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ABSTRACT

Preventive effect of
Green Tea Polyphenol Component
on Diabetic Nephropathy

Ahn Hee Jung
Advisor : Prof. Kim Jin Hwa M.D.
Department of Medicine,

Graduate School of Chosun University

Introduction: Diabetic nephropathy is a serious complication of diabetes
mellitus and many studies have been conducted to prevent progression of
nephropathy. Recently, there has been a search for natural products for
the prevention and treatment of diabetic nephropathy. Polyphenol has two
or more phenolic ring structures and i1s known to have physiological
activities such as antioxidative action, antibacterial action and anticancer
action. Catechin i1s a type of polyphenols and has been known to lower
blood sugar levels in diabetes. The purpose of this study was to

investigate the effect of catechin on the protection of diabetic nephropathy.

Methods: Diabetes mellitus was induced in SD rats by high fat diet and
low dose streptozotocin injection. The experimental group was divided into
three groups: control group, diabetes mellitus(DM) group and diabetes

mellitus + catechin(DM+CA) group.

In the control group and the DM group, tap water was supplied as

drinking water, and 0.2% catechin tap water was supplied to the DM+CA
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group for 16 weeks with drinking water. Blood glucose, blood urea
nitrogen and creatinine levels were measured in the blood, alkaline
phosphatase and gamma glutamyl transpeptidase activity and renal

transcriptome were analyzed in renal tissue.

Results: Blood creatinine and BUN in DM group were higher than control
group, and blood creatinine and BUN in DM+CA group were lower than

DM group.

The transcriptomes of the kidneys showed 5 genes related to gas
transport, 10 genes related to response to extracellular stimulus, 13 genes
related to response to organic substance, 4 genes related to response to
starvation, 6, genes related to water transport, 3 genes for response to
vitamins, and 9 genes for response to hormone stimulus were changes in
the DM group compared to the control group. These changes in gene
expression may be related to the development of diabetic nephropathy.
Compared to the DM group and DM + CA kidney transcripts, the genes
with different RNA expression levels were nine genes related to oxidation
reduction, seven genes related to response to endogenous stimulation, six
genes related to response to wounding, 8 genes involved in the response
to organic substance, 4 genes involved in the inflammation response, 5
genes iInvolved in defense reactions, and 2 genes related to glycine
metabolism. These results suggest that administration of catechine to
diabetic rats reduces BUN and creatinine levels and in kidney AP and
GGT activity.

In addition, transcriptomes analysis showed that changes in the gene
expression of diabetic rat kidney were associated with the development of
diabetic nephropathy.

Genes with different gene expression levels in diabetes + catechin and

diabetic groups were thought to have undergone changes in renal tissue
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gene expression by the action of catechin, and reduced renal damage in
diabetic rats treated with catechin may be associated with changes 1n

gene expression.

Conclusion: Catechin seems to be effective in the prevention of diabetic
nephropathy, and changes in transcripts of diabetic kidney by catechin

administration may be related to the prevention of diabetic nephropathy.

There 1s a continuing need for further study of whether diabetic

nephropathy 1s induced or prevented by altered expression of a gene

KEY WORDS : Green tea polyphenol; Diabetic nephropathy; Preventive
effect
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1. A%

B A8 Algd  JFEHIZIS polyphenon 60(P60)ZA  Sigma-Aidrich
Co.(St. Louis, MO, USA)elA Fujslo] AE3Ft}E. Streptozotocin(STZ),
sodium citrate, y-glutamyl-nitroanilide, p—nitrophenyl phosphate, @22 =
A kit 2 d<d =4 kit & Sigma-Aidrich Co.(St. Louis, MO, USA)el| A
THjsko] ARG sEAH

dsE 60+ 5% 4 ol A A3 J‘x] ® 2} o](Table 1
Fas AW d@vEo] 45%7F HEE A" AFS AlEral(Samtako,
Daejeon, Korea)ell Al -1} 5} QE%%*}%OH o]-&3tAitt. FEATS A
et FEAY &7 993 FAdEAME CIACUC2017-S0037)&  Hrol
A& A webN sEATS AASAT Al 28 dewe e 1
AgAolel AgF 2EFELZEA] =
TAY AolE Folslo] 47U AbEEE & AEFE X E M (streptozotocin) &
0.05M citrate buffer(pH 45)) gafAA FH(STZ 35 mg/kg BW)<] 7}
FALele] FawS FEsk9ar, tEvel = 0.06M citrate buffers &7 o]
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A9 AR F 257 gACR 1657744 AT R ¥HITe A0
THEIAGS APsEs 1222 S22 F medwe A dHS st
d93=47] ACCU-CHEK(Roche Diagnostics, Manheim, Germany)Z ©]-& 3
ZA5A. AFEEL AAVFAR nfHAA QB T BB gaox Pag
AAstar, 2GS dASAT. AHAE A AR = FA S st
deds SA8sta, vUHAE SN F dHES wEste FAAAE,

BUN(blood urea nitrogen) ™ creatinine 8 %2 93 A& AE3I

g7 o&Ede A&y =4 Fl(nsulin ELISA kit)2 Sigma-Aidrich
Co.(St. Louis, MO, USA)ellA —rufjste] Al z=Abe] wige] whepa] wEGAIZ]
% ELISA plate reader(TECAN. Minnedorf, Switzerland) = &3 =5 =4
Fol Ql&Ed =FS ALY, @3 4% 4, BUN ¥ creatinine &2 3

