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FxA 43 %7] ARAFe FE 4 FEeR JYAME Q2 A B2 L7 AR
AF 89 oF 34%7F I AFoA 7 Aoz BaEe gt 1xEFPFE 7
A AFe] BN APL FAANE FE AAE AGHR dou, AHE ouy 49 A=
B AFsta AlA EAEE 7IAYY uF 9 qaAE 499 3 F 5HHA dE 1
e Ae 42d A g 1XRFAF st AT &4E wiY ez BaEe 3l
= o8 AAE F 3} nitric oxide(NO)E MEXA WA nitric oxide synthase(NOS)ol
ot AP AR delA BASE constitutive NOE AF7EA ZAYB] &L 2247
2 AR dF £39 AF ZH(autoregulation) 7154 FAEHH HunBANMY sodium AEFF
€ JAsE 715E e AR BaEo Qlof A &4 diy 23 28E e e 47
H3 glevl, #H3Q 238l inducible NOS(GNOS) Azd] gsle Zazoz e NO
7t AAGEE Afde 238 A% £48 48 5 de Aoz &EA U T4 A
F9 24l AelMre Z7)d BEEHE AMTFHS FAAIh] constitutive NOS(cNOS)el <@
NO9 #4 F77t Bedsl: ez AAH dod Fnre] e ol NO9| ¢4 ¥
g4o] #AHE Ao BaHo oy, iNOS FZ24 2% NO9 d¥e dsiye &3 ¢
A dA ek old B ATAE WAMA FEE AMEA wAAE MZE wYgEd 1XEF
o xZ&AZ F INOSH & NO< #4 ¥2E FAsom, protein kinase C(PKC) 32
9] #43el polyol ALY &Rle] oldf vlXE AFNE HAsle dge AFYE AUt

1) 2EEF Zd o4ibx]R MXo]A wlx] W nitrite ¥ nitrate®] ¥ FE+& lipopoly-
saccharide(LPS)$} interferon- ¥ (IFN-7)2 MEE& A3¢ ¥ 24A47A0 dzTo ulslo
2l9] A F7ERen, NOo 9ty o|xxoz A== HE W cyclic guanosine mo-
nophosphate?] ¥X%E A F 24A137F B 48Xt 2Tl vlsly 2l glA FUHslanh

2) LPS% IFN- 7 & 34 WAkx]g AT 9 iNOS mRNA E@L Al7to] ARNALE F7}
sdgen, AT F 4A3 R 24AA WAk R AEe INOS mRNA E#e] tixTd H)3}
o o9 glA F7HEAL 2y Y 29 LY XEYl 9#iAME iINOS mRNAY E#Ho
Z718kA gt

3) LPS9 IFN- 7 2 A8 WAL AXe iNOS &) EHL Azte] ARES+E F718)
gleny, A= F 482NN = dR2T vlete FAHE f3A F/EH U

4) PKC 9AA calphostin Coll 9j3td] E=Te] 23 iNOS mRNAS E&H F7l7F 94
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A= A

5) Aldose reductase JAAdl 2j3le X TG 2§ INOS mRNAS) Ed =717 oA

St

olde ZAFAZ WA ALTA v S HEANH RXEZel o3t INOS FZe] 9§ NO9
ol 99 A F7HEE€ gAs o, PKC A= @439 polyol tHAte] #3lo] o]

fodstE Aoz s ¥t

M =

YA AFE 27 ARAFe] Fd 99 A
9 2 ol Fxid] A% s AL Pl guE
% sidelth FUME FxA NFo) oF B
ARAF @29 v Fo] F&8A Frkste FAlo),
19979 @G A Fag QA VY BEAY
o 9g&d Az g ¢ W] ARAF B9 ¢
34%7F By AFAA V&S M g vgE
2. d&d &Y Gy fxlolM RS
HAZH oz zAFe 2N Iy AFE XES v
A FEFY 2y JYPE AN F£ dde
DCCT(Diabetes Control and Complications Trial)
23 9 B2 FE HdYd 2A%d 1E=PEF A
A7t FxwA AFY 24D IYPE dAHse F
Az AZHT goy’, Fu ouy Y9 A=E
st Al RAEE 1A uE @ AX 9
7] d(extracellular matrix)e] F7t2 AT WAt &
499 FF 5 BAHY ¥HAE fdEe A 4
A YA ¥k TXEZFYF AA] st AE 9
7149 F7teh 26 g Al7A &4 g Ao
2 ALHE AAEY g g2 Q7] 93w, ux
=3EFol o AX W TEY ¥R F/lE a4
A 7 Z(enzymatic pathway) ¥ H]EAH 7 Z(non-
enzymatic pathway)& ZAR3 dAle] 843, &
polyol thAke] A% protein kinase C(PKC)e] &
A" glucosamine A29 BA® 9 Ay 2E
gz 37 5 52 Az ¥} ¥ 93
A& (advanced glycosylation endproducts; AGE)$
%293 a0 me Ay 2EH2e FU F ¥
2 AR @Ad3te] 93l transforming growth
factor- 8 (TGF- 8), platelet derived growth factor
(PDGF), basic fibroblast growth factor(bFGF), in-

sulin-like growth factor(IGF) 9 4% <A R %
% cytokine, nitric oxide(NO)E XX @¢ 83 z2d
AAEY W3yl fRgosMd IFFFHoEZ A9
A7t By Aoz AAHD Qi

