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(OLETF) # 237} ¢} oo et udnd 2+ S2 4 Long-Evans-Tokushima-Fatty

(LETO) # 8vtel& A&ttt AFdsEES ASF 5574 &F wof 45 2054
FAE SAE U 2443 2¥We Bob A W dulE S5 105 3F
24N AW aeEs AE S-S0
AE 265 AFSEES 402 Yiro] TZDsE FoAd w3 FosA &

o Fog YFdorw TZDsZ+ pioglitazoned rosiglitazones AF&3 o ZF

o] 54L& s 2o
12 v gd=dy tgx7< Control LETO w22 8ufg|fa 272 Fxd o

Z<2l Control OLETF w22 8vlg] 9t} 372 pioglitazone ¢ OLETF T2

2 7ukgl

I AD4833S 4= 10mg/kg/day T3t th. 47€ rosiglitazone 5
o OLETF 2 & 8ulg %l il rosiglitazones 24 & 3mg/kg/day F< & sitt.

BE s AF 55774 5 B4, 1 ol EHE 4R AEd 54

7] (Surestep, Lifescan Inc., MA, USA)E o] &3 E&A9r dIFg =A%
myo A AFHGT Aoz =43 FFo] 11.1mmol/L(200mg/dL) o] dolH Tz

ol Al Aoz woky, AF 55, 255, 505 44 H5FAE S48 oW

v

WS =2 (Roche Molecular Biochemicals, Indianapolis, IN)3}7] €3] 4% 20

F, 305, 405, 5059 AP S oA 24X 7 B AFSElY] 24X)7F AWE A F



A5 505l A=A AR Img/kegs HF W FASS wHESE vE

B2 diste] F= AFS HAEe9al 3= A XA LS 4% paraformaldehyde &

47

Ao 48A1FF o] LAHAIZ v mepdd Eujste]l BESG AL, W A A AR

o Ag ATAY 84 A

ggtde ¥uje 2HAE 5 m FAZ ZHE YHES hematoxylin and eosin

@
>

M-S 3% Charge-coupled devices camera (Pulnix, MA, U.S.A)7} &% 243}

il

vl

o,

stell A e AbAle] gde AHSFHe EUEHE dEshal, image

r (

analysis system (GmbH, SIS, Mnster, Germany)Z ©| &3l A4 WS 18
Ak L vs FHS AAY B WHE o] &5kl Weibel?t Gomeze] 8 el
gatel thgel FHoE AFTA &H(Gv)E AEau”

Glomerular volume (Gv) = Areal.5 x 1.38/1.01

(1.38: shape coefficient, 1.01: size distribution coefficient)

>

Z}. VEGF W x4 338 oA

of

ANE 24& A& 5 4% paraformaldehyded] A3 F EAAQ W ut

g A, g5, F8d 2 34ES AXH 5 m FAR AE te dnd o=
wgzAsteiyion Ay flste] detdA s AAS AT o] % pH

6.0 10mm/L citrated buffer® &% F FTHFFE AFsa 0.05%
H:0z-methanols 1583 H#g o& 12 FAD  monoclonal anti-VEGF
antibody (Santa Cruz Biotechnology, Inc., SC, USA)E A oA 1:10002.= 3|4
3lel H7FE ok, Rat ABC staining system (Santa Cruz Biotechnology, Inc.,
SC, USA)e] <+ biotinylated secondary antibodyE %713 % avidin-biotin-

peroxidase complex (ABC reagents)ES H7Msdo. v 2oz 0.05% 3, 3°-
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=

diaminobenzidine tetrahydrochloride (DAB)E 3¥73}3F peroxidase substrates U<l
Al incubationd} o] A A] 7 T},

A My 2A L charge-coupled devices camera (Pulnix, MA, USA)7}F H23
Fe dAvd SellM dFee] AbAle e HAFHE RUHE dEsta
image analysis system (GmbH, SIS, Mnster, Germany)S ©] &3l AL-A o A