}5 &4 7] (Hitachi 7180, Tokyo, Japan)& ©]-&3}e] =A3Att. A& A8

ol

p

X A2l homeostasis model assessment for insulin resistance
(HOMA-IR)+= Matthews 5(27)2] ®Hol uwpg} AH&3)
ALkA 2 O 3 2o,

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

4. A7 B4 89 A

Az 02 gol 0.IM JAAF LS H(pH 74) 2mLe 3 7tsko] HE A2
2 alkaline phosphatase(AP)®} y-glutamyltranspeptidase(GGT) =4S ¢ 3%+
Alaz olgsdt. GGT ZA == Tate (289 WHoe=
—glutamyl-nitroanilide . 2 € A A ¥+ p-nitroanilide @S A Hs+= =
o % AP = Tenenhouse 5(29)¢] ®wo| we} p-nitrophenyl phosphate %=

HE KA ponitrophenol #FS A @Fshs WMoz FAsY A, @wEe

]IE(K;
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Sigma-Aidrich Co.(St. Louis, MO, USA)°e] vz A=k Zl(total protein
kit) & o]&3te] =AY, &4 FALE umoles/mg protein/hour & FA]

sttt
5. 439 2349 &4

BE SAHAINE= HA:rEFHA(meant SD)E ¥EAEH A, AYAdE=
SPSS 14 & o] £3}9] one way ANOVA test® 23}

A
2 Duncan’s multiple range testol] &34 p<0.05 == A ¥]uL 3} T}
6. A& ZZ AALA (transcriptome) A A

AFzZAS A8 HAA3de] TRIzol® RNA Isolation Reagents (Life
technologies, Carlsbad, CA, USA)E ©]&3}4] total RNAES =& 3At. 4l
FzxA oA E2gk total RNAS] <FFAd2 Agilent RNA 6000 Pico Kit
(Agilent, Santa Clara, CA, USA)E A}-&3}9] BioAnalyzer 2100 automated
electrophoresis system (Bio—-Rad, Hercules, CA, USA)S ©o]-&3}o] 43513
t} ot Aol oy AHF2 RNAE TruSeq stranded mRNA sample
preparation kit (illumina, San Diego, CA, USA) & o] &3}o] A ZzALe] HH
of wzl mRNA sequencing libraryS WStk 21432 mRNA library <
Agilent DNA High sensitivity Kit (Agilent, Santa Clara, CA, USA) & 9]
43lo] BioAnalyzer 21002 F43}a1, CFX96 real time system (BioRad,
Hercules, CA, USA)& o] &3ste] A=A sttt 2bzhe] Aldx2% mRNA
library + Illumina HiSeq 25005 ©]&3}% RNA sequencing w+41& A3}
Atk A2 cDNA libraries® TruSeq flow cellS ©]&3e] cDNA
libraries®] clustersE "= Tt TruSeq 200 cycle SBS kit (Illumina, San
Diego, CA, USA) & o] &3}o] 100bp-end read &4 71 ES EA351<
[lumina HiSeq 2500914 43 ¥ cDNA libraries® 971449 A Hi+= FASTQ
formatoll #7g® AH e} Hluste] FASEATE Gene sete] F42 DAVID
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Bioinformatics Resources6.7, NIH(http://david.abcc.nciferf.gov) ol A
Functional Annotation Tool& ©]& &ATH30). AF Y FHdx 2 A
o]+ reads per kilobase per million mapped reads (RPKM) zF<S o] &3}
fold-change false discovery rate (FDR)S =43} p<0.05 ¢ AS F93

Aoz &9

7. A ¥

RNA-seqE A3t =& =4 Ad+= P+ A (meant SD)E FA]
sk ar, A A= SPSS (Statistical Package for the Social Science, Ver.
12.0. SPSS Inc., Chicago, IL, USA) &4 Z2Ia3S o]&3lo] FEAHEA
(ANOVA)S AAsIA T, Ala F F94 2 Duncan’s multiple range testoll

84 P<0.05 &N AFA

:

N
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AR DS Fraatol A 189.8+ 152 mg/dL & thEto] wvsle] 14vi7} 7}
THT 25% AR 7ZHAF 1412+ 13.1 mg/dL

E HEhA 7HEZl oz 3] SUhE FAAAEAF] Hade HolF

=l
%2

mg/dL, 1650 405+ 27 mg/dL® #ol3 Wa7l YUTh Fa+sbe e
FTHAFL 0F 381+ 31 mg/dLelA e 45, 85, 1259 165 12%, 15%,
19%% 18%7F #tAasol B 34 7HH2E AT FostH FEA G| 1

A9 RolFET 9

o

4. ZHFH A F Q7 F = AR AZFEZ HA= IF

=9 SF 7HEE 167 <t A5 & @ creatinine, BUN 23}
2 24(APS GGT) 248458 54 23+ Fig. 2, 3 ¥ Table 49 &t}
g4 creatinine FS FxatolA 121+ 0.12 mg/dLZ txv Ho} 39u2 F
AR, el EE S 0.89: 01 mg/dLE FxmTRT 26% 7+ HAH
. @4 BUN & @uwolA 82771 mg/dLz tjzwnth 221%7} 27}
A3, G E S 687¢ 6.3 mg/dLE T uT 17% AE7F Bad

