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ABSTRACT

Effects of catechin on gene expression of glucose and
lipid metabolism-related proteins in liver, muscle and
adipose tissue of streptozotocin—induced diabetic rats

Lee Jung-In
Advisor : Prof. Shin Byoung=Chul, M.D, Ph.D.
Depar tment of Medicine,

Graduate School of Chosun University

Background : Diabetes patients continue to increase worldwide, and
persistent hyperglycemia  could induce diverse complications, such as
diabetic nephropathy, diabetic cardiovascular complications,
neuropathy, eye, and liver complications. Since diabetic complications
significantly reduce the quality of life, much research is being
conducted to prevent their progress. Recently, there has been a search
for natural products for the prevention of diabetes and the prevention
of complications. Flavonoids are found in many plants and are known to
have various physiological activities such as antioxidant, anticancer
and anti-inflammatory effects. Catechin, a flavonoid contained in tea,
is known to have antidiabetic effects in improving hyperglycemia in
vivo and in vitro.

Objective : The purpose of this study was to investigate the
transcriptoms of liver, muscle and adipose tissue to observe the

effects of catechin on lipid and glucose metabolism in diabetes.

Collection @ chosun



Methods : Diabetes mellitus in SD rats was induced by high fat diet and
streptozotocin. The experimental group was divided into control group,
diabetes group and diabetes + catechin group. The control and diabetic
groups received tap water as drinking water and the diabetic + catechin
group received tap water containing 0.1% catechin as drinking water for
12 weeks. After 12 weeks, blood glucose, BUN and creatinine levels were
measured in the blood and transcriptomes were examined in liver, soleus
muscle and visceral fat. The gene expression levels of glucose
metabolism-related enzymes, |lipid metabolism-related enzymes and
insulin signaling pathway-related proteins were compared between each
experimental group.

Results : Fasting blood glucose did not change until 12 weeks in the
control and diabetic groups. Fasting blood glucose in the diabetic +
catechin group was decreased by 8%, 13%, 15% and 18% at 2, 4, 8 and 12
weeks, respectively, compared to the diabetic group. After 12 weeks,
serum BUN levels in the diabetic + catechin group decreased by 35% and
serum creatinine levels by 33%, respectively, compared to the diabetic
group. Glucose metabolism-related genes in the diabetic group were
decreased in liver Gck, Pdp2 and Phkb mRNA levels, and Aldob mRNA
levels in soleus muscle were decreased. In diabetic group, expression
of Pfkm, Eno3 and Pgam? in visceral fat were increased and Aldob and
Pklr expression was decreased. Hepatic Gck, Pdk4 and Phkb mRNA levels
were increased in the diabetic + catechin group compared to the
diabetic group. Hepatic tissue Acsf2 and Acss3 mRNA levels in the
diabetic group were changed. The levels of Pla2g2a, Lpl, Acsf2, Acadlt,
and Acaa2 mBNA in soleus muscle of diabetic rats were increased and the

P1d3 mRNA levels were decreased. Acacb mRNA levels were increased and

Collection @ chosun



Fasn and Slc27al mRNA levels were decreased in diabetic visceral
adipose tissue.

Compared with the diabetic group, hepatic Acaca, Acacb and Acss3 mRNA
levels were increased in the diabetictcatechin group. Hepatic Insr mRNA
levels of diabetic rats were decreased, muscle tissue Irs1 mRNA levels
were decreased, and there was no difference in expression levels of
these genes in visceral tissues. Compared with the diabetic group,
hepatic insr mRNA and muscle tissue Irsi mRNA levels were increased in
the diabetictcatechin group.

CONCLUSIONS:  These results suggest that catechin administration
improves hyperglycemia in diabetic rats. Catechin has the effect of
improving diabetic hyperglycemia, which is thought to be the result of
increased expression of |liver glucose metabolism related enzymes and
proteins related to insulin signal transduction pathways. Further study
is needed to elucidate the mechanism of action on catechin gene

expression and its usefulness as a functional substance.

Key words : Catechin, Diabetes mellitus, Glucose metabolism, Lipid

metabolism
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Fig. 1. Flavonoid structure : 2 phenyl rings (A and B), 1

heterocyclic ring (C)1.

O D

Flavonol ‘\ / Flavan

g 9 e
1 L L
-— R

-
OH 0

Q .
Anthocyanidin Flavonoide Flavone

00 e e

Flavanonol 0
Flavanone

Isoflavone

Fig. 2. Chemical structure of flavonoids
ZtEL0lE= O 22X WmetA  ¢HEEXEI(Anthoxanthin), Zcidl=

(Flavanone), Zctdt-=(Flavanonol), ZctEt(Flavan), ©CtEA|IOILIC

(Anthocyanidin), OlAZet=(isoflavone) S 6 JIXZ2 L= 2= ULH. (14)
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Uedl, =X &R IHH2Z2I9 %42 JH =248 =22 30~40% E3x=2

i =CH(15). JtHIZIZ Zct2L01E2 ZHB I Z&eE A=29 2t
A 2

epicatechin(EC), epicatechin-3—-gallate(ECG), epigallocatechin(EGC) &
epigallocatechin—-3—-gal late (EGCG) SOl QUCH15). =Xt IHHIZIES HMHILHOIA

N0l Z=F HAHO =6t HIgtS HAMotl), E8XES HHoHH o
o

St ZE YMo FHE ZaAIls HES St=N2Z2 ZHM UACH16)
Iso S(17)2 QSXAZW =XNSE0| 28 Sl YdHs AMSCD oA
D, 25(18)2 g SF0l 320l AEEFESS Hgdt=s S0 UL
1 oot =8 gl g8d 288 Ytz gt UAse A=z &d
X0 ACH

1-9. &AIN 24

SENE A6t YO Al AZAID|dHd= HAF2IF HO| KK A
=0, =20 AHZUHAN & A& Z2&8S= &AM BNA = SARA
(transcriptome) Off CHSH A RIF 20| ST D UCH19,20). HAIM= H=E
LE ZA&UHAM 8 AlEN 2= & RNAE 20lotH, MAIME Z406tH

ZHO0ILE ME0 et 2etes A= 28 €2 = UA2HM, Olddst
2

0%
)
5

HAH 242 Sold Z4& MER HIEY ME 2t9] Z23& = RNA XH0IE
2 = UACH HFHW 2HS REXE DtYotd, 0 €2 NEE Al
= Aes U222 2EE 2 UCH. HAM 42 BNA Sequencing(ZBIIMLE 2
&), Alignment(&Z), Analysis(Z4) 2 Al &A=z U=s = UL GIIN
2 ZA0Ieh A(OHOIY ), G(FO0tE!), CIAIER), T(EIRN) 2 0IRHE KEX
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2. Mz ¢ Y
2-1. NEMZ

2 A8 AEE It"HIZI2 polyphenon 60(P60) = A Sigma-Aidrich
Co.(St. Louis, MO, USA) OlM OHGHH AtSOIACH. =8 S0 AISS
Streptozotocin(STZ), sodium citrate o SHEeHA =F kit & el=el =F
kit= Sigma-Aldrich Co.(St. Louis, MO, USA) OlA OHGIOd AtE
g2d2 g9 =3I| ACCU-CHEKES Roche Diagnostics(Mannheim, Germany) Ol A
TOHGHH Ol E5tRACH. DXLAOI (XS 45%) = MELD (Samtako, Daejeon,
Korea) Ol 20HGHY AtESHRICE.