NO& A24d® &9 3z AXA oA L-
arginine®] guanidino nitrogen2 XE] L-citrulline
< 43 FAAAAN Addd. NO9 F8 715e
Y PRI olg oY, Yade ¢ L B
g gAsn'?, T2 A4 ALEANY /5%
7R e ez gA Utk A% JelAd NOE
AR g8 Y2 AFEE gAY, Axp
X9 sodium AFFE AAND O, WaAE Ax
o £% 2 F4& dAgE 7i%e N P,
NO¢ #4& dl/18= NO synthase(NOS)E con-
stitutive NOS(cNOS)$} inducible NOS(INOS)2 ¥
FEY, (NOSE 2 ¥ Wy Ao £A8l= en-
dothelial NOS(eNOS)$} 417 Al Xo] &3 neu-
ronal NOS(nNOS)Z TEEH®. Inducible NOSE
tumor necrosis factor- ¢ (TNF-«), interferon-7y
(IFN-7), interleukin-18(IL-18) %< cytokine®]
v I 2479 WS (lipopolysaccharide; LPS)ol
o3ld BHo] FEHY, F2 U4 HAE, T4 BYP
T ME, dfol AX, B8 FE82 AXE Fo EA3)
e Aoz A Ak AR Mxd 4w Mxe)
WA g AT = o9} g INOSH EAste) Al
A U HHEeA W3l 9 AEA) W] fdo) B
o0& Aoz AzEz UG,

I AFe 243 Hgo QoA NO #Ae]
w3t 433 oAl 7iAe 2mang oz} glen H
7R =80] A&HI QY. F2 Ho] Hud W
£ cNOSel 9% NO ¥4 2 A9 wz=,
Tolins 3 Bank & Fx¥E 43 WAA
cNOSel 913 NO9| #4do] F7bsqicta vxgh
w%® Wang 53 Craven 5& 219} uwoisls A
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& 2189 32*® 53 Craven 5 NO9 ®4 7
ad oA A9l HEE FAY 2A0E ANG
v I dAlA g HEE gatez @ dYe Bn
7t ¥R ¥on o ARS YA Autsle) YHo] g
4AAo|t}y, Sharma §& TEEY] &A1 AFH 9
AFEA HAER]§ A ZelA INOS mRNA2 g 3
7o PKCO 843171 old] st vm
§ u lou® o] Trachtman $& WA sl4tx]
+ AXE 1Xx=Fe =242 Z3 NO9Y #A4e 7
&3ty en PKCO 437t #odls $AE 32 ¥
d9d Aoz nasdd?, FHsld B o 1x=Y
o o] NO #4449 ¥zt 44 9 1 71HL F33)
AFME Bt B2 4Y A3t FHEojof & Ao
2 Almgr

old A 5L WM F&HF ALTA W&
MEE wigstq RX5EFe =247 F NO9 A
¥ oAERR 4alA nitritet NOo| 2)3te] o]z
o2 @¥AYSE cyclic guanosine monophosphate
(cGMP)E ZA3l1 iNOS mRNA ¥ o9 ¥¥e W
3E 2 FAY PKCo #4319} polyol thAbe)
Fzo] ojo} BAF= A& dolBuA F5io

CHat X Wi
1. WA ARH HIMXIE MZo| ®2|, WY X
oHE *%of

200-250gm*] Sprague-Dawley ®A€ pentothal
(50mg/kg; Sigma Chemical Co., St. Louis, MO,
USA)Z dl3 ¢ ¥ dF3d QN2 oL, AFe
Z%38o] Harper 50 n¢e $9P¥oz Al7AE &
g, WS AZE It tge BE 3L
4T, laminar flow hood 3tellA F# ez 4dA 3}
Aot e %S dxdE A5L u wew 4
A F 71912 HALE 2E3ta penicillin(100U/
ml; Sigma Chemical Co.)3#} streptomycin(100 x g/
ml; Sigma Chemical Co.)o] #F¥ A ¢F £
(phosphate buffered saline; PBS)e] &71 ¥ A Fo|
200, 150 ¥ 75 m$! stainless sieve(Sigma Chemi-
cal Co)& A2 A2 2, 5um 2T A
AMTAE PBSOl AEFAZ o] R-F42 1,500rpm
dA 583 44 FEdd 439E van ¢ =3
o] 20% fetal bovine serum(FBS; GIBCO BRL, Gr-

and island, NY, USA), penicillin(100U/ml), strep-
tomycin(100 # g/ml), 44mM NaHCOs, 14mM N-2-
hydroxy-ethylpiperazine-N'-2-ethane sulfonic acid
(HEPES)?} ##¥® Dulbecco’s modified Eagle’s
medium(DMEM; GIBCO BRL)Z Y1 5% CO:%
95% 717t FdSHE 37C AMEui%¥7)(Forma Sci-
entific Co., Marietta, OH, USA)olA wj<kstgict. ¢
252 gdE 2-3YUvl} TAHES Hix g HEZ
A9 #E& 9 trypsin/EDTA(0.25%/0.1%; GIBCO
BRL)& o83t Al wigsidn, A5-11819) A
g HaRE AEE HY o)-g35ich