Ao A GGT gHE=E DxaolA 321+ 41  units(moles/mg

0
o
X

protein/hour)® W ZTH Ut} 28% AE7F AU, Fa+7FEH S 42,7+
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4.2 units(moles/mg protein/hour) 2 YxaH o 24% HAE=7F S7FE Ak Al
AP FAEE JadtolA 121+ 1.3 units(moles/mg protein/hour)® o %
TR 25%7F AAaEd3, dx+IbHTS 152+ 1.0 units(moles/mg
protein/hour) & @t H.th 25% A7t 2715 Q)

A} 1og2(FC) gkel 1 o]Felar p kol 0.05 olstel F3dA A E+ Table 5
o} 2o}, 7F2=39H(Gas transport) #d AR 570 p #hel 0.000001 o] sk

A log2(FC) #kol 61.2 otk AMAELIAAG A= 5k Yk (response to

o
o

s

extracellular stimulus)®d A2k 107, F71& 2 Hk-S-(response to
organic substance) & FHx 1370, 7]o}dl thd Wk (response to
starvation) #d FAX} 471, G o]0 gk ¥EE-(response to metal ion)¥

A FAx 670, FEo] 5 (water transport) #&E A= 37, B]ERWO] o 3

)

Hk-S-(response to vitamin) ¥&H {2 57 2 T2 Zp=of ok WS-

(response to hormone stimulus) @& A= 97§ ot

Z2 RNA 2 #e] ztolE mlugh A3t log2(FC) ghol 1 ool p ghol

0.05 ©]&}Ql FHA ME+= Table 69F 2t} 4Fsk2k¢d (oxidation reduction) ¥

_‘]O_
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| A2 970 p #kel 0.00052 olstH A log2(FC) kol 4.56 oAt W<l

b

] Ao gk vkS-(response to endogenous stimulus)@ & F A& 77,

Aol t3k Hk3-(response to wounding) ¥H FHA 67], F7]EH ik
Hk-S-(response  to organic substance) ¥ FHA 87, dF  HES
(inflammatory response)@ @ Fd =} 47, Wo] wWk3-(defense response) T

F42 570 2 224 A} A (glycin metabolic process) @ FdAF 270

AR

165-Fo 21412 A
A RNA &g kel xfol & Hlagt A 1og2(FC) gkol 1 o] oAy -1 o]s}
ola p kol 0005 ©]3t9 FAAE Table 7% 2ok Fumte] AFzA

cytochrome P450 1A1(Cyplal), delta(24)-sterol reductase
precursor(Dhcr24), aldose reductase(Akrlbl), cytochrome P450 2Cl11
precursor(Cyp2cll), aldehyde dehydrogenase family 1 member
A3(Aldhla3), acyl-CoA desaturase 2(Scd), retinol dehydrogenase 2
precursor(Rdh16), urea transporter 2 isoform c(Slcl4a2), prostaglandin G/H
synthase 1 precursor(Ptgsl) % sulfhydryl oxidase 1 precursor(Qsoxl)
mRNA & dixad vt ZFaEAn. o] A4 proline
dehydrogenase 1, mitochondrial precursor(Prodh) ¢  short/branched chain
specific acyl-CoA dehydrogenase(Acadsb) mRNA %2 tjZzto] H|ste] F
7hE] AT

8. T Fx+7tH T AFA=xZ 43} &9 (oxidation reduction)
A FA4x dd Hst
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o

precursor(Dhcr24), aldose reductase-related protein 2(Akrlb8), fatty acid
desaturase 1(Fadsl), short/branched chain specific acyl-CoA
dehydrogenase, mitochondrial(Acadsh), cytochrome P450 2C11
precursor(Cyp2cll), retinol dehydrogenase 2 precursor(Rdhl6) % lysyl
oxidase homolog 1 precursor(LoxIl) mRNA &2 Txwrel] wHste] 715 )
o} Fa+7bE 719t A& F 2 dihydrofolate reductase, isoform A(Dhfr) ¢}
sulfiredoxin-1(Srxnl) mRNA #& @it H]ste] FFAE Sl

9. v FxvY AFEZ YJdA A= ¢ ¥ES(response to
[e]
o

endogenous stimulus)# &

Juway AWEe A G404 UE WEE e st Gy wA
1677 AFE AYANA NF2D AAAE Bt Ay A4S

o] AF

w3k A3 log2(FC) Fkol 1
Y -1 o]3}o]al p Fko] 0.005 ©]3s}el FHA}= Table 99 £t} D9
=

2] alpha-1-antitrypsin precursor(Serpinal), mitochondrial brown fat

o,

uncoupling protein 1(Ucpl), sonic hedgehog protein precursor(Shh),
haptoglobin precursor(Hp), nuclear receptor subfamily 4 group A member
3(Nr4a3), prostaglandin G/H synthase 1 precursor(Ptgsl) X
prostaglandin-H2 D-isomerase precursor(Ptgds) mRNA =2 tfzxao H| 3}
o] 74w ok

el A1&ZEZ insulin-like  growth factor-binding protein 1

precursor(Igfbpl) mRNA @& t) ol H|slo] F7F5 Sl
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10, B3 De+7HZFY X
(response to endogenous stimulus)#

0.001 o]std  FH A= Table 1037 Zrh Hx+7ME 9] Aldx4

proto-oncogene c-Fos(IFos) ¢} insulin-like growth factor-binding protein 1

precursor(gfbpl) mRNA =S D xyto] Hdto] 74Ut D x+7HE 7179

A %2 gap junction protein, alpha 1(Gjal), fatty acid desaturase

1(Fadsl), matrix Gla protein precursor(Mgp), nicotinamide
1

N-methyltransferase(Nnmt) = prostaglandin—H?2 D-isomerase

precursor(Ptgds) mRNA #& icato] H3Fe] Z71E ).

