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BzRATLAFCEEAFEL B LW IAEANREIZE>TVWS, —4, —B{L=
¥ (NO) BHEKEMOMBEHRERICOAT A I—4—TH5. 270 HRIPBOR
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Tz RERETII Akt, ERK OFERNLEMIEZEO L. Th 5 DZE{L(E Tempol D5
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5L, 270 8 ERBORERE - BEEKXICIE ROS DESHF RSOz,
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Roles of Reactive Oxygen Species and Nitric Oxide in Compensatory Renal and
Glomerular Hypertrophy After Uninephrectomy

Masahito OZEKI

It is well known that compensatory renal hypertrophy is induced after a reduction in the
number of nephrons. Both reactive oxygen species (ROS) and nitric oxide (NO) have been re-
ported to be implicated in this process. However, the precise roles of ROS and NO in
compensatory glomerular and renal hypertrophy remain to be elucidated. Therefore, to clarify the
precise roles of ROS and NO in compensatory glomerular and renal hypertrophy after
uninephrectomy, we examined the production of ROS and NO in the remaining kidney after
uninephrectomy. Wistar rats were divided into three groups (a Sham-operation group (Sham),
a Uninephrectomy group (1/2 NX) and a group treated with tempol (3 mol/1 in drinking water)
after uninephrectomy (1/2 NX + Tempol). Rats were sacrificed at 12 hours, 48 hours, 1 week,
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and 4 weeks after uninephrectomy. At each time point we measured serum creatinine, urinary
protein excretion and kidney weight. We also evaluated the production of ROS and NO by an in
situ visualizing method using fluorescence that we developed recently. There were no significant
changes in serum creatinine, urinary protein excretion and mean blood pressure. Glomerular
volume significantly increased in the 1/2 NX group from 12 hours and peaked at seven days after
uninephrectomy compared to the Sham group (p<<0.05). Renal ROS production in the 1/2 NX
group was greatest on day 7. These increases in glomerular volume and ROS were diminished by
tempol. On the other hand, NO production in glomeruli peaked at 12 hours, and then gradually
decreased to the base level by day 7. Furthermore, phosphorylation of Akt and ERK was observed
at four weeks, but this was inhibited by tempol. Taken together, we can conclude that the transient
increase in NO after uninephrectomy may be related to early phase glomerular hypertrophy due to
vasodilation and that glomerular and renal hypertrophy in the kidney after the early phase may be
related to the increase in ROS. (Accepted on 19 October, 2006) Kawasaki Medical Journal 33(2) 7 125~
136, 2007
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Transforming Growth Factor-f1 (TGF-£1),
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W TSR BR AR N COf 1 R Al (reactive oxygen
species : ROS) JEAEAJUHET A2 2 L2 LT
VAT, ROS LA 1 i i Ml A5 2 v T
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WL, ZOFEMEZNAL LD, peroxinitrite &
W L &0 i MRS v & LT
fiE3 5599, L7:A%> T, ROS, NO ®HijlEj
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mHEEHE