%4 #v73(Olympus IMT-2, Olympus Optical
Co., Tokyo, Japan)S.2 vj4dA]3 Mo Heg FA
33, & vimentin #AM(DAKO Japan Co. Kyoto,
Japan)®} 3 cytokeratin ¥HM(DAKO Japan Co.)&
o] 8¢ A=A H4S AP

Lactate dehydrogenase(LDH)$} nitrite Z3€ ¢
g HEE 6 well 9F S7]0A wigsigen 2 9
9] BE A4S A% AXE 100mm #E L7004
gt HEEZ 9 8717 A 745 %8 o
S56mM(tiz=T)olvt 30mM(REEZT)e) DY £&=%
< ¥ 93 izl DMEMo2 m@siqct. @
¥ 247 %e] A4S o LPS(10pg/ml; Sigma
Chemical Co.)$} IFN- 7 (50IU/ml; Genzyme Corpo-
ration, Cambridge, MA, USA)E A¥& A3slyx,
7t Ay B 9w A7t Fob ugd|o) 2T
2 REEFY FRE MY A% du d3e=
¥x3e FEE& 56, 10, 20, 30 ¥ 50mME &a) s}
o AT F 24A%0] S nitrite FEE 5.6mMol
A FXE 6217%+3.24nmol/mg proteing 12 3I&
w10, 20, 30, 50mM9e] Ex 3 wiR|elA Zzt 113+
0.09, 1.22+0.22, 153+0.18, 1.53*0.06u12 F7}3t1
o w2 JYAME dE2ZE 56mM, REEG
T2 30mME dAste dgsiich

TEEF ¥ NO 49 Wslel nlxlEe PKC
/43 polyol WAl #A9] ¥ HM3E7 9o
PKC 9A1AQ] calphostin C(Sigma Chemical Co.)$}
aldose reductase QA< 6-bromo-1, 3-dioxo-1H-
benzld, elisoquinoline-2(3H)-acetic acid(Tocris Cook-
son, Langford, Bristol, UK)& ZY¥%=3FoZ A3}
71 A 1ARH A4 Ro89t). Calphostin Cx vl
AAE NEE o8 71EY HYolA PKCY 84L&
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dAlsleE 22 E319E 100nME F8%91, aldose
reductase A A= 10, 100, 500u M9 FExo) &
98-S A4

2. ME AlZ &M

Alzre] Aol upE WAbAE M2 AMTES ¢
ol27] $j3te) LDHE ZFA3%th LPSS IFN-7 2
HEE 381 4, 24, 48, 72, 96X A} ¥ 8-
NADH(Sigma Chemical Co.) 30mg< 0.2N NADH
buffer 50mi] =< 96 well ¥l £7]o 10014 &
FT¢ F 4 AY 219 well2HE 5019 #jAE
sty EfE) wlg €719 Fetle 4 sample
o] Triton X-100% 1%7} =% W& F 583 WY
st} HMEE HHA)F|R, o] F 50x1E H3}A %
well ¥l &710] 33Ut Z4Ze] wellel pyruvic
acid(Sigma Chemical Co.) 50u#1& W& ¥ SOFT-
maxPRO microplate reader(Molecular Devices, Sun-
nyvale, CA, USA)E °l%, 34nmoiAH &#ZE& %
Aok AL AIGES HAE 8 wixE f-eld LDH
%3t Triton X-100& N3] MEEEL EF HAIA
ZE e WA U % LDH %79 u&E FAEAY
=3

3. Nitrite?] &3

Nitrite &4l o]&% ®iA& phenol redd] %
93e viAlsl7] #18< phenol red free DMEM
(Sigma Chemical Co.)& °]-83t%it}h. LPS9} IFN-7
2 AZE A8 4, 24 F 48 Foll wixe B
298 Hio gH} ol Griess FEVE o),
nitrite®& &3 3%k

5% phosphoric acidel &#® 1% sulfanilic acid
9} 0.1% N-naphthylethylene diamine dihydrochlo-
ride® $%o2 EHY Griess A 50018 TF9
w)x] Aoz Efsld 60TCoA 1587 HXF ¥
spectrophotometer(Ultraspec 3,000; Pharmacia Bio-
tech, England, UK)E& ©]834 546nmolx F3=&
23359920, NaNO,& ol &3 BE JAdA 328
AAstch AXbg nitrited] FxE R W Gz
FERZ BASYY

v|z)] Y9} nitrated} nitrite?] F FEE WA 4F
g ¥ ¥ nitrate reductase(R&D Systems, Mi-
nneapolis, MN, USA)& Fd3ta 37CelA 30&3t

FAGT 2e PP FHIAU
4. cGMP29| 53

LPSs} IFN-7 & A% ¥ 2473 £ 484j310]
2739 E o WX E AASZ 30019 Tris-EDTA
£9(40-50%, pH 750 °|&3ld HEg #d3 ¢
% 10%3} sonicationg A3tk 100TAHA 383}
geldg STA7IR 12,000rpmelA 1023F 94 &
g ¥ F 429& 3o cGMPE EHs%th Cy-
clic GMPY &%& AE3¥ kit(Amersham Life
Science, Little Chalfont, England, UK)& ©¢]-&3}o
mAgg ez 24340