00
ol

MS 5 F= & Sprague-Dawely & £=31 EF;Z MEID0
ASN O0|25IULH. Ags=2 12 Al2H ¥

£ 60 £ 5% 2 SE0lA AtsotALH. s=

&=l £ 20 3
A2 ZHUE sS4E 2l s (&S CIACUC2017-S0037)
Ch. €282 RE2 A0

ot SLoIQLH. Aes== 45% JAIEA0]

(45 kcal% fat) AIE2E otH 4==22t AIESt = 0.05M citrate

buffer(pH 4.5)0 2aHAIZ] AEBEXEA (streptozotocin 35 mg/kg BW)E
(@] 0=

sFo =220 2
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X2 (control), Y= (diabetes mellitus: DM), E=+ItEHI2/(DMCA) S =
3ZCeZ USsAULD, 2 AEZo sS= == 50iel2 oI, X2 e

©)
= 3gof¥y, EEHItHZIEE2 =x=0 PO =

AlS A& & 2 F 2HAOCZ 12 TN AEES22 B=2EYHS =HOIY
Ct. S=SEY2 AdEs=2 12 A2t SAAI20 § N2l FHHAN X2 THE
ot €& =4I| ACCU-CHEKE Ol Eo =&HotRl. das=2 EA0HAZ O
HAA = = =58 JUNMH XS MFot2, =2, 28 2 JHA0I2
(soleus muscle)2 ZEMOIACH. MFE W Ld2= A EH2 22/0H0H
oleelg s8otl), UHANe s81AM2 & 38 22I16t0 XI&, BUN(blood
urea nitrogen) ¥ creatinine &2 <&t A P ol=¢el

2 122 ALESHRO. 8 2

2 ol&el =& &Hl(Insulin ELISA kit)= Sigma-Aldrich Co.(St. Louis,
MO, USA)OIIA 2OHSHOY MIZALSl SHEH0l T2t EBES Al ELISA plate
reader (TECAN. Méannedorf, Switzerland) 2 SZ&E =ToIH Q&g L2
HAGHACH., EH XIZE, BUN & creatinine s&2 M XsE4 | (Hitachi
7180, Tokyo, Japan) £ 0I25t0d =ZoIRUCH. &g HEgd X0l
homeostasis model assessment for insulin resistance (HOMA-IR)&=
Matthews S(21)2 2Ol ek ASSHUCH. l=dl MEXS HAAE O3

ot &L,

ol

HOMA-IR = Insulin( g units/mL) x glucose(mmol/L)/22.5

_‘]O_
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2-4, XX M ALHI(transcriptome) 2 Al

2, SR 2 JtiilZ2Es €5 ZHot TRlzol® RNA Isolation
Reagents (Life technologies, Carlsbad, CA, USA) £ O0I&3dt0 total RNA
£ Zc2IotUCH. 2 ZHOUA =2clet total RNA 2 otEAEE Agilent RNA
6000 Pico Kit (Agilent, Santa Clara, CA, USA) £ ArE3dt0 BioAnalyzer
2100 automated electrophoresis system (Bio-Rad, Hercules, CA, USA) 2
OlZ0otd Aot LE. etE -0l &ol=l 28 =& RNA= TruSeq stranded mRNA
sample preparation kit (illumina, San Diego, CA, USA) 2 OIE3t0 M=
Ael 20l ek A mRNA sequencing library € SFS UL, mBNA library=
Agilent DNA High sensitivity Kit (Agilent, Santa Clara, CA, USA) £ Ol
0t BioAnalyzer 2100 2 =240t ZAZ BHSOH & mRNA library
CFX96 real time system (BioRad, Hercules, CA, USA) € OI25t{ H
& 5t = [|llumina HiSeq 2500 £ Ol&0ot0{ RNA sequencing &1 Al Gt
2 2RO Z BHES O & cONA libraries = TruSeq flow cell Ol=at
Ct& TruSea 200 cycle SBS kit
mina, San Diego, CA, USA) £ OI=3t0 100bp-end read =N HIIME

AGHACEH. Illumina HiSeq 2500 Ol ==& &l cONA libraries 2 EIIA
2= FASTQ format 2 H2 2 HIWGtH ZAGHAULEH. Gene set 2f 24
DAVID Bioinformatics Resources6.7, NIH(http://david.abcc.nciferf.go
Ol A Functional Annotation ToolS Ol oIRACH?22). AEZ2te SEX}

XtOl= reads per kilobase per million mapped reads (RPKM) atS Ol
tOd fold-change false discovery rate (FDR) € =&03dt0 p<0.05 2 =
2102 ot AL,

rr

HI

=]
M
A

HI
o 1o

R 38
[w

2
rn

cONA libraries® clusters £
=

—~

u

=
—

o ne nlo

o I<
S~—"

-

o

no Ol W
Ol

9

ol

o
TT

.
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2-5. SHHel

st &2

(i

A

g 21

rn

RNA-seqE Ml 2 Z+ ZEEXH(meant+ SD)Z HAIGH
A}, al8Z Y= SPSS (Statistical Package for the Social Science, Ver.
12.0. SPSS Inc., Chicago, IL, USA) EH Z2IYES 0/80t0 F4&EA
(ANOVA)E AAIGIRAD, Alg 2 R24E Duncan's multiple range testOll
Oloi Al P<0.05 ==0IlM 2 SotLEH.

rr
0&

_12_
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Ok
=

mg/dL Ol HIGHX 117% J

0.6 pU/L, HEZ 8.5 £ 0.6 pU/LZ
3.8 =
=

;.

—

Metd Xl==¢2l HOMA-IRE Ek
Ol BlotHd E==0M <= 111%
163.3 1 mg/dL 2 HEZY
& 111% JF SOt ZIRUCH

+ 17

=1e8=

3-2. JEI210]
A= &

g H 2

F ol IHel2!
able 22t &C}.
29.2 + 4.5 g/day/rat,

nou

AROLGI AOIEHE2 X0l=

2l MO0 =2let XtOIJt
mg/dL 2 HEZFSl 88.7 +
=+IHHIZI 22 171.3

o1 Of

BA AN

+

Collection @ chosun

HIGHH =0l 2 52% D
AACH. Al
Ct.
8.7 mg/dL f

u
b
H

%
)
o !
o

S ©
=

H-
n o
w
Hu
L2
Y

LIEFSGHCE.
77.2 £ 6.5 mg/dL

b
oA
2 2
> x

0 o0

<2

al

AMAHA

1 g/day/rat,
g/day/rate & O
S E+IHHI 22

S = 4IHH
20.7

Ct

ol

+

139% Jt SotE ], &
18% A5l JHHIR2ISE ¢
S

CH



C

M

, @k & RiItHZIZ AROIGI Relst XH0IOF UL, sl etd
K==02l HOMA-1RE €= 0 A 4.0 £ 0.52 H==S 1.7 £ 0.4 mg/dL O
HISH 2 98% It St D, E=+ItH2IZ22 3.3+ 0.5 mg/dL.2, Ea
o S4ItHIZ2IZ AOI0I =2t XtO0IJF BiRILH 88 SdXEE=2 Eud
A 179.5 £1 7.2 mg/dL2 THE=FCS 78.7 £ 9.5 mg/dL Ol HISHH 129% It
SOt ZI¥D, gatItHZIZ?2 135.7 £ 12.3 mg/dL.2 =20 SN E

20l 24% Zas= BE0F=10 UL

=

roh

3-3. JIHI2I0l =¥ &F2 EZH0 0IX

rr
02
Ok

JtHIZIE @ 8F 0 BASF0otHA 12 =2 s=sgdsS 58 Z2le
Fig.3 It £€U. UXZe s=2d2 &8l 0 = 86 £ 10 mg/dL

12 =88 £ 11 mg/dLZ 12 =Xl Rest SSEHO HE UEHHX 2%
Ch. €=l S5E8E2 0 F, 2 F, 4 =, 8 & & 12 =0 2= 187 +
21 mg/dL, 192 £+ 19 mg/dL, 201 £ 17 mg/dL, 214 + 18 mg/dL ¥ 211 =+

17 mg/dL 22 Al2t2l SS0 [HE R2st Hal= AUCH. E=+IHHIZIZ S
== 1 £ 19 mg/dL2 E==dt XOIJF SiA2LE, 2 =, 4
8 = & 12 F0l= =20l dlotK 8%, 13%, 15%= 18%J)t 212 Z A& Of
L