<M E VEGFS optical densityE =4 3%t}

vl Az Ao wdHd JAAFEA NS (semisquantitative reverse

transcription—polymerase chain reaction)< ©]-&3 VEGF mRNA 23 AAL
-0°CE Yds BRESFEYE 2Adx24E& TRIzol LS reagent (Life Technologies,
Gaithersburg, MD)E ©] &34 RNAES FZ3t9 3L oligo-(dT) primerE ©] &34
2 ug® % RNAE 9AA3e] cDNAZE 438ttt ©]F Tag DNA polymerase
2 o] &3t 2 ulL cDNAZS ZZA#H 1 PCR cycleE 94°CollA A& 387+
denaturation A7l & 30%% 35 cycleg Al 339 1 annealings 58°Cell A 30%,
extensione 72°CollA] 787 A3stH Y. Rat VEGF primerZ+% rat VEGF
mRNA®S| M7tA vriants (VEGFi20, VEGFi6, VEGFig)S AFE3IA T Al 7FA
variant®] PCR AAtE<¢ 715+ lengthe VEGF1%©] 330base pairs(bp)e] iL,
VEGFi1ss7} 462 bp, VEGFis©l 514 bpiat. Z+ primere oligonucleotide
sequencesi= sense 5'-GACCCTGGTGGACATCTTCCAGGA-3', antisense 5'-GGTG
AGAGGTCTAGTTCCCGA-3'99t}t.  Bo-microglobulin®  transcription®  internal
controlZ A AF& 3% 2 oligonucleotide sequences+ sense 5'-CAGATCTGTCCT
TCAGCAAG-3', antisense 5'-GGAGTAAACTGGTCCAGATG-3'3it}. 10 uL9 PCR
AAES 1.5% agarose Ao H71dEstd FEsF L A9 Mdd v A PCR
product bandE scand}<] densitometric analysis (National Ins. of Health Image
1.61 software)E Al&@3ttt. VEGF cDNA Ait&Ee 42 S4ar] <8
electrophoresis® PCR bandE < DNA extraction kit (Qiagen, Valencia, CA)E
o] &3] F&E3l9 1 ABI automated DNA sequencing system (ABI Genetic

Analyzer 310; PRISM, Branchburg Park, NJ)< ©] &3¢ sequence &} th.



vl Adiponectin® radioimmunoassay (RIA)
AT 50579 AP ES JASd 4

ds AFAS e AEUNE o] &sta] EHE Lo -T0°Col A Y5 RIS
o7 B4 Al AedA 53 5§ RIA (Linco Research Inc., St. Charles, MO)&

adiponectin & =743} t}.

1O

3. AEA

FuxeAadz ZASAY. AL d=5=8 SPSS 11.0&

L2
o
2,
iy
rlo
\
=

}o] oneway ANOVA, Turkey test (multiple comparison) W2 g H243}

o - ©

Aom pghel 0.05 WY v SAHSE Feoirha A



1. 4 =}

1. Alse Wwst

AT 555 EH LETO A& OLETFE Heol vl Azol F3tA ke o =
wa] B %<e OLETF

of= AVt &t AFHem {FAHAT. ol

(control OLETF)¥ TZDs %<k OLETF i+ (pioglitzone +, rosiglitazone =) A}

ofell = el g #Fel7k glslth (Table 1).

Table 1. Changes in body weight

Group 5th week 25th week 50th week
Control LETO 139.00£10.14 506.00+18.39 592.25+25.51
Control OLETF 159.87+11.46" 625.63+43.58 772.75+47.09"

Pioglitazone 165.00£8.52" 617.00£32.97° 741.00+£93.25"
Rosiglitazone 165.25+10.70" 630.00+42.94 833.00+135.01"

Data are represented by mean + SD gram.

#. p<0.05 compared with control LETO.
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7

I

2. &

oft

o) ws

g X += LETOT Hld AF 55-5FH EE OLETF oA #9384

#& Bloy HFeF OLETF 3 TZDs FoAoS HusAS we
el AA frelg zolE ##EI & gl (Figure 1).
300
20 A
-—,".*/‘t\\
20 r //':/ DL EEE TN
27 w N __/.‘-_-_\-: —e— Control LETO

8

Blood glucose (mg/dL)
g

3

5h 10h 15  2h 0h  35h  40h  45h Sh
Age (weeks)

— i — Control OLETF+

---A - - Pioglitazone*

— -4 - - Rosiglitazone*

x. p<0.05 compared to control LETO.