5. Inducible NOS mRNAO|| Ci# Northern

blot ¥4

LPSs} IFN-7 2 RS8R 0, 4, 24 £ 4823k
RNAE ¥#3%th. RNAT Chomczynski®t Sacchi
uylo] ojste] thg3}l o] & RNAE Fa3gy®.
& MXE 4M guanidinium thiocyanate2 #3323} @
¥, acid phenol& °]&-3te @¥Z3 DNAE F&3
Wi isopropanold o|83l RNAE IAAZG.
Ethanol® o|&3t9 A 33 ¥ RNA pelletE ZAZA|
13 diethylpyrocarbonate(DEPC)E @@ ©ol&F
o #3sled 260nmolM FF=E 53, RNA 4%
A Z3ch

¥2l¥ RNAT 22M formaldehyde® EFIF 1.2%
FHAEL o] 88y HAIGFTE F ZAY HolHE 9]
439 nylon §&Xo] ©|H38Q 3 gene-linker(Bio-
Rad, Richmond, CA, USA)E c¢]&3lo zeJuoz
cross link &%tk Prehybridization® 4%2t€ pre-
hybridization buffer(GIBCO BRL, Gaithersburg, MD,
USA)E o]83le] 42TelA 5A1F 5 A ¥z,
e 2242HcDNA)Y] iINOS$}H glyceraldehyde-3-
phosphate dehydrogenase(GAPDH)® random primer
extension*y (Pharmacia Biotech, Uppsala, Sweden)&
o] §3led [PPIdCTP(3,000Ci/mmol; Amersham, Arlin-
gton Heights, IL, USA)Z JEX3ld 427TCelA 204
B¢ FFHAY By AT AP AHEE
iNOS cDNA+¥ Dr. CJ Lowenstein(Johns Hopkins
Medical Institutions, Baltimore, MD, USA)2 2% ¥
AAzestt. FAXE O3 e ¢Mz 33084-0
LA 0.1% sodium dodecy! sulfate(SDS)7} g
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¥ 2XSSC(1XSSCH AL pH 709 0.15M NaCl
3} 0.015M sodium citrateo]tt), @ A&lM 01%
SDS7F g€ 02XSSC, @ 55TCA 01% SDS7t
T 02xSSC-AH3AS. A7 BHE A
EdjA Kodak X-Omat K XK-1 X-ray UE¢& o|&
gte] -70TCoA 1-3Y B¢ A7t WAL 71 &S &gt
A7t wAL 7128 CSC camera(Canon, Japan)& o©l
23t TINA 2.10e program® 2 densitometer® &
X837 GAPDH mRNA %422 HAsHA

6. Inducible NOS ©Hloll L3 Western blot

=

LPS¢} IFN-7 2 539 4, 24 R 4843%0] 73
¢ = W& AASIL PBSE 23 AHEHAC
200219 lysis buffer((0mM Tris/HCl, pH 7.5, 100
mM NaCl, 2mM ethylenediaminetetra-acetic acid,
2mM ethyleneglycol-bis( 8 ~aminoethyl ether)-N, N’-
tetra-acetic acid, 1mM dithiothreitol, 0.1mM phenyl-
methylsulfonyl fluoride, 1#M leupeptin, 1% Triton
X-100)& ol§3ld AX FdHE HEL 13000rpm
oA 28 AN ¥ & F 43AE Azt Y
o]t

Bio-Rad assay& ©]83}9] Bradford ¥Woz
WG JAFF F 0pgd] @NAE SDSS S -mer
captoethanolol E¥¥ sample buffers} E#3lo 9
5CoA 587 #%th 8% polyacrylamide gelolA
#7199 55t Zzte] dA g Rt ¢459E o
83} nitrocellulose F&Rjo] o]Ast%ich. Inducible
NOSe gt 4zt 3A(mouse monoclonal anti-rat
antibody; Transduction Laboratories, Lexington,
KY, USA)E Aste] A4 2412 308 F¢ &
&A% F AFE olA ¥A(horseradish peroxida-
se-linked anti-mouse IgG; Santa Cruz, CA, USA)
g o83l A2 243 30E T w3AFTH
Signal® enhanced chemiluminescence A]2H(Amer-
sham Life Science, Little Chalfont, England, UK)
& o] 838l 7tA3 39T, densitometer® A Z3I
.