L
o L =< —
EF0l eI = F 0ot ZdAaEsS B0 ULCH

gt
0d
ro
(@]
ald
©

oo

2
0K

=20

Ol

3-4. JtEIZ2I0 =8 &F 2 AFEA0 0IXls &

g8 EF0 IS 12 = S F0et = €& BUN creatinine =
CE =& Z1l= Table 3 I &0 €& BUIN &2 E==0AM 79.5 £ 10.3
mg/dLE CHEZ 21.7 + 4.1 mg/dL ECt 266% It SIHEH S=20A AE
122 201 U0, =+ItHZIZS €3 BUIN2 51.1 £ 9.7

mg/dLE =20 35% JF 24D AFEEH0 O EH €0HEsS EWH=1
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AUCH. E&FH creatinine 22 E220lM 1.13 £ 0.15 mg/dL,E2 HEXZECH
3.7 HHE SIIE 0 =220 A AEEA0 USS BEWHF1D ULD, 43t
2122 0.75 + mg/dL,E E=22C0H 33% JF Z2AZ 0 AAZ=AQ| 23
ASS BEWHFD UCH
3-5. @9 2t XA HCUAI 2 |RAEX LSO BHE

Sty B 12 = S0 EFE SIMAIH 2 ZE HANE 24610 E&
AL 28 SEXS RNA &8 29| XI0IE Hlwset Zit= Table 42F 2L,
= ea 2t XA glucokinase isoform  2(Gck), ATP-dependent

6—-phosphofructokinase,
B(Aldob),

kinase,

(acetyl-transferring)] kinase isozyme 4, mitochondrial(Pdk4),

phosphorylase, |liver

subunit beta(Phkb) mRNA &S X
Pdp2 % Phkb mRNA &FO| CHZEZ Ol HIGHN

liver type(Pfkl),

pyruvate kinase PKM isoform M1 (Pkm),
isozyme 2(Pdk2),
|-phosphatase 2, mitochondrial precursor (Pdp2),

form(Pygl)

fructose-bisphosphate aldolase
pyruvate dehydrogenase
[Pyruvate dehydrogenase [acetyl-transferring]
[Pyruvate dehydrogenase
glycogen
2! phosphorylase b kinase regulatory
=t Ul WotALCEH.

log2(FC) gt -1 0l3dt,

gz 28 A& Gek,

p st 0.05

OIGt2 ROGHH 2AHRD, THE RVXL BS= log2(FC) 3t -1 014 f
0I5, p 3t 0.05 OIA422 LIEILIA S240| ULt

3-6. il SE+IHZIZS 28 X/ EC-YUAM 23 |
gslo el

ZH0HH ZEY AL 2+
52t &Lt E=+3tHIZIZS

Collection @ chosun

SIAMAIH 28 & MALHE
HwWs Z2= Table

, Aldob, Pkm, Pdk2, Pdpz2,

NS
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Pdk4, Pygl % Phkb mRNA &=

22 Gek, Pdk4 & Phkb mRNA &0l

gt 0.05 Olot2 =elotHl SIt &

g dluwet 210 gkI+ItH2IZ e 2F

1 0124 1 0lGt, p 3t 0.05 O|&A2SZ2 LIEILIM |R2A0| SARULEH.

3-7. @529 2FXE ECYAI 2d SAX L8O HEl
Soe M 12 = S0 8FZE SIMAIAH JIXN0I2XE MAIHZE 245610

TCEHAN 223 SAXS] ANA 23 29 XI0IE HlWs Zit= Table 61t

20 @9 JER0l 2X 2 hexokinase—-1 isoform HK1(HK1), ATP-dependent

6-phosphofructokinase, muscle type(Pfkm), Aldob, beta-enolase(Eno3),

pyruvate kinase PKM isoform M1(Pkm) £ glycogen phosphorylase,

muscle

form(Pygm) mRNA &S WMWEXZ HBIWotHCH. fructose 1,6-bisphosphateS
SoHAIZI= 22401 Aldob mRNA 20| CHEZ0 HIaIH =22 JIA0IZ2 XA
Ol log2(FC) 8t -5.02, p 2t 0.0234 2 KCIotH 2AE/UD, CIE SIEX
O] Hal= 1og2(FC) 8F -1 0Ol& 1 Olot, p 2t 0.05 O|ASZ LIEIHLIA |9
A0 SIULCEH.
3-8. 1 E=+IHIZI 22 Z2FXE EICY A 2d KA
sl Hat

IHIZI S @ RYaEFH 12 = S S0t = SMAIHA JMA0I2EE & A
HE 2460 ZSSAI 23 SE™ XS RNA 2a s X012 92 HlW
st A= Table 73 Z2CH. Y =+9tHI2) JFX0I2 X2 Hk1, Pfkm
Aldob, Eno3, Pkm & Pygm mRNA &= Y= Hlwst 21 S =F4IHH2I 2
Ol Aldob mRNA 20| E'=20l HIotX log2(FC) 2t 3.40, p &t 0.0116 22

Collection @ chosun
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SOt It HAD, UE RS Hat=
p et 0.05 0I422 LIEHLEA =HE0l S

3-9. k2 WEXNYXE EE-IOA

-

Ct.

1220 SFE SIMAIA WHWEIRE
O

| X012

log2(FC)

| St
—

ad -1

Ch, S LHEX XA HKT, Pfkm, Aldob, Eno3, phosphoglycerate mutase
2(Pgam2) 2 pyruvate kinase PKLR(PkIr) mRNA =2 HEZ0t HIWdHALE.
oo WHEXNEXEE Pfkm, Eno3 ¥ Pgam? =
0.05 Olot2 =oGtA &It &0, Aldob 2 Pkir &

-6.69, p gt 0.0004 %t 0.0012 =2 =R2otH Z 2

mANA = S ALOIOI =28t Xt0IoF SIRULCH.

3-10. Ekzl ER+I3HZIZ2S WEXEEZ

20l A Pfkm, Eno3 £ Pgam2= log2(FC) 2t -

U_SH, Hk1 I PkIr 2

_17_
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[-—|—
alll
=)
o
{00

& XS] RNA
et Z2lt= Table 93t &C. EL+ItHIZIZS

Aldob, Eno3, Pgam?2 & Pklr mRNA &2 Y&

, Aldob= 10g2(FC) &t 4.13, p
o

S|MAIHA WHE

gt 2k

=2 o

=1

log2(FC) g0l 1 Ol&f, p &t
log2(FC)

Sl g
o= L

af -6.69 2
USH, HkT

2o WA 2&



S g 1220 SFE MAIFH 2t & JAHE 240t X2
Ab 2HH S A X2l RNA £ el XH0IE dHluwset 2= Table 100t &L &

= 2v XA fatty acid synthase(Fasn), acetyl-CoA carboxylase
alpha(Acaca), acetyl-CoA carboxylase 2 precursor(Acacb), acyl-CoA
synthetase family member 2, mitochondrial precursor(Acsf2), acyl-CoA
synthetase short-chain family member 3, mitochondrial isoform 2(Acss3),
long—chain specific acy | —CoA dehydrogenase, mitochondrial
precursor (Acadl), enoyl-CoA hydratase, mitochondrial precursor(Echst),
3-hydroxyacy |-CoA dehydrogenase type-2(Hsd17b10) 2% 3-ketoacy!-CoA
thiolase, mitochondrial(Acaa2) mRNA &2 X2 HIWGHACH. a2
2b ZAOAM Acsf2 mRNA 0l CHEZ20l HISHK log2(FC) 2t 1.96, pat
0.00185 = =CotAH SIt &=L, Acss3 mRNA &2 X206 0
log2(FC) at -1.61, p 2t 0.00915 2 KAGHH ZAZJL. a2 28 =
Xl Fasn, Acaca, Acacb, Acadl, Echsl, Hsd17b10 % Acaa?2 mRNA &2 X
ol BISHO log2(FC) at -1 Ol& 1 OIGtH, p &t 0.05 Ol&422 UEILIM =

g0l UL

BA AN

3-12. ez SL+3tH2IZ22 2t X XEUAL 28 KX &

SYHEFHN 12F SO E0E T SIMAIAH 28 ZE MAIHE
SA6IH XEAF 2 SEXCl ANA &3S XI0IE Hluwst Z2= Table
11 20 2%+ItHI2I 22l 2tEX A Fasn, Acaca, Acacb, Acsf2, Acss3,

Acadl, Echs1, Hsd17b10 & Acaa? mRNA &= E w21 Hlwst 2 &=+

_18_
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ItEI2ZIZ 0l Al Acaca, Acacb & Acss3 mRNA &2 Z =0 HISHH log2(FC)
gt 1 014, pgt 0.05 0Iot2 REGHH It &I/, Acsf2 mANA 20|
A0l BIot log2(FC) 2t -1.88, p at 0.001 & R2GHH HAE2 B0H=F1
ULt =+ItHIZIZ e 2FE A Acadl, Echs1, Hsd17b10 2 Acaa2 mRNA &2
Se0 Ul WEHH log2(FC) gt -1 Ol & | of gt 0.05 Ol& 22 LiEFLY
N RH0l AULCEH.