BYET IV

8 3 iy fA 1 220 ~ 250 g Wistar R HEVE T » b
(Charls River Japan) % w7z, BLF o 3 #E (%
fEn=8) 2% 4820t L7, (1 Sham
T (Control). @)W ¥R IAE (1/2NX).
R lEAR H + Tempol # (1/2 NX + Tempol).
P L3 T 5 Tempol (Sigma Co) # M54
AT hEAT 2 HAi & D foRkg (3 mmol/L) (200
AN G U7z, 25 0F % )RR AR b 1T 72,
1206, 2 H, 18, 4 BHTERLERMZIT>
7= W F A M B T 13 pentobarbital (50 mg/kg
body weight) [P G- FERE B LS4 LS
Ui & A, AT - WEIR A AL R, 40F lﬁ”
W L7z, 2ok, BB, EEoOsE 2wl
L7z, EHth &b, Bk 2z /-
% Sham T4 L L 2. #8128 W T tail-
cuff plethysmography (Softron Co., Tokyo, Japan)
TOMIEMAE, 24850 £ IR, R EZ 1772,
WA FTHEME N % Lowry i K D gt L7z, #
D%, pentobarbital (50 mg/kg body weight) [
T s IR S R A LARIMAL OF,  AEF & 4t
L7z 5 L2 —ii 4 %8 T RV AT
VT FICTREMEERIT, 787714 v fal
L 7z. % 72, — & (& mechanical graded sieving
technique ' |2 & 0 RERfED HLBER 17wy, —80T
ICTHHSIRAT L7z, 3_TodEE, g F
PN LY ER A S BNV St b | 51V E SN
FORIRIFEIED E TS .
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¥ 1 2 preiodic acid-Schiff % {6 (PAS #x {f1)
wiro 7z, PAS B MR EEAZ HWT, P
FERARRH A maximal planar area (MPA) met-
hods "IZCTHEII L 72 F b B AR BRI
il LELF 03U CRERIRARRT 2 4050 L 72,
SRERRARA A Y L 72, BRI ARt =4/3 1 itk
KPR, REREKIIMTHAAT L ZER T
HHO%ERL, P b 1EHICHLT20
LL L@ S BRAR % STl L 72,

BHE#A ROS, NO MigH

ROS, NO #HlEicBWTHIFIZEILd 5
Jitk (in situ detection method) % [H7%& L5 L
TWwa", RiEe v TiHHlEEIZ B 5 ROS,
NO D #EWF 25 % Heid L 7=, pentobarbital J§f
§F 7y PEIEAISTHBIL, BB A
7 — 7 W % §if A L 37 C phosphate buffer saline
(PBS) (flow rate, 5 ml/min) |2 T #17- 7=,
% @ %, ROS {7 75 # T & % dichlorofluorescin
diaceate (DCFH-DA : 0. 05 mmmol/L ; Molecular
Probes, Eugene, OR), M UFNORRHETH D
diaminorhodamine-4MAM (0. 01mmol/L ; Daiichi
pure Chemical Co.,Tokyo), L-Arg (1 mmol/L),
CaCl, (2 mM) % PBS (Zi#fohl Lok 47 - 7=.
KIZA%I8F RN AT LT FCilli e %
frofz. BHEEHLL 1 mm A5 4 208y
# 1k L confocal laser-scanning microscopy TCS
- NT (Leica-Microsystems Co.) % J{] v» T DCFH-
DA @ # i 41  % excitation 560 nm i1 1& Tlih i
L emission 575 nm il J& THEH L 72, 72 DAR
-4AM AM @ # {8 4% 56 % excitation 490 nm I 1
Tlihke L emission 530 nm #J&THE L7z,

BECRIRAICH T 5 ROS EE O
HisEARERMEIZ BT 5 ROS pEA 2 BEHHZREW
Bt L722¥, sk L 7> sieving method T HiffE L
2% kK%, ROS 4642338 TdH 5 Diydroet-
hidium (DHE) # & (0.02 mmol/L)PBS th T
incubate L, confocal laser-scanning microscopy
TCS-NT (Leica-Microsystems Co.) % HJW ot
% excitation 560 nm & Thihkd, emission 575
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nm PERETHINL, EhMIZHi LAz 25612
ROS pE4: A #1 = X A & L T NADH/NADPH
oxidase FEHIZTEH UM L7222, ifak L7z
M ERES 512 NADH (0.1 mmol/L) @ % Wi,
“# @ inhibitor Ta 4 diphenylene iodonium chlo-
ride (DPI ; 0.1 mmol/L) % JI\W [ bk )5 kT
A GIRIE % 0 L 7.