7. BAE BN

RE Z2Age HILEFLAE EAZPLH, U
Z7y XEFT U9 zo]& Mann-Whitney U-

test® ol &3 vlmEgt. A F ol FTAYH
HlE = one-way analysis of variance(ANOVA)E
0] 434 Fisher's testZ ZHA3IY 1, patel 005 vl
el g BAAHLE ¥ AoeR WAL

- L
1. AFPH| BHAXIR M| H§SY

g oAbz g AEE Yutroz ERHQY Hlm
H Yo A #o] A A7 w3y o 4%
HelE A3, ¥ vimentin FAo} %A &S el
wled ¥ cytokeratin BHZE FA=A it

2. LDH &30 2/#t M Al2E |}

LPSs} IFN-7 2 #AF7 v E AEE gz
oA 4, 24, 48, 72 E %A B F AX AgEol
ztz} 39+13, 63108, 59+08, 252+02 2 253=*
0.7%, AXEFTAN 4, 24, 48, 72 B %A A
% zZtzt 73%01, 49%07, 53%02, 13504 ¥
168103%=2 B3 dlzTolA 72A3F ol¥9 AX
Argel A3 F/HEAC. wEkd E dTelNE
AX Aol @AA doUA] Gv 4BAA] #F
Eigi=s

3. 2X&EH0| HIAXIE MES| nitrite X

cGMP gM0l D|X= %

Bl U nitrite FET UWERT ¥ IXEYGT B
ol Alzte] AANBFE FrhElY dizFY 4AHA
% 59.21+0.20nmol/mg proteing 12 319& o
dzEdMqE 24747 2 48Xt ZZ 1.15%0.20,
23130368, REEFTZAMNE 4, 24 L 4823 7}
Z} 1.07%0.10, 151+0.25 R 2.62+067H2 F713t
o g2 RXEFT BT 4B8AIHAY nitrite F=
£ 2 29 4NDA B vsle] AN 99
QA F7k8 A tHp<0.05). 28y, Z Aol 2XE
=323 ERTE AlolY nitrite FEE LXEZT
A F7tE A% Bgoy EAHA 9= gt
(Fig. 1).

ujx] 9] nitrateE nitrite2 Y3 ZFHF} F
nitrite] FEE AT ¥ 2443 L 48430 1EE
2ol Z+zh 27851+3898, 42853+ 43.30nmol/mg
dZEeA Ztz 1789012841, 34485+

4

protein,
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60.12nmol/mg proteinC 2 AF X 24A 7R XL
FrolA dzFel Hlgte o9 gIA(p<0.05) F7HE
AtHFig. 2). Nitrates} nitrite®) % F=o] ¥ ni-
trite®] FE ¥ &S AT F 24A7F @ 4843t iR
Tl 2 379%% 39.7%, LEEDTONAN ztzt
322%9 362%2 A0 A L X=7e Fr o
2 99 & Aole ULt

NO9 €4¢ Uelle E 98 ANEZH A
cGMPe #4& FAE 23, dzTAME 244
2 48A kel 2+ 767+0.46, 4.59+0.94pmol/mg pro-
tein, TEEFTAME 47 1239101, 5311092

] t
3_‘
i A
o)
4
£ 2
@
w
o
s |
3
£
g 1
&
T
o
0
cC H cC H C H
I i | I—
4hr 24 hr 48 hr

Fig. 1. Effect of high glucose on rat mesangial cell
nitrite levels. Results are expressed as re-
lative to that of control glucose at 4 hours.
Values are expressed as meantSE dof four
experiments. C; control glucose(5.6mM), H;
high glucose(30mM). "p<0.05 versus control
glucose at 4 hours;, 'p<005 versus high
glucose at 4 hours

500 *
4004
3001

2004

NO, +NO;~ (nmol/mg protein)

[o] H
L
24 hr

o] H

48 hr

Fig. 2. Effect of high glucose on rat mesangial cell
NO; +NQOs levels. Values are expressed as
mean*SE o three experiments. C; control
glucose(56mM), H; high glucose(30mM). "p
<0.05 versus control glucose at 24 hours

200
150
5
€
S 1004
®
o
5 50
Q
0
c H 3] H
I L1
24 hr 48 hr
Fig. 3. Effect of high glucose on rat mesangial in-
tracellular ¢cGMP levels. Results are expre-
ssed as a percentage of paired control glu-
cose. Values are expressed as mem =SE of
four experiments. C; control glucose(5.6
mM), H, high glucose(30mM). ‘p<0.05 ver-
sus paired control glucose
4.5 kb
INOS
GAPDH

Relative increase in
iNOS mRNA

Fig. 4.

_861_

Y 4 24 48

Time (hours)

Effect of high glucose on the expression of
mesangial INOS mRNA by Northern blot
analysis. Mesangial cells were treated with
LPS(10#g/ml) plus IFN- y(50IU/ml) for
the indicated time periods under control
glucose(C; 56mM) or high glucose(H;
30mM). GAPDH mRNA is shown in the
lower panel. Values are the intensity of
densitometric readings of INOS mRNA
corrected for GAPDH and expressed as
relative to that of control glucose at 4
hours. Values are expressed as meantSE
of three to six experiments. "p<0.05 versus
paired control glucose; 'p<0.05 versus
control glucose at 4 hours; *p<0.05 versus
high glucose at 4 hours
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4.5 kb =2
iNOS
GAPDH

c H 2
D-glucose 5.6 30 5.8 mM
L-plucose o] v} 24.4 mM

Fig. 5. Comparison of mesangial cell expression
o iINOS mRNA under D-glucose and L-
glucose by Northern blot analysis. Mesan-
gial cells were treated with LPS(10ug/
ml) plus IFN- y(50I1U/ml) for 6 hours un-
der control glucose(C), high glucose(H) or
L-glucose(L). GAPDH mRNA is shown in
the lower panel.