3-13. €= 2sXE XNAUA 2d R Y& Bsl

u
b
i
o
z
b
0
=
o

Ct. Y%z JHAHOIZ2X%& phospholipase

precursor (Pla2g?a), | ipoprotein

D3(P1d3), Acsf?2, acyl-CoA dehydrogenase

Acaa?2, Hsd17b10 & Echs1 mRNA

24 Pla2g?a, Lpl, Acsf2, Acadili
log2(FC) 8t 1 Ol&t, p gt 0.05 Olat2

2 X0l 8I5ted log2(FC) gt -1.02,

JHEHIZIS YRBEF 12 = S0 S0

o dlloT T

[==)
ME 4ot XNEUAL 2&H RH

Z1t= Table 122 &CH. E=+2tH2)
P1d3, Acsf2, Acadll, Acaa?2, Hsd17b10 & Echs1 mRNA &= Y=t H|l W st

Collection @ chosun
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= FHE SMAIA IJA0I2ZZE HAME Z2406HN

wet = Table 122 &

A2, membrane associated
lipase precursor(Lpl), phospholipase
family member 11(Acad11),
=2 W20 HlWwatACH, &=l DHALO0]
2 Acaa? mRNA 0| CHZEZ0l BI5HH
SOlotH ZIF DD, PId3 mRNA &

p & 0.013152 =EotH ZAERY

=2

0
Jd
b
U
2
P
ks
M
30
rd
ba|

S| HAIA JHAHOIZ A HAL

gaig XN0IE a2t glust

X022 A Pla2g?a, Lpl,



2 daZ4ItH2IZ0AM Pla2g2a mRNA 201 Z= 0l HIGHH log2(FC) =t
-1.036, pef 0.00175 = =ootAH ZHAZHALD, OE &
log2(FC) gt -1 Ol& 1 0I5k, pat 0.05 Ol& S =

3-15. == UEXILXZH XZEUA &8 R 282 He

S8 M 12 =20 2FE SMAHA WEXNLEZE MANE 2460
NEUHAL 28 REX2 RNA 2 EC XI0IE dHluwet 2= Table 14%F &

Ch. o WEXNZ XA Fasn, Acacb, Acaca, long-chain fatty acid
transport protein 1(Slc27al), long-chain fatty acid transport protein 3
precursor (Slc27a3), hormone-sensitive |ipase(Lipe) % Pla2g2a mRNA &
= X220 HlwotAt. o WHEHXNSEXNUA Fasn b Slc27al mRNA
CHEZ 0l HISHO log2(FC) at -1 OIdt, p &t 0.05 OlotE =2IGHAH 24 o
A}, Acacb= log2(FC) 2t 1.96, pat 0.02295 2 LIEtLIA S 2IGHAH SItE

o= UL,

i

3-16. €z EutItHZIZ2 WEXIZXE XEUA 28 |&
i

JHHIZIE S =dEF0 12 = S FHE = SIMAIH WEXZZE MA
ME =40t KZEHAF 2 A X2l RNA 2SS XH0I

Zit= Table 15 o 20, E=+3tHIZIZS WHWEAYXH
Acaca, Slc27al, Slc27a3, Lipe ¥ Pla2g2a mRNA &= E=
S Z+IHIZI 2 0A Pla2g2a mRNA 22 1og2(FC) gt -2.01,

A 24D, OE 8452 2 MO0 =28 X0

b AL

ol

Ool
TT —

_20_
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220 2FE sMAIA 2t & HAIHE 240t =8l
e F&XS RNA 2ol X0l Hluwet 2= Table 16
C

1t 2 = 2XA olEel MSEEAHEZ 23 & A insulin receptor

!

preproprotein(insr), insulin receptor substrate 1(Irs1), insulin
receptor substrate 2(1rs2), insulin receptor substrate 3(lrs3) mRNA
S =W BlWotACH. 2o 28 ZE0MAM Insr mRNA 201 CHEZ O
St log2(FC) 2t -1.15, p at 0.0466 22 LIEtLIA S2ASHH ZAEAD,
Irs3 mANA 20| CHZ=Z2 2FXZ X0l HIotH log2(FC) 8¢ 2.60, p &t 0.01805
g RootH SitEE B0 AU, == 2t A [rsi Irs2 mRNA
22 220 BIoto log2(FC) 8t -1 Ol& 1 OIGH, p &t 0.05 OlA 22 Lt
EtLEA =240l AT,

3-18. Szt Eu+ItHIZIZS 2t XF Qlsd Asdgd=zE &

JIEIRIS ZREEFU 125 SO S0 3 SMAIH A EX HAMES
24501 QIR ANSHEPE BB RNAC ANA ZEY X0IS HlnE
e c

Table 1713t 20 Y@ %+ItHIZIZSl 28 & rsr, Irsl, Irs2 & |rs3
MRNAZ S S =20 Hlwst 20 S5 24IHHIZIZ2 0 A Trs1h [rs2 mBNA &2
24 0|

20l HIotX log2(FC) 2t

== 1 0lah, p g0l 0.05 Olot2 K{26tAH =Jt
CIAD, Irs3 mRNA 20| CHEZ0I BIotod log2(FC) 2t -2.02, pat 0.01175
2 S9otH ZAES BOHFD JCH, =29 28 XX |rs2 mRNA &2 O
X220 "ot log2(FC) 2t 0.13, paf 0.80385 & LIEILIM K2M0l AU

_21_
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G 2M 12F5F0 EFE SIMAIHA IJIXNOIZ2ZEZE JMAME 240610
Olsegl AMSAEHE 2d SAEXC RNA 2SSO XI0IE Hlwst Z2io=
Table 181 &2CH. &%= JINOIZ2ZE2A Irsr, Irsi, Irs2 & [rs3 mRNA =2

e =
CHEZ20F Bl WotACH. =20 A Irst mRNA 2F0| THEZ20 HIGH log2(FC

~—

2t —0.94, pat 0.047352 KR2IOHAH ZAEYD, Irsr,lrs2 & [rs3 mRNA ZF
2 X0l Hiot log2(FC) 2t -1 Ol&ak 1 Olot, pat 0.05 O|ASZ LIEILE
AN S940| ULt

ol

JtHIZIS E=dEF0 123 s S0set S| HAIA JHADIZ2 A &AL
e =A&XS RNA EEE X0IE &

Table 19%t 0. =+3tHIZIZ2 JHAOIZ2EE rsr,
= H

F

Irs1, Irs2 2 |rs3 mRNA &= S =213 Hlwst 20 E@=Z24I9HH 2120 A
Irs1 mRNA 20| =0 HIotKH log2(FC) 2t 1.15, pat 0.004 2 Kot
ZJF Z/YD, U2 SAXS Bal= log2(FC) 2t -1 014 1 Olat, pat 0.05

Olate 2 LIEtUA =2/d0l SLRUALY.