RepA®D NO KBHEMEEH B ORIE

% BT o NO AL 4 (nitrate and nitrite,
NOx) @ 24 18§ [ JK 2 P it & % Nitric Oxide As-
say kit (The BIOMOL Nitric Oxide Assay kit) %
Tl L7z,

Western blot f&4f

Hifaxga, MBS 2 MM > 7 F vz
SRR & AT L 7. S HAIIRAR I b5 THITLY
s EE LTS T A EARSIHTY D mi-
togen activated protein kinase (MAPK) THh 5
extracellular signal-regulated kinases (ERK) 1/2
DY) YBLLHEHUAKLEWNYS TS Ak Y Y
1k % Western fi #F THEar L 7219, BEH (2 6E
WL SR ERR A i L o, R AR B L L
Lowry i CHRITEMRZfTWET > 7 L1000 ug %
SDS-polyacryl amid gels (10-15%, ATTO Co.,
Japan) T J& i L 7z. polyvinyliden difluoride
membranes (Millipore, Bedford, MA) (2 F T
YA7 77— LIz#IZ, 0.5% Tween-20, 5 %
skim milk % {5 & PBS {#f il THii 1 K] T7
oy ¥y yeiioit.
ERK 1/2 polyclonal antibody X 1000( 1 mg/ml
; Cell Signaling Technology Inc.) rabbit anti-
phophorilated Akt polyclonal antibody X 1000 ( 1
mg/mL ; Cell Signaling Technology Inc.) T# il
T2 BEI RIS 2472, 0.5% Tween-20-PBS T
Pei %, Kk HiIIK  (horseradish peroxidase co-
njugated goat anti-rabbit IgG X 500 ;Santa Cruz
Biotechnology) # It & & 7. # @ %, En-
hanced chemiluminescence method (ECL plus ;
Amersham Biosciences, NJ) (2 THeth % 1 - 7=,
K i & 4 72 28 K % NIH image analysis soft-

rabbit anti-phophorilated
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Wamimzai L7z 4 MH Tl Tempol $£ %512
&0 A5 SR R /R TR I o RN ATEIE S 7.
SES L 12 1/2 NX + Tempol i % F i #
W T=hs, ﬁﬁ&%mﬁm&#ot.MﬁﬂW
ikht (mg/day) (ZHFHEITE (172 NXBE,
2NX + Tempol i) T2 HHIZ .lf.-_ﬁﬂ;g)'{l. i
Lz Rol - 2L TF= 7T IR
(Cer:ml/min) (X B HEE (172 NXTF, 1/2
NX + Tempol {f) T Control # 12 He i L 4z illl
SERELTIE T LTWds, FRGEIC F i1k
Tl o,

BHEEZEL
Pk, 2 Fo— v L12iE o
A S 4 T OFKRIEREEORK (glomerular hy-
pertrophy) #i#s7z (M1A). ZDH b FEREM
WHRERARIERIE L D¥IF ISR o7z, WGkt
SRV HE A 00 50 R Al A8 TT DK 1 ed
Lo 7z, Tempol ££45:12 K 0 Z OFEREY % 5%
ERRME AW S Az 27z (M1B). &8
TOREREI 7 S ERARHT N o 5 45 R % 4
21T5F. WP, 1 H A SRR O
A7 e By 2 B 72 h3%, Tempol 24512 & 0 %
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%1, AKE, TRTRRTL MUE, EENRRE, TR0 LI
Body weight Kidney weight — F-¥jifu/E Proteinuria Cer
(g) /BW %1000 (mmHg) (mg/24hr) (ml/min)

12hr Control 231 +14 47+018 735%x35 22 *03 390l

1/2NX 299 + 28 51+ 0.17 742*+48 29471 18 *=0.2"

1/2NX+ Tempol 222 =57 48 £0.17 78.0 £ 3.5 313 *54* 1.6 +0.2°
2 day Control 310 +7.0 45+0833 715*x75 22 05 28=*0.2