Figure 1. Changes of blood glucose levels.
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24417k AW

v

weko LETO ol Hla] v %< OLETF welA 40 2 505¢l
AAsA S7tstF e, TZDs £ Foli= 40 2 505 FstA #H2sduh
(Table 2).

Table 2. Changes in 24 hours urine protein

Group 22th week 30th week 40th week 50th week

Control LETO 12.50+3.60 9.38+0.73 12.70£5.18" 12.56£16.56°
Control OLETF  19.23+5.53 30.16£21.35 108.26+75.54 108.37+28.09
Pioglitazone 17.44+8.29 24.84+12.93 29.98+11.74° 63.15£24.57

Rosiglitazone 16.86+5.29 21.34£9.39 27.78+13.93" 56.08+38.14"

Data are represented by mean + SD mg/day.
#: p<0.05 compared with control OLETF.



A AR Al gk 244 e vas] B A3 LETO « (Figure 2A)9l
H3| OLETF « (Figure 2B~D)dl A Ab-A] b o] &7do] Akt 12 H
Tk OLETF + (Figure 2B)°] W3] TZDs %< OLETF i+ (Figure 2C and D)
AN ARFAl Ao o]l A FAashe AFS B AHAl §42 LETO
ol HlE) W FSF OLETF o] frelstAl Zem TZDs Fo o= FelstA
23ttt (Figure 3).

Figure 2. Hematoxylin and eosin staining of glomeruli. A, control LETO; B,
control OLETF; C, pioglitazone administrated OLETF; D, rosiglitazone
administrated OLETF. Scale bar, 100 gm.
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16000

14000
Glomerular
Volurne 12000 |
{pum®=10%)

10000 -

control LETC Control CLETF Fioglitazone  Rosiglitazone

*. p<0.05 compared to control OLETF.

Figure 3. Changes in the glomerular volume.
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5 A& A Al A VEGFe @& A3

VEGFd td wWadzAgsga 2

b hl

B

A AREAA A VEGFS 2d e
LETO  (Figure 4A)9l #H]3] H|F<F OLETF oA Felo] FTrtstsie
EN

=)

N

(Figure 4B) TZDs %< S 014 #HAastE 43S 29t (Figure 4C and
A

). ZF Aol Al Al A VEGF optical densityS ®l sl £ A3y VEGFE

R

=
N

u}

3 S LETOT B8] HF <k OLETF oA fo&tA Z7FstA 9 TZDs F <k
Fo+= FosA #ZihsteE Ae®E Yyt (Figure H).

G s s - .
A W B -
F -
»
L . 1 "o ¥
-J.- £ v
(i a% X
g
! ) ol a s
B
s & o
5
. -
s/t 8 ‘i

\.
x|

C D

Figure 4. Changes in the glomerular VEGF immunoreactivity. A, control
LETO; B, control OLETF; C, pioglitazone administrated OLETEF; D,
rosiglitazone administrated OLETF. Scale bar, 100 gm.
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165

\\ il

160 . *
Control LETO Control OLETF  Pioglitazone Rosiglitazone

# 50,001 compared with control OLETF.

Figure 5. Changes in the optical density of the glomerular VEGF

immunoreactivity.
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6. AlZzZ A e VEGF mRNA & vl

RT-PCRE ©l&3tal VEGFS B:-MGe mRNAE HAREslil VEGF mRNA
o] Al 7}A isoform & FH <l VEGF1:9 band”} 462 bpol A 7+& AsA &
¥ At VEGF mRNACl @& LETO ¢ Hl&] HlFF OLETF FHelA Z7}
i TZDs Fol Feole Faste 2dS Bk (Figure 6).