3-21. €22 UWEXYXZE Q=g MY 2 ZHd KA
£8lo Hal

S LM 12 = 20 EFE SMAIHA WEXILEZE MAMME 2406+
Cledl MSNMEHEZ 2d |RAEXS RNA 22| XI0IE Hlwg 2=
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Table 20 Jt 2C. Yo WEXZEEZE Irsr, Irst, Irs2 ¥ [rs3 mANA &
S W2 dlwotAt, S=20lA Irsr, Irst, Irs2 ¥ [rs3 mRNA &2
=2t HlwdtH log2(FC) 8t -1 0l4& 1 OIGH, pat 0.05 Ol&2= LIEtLE
N =280l AAULY.

+IHHIZI 22 WEXIEXE Olse AsEY &4

A M
||
o
™

SIHAIA WHEXNSEA HA

ol 12 =2 E0st & |
HE 2400 ol&el MesMGHZ 2 ST ANA 28 018 €k
T HlWst ZeE Table 2110 20 S a+ItHI2IZe WEXY =& Irsr,
Irs1, Irs2 & [rs3 mANA &2 Yo Bl WotACH, a2+t 22y ¢
=22 Irsr, Irsl, Irs2 & Irs3 mRNA &2 HlwWSt Z0  1og2(FC) 8t -1

0l 1 Olot, pat 0.05 Ol&42= LIEtLEA SZAHOI0I =28t XHOIJF S
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(transcriptome) =4 2 Sao A% E4E
AMGHLL, SaME ANSIH, 2EEHW NYENUHA g2 As2 SEA
Il 82 St Us A= LedAM JUNAM(32), 0lefst JIMs Sl 2=
229 &N 2E3HQ e 012 Az AMzEl

MAM et ZROILE MEHA HE AIE0 Z8te S8R XA mRNAS
2822, MAM =42 Soi B4 NES HIEA MIE 2H0 LSS = mRNA
O] X0IE ZAGHH YD 2Hs RIS LEHHSE 2 = UCH20)

2 AN Y &F9 28 TEYUAL Z 222 HAIZE AT
st MAM 2422 LOIEQUCH. Sl UM 1232 £ BFE SIMAIA
22X 2 HHMGHLD total RNAS =2c2lot0d MAIME 240t0f XY AR
ea 4 Gek, Pfkl, Aldob, Pkm, Pdk2, Pdp2 2 Pdk4 mRNA 2t =c|22 O
Ab 2B & A Pygl? Phkb mRNA &2 Hlwst 20, d=Z20HA HEZ0 bl
ot 2t XA Gek, Pdp2 & Phkb mRNA 2F0| 22[(p<0.05)otH 2AEE 20
=D AN, e RN L Hete RAL0l AACH. EEL0l 10eHAH 2
HEES HAHAM HIFREAN ATPZ Mettl= H¥s algudolet oti, oilg
WEE BIEAloZ HAlGHH OIS 2L,

glucose + 2ADP + 2NAD' + 2P; — 2 pyruvate + 2ATP + 2(NADH + H")

MU E #HALAILIOHA (Hexokinase), EAXZSRIALRA 0|HESISA
(phosphoglucose isomerase), EAZISEI|LIOIN (phosphofructokinase),
2 =2l0tMl(aldolase), Z22IMELUBIE 3-21a &AM S A (glyceraldehyde-
3- phosphate dehydrogenase), EAIZZZ|AZAHI|LIOFAI(phosphoglycerate
=l Ml £ REHAI (phosphoglyceromutase) , Ol=cllolA
AEDILEOHAI(pyruvate kinase) Jb 2t0IGHH ZEEE MRS

Sro 2 MBFAIZ2ICH33).

kinase), AL
=

(enolase) & 12
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Gek= &4 IILEAICSl 8 SR (hexokinase family)2A ZEZE HAF 29
A HHQ ETEYE EEY-6-EZAHOIEZ ME&tADl= BtE8= S8t T
g SEie dAILINS HEEC2Z, 0| @4 2FEIA-6-EZAHOIEN 2
of SHEX L2H, Z2FIDAI SIEHH 42 |RASC. 0l a4= FE
2 2HoA X S0l ZEEE otH, FMBUAMN ZEY X320 2 olsdl
SHI0l 2056t2, 2tUME Se22A S840 =2F IS SHCHS34). Gok
FRAXS SHH= 248480l MotEH Y % 1N0lsel 8352 /Y
s & QUOH(35). 2 ASUHAME Yy SF 9 2+ Gok ZEE0| 2AZHN QU
=0, Ol= €42 &It d20 U

84 2 ZYAHZS MEHN 22 =R UAAEN Zst 84222 M35t
= SHAEQ H9Es §HIH(36). XRF POC 242 LIRHIOIE dStIEZ A
LEM J1LEAI (pyruvate dehydrogenase kinase: POK) & Il HIOIE OISt0IE
AR EZATELN (pyruvate dehydrogenase phosphatase:PDP) Ol 2|6 = OH

Cl= QIAFSH(phosphorylation) & €01 AHSH(dephosphorylation) BFESES =l
AN @A8H80 ZETD QULCH36). PDK = 4IHXI(PDK1-4)° SZ=gA 0 /Y2
M 0lS2 2 =20l WetA Z280| CE2H 20U AUCH36). POK2 &

el tH=E=2 =2 =& 2 J20AMd g2tkds X2z 201,
& 2 HE A (islet)MIM Z&E1D, POK2 2 POK4= &AMl O
F=2 ZAM0A Z2REM, POK32 A E, Z € DEUA =2 Ztkse A
O LM UCHI7). PKI= HIIEel ¥, 244H Jls &8s & D)
OF S0l 2 ZZNA L0l Sotde A2 LM UCHS38). POP=
POP1 POP2 & JIAl sS&saJ)t M U=sdl, 02 25 Mg+

O O
) |w)
= =
—_ N
no rr
0z >

2

dependent mitochondrial serine/threonine phosphoprotein phosphatasesOl
(4 protein phosphatase 2C family O|Ct(38). PDP1S Ca®*-sensitive isoform
0l POP2= Ca’*~insensitive isoform O|Ct. PDP1S heart, brain &
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testis M S&EX &80 1, POP22 Kkidney, liver, heart & brain 0
AN SAEX ZS0] ZCOHI9)., =2 ASHUHA =8 &FO 2t Pdp2 L& 0|

=
ZAE0 A=, 0l= POC EHEES ZAAHAAN E€E2 SO 220 U=
(@]

2c|2 A Q.G S A (glycogen  phosphorylase)E  &4&3F A9
phosphorylase kinase (Phk)= 2t 2F0HA 20 FE2 EFL2AH LIt
(a), HIEH(B), Z0t(y) & ZEH(S) subunits 2 FAEEN UA=0, Z0t
subunite catalytic subunit Ol12, <Ob, HIEt 2 ZEH subunits =
regulatory subunits OICt. Phkb= Phk HIEt subunit OICH(40). 21 2tAl
Z0 dEBEHOHU=E 2cBA2 = =

of SlohA tE2H 2o 2 == UCH LPESZ | Phk= I E QlASHN <
ol allosteric regulation ECt. s2&, &4 U= E 2 =5

Ol=22 ¥&E= X=0ot1l, Z50/=201 Phk & ME RAU 2ot =
oZ]

H
0d
o

o
ju—

on
|0 o

Aoy

2 24dstMdle 9= st B 2 a ME SR 0| protein kinase A0l <&
off QIS ) 2EN MERYH Z2E 020 Z2E5H Phke 2&GHH 24
SHEICH(41). 2 AE0A @Y 82 2t Phkb 23S0l 2450 A=d,
Ol= glycogen phosphorylase &2 ZAAHAM Y2 SOt H20| U=