Fig. 6. Effect of high glucose on the expression of
mesangial iINOS protein by Western blot an-
alysis. Mesangial cells were treated with
LPS(10#g/ml) plus IFN-y(50IU/ml) for
the indicated time periods under control glu-
cose(C; 56mM) or high glucose(H, 30mM).
P; positive control for iINOS protein at
130kD.

pmol/mg protein® & AXEEGFo|A o] ulEo
FAHoz 99 UdA(P<0.05) F715AHFig. 3).

4. DESEO)| o|# iNOS mRNA EHO| B3

Northern blot ¥4-¢ A% @3, LPS9} IFN-7
2 AFEA F20A) HAAE HEE dzzd
LE¥EZFT EFA INOS mRNA EHo] gilen,
LPS R IFN-7 9 93t d=F R LEEZTE BF
ol iINOS mRNA9 E#de| F71=%1ck(Fig. 4). In-

2 1

1.5 4

0.5 ~

Relative increase in iNOS protein

[+ H o] H
S— I—
24 hr 48 hr

Fig. 7. Relative intensity of densitometric readings
of INOS protein content. Results are expre-
ssed as a relative to that of control glucose
at the given time point. Values are expre-
ssed as mean*SE o three experiments.
*p<0.05 versus paired control glucose

4.5kb 2>
iNOS

GAPDH

Glucose Lo} H c H [+ H
cc + + - - - -
ARI(uM) - - 10 10 100 100

Fig. 8. Effect of calphostin C and aldose reductase
inhibitor on the expression of iNOS mRNA
by Northern blot analysis. Mesangial cells
were treated with LPS(10ug/ml) plus
IFN- »(50IU/mi) for 6 hours under control
glucose(C; 56mM) or high glucose(H;, 30
mM) in combination with calphostin C(CC;
100nM) or aldose reductase inhibitor(ARI;
10, 100uM). GAPDH mRNA is shown in
the lower panel One representative experi-
ment of four separate experiments is shown

ducible NOS mRNAS BHL Uzy® AX=YF
BFoA Azte] Aol wel 9l A FIHEUT
(p<0.05). LPS$} IFN-7 2 AS% F 4A1750] 3
R=GTAA dzTe ustd 99 dA INOS
mRNA¢] H¥He] F71E0.20§(2.13+0.324, p<0.05),
ol8§ ol 4MIANE FAHUL TY FE9
LY T2 o#l-+= INOS mRNAY HEHe] =7t
A e Ao Hol RXEZ 7 uAAL A
X9 iNOS mRNA Ed F/bt A%gd 8 &
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7t obd€ ¢ & UAKFig. 5).
5. DX o8t INOS T F#o| s}

LPS IFN-7 & AS ¥ 4ANAdE IXEZF
#} AT E5FAAM INOS ©¥e EdE AL F
uNew, Azl AAYFE oIAE HES INOS
o] gyo] FAAH oz F/EIAHFig. 6). HWRF
of vjdte] DEEFTAA 2441 F 48ARE9] INOS
oY F¥Ho] FrHHULH, 4BANAd: FAHoR
99 SIAl(p<0.05) F718tAtH(Fig. 7).

6. PKC A % aldose reductase 2{A|A|
F0{0 2#t iINOS mRNA H3o| W

AEEZG g NOS &4 F71 3leiA PKCH
2793t 4 polyol WAl 79 &2 HAsr s
o] PKC AA#9} aldose reductase JAAE Foig
¥ nx=go] 2J% iINOS mRNAY EE ZF7td n)
AL 4F%E Frhsidoh

nx=gFo] oste] diz2Te] o 2vi2 FHEAD
(Fig. 4) iNOS mRNA®9] &8 calphostin C F¢f
o9&l 1.03+0.0582 F7 dAto] A=A Fig.
8). Aldose reductase JAAE =¥ oy 439 2
3, 500 MM Stdozm ulikx]g AT AES
o] 50% vTlztez sl B AYdME 10pM7
100 M2 F=g ]8435t Aldose reductase 9|
A Fod sl mEEF] o]% iINOS mRNAS2
Ed F7t @40l 104M3} 100 MAN 7 Q=3
9] 1.17£0.14, 0.771:0.12u 2 A= AHFig. 8).

il &

T4 AFE ez By JAEAFTE F
Bats i FR% 49 Y APozA nIEZY
Fol 9ste] WA Y o] FREHA= ez &
A gloLt old Tt W2 AAEY] Y &
W 7]Ae dEAE BE sHde]l EAlStn e 4A
olc},

NOE A2#% £49 vz ¥ HU2E o¢
171+ endothelium-derived relaxing factor24 A
& Bageu® o 9o T2 AR WY 232A
o 9%e 933ni?, gxwe] ¢ 2He I
1'% oy MES #4F Fgoly A 3AE Sex