1/2NX 200 + 40 53+ 021" 78.0*24 13.3=*=1.5" 14 *=0.2°

1/2NX+ Tempol 291 +23.2 51 =*0.15° 735% 1.1 11.0*3.7" 1.5%0.2
IW Control 348 + 85 49+035 T45*x55 23 £03 29 =*0.1

1/2NX 08 6.2 60+019 79.2+19 1.7 £04 1.7*E04"

1/2NX+ Tempol 311 +85 5.8 +0.100 71.2=*26 15 £02 1502
4W Control 373+ 9249 35+045 91.5+95 22 *03 29 %03

1/2NX 375 + 12.9 5.2 + 0.18'" 960+ 3.2 1.8 £02 18* 02"

1/2NX+ Tempol 355 + 12.9 4.5 +£0.13* 93.0 =24 22 £02 22*04°
AP< (), 05 for vs Control within the same time group
PP (), 05 for vs 1/2 NX + Tempol within the same time group

12hr 1w 4w

[ 1. PR

P4 I T 0 RENE I 2 FRALEL (R o 2L B ok d. NXBE (A) CTIEERIEN 2 R I L & 2 B A5, NX +
Tempol B (B) TidFIRIKFEONTA % Bt v, PAS Yefufllikf% 10087
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- 1/2NX
-+ 1/2NX + Tempol

.f.
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1 |
12hr 2day

B 2. )i o SRR 0 24

l
1w 4w

Fi 4G 11 1% 0 E RS 09 7 S SRR R R IR o 2k 2 54, 2> b
O — LR BRI B 5 PR BRIMER s O CRELTW D,

BH&A ROS, NO &4

Control 7 v b ¥fHl&ETiZ, ROS EAE %t
DCFH-DA @ik th s 8 (2 & < D3 2 12 R AT
FECFICHBO D721 Th - 72.1/2 NX BETIE,
120 ] % & U S ERK T ROS pE 21 3 % #2.
7z. ROS MEAIZREREM (2RI KM 2R L, 1
M H T KOFEOEMIEL B 4z
Control 7 v ML IZIZFEBIEICE T LA
(¥ 3A). 1/2NX +Tempol # T2 %L %
FRRIZA1T A ROS PEAIZ I ST v /- (da-
ta not shown) .

AL TIEHEE BT 5 NO {E{e it (baioavai-
lable NO) % DAR-4AM @i a6 TN T 5
CEDNETH L. Control 7 v b WHIEETIE
HERAR R O IMAFRE |C — 3 L Tl iRkt % 2
W7z 1/2NX FETI120 0 B CTHRERKICBT
L NOPEAMIIRAKE L2 ) ZOH%RME * o
4 M HTid Control L X)L F T F L7 (¥
3B). 1/2NX +Tempol § Ti3 4488 % i L
TI/2 NXTEE BIZMBORTH - 72 (data

not shown) .

SRERFA ROS EAZ{EDEET
HERIRIZ BT 2 ROS pEZEZ1L% & b sEhtly

AT 2 720 S WA ERIE 2 TV TR L

7. DHEZ W2 EROSDOINTTH L LT

O MEAEEMINT B2 EAETH S, Wl
RETIE 2 HH X ) ROS A /ML, 14
Hiclw KiEEZ#oHA (F4)., 1/2NX +
Tempol T 12 ROS PE 21 (X 4> %8 8 T 45 &1
s, RiC1/2 NXBEABREKIZBIT 2
ROS £ 7k %8 ¥ @ % W1 % 17 - 72. NADH/
NADPH oxidase 2* & fli#ic BARERIKIZ B LT 1%
% ROS EREBRHTHAZ EDRENT VS,
1/2NX FEDORIRIKICNADH #i Lz & =
%, ROSPEA DR % 88 7=, £ 72 NADH/
NADPH oxidase Ll 53 T2 % DPLIEMIZ L b
ROS PEA I S 7z (45).