Nez F=FEC,
JHHIZIS 123 S 237 E0s @Y &F9 2t & MAIHNE SA 6t
Blust 20 Y= fe

0l HlotH k=
S St
2= 20 =AU, =20Md W20 BlotH 2t &% Gek, Pdp2 & Phkb

AP0l a2+ = 28 XA Gek, Pdk4 & Phkb mRNA &

HU
gl
A
il
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JbXt0I2(soleus muscle)2 Q12t0 ITRS2SWAM Ct2lel =otel(calf) &
2 THGI0 PHO OGS Y2E DADO0ICHA?). BHI2 IEY =
Tt =2 M AR €Ul tHEo DeEY0Ad 220 2let E& S

(=]
EIFE SIMAIA IJIXOI2E &Moot

T CHAFZEE SA HK1, Pfkm,
Aldob, Eno3, Pkm &£ Pygm mRNA 2= X Hlwst Z23 fructose
1,6-bisphosphateE =0oHAIII= &40 A F0] R2IBHH ZAEAY

e F&XLS g2 =g 0IJF UL S=+ItHIZIZ S JHAOIZ

S
3
e
=
g
U
AL b
o
=)
>
>
zt
o
i
_L
ol
=)

J 0“0
[

ny il
22 Hk1, Pfkm, Aldob, Eno3, Pkm & Pygm mRNA &S =1t Hlwst 2t
Aldob mRNA &0l =20l HlotH =elotH SItEUL, OHE SIS g
2 228t Xt0IJF SRUCEH. Aldob= =2 2HX AN L= S422H 28
THME L0 I B0 e 2SHM 2SS0 ZA4AEHAHE &
CEUHAN DIXlE gets AN %S A2 MALNH Z2SZHUAM
HA ZEYUAL 23 |SETS LB st TSI UAY Zges s
ez =FEC

HEXZg2 =2 Uil MEE= MAYeZ 20U WE & =2 W EJI
=20 MdEBEC. WEXE2 s229 JIsil g 0IXI 2o 24X
(active fat)olctD= ot M 2 & Z=EUE 20l UACH43). HWEX
XA YA 2t SIS RNA 2E S XH0IE HlWst 20 e 9
LHE X220l Al Pfkm, Eno3 & Pgam? Za&=2 SIHEI/Y LD, Aldob2t Pkir &
2 ZAH/ACH. S ZHIHZI 22 WE XIS EZAHM Pfkm, Eno3 & Pgam2
IS G20 BIGtH ZAEAD, AldobsE SN Y Moo=z
Hotel TEEUA 28 SEXS ANA S Bt JHHZ SHZ €2 3
ShE A2 LERO. WEXEXZAZ2 g20| Stotd ZE=2= ool
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pyruvate dehydrogenaseOll 2/6H Al acety|-CoAZ & &t= = malonyl CoAS
AN Kegatoz &=, Acetyl-CoA= acetyl—-CoA carboxylase(ACC) 2

H&HEZ22=Z malonyl-CoAZ &2t 1), malonyl-CoA= fatty acid synthetase

Jp

(FAS)Ol CloHA XPACE BIEEICH44). a0l NLUA 2 54 R
MALEN DIXE YB$S B Aot Yg B 2, 25 L XY
EHON MAH 242 AAGIUCH Zad 24 2L = HF 2 EX

ol

< Mo
>

s

o

=

[

[

SALH =45 &A 2H S 4 Fasn, Acaca, Acacb, Acsf2,

Acss3, Acadl, Echsl1, Hsd17b10 & Acaa2 mRNA &= HlwWdh 20 = 0lA

HEZ 0 HISHH 28 £& Acsf2 mRNA &0l 22/(p<0.05)3tH EItE A1,

Acss3 mMRNA =2/ (p<0.05)5tH ZAEE 2010 U1, e wAEX2 L
b2

H3le 2S940 QUL & AlgZ2W & | Acaca®t Acach |S& A &€&

-

= TT— BA AN
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==0
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CHEZ O BISHH S2GHA SIHEA LD, PId3 mRNA &2 2 AZRUCH. 2 FAH
o NES=S2 SIHAIZ = U= P, Ngs 2450 2206t= Acsf2 &
Xk g &S0l 204 ot= Acadll 2 Acaa2 mRNA &0l SItEH O ===
0 HISHH XIZatel B atstdt S0t 2 A2z ==&, e+t
o JHX0IZ2ZA0AM Pla2gza mRNA &0l E=0ll HIotH ZAD0, OE
ST L& Hat=s RAH0 SHM =Y EFH0 IIHZIENHZ 2I6H
o5 K24 Ao 2t 49 RAEL LE0 0Xes 2ge HY gle A2
g F==HU

Sz WEXNYZE XA 28 SA42] AL = AtZ 10 Acacb mRNA
20| CHEZ20I HIGHH S2SHAH ZIOHEA D, Fasn I Slc27al mRNA &2 2+
AEULH o HEXZZH0A malonyl-CoA & &0l 2t0H6t= Acach
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Table 1. Physical and biochemical parameters of
experimental animals

Parameter Control rats Diabetic rats
Food intake(g/24h) 14.3+£1.92 20.9+4.1b
Body weight(g) 261.8+15.7 2692+ 171
FBG"(mg/dL) 86.5+10.12 187.3+29.7°
Plasma insulin(uU/mL) 85206 8.0x0.6
HOMA-IR2) 1.8+0.32 3.8+0.6"%
Triglyceride(mg/dL) 77.2+6.5° 163.3 £ 17.1°

DFBG: fasting blood glucose.

JHOMA-IR: homeostasis model assessment of insulin resistance.
Values are mean+SD (n=5). Values with different letters(a,b)
within the same parameters are significantly different the level
of p<0.05 by Duncan's multiple range test.
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Table 2. Effect of catechin on physical and biochemical
parameters in experimental animals

Parameter Control DM DM+CA2)
Food intake(g/24h) 19.8+3.12 29.2+4.5° 26.5+£3.9°
Body weight(g) 305.2+£17.2 296.91£18.9 301.7 £ 191
FBG(mg/dL) 88.7+8.72 211.0£20.7¢ 1713+ 16.5°
Plasma insulin(uU/mL) 8.0+£0.38 7608 7706
HOMA-IR 171042 4.0+£0.5° 331050
Triglyceride(mg/dL) 78.7 £9.5° 179.5+£17.2¢ 135.7£12.3"

UDM: diabetes mellitus.

3DM+CA : Diabetes mellitus+catechin : diabetic rats treated with
catechin(0.1% in drinking water) for 12 weeks. Values are mean+SD
(n=5). Values with different letters(a-c) within the same parameters are
significantly different the level of p<0.05 by Duncan’'s multiple range
test.
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Table 3. Effects of catechin on blood urea nitrogen and
creatinine in blood of diabetic rats

Groups BUN" (mg/dL) Creatinine(mg/dL)
Control 21.7t4.1 0.35+0.082
DM 79.5£10.3° 1.13£0.15°
DM+CA 51.119.7c 0.75£0.10°

UBUN: Blood urea nitrogen.