#g¥se Aoz A U 4% WIMY con-
stitutive NOE A4 =AM 8L 472
A% ¥F €89 AF 23 7% BAHH® Mx
#ol X9 sodium AFFE AAsE 71559 s
Aoz HuEY glo] A &4 NP vE AL 8
£ AR AZdd. a8y, WA At ok
@ cytokineo] 2)3led ALFA wlAR S ME L 84
ool iy AE, 83 JY2 AE Fo A3
INOS 727} @43igezny Frxog vigke] NO
7t AYsEe Afde o358 A3 4L 2y
+ e Aoz g3d AF*®. Inducible NOSe
o3l oz AAE NOJF A¥ 9 =39 &4e
sl 7ldeg AAE AL AA), superoxidestel
Wk8-of) 213}e] peroxynitrite® AAtstn A9 3}
A E FUHoEN ZH9 &4L FUH S e

00 =, nEZcgole] MEZ ZEY DNA @
Aol B F8 AL B FF ¥S(ron-con-
taining moiety)o] ZAHFo2N MEo Y 4L
28229 AA  proinflammatory  cytokine?!
TNFY IL-1& fEsdly 945 938 22342 £ 9
e A% ® gojr,

FuE U G Aoz wdEE ni-
trite R nitrate®] %ol F/HgT FAlo AlEA o3
go] F78ta% P g# Un HMEXE 1EXEEGA
d3gls o ZE oEXHA NOSY 4 F719)
@7 cGMPY F=7t Frlste 99 Ay Ans
TAZ Gy AF9 x7)d BRAEE ALFAe 7
ool 9leiA NO9 #4 F77F B8 Aol AA|
Haith 28y g Sy N Wy A%
o g "Ae FF 715 AsEH Y& ¥ ol
P70 Doy F3e W ATHNN HE O 7
& F7M @ cGMPY @Xolv &Ry Fojgl
NO9| ¥ EZd uigt cGMPY &4do] Ast=e] ¢
' AYP, 3 Azl fde st olyF ¥W
&3 7159 As7l REHez o A e
St @ 502 0o gy G Ao
NO9| ¢tg4gel Astdozn 1 gAlol A=
E Aoz wolgdAm Ao o) g dFBe
FxEA A5 HWAEd AN AT ZA¥EE
X3 €8 Wy AXE &A= cNOSY A=
o) @& NO¢ ¥zE dF% Re=2A iNOSY o
o e B d77F Ao AA] g}
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AT AgeA Y INOSS g%l P A7E ¥
F4 ATA A9e dY RdERE AREHJoY,
S BEEAY NF #3492 58 EddME TNF-e,
IFN-7 $€ T8& cytokined #4237} Jelpn®
g FEE YrolN X)) ey AEL AFFEAH
W Ago] BREE B9 ZARY Fuuy
59 g 9 AP glojA INOSe] e it
Aol FolAT . £ AFAME WAL AE
of EA3l= INOS A2 238 %50 BuHA A
F9 #HAed A4%E wIstax sk

Waje] AbpA WX g AEE DXIEZ kA
7l INOSel 9% NO9 #4& #=37 93y
LPS¢} IFN-7 2 MEE 3¢ A3, INOS mRNA

9 e I} a9 @ NO9 Aol nT =T
oate] ool QA F7t=EA. LPSs} IFN-7y £ A=
A & vaAlg AEXE INOS mRNAZE Ay
BAHA o4t BARAE AT AR A
¢NOS #H=7F &A% Aoz Hand w glod,
cNOSel| i3t Yzt 3 & ]88l Western blot ¥
g A Fd3 FI¢ 2AeE ATF WAAS
AEAA AT F BAAR 2XEFFE ¢ 9P
25 cNOS ©ilo] M3 EHHA ggtenz B 4
- 7ol 2% NOE INOSH % NOo F44de
98 4 ik

DETGY d WARE AT INOS B2
€ A/ NO9 4o Z7iHe £ 47 Axe
Sharma F°| 4A9 vIdAE AXE vigsie Y

g Aas} AXNFHE Ho)W®, WA e AbEA) WA &
MXEXE o]8% Trachtman 59 A¥ ZdigsteE 4ol
 AAP®. o2y 4wty Aol Y9& $HER
¥ou} olvix: ¢ AP protocol] WE 2}elst
Qez F2dEch & B GPdME nxEFd HH
g 3 F 24730 AHS}UE W LPS¢} IFN-7 2
AXE AT, Y Al wjAE olgFeaH
g3 Jol EA3= 84 TGF-4 59 43 43 ¢
Z 9 iNOSel U@ 43 AEE 4x Eis I
Az}l g G vlAlst A H. o, Trachtman
59 dgdAe nx=Fel =&2AHY FA AX
€ AF3Y 10% Aol T wiAE &z
AHgstich AAlE ¥4 Jel EQsts 4 TGF-8
£ iINOS mRNA?9] ¢HE4E AsANn dozgl
& S(translation)€ A3ty INOS ©¥e] EHE &

Az Ao nuslo] o o)t e YA )
AL & 2& ez 474, ojFq Hud FY
AR A4Y AFANMZ EAH wiA wHE o] 8T
frAl AgellMe nxxFed 9% NO9 #4 #2g
AgQsA ¢ Aoz nu®Eo glo} oyd s
A& 948 F & Ao AluEnt