R NO KBED DAL

W vp NOx $F itk Bt 1 1 ' 4l #2128 1 H 1
Control & HB LA RICHIML, 2 HHIZBW
TOHATICEML T, 1 HBHICi
Control fEL XNV FTHA L (M6).

HfaesE, AEADOHIEA S JF IV EERRORE
il

FREARHE L 35 > THIFS IR - A L oo ik
WRENTWVWDLMAPKO UV EDERK DY &
AL R O EIARE WY +2 Ak B %
Westwrn fEHT THuat L7z, P e, 12080
& ERKDY L% 2D, 4MHT
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Control (ROS) Control (NO)

12hr 2da 1w Aw

3. MR o RIS B ‘Tmmﬂ fEfi (ROS) & ~M{L=% (NO) o421t
e iz 0 L —4F — Wi & T ROS, NO & afflfbL 2. 2~ o — Ll E R (Contol) TLE, SRERIEMIZ
1L A EROS M (RRhalt ;tl B At RIS LT NO (REUDE) %205, NX BFCIETHNE,
REI TR AOEORIA (NOHONIA) % n, 48MHIZET Y bo— ke EEEEE L 'Iifu '.' 1% 1
M s OO Rk (ROS FEARK) ZoTwvA, 4 MIHZIEROS EAEL T ¥ FE— LA E T L

Twh (A).
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DHE fluorescence ( /Control )
[—
=

| |
2day 1w 4w

7 p<0.05 vs Control
# p<(), 05 vs NX

14 4. 'EEHRERRIZET D ROS #E/E
i, 2 HH XD ROS W/ ORI A B, 1Mk E 4o
oo AMHIZIEZ o= L ARIZHML TS Tempol 25125 0,
EHEMT ROS EEIHIM S Tw B,

o

z B

S
o

ik 7 0 2 MOBA & 2 OB LD %R
k- FEAUE, SERRH 2 A~ & S 2 O
SEHERIE & B ESNT VA, %70 MOR
BRI & B E DAL, SERIK - R
KAT e U 7= b 2 (UM 3 A i e s & % 2.
LBiIh, 70 XEOMLHEE (5/6FL1E L
_ F) (2% % &, AERE - BHIRALS Bt L TRER
Control (—) NADHNADH gty o sttt ot sshins nt U . Sokth

HDPL i - g e s B o e L 7 KA

—
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—
o
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DHE fluorescence ( /Control )

1/2NX (1w) A *Li;ﬁ Bt THRIRK - B AD 2 H
(95, WLMERERMR % HIv a7z ROS 9 A KRB o0 fET S A LW A 2 b E, HEFTPERRE R o R
iR e, 1 M H O L D SRR T L LR y 4
Bi oIV 7e. NADH EMIC & b ROS jekiziimL, R ERET % ET z MEZEZLNL.
DPLAZ & 0 4l S 41 7=, iR 70 Y BombBICbIE LSk

LWL, R R~ DIF L TH 5.
ko) » Lz 27 (HT7TA). Akt i ¥ Ar % Ek {& 121X hyperperfusion & glomerular
WH, 48V THRwnY) » ﬁ‘“fLJLJfL v iR hypertension 2345 U 4. Af%Elc L b, Zho
7= ([ 8A) . ERK, Akt 1) ¥ f{lit & & Tempol @ ML 2 LI flBi L T, %E{kTNO £ ROS
&b st (7B, 8B). DRI ELTWDE I EDWHRITh -

7o VIR I2HEN] ~ 2 1 & v WA 5 AR

(RO (glomerular hypertension) A3k 12T
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—4— Control
5 - 1/2NX

U-NOx (umol/24h)
T

2.0 -
1.0 -
[ | | | |
0 Pre 12hr 2day lw 4w

[ 6. Bt NOx HEillF it gRIRE A9 24k
VRS, 12BE 0 E L Bk NOX JEE I IR A Ak A D, 1 MR
P e B P8 PR - - 2 B