Rats were administered catechin for 12 weeks, the BUN and creatinine
were determined after these treatments. DM: diabetes mellitus,
DM+CA: diabetic rats treated with catechin (0.1% in drinking water).
Values are mean+SD (n=5). Values with different letters(a,b) within the
same column are significantly different the level of p<0.05 by
Duncan's multiple range test.
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Table 4. Select liver transcripts in control versus DM rats related to
glucose metabolism

. RPKM DM/CT

Tl'ahSCI‘IptS p oM F0|d change p-value
Gek 3277 14.29 -1.19 0.0327
Pk 22.63 3148 047 04148
Aldob 3167.21 4362.65 0.46 04531
Pkm 7.30 10.09 0.46 04555
Pdk2 103.91 152.84 0.55 0.3592
Pdp2 8.25 347 -1.24 0.0442
Pdk4 10.56 946 -0.15 0.7997
Pygl 93.13 91.53 -0.02 0.9678
Phkb 4.67 1.22 -1.92 0.0092

RPKM : read per kilobase of transcript per million mapped reads, Gek : glucokinase isoform
2, Pfkl : ATP-dependent 6-phosphofructokinase, liver type, Aldob : fructose-bisphosphate
aldolase B, Pkm :pyruvate kinase PKM isoform M1, Pdk2 : pyruvate dehydrogenase kinase,
isozyme 2, Pdp2 : [Pyruvate dehydrogenase [acetyl-transferring]]-phosphatase 2,
mitochondrial precursor, Pdk4 : [Pyruvate dehydrogenase (acetyl-transferring)] kinase
isozyme 4, mitochondrial, Pygl : glycogen phosphorylase, liver form, Phkb : phosphorylase b
kinase regulatory subunit beta,
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Table 5. Select liver transcripts in DM versus DM+CA rats
related to glucose metabolism

Transcripts il EM+CA/DM p-value
DM DM+CA old change
Gek 13.66 68.41 2.32 0.0001
Pfkl 30.08 19.22 -0.64 0.1817
Aldob 4168.51 3314.27 -0.33 0.4953
Pkm 9.64 6.46 -0.57 0.3044
Pdk2 146.03 110.29 -0.40 0.3786
Pdp2 3.32 5.63 0.76 0.2036
Pdk4 9.04 2391 1.40 0.0124
Pygl 87.45 75.92 -0.20 0.6483
Phkb 1.17 3.31 1.49 0.0252

Gcek : glucokinase isoform 2, Pfkl : ATP-dependent 6-phosphofructokinase, liver type, Aldob
fructose-bisphosphate aldolase B, Pkm :pyruvate kinase PKM isoform M1, Pdk2 : pyruvate
dehydrogenase kinase, isozyme 2, Pdp2 : [Pyruvate dehydrogenase [acetyl-transferring]]-
phosphatase 2, mitochondrial precursor, Pdk4 : [Pyruvate dehydrogenase (acetyl-
transferring)] kinase isozyme 4, mitochondrial, Pygl : glycogen phosphorylase, liver form,
Phkb : phosphorylase b kinase regulatory subunit beta.
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Table 6. Select soleus muscle transcripts in control versus DM
rats related to glycolysis

RPKM

Transcripts Folc[i)l\c/lffg p-value
CT DM ge
Hk1 1.10 1.29 0.22 0.6931
Pfkm 1429.70 1496.36 0.06 0.8932
Aldob 8.58 0.26 -5.02 0.0243
Eno3 7873.83 7937.29 0.01 0.9836
Pgam2 7942.26 9212.76 0.21 0.6789
Pkm 242494 2545.09 0.06 0.8888
Pygm 4488.66 5462.58 0.28 0.6037

Hk1 : hexokinase-1 isoform HK1-sb, Pfkm : ATP-dependent 6-

phosphofructokinase, muscle type, Aldob : fructose-bisphosphate aldolase B,

Eno3 : beta-enolase, Pkm :pyruvate kinase PKM isoform M1,
Pygm :glycogen phosphorylase, muscle form.
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Table 7. Select soleus muscle transcripts in DM versus
DM+CA rats related to glycolysis

Transcripts L EM +CA/DM p-value
DM DM+CA old change

Hk1 1.30 171 0.39 0.3563
Pfkm 1504.95 1402.54 -0.10 0.7827
Aldob 0.26 2.80 340 0.0116
Eno3 7945.19 7651.26 -0.10 0.7932
Pgam2 9265.63 7825.28 -0.24 0.5361
Pkm 2559.70 2199.23 -0.21 0.5647
Pygm 5493.93 3485.16 -0.65 0.1576

Hk1 : hexokinase-1 isoform HK1-sb, Pfkm : ATP-dependent 6-
phosphofructokinase, muscle type, Aldob : fructose-bisphosphate aldolase B,
Eno3 : beta-enolase, Pkm :pyruvate kinase PKM isoform M1,

Pygm :glycogen phosphorylase, muscle form.
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Table 8. Select visceral fat tissue transcripts in control versus

DM rats related to glycolysis

Transcripts Al g DM/CT p-value
DM old change
Hk1 19.77 -0.82 0.2615
Pfkm 27847 4.39 0.0001
Aldob 2.75 -6.69 0.0004
Eno3 1239.64 6.10 0.0004
Pgam2 1193.95 6.26 0.0001
Pkir 0.08 -6.69 0.0012

Hk1 : hexokinase-1 isoform HK1-sb, Pfkm : ATP-dependent 6-

phosphofructokinase, muscle type, Aldob : fructose-bisphosphate aldolase B,
Eno3 : beta-enolase, Pgam2 : phosphoglycerate mutase 2, Pklr : pyruvate

kinase PKLR.
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Table 9. Select visceral fat tissue transcripts in DM versus
DM+CA rats related to glycolysis

Transcripts A EM+CA/DM p-value
DM DM4+CA old change

Hk1 20.58 33.56 0.70 0.1756
Pfkm 289.87 12.97 -4.48 0.0001
Aldob 2.87 5046 4.13 0.0002
Eno3 1290.39 7.51 -742 0.0001
Pgam2 1242.83 1.82 -9.40 0.0007
Pkir 0.09 0.63 281 0.2025

CAT : catechin, Hkl : hexokinase-1 isoform HK1-sb, Pfkm : ATP-dependent

6-phosphofructokinase, muscle type, Aldob : fructose-bisphosphate aldolase
B, Eno3 : beta-enolase, Pgam2 : phosphoglycerate mutase 2, Pkm : pyruvate
kinase PKM isoform M1, Pklr : pyruvate kinase PKLR.
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Table 10. Select liver transcripts in control versus DM rats
related to lipid metabolism

. RPKM DM/CT
Transcripts - ~y Fold change p-value
Fasn 12.54 11.28 -0.15 0.7863
Acaca 5.15 4.25 -0.27 0.6379
Acacb 3.51 3.62 0.04 0.9344
Acsf2 3.63 14.19 1.96 0.0018
Acss3 26.66 8.68 -1.61 0.0091
Acad| 374.51 452.38 0.27 0.6428
Echsl 1.02 113 0.13 0.8826
Hsd17b10 480.61 801.72 0.73 0.2107
Acaa2 983.14 1102.44 0.16 0.7879

Fasn : fatty acid synthase, Acaca : acetyl-CoA carboxylase alpha, Acacb : acetyl-CoA
carboxylase 2 precursor, Acsf2 : acyl-CoA synthetase family member 2, mitochondrial
precursor, Acss3 : acyl-CoA synthetase short-chain family member 3, mitochondrial isoform
2, Acadl : long-chain specific acyl-CoA dehydrogenase, mitochondrial precursor, Echsl :
enoyl-CoA hydratase, mitochondrial precursor, Hsd17b10 : 3-hydroxyacyl-CoA
dehydrogenase type-2, Acaa2 : 3-ketoacyl-CoA thiolase, mitochondrial.
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Table 11. Select liver transcripts in DM versus DM+CA rats
related to lipid metabolism

Transcripts e DM+CA/DM p-value
DM DM+CA Fold change
Fasn 10.78 12.34 0.19 0.6807
Acaca 4.06 8.19 1.00 0.0483
Acacb 3.46 7.53 111 0.0357
Acsf2 13.55 3.68 -1.88 0.001
Acss3 8.30 17.76 1.09 0.0346
Acadl 432.25 311.78 -047 0.3039
Echsl 1.07 0.87 -0.30 0.7465
Hsd17b10 766.05 587.70 -0.38 0.3953
Acaa2 1053.38 809.06 -0.38 0.4152