———————————————— Hldhp
—— e _ N —— 462 bp
VEGF 830 bp

p2-MG

Control Control Ficglitazone Rosiglitazone
LETC OLETE

Figure 6. Comparison of the glomerular VEGF mRNA expression.

_14_



7. @74 adiponectin® H]al

&4 adiponectin A& HFE S OLETF elA LETO #HT k7t Z7t" A
AY BYgoy EAZ o= Qe TZDs Fo Fd &= vEok OLETF 9

H] 3l adiponectin X 7} 9 8HA S 7FeFA T (Figure 7).

45 ¢

Adiponectin

(/L) 3571

25 1

1.5 ¢

05 r

\\*

AR

Control LETO Control OLETF Pioglitazone Rosiglitazone

#, p<0.001 compared with control CLETF.

Figure 7. Changes in the serum adiponectin level.
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>
ol

EGF wdo] 271801 g

EHQl OLETF #dA dizxwel vls) eiixrt Srhatglar Abtal w7k 58

o

st A VEGF 2do] S7hs] olde mael ¥t A vt G A3
A VEGF7F o197 #&st=As s A4 &2 ddz n1dd AA7
protein kinase Coll <3t # Ao &3t ALFA LM 2] VEGFE S7HAIzIth
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4 VEGF F&42 A3

TZDst dxiolA d&d AFAES MAAT= FE2 HF5AE T4 &4

3 &4 vlel Zgslo] Qe &

oo St FHAseE #HEo] gle] TZDs A w7k A o = 7
&

TZDs Fo § @iyt fFadivs 43 237 Bagdd meh 3y

op

A Azem= qadrt lgol 29 AT H2 in vitro Aol A TZDs A
AFA ZFAAES VEGF wde] dAfAtn nuda? g wuky g
BdS AMEste] TZDs Fo7F AA el A VEGFEEC oW 43S vA =4
dolr ottt ¥ A= VEGFH digh W zzssiyon g A H %
ok OLETF # AF#AlelA LETO #AX T VEGF go] &

A8 gastdn. =3

=

TZDs AlE <FE<l pioglitazoned rosiglitazone <

(o

image analysis system® 2 VEGF optical densityS 2733 A3 v 52 OLETF
#Ael vla) TZDs 79 A4 AFAd A VEGFY optical densityZ} <5< 8kl
Hastdth. RT-PCRE ol €39 VEGF mRNA #d& 543 AAdAw nF
ok OLETF ol wla} TZDs Folwel A VEGF mRNAS wdo] =7 FAiato]
TZDs7} VEGF #dg A= Aoz AZAHATE o] Av= TZDs Fo & o
Wb Ak o] VEGFS 2z ast #dol Ass s o=,
TZDs 7} VEGFe] 2d& #A2A7A ¥y A Az 4490 23471
AeS AAFE T

Adiponectin® A WA XA FHHE Ay 4 4= Jded AYAHL F
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H = Aol A A ZFA ok whad wAd Qo v ke Ao A A A FhA
o] Qo Bm FAEC dojqE vt gaglol gaEHe gow ox &
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32k A adiponectin®] & 7FE o] 2w adiponectin®] S5 EH AT FWHF o
ZadohE wask 99 Koshimura 5(2004)9] ©8tw S x®A A2 shxbo) A
Awemel adiponectin WiAHol F7HE Ol A= Aol FAHAn FA A
adiponectin® Z7Fg o] o] adiponectin® AWo R wjA =717 s aAld
ol ofal whA A oyt el wigk vAldy FESA BAAET] sk
Z7te Aoz rAdm AYtt'?. A TZDsE TS A4S dnd SelA
adiponectin®] S7Fgtthal e om o= ¥ FAE 4 A5t el FEA
A& Aed AFHS MAAZIEA AL AEA A adiponectin & H & A= 3}7]

Tox Azdr.