Cont 12hr 2day 1w 4w

pERK1/2 (A) . WS 14kDa

pERK1/2 (B) | 44kDa

@A) o5 f

— DD
— o O
T

ot
o O
T T

Fold increase
( / Control )

|
cont 12hr 2day Iw 4w
1/2NX

7. Wil EoRRIEZBTS ERK )~ FEL
PRI e, 120EM R L D ERKL/208R1ED ) L EELA e, 48H
AT ) Y REE ORI & o 7z,
A DNX B, B NX +Tempol fif
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Cont
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12hr 2day 1w 4w

pAkt (A) —

pAkt (B)

B et _

e
>
o
oo
(]}
1

- H 60kDa
=== = : 60kDa
42kDa

g ~ 2.0

°

5 E’o LBF

=9 I

O~

L~ 0.5F

cont 12hr 2day 1w 4w

1/2NX

[ 8. Wi EoRBREIZBT 5 Ak »REl

W ’?Hﬂ? Hfi’c

A D NX B, i\k +Tempol £

Wh, OB -FHLT, HETH LN
L % NO (bioavailable NO), J# tf NOx HE iflt it
ORI % e fz. IS A N MR T
shear stress 19 A2 %F I L T NO pEAE Aok

ZEMHLN TS, T 2 HEICE M
PRI IR E PR ORI K2 b T ), Mtk
@ glomerular hypertension @ 3 2 508 L T w»
%, e Ar S ER Al -~ @ hyperperfusion,
hypertension (= % 0 Sk ER R A B2 #l i > & shear
stress {RAFPEIZ NO PEAEA TCHEL b D L # &
HiLh . ZORIZIZATIG R IERIZ S35
MAPK %> Akt #£ B O G E{L 2 820 T v
2 H Z ook kfi]ﬂl'?‘?ﬂi(‘;'fi Bl &
LTORBBEOMKEALTIENTE L
Ve

1M~ 4 BT THRERIE - ‘llﬁkii%ﬁ'ﬁﬁ
T4, AHAKNTIRIBMHZE—-2ELT
ROS Pk JUHEA 8 &7z, HUEE{LIEI % ‘h’
F 4 Tempol £ 4512 £ 1) ROS PE/EIX21T524

glomerular

1 & 4 8H I Ak > EEEOTUHER B 7z,

I S AL, IR S O oA ERE - B
Kiabipii s, ol &iE, 1 MHDERIC
He 105 S ERAR « BRI K SO0 12 1& ROS piE2E STtk
DWELTWEI EEZRLTVA.

e B9 Rt R0 A A2 P -9 A MAPK %> Akt
B o i PEAL (2 X AR N o gL - TR TE
(redox status) G LTWwA I EAREINT
Wh, 1 ~4MIZHFTERK, Akt ) [
{LICiE % G 72, Tempol 32512 241 6 D16tk
bz L7z, B> T, 1 HH DD SRER A -
LMK L2 14 ROS BE 1 0 JUiE & ERK, Akt 1) >
EibAaMy L TwatEZLENRE 861
ROS J 2 12 14 % £k 1K C @ NADH/NADPH oxi-
dase TEPEAEASM S L TWwWA 2 E LR Ehi.

B E S ITET R E TV TH D T v M5/
G E 7 L IZ B THRERTKIN T ROS A
LEPELTWRD, ¥
FIRTRNTD
NOCFZ&H LT

p/RE RS T 11 N 1 e e
725w MERIBET MIZBWT
ROS JE 4 Ju ik & 8e(% i 4
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WaY, THHOEFN TR RN T
OFRE, &\, TR O RS E Y O HH
ZRDHTHY, FHblREILA ML ADILEE
ZRAASRE S 5 NO I F I HIRERE 12 S L
TWAEEZTWA., Fbat LK sl
F - Tld, ROS pEA T —MtETHY, 70
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