Fasn : fatty acid synthase, Acaca : acetyl-CoA carboxylase alpha, Acacb : acetyl-CoA
carboxylase 2 precursor, Acsf2 : acyl-CoA synthetase family member 2, mitochondrial
precursor, Acss3 : acyl-CoA synthetase short-chain family member 3, mitochondrial isoform
2, Acadl : long-chain specific acyl-CoA dehydrogenase, mitochondrial precursor, Echsl :
enoyl-CoA hydratase, mitochondrial precursor, Hsd17b10 : 3-hydroxyacyl-CoA
dehydrogenase type-2, Acaa2 : 3-ketoacyl-CoA thiolase, mitochondrial.
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Table 12. Select soleus muscle transcripts in control versus
DM rats related to lipid metabolism

| RPKM DM/CT
Transcripts - vy Fold change p-value
Pla2g2a 11.17 39.97 1.83 0.0005
Lpl 28.55 62.63 1.13 0.0017
Pld3 14.07 6.92 -1.02 0.0131
Acsf2 447 1361 1.60 0.0001
Acadll 10.81 3441 1.67 0.0001
Acaa2 22543 458.38 1.02 0.0075
Hsd17b10 208.84 209.68 0.01 0.9858
Echsl 0.26 0.66 1.30 0.3154

Pla2g2a : phospholipase A2, membrane associated precursor, Lpl : lipoprotein lipase
precursor, PId3 : phospholipase D3, Acsf2 : acyl-CoA synthetase family member 2,
mitochondrial precursor, Acadll : acyl-CoA dehydrogenase family member 11, Acaa2 : 3-
ketoacyl-CoA thiolase, mitochondrial, Hsd17b10 :3-hydroxyacyl-CoA dehydrogenase type-2,
Echsl : enoyl-CoA hydratase, mitochondrial precursor.
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Table 13. Select soleus muscle transcripts in DM versus
DM+CA rats related to lipid metabolism

Transcripts il DM+CA/DM p-value
DM DM+CA Fold change
Pla2g2a 40.20 19.62 -1.03 0.0017
Lpl 62.99 91.58 0.53 0.066
PId3 6.96 10.19 0.55 0.0984
Acsf2 13.69 11.95 -0.19 0.5253
Acadll 34.60 22.70 -0.60 0.1405
Acaa2 461.01 43942 -0.06 0.8249
Hsd17b10 210.88 227.84 0.11 0.703
Echsl 0.66 043 -0.62 04714

Pla2g2a : phospholipase A2, membrane associated precursor, Lpl : lipoprotein lipase
precursor, Pld3 : phospholipase D3, Acsf2 : acyl-CoA synthetase family member 2,
mitochondrial precursor, Acadll : acyl-CoA dehydrogenase family member 11, Acaa2 : 3-
ketoacyl-CoA thiolase, mitochondrial, Hsd17b10 :3-hydroxyacyl-CoA dehydrogenase type-2,
Echsl : enoyl-CoA hydratase, mitochondrial precursor.
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Table 14. Select visceral fat tissue transcripts in control
versus DM rats related to lipid metabolism

. RPKM DM/CT
Transcripts - - Fold change p-value
Fasn 63.76 19.61 -1.70 0.0478
Acacb 2.55 10.00 1.96 0.0229
Acaca 9.69 9.80 0.01 0.9816
Slc27al 70.82 175.26 1.30 0.1483
Slc27a3 46.57 9.52 -2.28 0.0106
Lipe 308.46 409.82 0.40 0.7462
Lpl 2259.30 2072.92 -0.12 0.9400
Pla2g2a 87.33 22045 1.33 0.0933

Fasn : fatty acid synthase, Acacb : acetyl-CoA carboxylase 2 precursor, Acaca :acetyl-CoA
carboxylase alpha, Slc27al : long-chain fatty acid transport protein 1, Slc27a3 : long-chain
fatty acid transport protein 3 precursor, Lipe : hormone-sensitive lipase, Lpl : lipoprotein
lipase precursor, Pla2g2a : phospholipase A2, membrane associated precursor.
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Table 15. Select visceral fat tissue transcripts in DM versus
DM+CA rats related to lipid metabolism

RPKM

Transcripts DM+CA/DM p-value
DM DM+CA Fold change
Fasn 20.41 32.99 0.69 0.2305
Acacb 10.41 8.63 -0.27 0.6035
Acaca 10.20 17.59 0.78 0.1402
Sle27al 182.43 172.79 -0.07 0.9068
Slc27a3 9.91 17.63 0.83 0.1455
Lipe 426.60 652.08 0.61 0.647
Lpl 2157.79 2469.62 0.19 0.5583
Pla2g2a 22947 56.96 -2.01 0.0003

Fasn : fatty acid synthase, Acacb : acetyl-CoA carboxylase 2 precursor, Acaca :acetyl-CoA
carboxylase alpha, Slc27al : long-chain fatty acid transport protein 1, Slc27a3 : long-chain
fatty acid transport protein 3 precursor, Lipe : hormone-sensitive lipase, Lpl : lipoprotein
lipase precursor, Pla2g2a : phospholipase A2, membrane associated precursor.
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Table 16. Select liver transcripts in control versus DM rats
related to insulin signaling

. RPKM DM/CT
Transcripts p-value
cT DM Fold change
Insr 6.95 311 -1.15 0.0466
Irs1 246 1.27 -0.95 0.1653
Irs2 3.30 2.39 -0.46 0.4587
Irs3 0.61 3.75 2.60 0.0180

Insr : insulin receptor preproprotein, Irs1 : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Table 17. Select liver transcripts in DM versus DM+CA rats

related to insulin signaling

RPKM

Transcripts DM+CA/DM p-value
DM DM+CA Fold change
Insr 2.98 6.20 1.05 0.0470
Irs1 121 331 1.44 0.0184
Irs2 2.28 2.51 0.13 0.8038
Irs3 3.58 0.88 -2.02 0.0117

Insr : insulin receptor preproprotein, Irs1 : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Table 18. Select soleus muscle transcripts in control versus
DM rats related to insulin signaling

. RPRM DM/CT
Transcripts p-value
T DM Fold change
Insr 2.20 421 0.89 0.058
Irs1 6.20 3.27 -0.94 0.0473
Irs2 9.79 12.85 039 0.2641
Irs3 0.19 040 1.07 1

Insr : insulin receptor preproprotein, Irs1 : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Table 19. Select soleus muscle transcripts in DM versus
DM+CA rats related to insulin signaling

RPKM DM+CA/DM

Transcripts — v Fold change p-value
Insr 4.03 3.63 -0.15 0.6453
Irs1 3.29 7.70 1.15 0.0004
Irs2 12.92 15.95 0.30 0.2977
Irs3 041 0.57 0.47 0.5492

Insr : insulin receptor preproprotein, Irs1 : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Table 20. Select visceral fat tissue transcripts in control
versus DM rats related to insulin signaling

. RPKM DM/CT
Transcripts p-value
cT DM Fold change
Insr 5.61 12.03 1.10 0.1569
Irs1 3.57 448 0.32 0.6976
Irs2 11.78 16.36 0.47 0.5201
Irs3 4342 5297 0.28 0.6954

Insr : insulin receptor preproprotein, Irsl : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Table 21. Select visceral fat tissue transcripts in DM versus
DM+CA rats related to insulin signaling

. RPKM DM+CA/DM
Transcnpts p-value
DM DM+CA Fold change
Insr 12.53 13.90 0.14 0.7688
Irsl 4.66 8.49 0.86 0.1096
Irs2 17.03 16.63 -0.03 0.9470
Irs3 55.14 86.76 0.65 0.2258

Insr : insulin receptor preproprotein, Irsl : insulin receptor substrate 1,
Irs2 :insulin receptor substrate 2, Irs3 : insulin receptor substrate 3.
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Fig. 1. Flavonoid structure: 2 phenyl rings (A and B),1
heterocyclic ring(c)
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Fig. 2. Chemical structure of flavonoid
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Fig. 3. Effects of catechin on fasting blood glucose(FBG) in diabetic rats. Rats
were administered catechin for 12 weeks, the fasting blood glucose were
determined after 12 hrs fasting. DM: diabetes mellitus, DM+CA: diabetic rats
treated with catechin (0.1% in drinking water). Values are mean+SD (n=5).
Values with different letters(a-c) above the bars within the same weeks are
significantly different at the level of p<0.05 by Duncan’'s multiple range.
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