11. 92734 IxdY AZxZF £ gt HES(response to
wounding) # & FAA @ W

=
l
o
Ny
%
=
0Q
N
S
C
Y
o,

-1 o]sto]laL p kol 0.005 ©
%2 cytochrome P450 1A1(Cyplal), insulin-like growth factor-binding
protein 4 precursor(Igfbp4), bone morphogenetic protein 2
preproprotein(Bmp2), alpha—1-antitrypsin precursor(Serpinal),
alpha-1-inhibitor 3 precursor(Ali3), sonic hedgehog protein precursor(Shh),
haptoglobin precursor(Hp), complement factor B isoform 1 precursor(Cfb),

C-C motif chemokine 7 precursor(Ccl7) % plasminogen activator inhibitor

1 precursor(Serpinel) mRNA &2 oz H|sto] ZAHJTY. D9
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A2 2] insulin-like growth factor-binding protein 1 precursor(Igfbpl) <}

clusterin precursor(Clu) mRNA #2 tzxaol H|slo] F715 St}

12. 3 Fu+7H0T AFxd &4 g w3 (response to
wounding)# & f-HA &4 W3l

Hl gk A3 Jog2(FC) gkel 1 o] oAy -

A= Table 129 Zv. Fx+7bEIxxte] A& x2 gap junction

—
o)
ol
o)
=
(=}
Y
o)
=)
o
=)
—_
o)

ol
o
rO
Ho

protein, alpha 1(Gjal), insulin-like growth factor-binding protein 4
precursor(Igfbp4) % C-C motif chemokine 7 precursor(Ccl7) mRNA %2
Faatel]  HEte]  F7tE Y. Fa+7bEH 7] A1# A pantetheinase
precursor(Vnnl), silk fibroin 2 precursor(F2) % insulin-like growth
factor-binding protein 1 precursor(Igfbpl) mRNA =& Fizto] H]sle] 7+
A E AT

= =

W3 Ay 1og2(FC) Ftol 1 oA
o]5}Ql A= Table 13% T} Yt
o] A2 alpha-1-antitrypsin precursor(Serpinal), mitochondrial brown
fat uncoupling protein 1(Ucpl), sonic hedgehog protein precursor(Shh),
haptoglobin precursor(Hp), nuclear receptor subfamily 4 group A member

3(Nr4a3), prostaglandin G/H synthase 1 precursor(Ptgsl) X
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prostaglandin-H2 D-isomerase precursor(Ptgds) mRNA 2 t)xa-o H]&}k
of ZAHJY. DadY AHFEZA insulin-like growth factor-binding

protein 1 precursor(Igfbpl) mRNA & thxto] B sl Z71% At}

14, 3o Du+7tEATY AFxH =&
o
-3

(response to hormone stimulus)# &

0.001 ©]3&}el A A+= Table 149 Zoh. QGx+7beE 719 A1#Z2 gap
junction protein, alpha 1(Gjal), insulin-like growth factor-binding protein 4
precursor(Fadsl) % C-C motif chemokine 7 precursor(Mgp) mRNA %2
Do) wlete]  Z7hE v Wx+dtE T 2% %2 pantetheinase
precursor(Ptgds), silk fibroin 2 precursor(Fos) % insulin-like growth
factor-binding protein 1 precursor(Igfbpl) mRNA =& Fizto] H]sle] 7+
A E AT

15, =z ZFuT AF

organic substance)@## FHA ¢& W3

BN
N
Jo
N,
il
0
=2
2
e
(
oo
o
(¢}
14)]
(o]
@]
=
14)]
(¢)
o
(@]

o B FdA RNA 23 Ze] Aol & Hl g A3 log2(FC) gkel 1 o]do]

L -1 o]stolar p gkel 0.005 olstel A= Table 159 2t} Gt
AAz2 cytochrome P450 1A1(Cyplal), aldose reductase(Akrlbl),
alpha-1-antitrypsin precursor(Serpinal), mitochondrial brown fat

uncoupling protein 1(Ucpl), sonic hedgehog protein precursor(Shh),
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haptoglobin precursor(Hp), nuclear receptor subfamily 4 group A member
3(Nr4a3), complement factor B isoform 1 precursor(Cfb), prostaglandin
G/H synthase 1 precursor(Ptgsl) = prostaglandin-H2 D-isomerase
precursor(Ptgds) mRNA & tfxato] Hlste] 7Am ) dxao AFgx
Al jnsulin-like growth factor-binding protein 1 precursor(Igfbpl) <}
potassium-transporting ATPase alpha chain 2 b(Atpl2a) mRNA =2 oj
ztoll njske] F7HE Sl

16. v Fx+7tH T AZF=ZRZE F7]EZ dg -3 (response
1

to organic substance)@&d FAA Td A3}

HxA AAAE 245
¥ log2(FC) gkol 1 oldelAy -1 o]stolal p gko]
0.001 ©o]std  FH A= Table 169 2t YSx+7ME 9] Aldx4