TEEZFY 2% diacylglycerol(DAG)S ¥4 =7}
¢ 9] @& PKC A9 €437 NOSel 9% NO
o 4ol Beste A=A ANE ¥ QosF?
AR A HEAME ol9} FAIRE AR Bm
Hol 3o} ¥ AHANME o] AMEN 4 dH,
PKC 2JAAQ) calphostin C&] Fojo] &3le nE¥E
Foll 9% INOS mRNAS] E&8 F7171 99 A 9
A=dor ol2ig HAE Sharma F°ol £ OE
PKC 9#AQ] staurosporine?®} H-7-& ©]-43lo o2
¥ Adg dHSYA?. olo] U@ 71He2 Indu-
cible NOS9 promotorel phorbol estero] &t
AP-1 site7l EAFo2HN PKCo @43} 9o
iNOS®] AA} Z7gel mad v g™

DEXEEG 2]E polyol A AL whicwA) Al
& ¥R} Gy THF 2 AANF 59 @

F T4 Fod W AR QS E JHe=
A% aldose reductased] €)3te EE=}o| sorbitol
2 tAts= 343 sorbitol dehydrogenased] )34
sorbitol®] fructoseZ WAlEE F 712 A}ARe=z
et AX e T=9 FE7F AU A=
hexokinase® 93l glucose-6-phosphate® tA}5|
T 427 X=9 At diREg 23x3 polyol
ZAze g At AAHL vfs- ojelEid, AE U
Iz F=7t 3719 Aol M hexokinased] X3}
B QA% AAM =T AN o 1/374A % polyol
AZE AR dAEE Aoz d@A AY™. Pol-
yol tAl e £ & A¢ §4F 4F aldose re-
ductaset ¥9¥9 nicotinamide adenine dinucleo-
tide phosphate(NADPH)E& ZA4 2 HAg 3oz
ol g AWz A3td NOS9 FH4& dAL A
22 ANE ¥ 9eu®, B AFdNE DX ET
gt INOS A2E& A/ NOY 4o 238 %
7tE A3 aldose reductase QAIAe] Fojo] osly
iNOS mRNA¢] H#o] JA=leng NOSS aldo-
se reductase Alole) ZEA A &% r|HozE
polyol tiAte] B 7)11& H9E + ¢l€ Aoz A
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g9t
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= Abstract =

Effect of High Glucose on Nitric
Oxide Production in Cultured Rat
Mesangial Cells

Hyunjin Noh, M.D., Hunjoo Ha, Ph.D".

Mi Ra Yu, B.S.", Suk Kyun Shin, M.D.
Hyun Yong Song, M.D., Jae Ha Hwang, M.D.
Shin Wook Kang, M.D., Kyu Hun Choi, M.D. Dae
Suk Han, M.D. and Ho Yung Lee, M.D.

Division of Nephrology, Department of Internal
Medicine Department of Pharmacology’, Institute of
Kidney Disease Yonsei University College of
Medicine, Seoul, Korea

Diabetic nephropathy is one of the leading causes of
end-stage renal disease and characterized pathologically
by the glomerular mesangial expansion and increased
extracellular matrix(ECM) formation. Glomerular hyper-
filtration and increased vascular permeability observed
in the early stage of diabetic nephropathy have been
proposed to play a significant pathophysiologic role in
the eventual development of glomerulosclerosis of dia-
betic nephropathy. Some studies have suggested that
this glomerular hyperfiltration is mediated by increased
nitric oxide(NO) production via the constitutive nitric
oxide synthase(cNOS) pathway present in endothelial
cells under the high glucose environment. However, the
exact role of the inducible NOS(iNOS) pathway present
in mesangial cells in the pathogenesis of diabetic neph-
ropathy is not clearly established.

The present study was carried out to examine
whether NO production via the iINOS pathway is mo-
dulated in cultured rat mesangial cells exposed to the
high glucose environment and underlying mechanism of
this modulation. For this purpose, the production of the
stable metabolite of NO(nitrite), intracellular cyclic gu-
anosine monophosphate(cGMP), iNOS mRNA expres-
sion and INOS protein synthesis were examined under
different glucose concentrations.

Rat mesangial cells cultured in high glucose concen-
tration(30mM D-glucose) increased significantly nitrite/
nitrate production and intracellular ¢cGMP levels upon
stimulation with lipopolysaccharide(LPS) plus interfer-
on- 7 (IFN-7) compared with control glucose concen-
tration(5.6mM D-glucose). Mesangial iNOS mRNA ex-
pression and protein synthesis also increased signifi-
cantly in response to high glucose. This enhanced
iNOS mRNA expression induced by high glucose con-
centration was significantly suppressed by protein
kinase C(PKC) inhibitor, calphostin C, and the aldose
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reductase inhibitor, 6-bromo-1, 3-dioxo-1H- benz[d,
elisoquinoline-2(3H)-acetic acid. These results indicate
that high glucose in combination with stimulation by
LPS plus IFN-7 enhances NO production from
mesangial cells by the iINOS pathway, and that the
activation of PKC and the polyol pathway may play a
role in this enhancement.

Key Words : Diabetic nephropathy, High glucose,
Nitric oxide, Inducible nitric oxide
synthase, Mesangial cells
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