B A9 A= LETO o vl&) @9 wrt Add v 5F<f OLETF ellA &4
Aemz o7k gley adiponectine] 7k AAH Hol ol AgEd W29
AIE AU TZDs F9 Fo= v %< OLETF ol W3] adiponectin®] & A
sHAl S7tetd =, TZDs 7o % 40 9 505¢ @i w7 folatA a3k sl o
%= adiponectin®] =LA 7k Ao® Wol wuly AA|ZE A BT HOR
adiponectin®] Z7}3F A o] ofYg} TZDs Fao & ¢l&d Aol MAHHA =

2

g Ao ANHA HAW A B

TZDs®= @343 a37F v dFEolAT 2 A= HFS OLETF
3} TZDs %< OLETF # Atolel &g Alole] fFoldk o7t gl Aoz s}

=
TZDs A& F @i 27 43449 dFev= dE 71d, 5 VEGF 23
oAl WEew FAHATh sAw FHAAF FAETer AT W
TZDsel @34d3s aad7t 438 veA ke F= lev 7T
AedAZdHA 5 AAFE HAE AlPetA @kl wEel TZDs7F Ad&d A

4 Adel olW@ dFe FAEA B DAL D4 glol FF AT AT

AZH o7 TZDsE BawA AZ x8d agdon o= dAYAse &7
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AL A AF dAd dRYWIHAHGAA (vascular endothelial growth
factor, VEGF)7} T8 o3& svtn <8 lom Sy 25 3o A
adiponectin®] Z7}% ] 93 adiponectin®] 7} E A @ Ase 3ol i
ghba g A 9le] adiponectine] WAE#H FHFAE FAAT Ao GH
ok oo FHAd ANFo AYPS TS = At dH A A= Thiazolidinediones
(TZDs)7} VEGF % adiponectin®]l 43S v H=x <olrn 7] & v Iy
29l OLETF #AE ol &3tal TZDs Fofa 3} W]

=
=
adiponectinX| & ®] YL oSy T A28 AU

1. LETO ¢ H]38] OLETF 9| As3 o] FolatA EArt.
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Abstract

Effects of thiazolidinediones on diabetic nephropathy

in OLETF rats

Miyoung Lee
Department of Medicine
The Graduate School, Yonsei University
(Directed by Professor Choon Hee Chung)

Background: Diabetic nephropathy is the most serious complication in
diabetes mellitus. Thiazolidinedione(TZD) is thought to ameliorate diabetic
nephropathy, however, the mechanism has not been elucidated. We
hypothesized that vascular endothelial growth factor (VEGF) and adiponectin
participate in the pathogenesis of diabetic nephropathy and that TZD may be
beneficial for the treatment of diabetic nephropathy through its effect on VEGF
and adiponectin.

Methods: 23 Otsuka-Long-Evans-Tokushima-Fatty (OLETF) rats and 8
control Long-Evans-Tokushima-Fatty (LETO) were divided into four groups:
control LETO (LETO rats, non DM, N=8), control OLETF (OLETF rats,
untreated, N=8), pioglitazone group (OLETF rats treated by ADA4833,
10mg/kg/day in drinking water, N=7), rosiglitazone group (OLETF rats treated
by rosiglitazone, 3mg/kg/day in drinking water, N=8). On 22nd, 30th, 40th and
50th weeks, 24 hours urine protein levels were checked. On 50th weeks,
OLETF and LETO rats were sacrificed. We checked optical densities of VEGF

by immunohistochemical stain for VEGF expression and measured serum
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adiponectin levels by radioimmunoassay (RIA).

Results: On 40th and 50th weeks, 24 hours urine protein levels were
significantly higher in control OLETF group than pioglitazone and rosiglitazone
groups (P<0.05). Plasma adiponectin levels were significantly increased after
treated by pioglitazone and rosiglitazone than that of control OLETF group
(P<0.001). Glomerular VEGF expressions were lower in pioglitazone and
rosiglitazone groups than that of control OLETF group (P<0.001).

Conclusion: 24 hours protein levels and glomerular VEGF expressions were
decreased after TZD treatment. Plasma adiponectin levels were increased after
TZD treatment. These results suggest that TZD might be beneficial for the

treatment of diabetic nephropathy through VEGF and adiponectin.

Key Words: Diabetic nephropathy, VEGF, Adiponectin, Thiazolidinediones
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