&
e

o] Aolg Wi

dihydrofolate reductase, isoform A(Dhfr), proto-oncogene c-Fos(Fos) %
insulin-like growth factor-binding protein 1 precursor(Igfbpl) mRNA %2
Fiatol] H)Ete] TAEHJY. da+TbH 7ol A FE 2 matrix Gla protein
precursor(Mgp), nicotinamide N-methyltransferase(Nnmt), fatty acid
desaturase  1(Fadsl), gap junction protein, alpha 1(Gjal) %
prostaglandin-H2 D-isomerase precursor(Ptgds) mRNA =2 Qoo H| 3}

ol S7hs A
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A RNA 2 el Aol 5 vl 23 1log2(FC) gkel 1 o4, p %ol 0.005
o]kl FH A= Table 173 #oh. Bxard 41 x4 insulin-like growth
factor-binding protein 4 precursor(Igfbp4), bone morphogenetic protein 2
preproprotein(Bmp2), alpha—1-antitrypsin precursor(Serpinal),
alpha-1-inhibitor =3  precursor(Ali3), haptoglobin  precursor(Hp),
complement factor B isoform 1 precursor(Cfb) % C-C motif chemokine 7

precursor(Ccl7) mRNA -2 djZzvtol Hlste] FAESH

18. Bxvd TBu+7HHTY AFxF EF5H-S(Inflammatory

response) & & FAA AH A3}

Wk Ay} log2(FC) Fhol 1 ool A -1 ogte]lar p gte] 0.001 ©]skel
HAAE Table 183 2ol Fx+7bH| 1079 2A1%%24 insulin-like growth
factor-binding protein 4 precursor(Igftbp4) ¢ C-C motif chemokine 7
precursor(Ccl7) mRNA =& o] H|e] Z7FE 13, pantetheinase

precursor(Vnnl) ¢} silk fibroin 2 precursor(F2) mRNA %2 T xatof H]3E}
o] 7+ At
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AolAY -1 olstelar p #kol 0.005 ©]skel % A= Dher24, AKkrlbS,
Fadsl, Acadsb, Cyp2cll, Rdhl6 ¥ Loxll mRNA %2 Qixvto] H|sle] =
ZFE QA Gxa+7bE 9] Al E 2 Dhfr ¢F Srxnl mRNA &S 9 xato
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AaEa 7 Fo®R fHA Ededo] dFE IEHE= Fo
cytochrome P450 2C11 & testosterone WAle] #osl= EAZA4(43) T
woll A A Fde] A JHER FoR fHA 2do] Y= Ao
2 YEs Y. short/branched chain specific acyl-CoA dehydrogenase= #| &
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Table 1. Diet formula

Nutrients Chow diet High fat diet
gm% Cal% gm% Cal%
Protein 33 28 24 20
Carbohydrate 61 60 42 35
Fat 6 12 24 45
— 26 —
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Table 2. Physical and biochemical parameters of experimental

animals
Parameter Control rats Diabeticrats
Food intake(g/24h) 11.7+£1.72 18.6 £+ 3.6°
Body weight(g) 2754+ 1786 283.1+14.2
FBG"(mg/dL) 89.7+9.4:2 385.4+21.8b
Plasma insulin(pU/mL) 8606 8207
HOMA-IR2! 1.8+0.42 8.1+0.9°
Triglyceride(mg/dL) 732+ 578 182.7+18.7°

YFBG: fasting blood glucose.
YHOMA-IR: homeostasis model assessment of insulin resistance.

Values are mean+SD (n=5). Values with different letters(a,b) within the
same raw are significantly different the level of p<0.05 by Duncan’s
multiple range test.
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Table 3. Effect of catechin on physical and biochemical parameters

in experimental animals

Parameter Control DMV DM+CA2
Food intake(g/24h) 20.1+£2.3° 27.8+3.1b 286 +2.4°b
Body weight(g) 3654+ 151 336.4+216 346.2+16.4
FBG(mg/dL) 87.7+8.73 4078+ 32.1¢ 312.7+27.8"0
Plasma insulin(uU/mL) 8008 76038 7.7£08
HOMA-IR 1.8+0.52 8.4+0.5" 7.6+0.8Pb
Triglyceride(mg/dL) 78.7+£953 189.8+15.2¢ 1412+ 13.1P
UDM: diabetes mellitus.
DM+CA mellitus+catechin ; diabetic rats treated with

catechin(0.1%6 in drinking water). Values are mean+SD (n=5). Values with
different letters(a—c) within the same raw are significantly different the
level of p<0.05 by Duncan’s multiple range test.
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Table 4. Effects of catechin on enzyme activities in kidney of

diabetic rats

Groups Enzyme activities(moles/mg protein/hour)
GGTV AP?Z

Control 45.7 £ 5.22 16.2+ 1.62

DM 32.1x£4.1° 12.1+£1.3°

DM+CA 42.7 £ 4 .22 15.2+1.08

VGGT: y-glutamyltranspeptidase.
2 AP: alkaline phosphatse.

