum performance

¢ Formulated for multiple species for single
product inventory

* The rodent diet standard for biomedical research

Product Forms Available

¢ Oval pellet, 10 mm x 16 mm x 25 mm length
(3/8"x5/8"x1")

* Meal (ground pellets)

Other Versions Available

* 5010 Laboratory Auoclavable Rodent Diet

* 5LOD PicoLab Laboratory Rodent Diet (Minimum order required)

GUARANTEED ANALYSIS

Crude protein notlessithan . cuwu vovwn n sum 23.0%
Crudefat notlessithan o o vt swin 25 damin o 4.5%
Crude fiber not more than .. .................. 6.0%
ASHIOEITOTEINEN ovsmn s mssonase spueensans mommeay s 8.0%

INGREDIENTS

Ground corn, dehulled soybean meal, dried beet pulp, fish
meal, ground oats, brewers dried yeast, cane molasses, dehy-
drated alfalfa meal, dried whey, wheat germ, porcine animal
fat preserved with BHA, porcine meat meal, wheat mid-
dlings, salt, calcium carbonate, DL-methionine, choline chlo-
ride, cholecalciferol, vitamin A acetate, folic acid, menadione
dimethylpyrimidinol bisulfite (source of vitamin K), pyridox-
ine hydrochloride, biotin, thiamin mononitrate, nicotinic
acid, calcium pantothenate, dl-alpha tocopheryl acetate, vita-
min Bi. supplement, riboflavin, ferrous sulfate, manganous
oxide, zinc oxide, ferrous carbonate, copper sulfate, zinc sul-
fate, calcium iodate, cobalt carbonate, sodium selenite.
FEEDING DIRECTIONS

Feed ad libitum to rodents. Plenty of fresh, clean water
should be available to the animals at all times.

Rats- All rats will eat varying amounts of feed depending on
their genetic origin. Larger strains will eat up to 30 grams
per day. Smaller strains will eat up to 15 grams per day.
Feeders in rat cages should be designed to hold two to three
days supply of feed at one time.

Mice-Adult mice will eat up to 5 grams of pelleted ration
daily. Some of the larger strains may eat as much as 8 grams
per day per animal. Feed should be available on a free choice
basis in wire feeders above the floor of the cage.
Hamsters-Adults will eat up to 14 grams per day.
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CHEMICAL COMPOSITION'

Nutrients’

Proteini, % « cosumn v smamuss 23.9
ATEIOINE, Yo'wssisns smvmm v wed 1.41
Cystine, % ............... 0.31
GIVEINEI0! rors ssssmmmmmse sine 1.21
HiStANE Y s svorssiss snws v 0.57
Isoleucine; %6 = s sanan v 1.14
Leucine,% ............... 1.83
EYSie, B s vovsmsmismns sam 1.41
Methionine, % . ........... 0.67
Phenylalanine, % .. .....5 00 1.04
Tyrosine, % . .............. 0.71
THIESINEIN0 s sowommss s s 0.91
Tryptophan,% ............ 0.29

Valine; % s simsn s vl 1.17

Serine,% ...l 1.19
ASPATHEACID ] soasnsaras 3302481
Glutamic Acid, % .......... 4.37
Alanine:%: - w25 e S 1.43
Proline, % ................ 1.49
TAULINEW: cxvs scwows o vl 0.02
Fat (ether extract), % ...... 5.0
Fat (acid hydrolysis), % ....5.7
Cholesterol, ppm . ..........200
Linoleic Acid, % ........... 1.22
Linolenic Acid, % .......... 0.10
Arachidonic Acid, % . ... ... <0.01
Omega-3 Fatty Acids, % ... .. 0.19

Total Saturated Fatty Acids, % .1.56
Total Monounsaturated
Fatty Acids, % ............. 1.60

Fiber (Crude), % .......... 5.1
Neutral Detergent Fiber’ 15.6
Acid Detergent Fiber!, % . ... .. 6.7
Nitrogen-Free Extract

(by difference), % .......... 48.7
StarcHy % wousion sennen s w3149
Glucose,% . .............. 0.22
Fructose,% .. ............. 0.30
SUCTO88; %0 s svwmesaracivis e Dl O
Eactose; %6 sovres smppveiann w2001
Total Digestible Nutrients,% . .76.0
Gross Energy, kcal/gm ... .. 4.07
Physiological Fuel Value®,
keal/gm svmusspavnnn v 3.36
Metabolizable Energy,

KAl oo snssrsmms s 3.02
Minerals

Ash,% .................. 7.0
Gl Yo e smremmans v 0.95
Phosphorts; % = s s wevsd 0.66

Phosphorus (non-phytate), % . .0.39
Potassium, % .............. 1.18
Magnesium, % ............ 0.21
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Sulfur,% . ... oLl 0.36
SOHHAI o somimos smmmsiiail 0.40
Chlorine; % = s svmwsisd 0.67
Fluorine, ppm .............. 16
IEOOPPIL. s wonn wiommse sgmmiens, AZAO)
ZEAC, PP s wsinns st 79
Manganese, ppm . ... 70
Copper,ppm . .............. 13
(6701, 110, 0.90
TodinE; ppm: o s vossress s 1.0
Chromium, ppm . ........... 1.2

Selenium, ppm

Vitamins

Carotene;ppm. . :uis v se5a2:3
Vitamin K (as menadione),ppm .1.3
Thiamin Hydrochloride, ppm . . .16

Riboflavin, ppm ............ 4.5
Niacin,ppm . .........oo00n 120
Pantothenic Acid, ppm . ...... .24
Choline Chloride, ppm ..2250
Polic- Acid; ppm. -« wissess ssevmun 7.1
Pyridoxine, ppm .. .......... 6.0
BIOHHSPOM.: v smimss wmmmmssio 0.30
By CE/KE i smmsnivoivs snisrasiBO
Vitamin A, IU/gm ........... 15
Vitamin D; (added), IU/gm . .. 4.5
Vitamin E, IU/kg ........... 42

Ascorbic Acid, mg/gm . ....... —

Calories provided by:

...... 28.507

Fat (ether extract),% . .....13.496

Carbohydrates, % . . . ... ...57.996

*Product Code

. Formulation based on calculated
values from the latest ingredient
analysis information. Since nutri-
ent composition of natural ingre-
dients varies and some nutrient
loss will occur due to manufac-
turing processes, analysis will dif-
fer accordingly

. Nutrients expressed as percent of
ration except where otherwise
indicated. Moisture content is
assumed to be 10.0% for the pur-
pose of calculations.

. NDF = approximately cellulose,
hemi-cellulose and lignin.

. ADF = approximately cellulose
and lignin.

. Physiological Fuel Value
(kcal/gm) = Sum of decimal frac-
tions of protein, fat and carbo-
hydrate (use Nitrogen Free
Extract) x 4,9,4 kcal/gm respec-

" LabDiet

www.labdiet.com
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