Values are meantSD (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 5. Gene set analysis from the kidney differential expressed

genes selected by

log2(FC) = 1 & P-value < 0.05 in the

comparison unit of control vs diabetic rats

Term

gas transport

response to extracellular stimulus

response to organic substance

response to starvation
response to metal ion
water transport
response to vitamin

response to hormone stimulus

Fold

) P value
Enrichment

Genes

Hba2, Hbal, Hbb, Hbb-bl, Aqp4 61.1 0.000001

Cyplal, Hmgcs2, Fadsl, Alb, Hp, Agp2, Sppl
Gatm, Nuak2, Aqp3

Hp, Cfb, Slc3da2, Ptgsl, Cyplal, Hmges2, Akrlbl,
Alb, Serpinal, Fadsl, Aqp2, Gatm, Sppl

7.28 0.000006

3.08 0.00065

Fads1, Alb, Aqp2, Nuak2 185 0.00105
Cyplal, Serpinal, Alb, Hp, Agp2, Gatm 7.45 0.00112
Agp2, Agp3, Aqpd 50.7 0.00148
Cyplal, Fadsl, Hp, Sppl, Aqp3 9.73 0.00160

Hmgcs2, Serpinal, Fadsl, Hp, Agp2, Sppl, Gatm,

Ptgsl, Slc34a2 3.88 0.00178
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Table 6. Gene set analysis from the kidney differential expressed

genes selected by log2(FC) = 1 & P-value < 0.05 in the
comparison unit of DM vs DM+catechin
Term Genes Fo.ld P walue
Enrich
oxidation reduction Dhfr, Dher24, Akrlb8, Fads1, Acadsb 456 0.00052
Cyp2cll, Rdh16, Loxl1, Srxnl
response to endogenous stimulus Gjal, Fadsl, Fos, Igftbpl, Mgp, Nnmt, 379 0.00835
Ptgds
response to wounding Gjal, Igfbp4, F2, Igfbpl, Ccl7, Vinnl 4.39 0.01
response to organic substance Gjal, Dhfr, Fadsl, Fos, Igfbpl, Mgp, 2.67 0.0238
Nnmt, Ptgds
inflammatory response Igfbp4, F2, Ccl7, Vnnl 5.72 0.0303
defense response Igfbp4, F2, Ccl7, Vinnl, Defb29 3.89 0.0356
glycine metabolic process Dhfr, Gldc 477 0.0401
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Table 7. Select kidney transcripts in control versus diabetic rats
related to oxidation reduction

Gene Control DM log2(FC) P value Q value
Cyplal 4473 13.61 -1.72 0.0001 0.011
Dhcr24 3341 5.72 -2.55 0.0001 0.011
Akrlbl 44515 50.87 -3.85 0.0001 0.011
Cyp2cll 25.75 6.95 -1.89 0.0007 0.083
Aldhla3 22.28 2.68 -3.06 0.0003 0.040
Scd 17.99 7.05 -1.35 0.0007 0.085
Rdhlé 80.10 13.19 -2.60 0.0001 0.011
Slelda2 19.69 3.00 -271 0.0001 0.011
Ptgsl 27.61 547 -2.33 0.0001 0.011
Qsoxl 46.89 4,63 -3.34 0.0001 0.011
Prodh 15.04 45.08 1.58 0.0002 0.033
Acadsb 37.15 96.40 1.38 0.0007 0.085

Cyplal : cytochrome P450 1A1l, Dhcr24 : delta(24)-sterol reductase
precursor, Akrlbl : aldose reductase, Cyp2cll : cytochrome P450 2Cl11
precursor, Aldhla3 : aldehyde dehydrogenase family 1 member A3, Scd :
acyl-CoA desaturase 2, Rdhl6 : retinol dehydrogenase 2 precursor, Slcl4a?2

urea transporter 2 isoform c¢, Ptgsl : prostaglandin G/H synthase 1
precursor, Qsoxl : sulfhydryl oxidase 1 precursor, Prodh : proline
dehydrogenase 1, mitochondrial precursor, Acadsb : short/branched chain
specific acyl-CoA dehydrogenase, mitochondrial
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Table 8. Select kidney transcripts in DM versus DM-+catechin rats
related to oxidation reduction.

Gene DM DM+CA log2(FC) P value Q value
Dher24 5.83 27.90 2.26 0.0001 0.026
Akrlb8 7.14 33.14 2.21 0.0003 0.103
Fadsl 12.05 31.64 1.39 0.0001 0.026
Acadsb 12.05 31.64 1.39 0.0001 0.026
CypZcll 7.08 2743 1.95 0.0001 0.026
Rdhl6 15.44 47.49 1.82 0.0001 0.026
Lox1 6.49 16.97 1.39 0.0005 0.142
Dhir 127.28 48.73 -1.39 0.0001 0.045
Srxnl 18.30 5.20 -1.82 0.0001 0.026

Dhecr24 delta(24)-sterol  reductase precursor, Akrlb8 : aldose

reductase-related protein 2, Fadsl
short/branched chain

specific acyl-CoA dehydrogenase,

fatty acid desaturase 1, Acadsb

mitochondrial,

Cyp2cll : cytochrome P450 2C11 precursor, Rdhl6 : retinol dehydrogenase
homolog 1 precursor, Dhfr
dihydrofolate reductase, isoform A, Srxnl : sulfiredoxin-1

2 precursor,
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Table 9. Select kidney transcripts in control
related to response to endogenous stimulus.

versus diabetic rats

Gene Control DM
Serpinal 45.64 13.85
Uepl 4.96 0.00
Shh 0.74 0.00
Hp 64.34 17.15
Nrda3 0.70 0.00
Ptgsl 27.61 5.47
Ptgds 225.60 25.75
Igfbpl 69.39 168.89

log2(FC)

-1.72
Inf
Inf

-1.91
Inf

-2.33

-3.13

1.28

P value

0.0004
0.0001
0.0007
0.0001
0.0001
0.0001
0.0001
0.0009

Q value

0.051
0.011
0.085
0.011
0.011
0.011
0.011
0.100

Serpinal : alpha—-1-antitrypsin precursor, Ucpl

uncoupling protein 1, Shh : sonic hedgehog protein precursor,
haptoglobin precursor, Nrd4a3 : nuclear receptor subfamily 4 group
member 3, Ptgsl : prostaglandin G/H synthase 1 precursor ,Ptgds
prostaglandin—-H2 D-isomerase precursor,

factor-binding protein 1 precursor.
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Table 10. Select kidney transcripts in DM versus DM+catechin rats

related to

response to endogenous stimulus.

Gene

Fos
Igtbpl
Gjal
Fadsl
Mgp
Nnmt

Ptgds

DM

15.35
17210
3.24
12.05
335.14
0.00
26.24

DM+CA

4.57
62.44
9.4
31.64
856.20
1.22
135.11

log2(FC)

-1.748
-1.463
1.541
1.392
1.353
Inf
2.364

P value

0.0009
0.0001
0.0009
0.0001
0.0001
0.0002
0.0001

Q value

0.210
0.026
0.218
0.026
0.026
0.063
0.026

Fos @ proto-oncogene c-Fos, Igfbpl
protein 1 precursor, Gjal

fatty acid desaturase 1, Mgp
nicotinamide N-methyltransferase, Ptgds

precursor.
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Table 11. Select kidney transcripts in control versus diabetic rats
related to response to wounding.

Gene Control DM log2(FC) P value Q value
Cyplal 4473 13.61 -1.716 0.0001 0.011
Igthpd 71.61 15.28 -2.228 0.0001 0.011
Bmp2 1.34 0.00 Inf 0.0001 0.011
Serpinal 45.64 13.85 -1.720 0.0004 0.051
Ali3 9.77 1.95 -2.327 0.0002 0.033
Shh 0.74 0.00 Inf 0.0007 0.085
Hp 64.34 17.15 -1.907 0.0001 0.011
Ctb 25.73 4.08 -2.655 0.0001 0.011
Cel? 4.32 0.00 Inf 0.0001 0.011
Serpinel 12.24 3.45 -1.826 0.0009 0.097
Igfbpl 69.39 168.89 1.283 0.0009 0.100
Clu 83.46 273.62 1.713 0.0001 0.011

Cyplal : cytochrome P450 1A1, Igfbp4 : insulin-like growth factor—binding
protein 4 precursor, Bmp2 : bone morphogenetic protein 2 preproprotein,
Serpinal : alpha-l-antitrypsin precursor, Ali3 : alpha—-1-inhibitor 3
precursor, Shh : sonic hedgehog protein precursor, Hp : haptoglobin
precursor, Cfb : complement factor B i1soform 1 precursor, Ccl7 : C-C
motif chemokine 7 precursor, Serpinel : plasminogen activator inhibitor 1
precursor, Igfbpl @ insulin-like growth factor-binding protein 1 precursor,
Clu : clusterin precursor.
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Table 12. Select kidney transcripts in DM versus DM+catechin rats
related to response to wounding.

Gene DM DM+CA log2(FC) P value Q value
Gjal 3.24 9.44 1.541 0.0009 0.218
Igthp4 15.57 44.50 1.515 0.0001 0.026
Ccel7 0.00 1.58 Inf 0.0007 0.176
Vinnl 146.17 65.57 -1.156 0.0002 0.076
F2 35.36 14.19 -1.317 0.0004 0.117
Igtbpl 172.10 62.44 -1.463 0.0001 0.026

(yjal : gap junction protein, alpha 1, 43kDa, Igfbp4 : insulin-like growth

factor-binding protein 4 precursor, Ccl7 : C-C motif chemokine 7
precursor, Vnnl :pantetheinase precursor, F2 : silk fibroin 2 precursor,
Igfbpl : insulin-like growth factor—-binding protein 1 precursor.
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Table 13. Select kidney transcripts in control versus diabetic rats
related to response to hormone stimulus.

Gene Control DM log2(FC) P value Q value
Serpinal 45.64 13.85 -1.720 0.0004 0.051
Ucpl 4.96 0.00 Inf 0.0001 0.011
Shh 0.74 0.00 Inf 0.0007 0.085
Hp 64.34 17.15 -1.907 0.0001 0.011
Nrda3 0.70 0.00 Inf 0.0001 0.011
Ptgsl 27.61 5.47 -2.335 0.0001 0.011
Ptgds 225.60 2575 -3.131 0.0001 0.011
Igtbpl 69.39 168.89 1.283 0.0009 0.100

Serpinal : alpha—-1-antitrypsin precursor, Ucpl : mitochondrial brown fat
uncoupling protein 1, Shh : sonic hedgehog protein precursor, Hp
haptoglobin precursor, Nrd4a3 : nuclear receptor subfamily 4 group A
member 3, Ptgsl : prostaglandin G/H synthase 1 precursor, Ptgds
prostaglandin—-H2 D-isomerase precursor, Igfbpl : insulin-like growth
factor-binding protein 1 precursor.
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Table 14. Select kidney transcripts in DM versus DM+catechin rats
related to response to hormone stimulus.

Gene DM DM +CA
Gjal 3.24 9.44
Fads1 15.57 44.50
Mgp 335.14 856.20
Ptgds 146.17 65.57
Fos 35.36 1419
Igfbpl 17210 62.44

log2(FC)

1.541
1.515
1.353
-1.156
-1.317
-1.463

P value

0.0009
0.0001
0.0001
0.0002
0.0004
0.0001

Q value

0.218
0.026
0.026
0.076
0.117
0.026

(jal : gap junction protein, alpha 1, 43kDa, Fadsl :

factor-binding protein 4 precursor, Mgp
precursor, Ptgds : pantetheinase precursor, Fos :

Igfbpl : insulin-like growth factor—-binding protein 1 precursor.
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Table 15. Select kidney transcripts in control versus diabetic rats

related to

response to organic substance.

Gene Control DM log2(FC) P value Q value
Cyplal 4473 13.61 -1.716 0.0001 0.011
Akrlbl 445,15 30.87 -3.850 0.0001 0.011
Serpinal 45.64 13.85 -1.720 0.0004 0.051
Ucpl 4.96 0.00 -Inf 0.0001 0.011
Shh 0.74 0.00 -Inf 0.0007 0.085
Hp 64.34 17.15 -1.907 0.0001 0.011
Nrda3 0.70 0.00 -Inf 0.0001 0.011
Cfh 25.73 4.08 -2.655 0.0001 0.011
Ptgsl 27.61 547 -2.335 0.0001 0.011
Ptgds 225.60 25.75 -3.131 0.0001 0.011
Igfbpl 69.39 168.89 1.283 0.0009 0.100
AtplZa 1.92 9.66 2.332 0.0003 0.046
Cyplal cytochrome P450 1A1, Akrlbl aldose reductase, Serpinal

alpha—1-antitrypsin precursor, Ucpl

. mitochondrial brown fat uncoupling

protein 1, Shh

sonic hedgehog protein precursor,

Hp haptoglobin

precursor, Nr4a3 : nuclear receptor subfamily 4 group A member 3, Cfb :

complement factor B

synthase 1 precursor,

1soform 1 precursor,
Ptgds

Ptgsl

potassium-transporting ATPase alpha chain 2 b.
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Table 16. Select kidney transcripts in DM versus DM+catechin rats
related to response to organic substance.

Gene DM DM+CA log2(FC) P value Q value
Dhfr 127.28 48.73 -1.385 0.0001 0.045
Fos 15.35 4.57 -1.748 0.0003 0.210
Igtbpl 172.10 62.44 -1.463 0.0001 0.026
Mgp 335.14 856.20 1.353 0.0001 0.026
Nnmt 0.00 1.22 Inf 0.0002 0.063
Fadsl 12.05 31.64 1.392 0.0001 0.026
Gjal 3.24 9.44 1.541 0.0003 0.218
Ptgds 26.24 135.11 2.364 0.0001 0.026

Dhfr : dihydrofolate reductase, isoform A, Fos : proto-oncogene c-Fos,
Igfbpl : insulin-like growth factor-binding protein 1 precursor, Mgp
matrix Gla protein precursor, Nnmt : nicotinamide N-methyltransferase,
Fadsl : fatty acid desaturase 1, Gjal : gap junction protein, alpha 1,
43kDa, Ptgds : prostaglandin-H2 D-isomerase precursor.
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Table 17. Select kidney transcripts in control versus diabetic rats
related to inflammatory response.

Gene Control DM log2(FC) P value Q value
Igtbp4 71.61 15.28 -2.228 0.0001 0.011
Brmp2 1.34 0.00 -Inf 0.0001 0.011
Serpinal 45.64 13.85 -1.720 0.0004 0.051
Alis 9.77 1.95 -2.327 0.0002 0.035
Hp 64.34 17.15 -1.907 0.0001 0.011
Cfb 25.73 4.08 -2.655 0.0001 0.011
Ccl? 4.32 0.00 -Inf 0.0001 0.011

Igfbp4 : insulin-like growth factor-binding protein 4 precursor, Bmp?2
bone morphogenetic protein 2 preproprotein, Serpinal : alpha-1-antitrypsin
precursor, Ali3 : alpha-1-inhibitor 3 precursor, Hp : haptoglobin precursor,
Cfb : complement factor B 1isoform 1 precursor, Ccl7 : C-C motif
chemokine 7 precursor.
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Table 18. Select kidney transcripts in DM versus DM+catechin rats

related to inflammatory response.

Gene DM DM +CA
Igfbp4 15.57 44,50
Ccl7 0.00 1.58
Vnnl 146.17 65.57
F2 35.36 14.19

log2(FC) P value Q value
1.515 0.0001 0.026
inf 0.0007 0.176
-1.156 0.0002 0.076
-1.317 0.0004 0.117

Igfbp4 : insulin—like growth factor-binding protein 4 precursor, Ccl7 : C-C

motif chemokine 7 precursor, Vnnl
fibroin 2 precursor.

pantetheinase precursor, F2
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Fig. 1. Effects of catechin on blood glucose in diabetic rats.
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Rats were administered catechin for 16 weeks, the fasting blood glucose
were determined after 12 hrs fasting. DM: diabetes mellitus, DM+CA:
diabetic rats treated with catechin (0.1%6 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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Fig. 2. Effects of catechin on serum creatinine in diabetic rats
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Rats were administered P60 for 16 weeks, the serum 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-c) above the bars are significantly
different at the p<0.05 by Duncan’s multiple range test.
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Fig. 3. Effects of catechin on blood urea nitrogen (BUN) in diabetic

rats
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Rats were administered catechin for 16 weeks, the BUN 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) above the bars are significantly
different at the level of p<0.05 by Duncan’s multiple range test.
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