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A2 G AASHEE (CCLE BALTIE SANAOR TAEE A7, 2] 443}
512 ozt 13stel vhAle RAGIA B BASS SR2U7| Wl Bolrt 4710, 0|2 oI} B
ok B3 AFRS AT AR A sk B4R T = A1) Bl Al M-S faditi o
Stk Aquaporin (AQP)S Aol 4 S-E-F4S 2ok DA, BAA27]0] €3] S718 AQPE 23

o Yorioha deiA ok ALTIE TES] WOl Bolan, PAHAL) WIE JFE Eoh
G HA Ut oo B AFAELS AFEstEA A 27t AR AQPI dHAFEFE A superoxide dismutase (SOD)2] &
off ofH FEFE F=A Fopar, o2t MarE nEeF 7ok I {R 7|7l wet Zol 7t l=AE HESHAT

85, 165 12|13 24599 Fei/J AT F (LEY)S ALEAAR (BAEYHE A2 dxdez 4

Foh A Tole AEE A, 2ol SYE Y-S F 234 45 52 ol 9etFA(1.6 mL/kg)sHSiTh vhA|
UF 24} F 24A1700] A|LbA BT ARG A9leh, A% FeNsrE Mes HLE @8O 2 1511, blood urea
nitrogen (BUN), creatinineS #4]3}%th. AQP13} AQP2, CuZnSOD, MnSOD #&2 ™o % 2|35}5 A1} Western
blot {45 ©]&-3tof {3t

Atdetea Ae A4S 8T ROl Al ST AuAEY AS Ee gEE, 1
£ AjolAzZ o Byl Al cast, GFAE] F&S =3

Atgstera A2 8P 1658 NI UL 16578 L8 A BUNO| S7HE Sl

AQPI Abistera HelR 85 2453 MEAZ ) R4 YA F7HEUTH AQP2E 24FF THYTAA
359 DELBET §o14 QA ALHUT Adsean 2 AQR2E 85T 2457 TEYTAAN Fo4 9
A 1R, 2457 DAYL) AQP2E 1657 TEYBT F94 7 F7HEIUGE. CuZnSODE MnSOD
© 2457 LU 2458 FAEETET FYA JA SUHEAT. AHFEe A AP 8FE L Yol A
CuznSODE #9148 A F7HA17) ¥, 2473 THA2] CuznSODSF MnSODE 218 517 4417,
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AL 3Fet A (carbon tetrachloride, CCly)+= 7FHEA 9
A2 gEA glom, 1Y A, A3 B 1HES
7171 $13 FE2 AREEI Qih HE St B
B2AYlE AAHHLT Wasle] FY EE F
FEEolAE BEET(1]. Ozturk 5 [2] AHFSTE
NN A AEe) Setn YA fuchn 5
o, Natarajan 5 [3]% AbE3Fet27} Wistar 813 A%+
o] ESRAlT 4] o AHAIe Al 2N H3kE 71A
23 AgEHol gude] S0 $ETT sttt
Aquaporins (AQP)S EA Gl A &9 0|52 T3}
oA = (4], 1001 7N o} ol dEA Stk AQPI
AN BHEE 28 fEzAvER 2h B
EAgs 529 ASWIAAE FAHE A B
qmg} 7tzuled o) A THRECH AQP2E HEA BT
A, AEE FA5ke FAIZY Hd7|dA BEH
TH5.61. AQPIS AT ojzale] =B fA8k o
8% AL shn, 40| &AW AQPlo] F7HHT
I GHA SITH[7]. AQP2= AN dojus SRS
of thA|u gAS ZAshe, AQP29] Wshs 717 B8R
o FREAAE dovle FE ez IHA A8
Jun 5918 HA3E fEsky] 98 o olAeuto|=
(thioacetamide)ES Wistar 3 F o] £oJ3HH AQP27} &7}
"oty 392 H, Natarajan 5 [3]2 t] 2 olA|glotuto]=
oA Asiea AT SRALTIE A Aol &4
£ #4131} Botsoglou 5 [10]2 AMESELA Boj2
I WIS A g g e
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_\E rlo rIr

J—]-/}_]'.J_EL_T.—E]—OI-E] (superox1de dismutase, SOD)+= I}
Ak (superoxide, 0, )& ISk 4 (hydrogen peroxide)
2 A7 aaE, dikart A 4 (N0 BHg-3t
o] BhgAo] I3 AM|Eof XPA Q] peroxinitriteE A3+

= AL Addts 9T At (11]. A4 T] AARE
Zie E2= SOD= YA wah AlZ2d Wl o
5= CuZnSOD (SOD1)9F A A oA ¥ == MnSOD
(SOD2), A|3£8te] Ato]A o] EAdt= extracellular SOD
(SOD3)& F&% 4~ It} CuZnSODEF MnSOD= &
9 ABEA A7E BALTE At AT
B 259 SEEdS AAaAA ot dEA Ut
12]. =3t CuZnSODS} MnSOD9] 71 & ZaEs 18
ool W weo] dokar & A Sleh[13].
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53 (s pontaneously hypertenswe rat)°ﬂ A+
Fostgle o Yehhs AR FEEHE ‘E’iﬂ
1o, S EZ AN A AQP1F AQP2, 18|31
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1. des=
B 1659, 24590 Ry AYAH (@AY
-.—] spontaneously hypertensive rat, SHR)} A& 4EF

(normotensive rat, Wistar Kyoto rat, WKY)& o 23} A
dPo2 TRIAL 2 2 soheld & onlele) A
=< ARt AdEE2 77%0l H%S W Janan
SLC Inc.(Shizuoka, Japan)ol 4] F+Q3}e] steFdisty 2|3}
ot ARERAIA ARl olg RAIT TFNH A}
ottt # A= dddistne ddsEadHde]y
T8l wheh A= e

i

2. OIEH
A TUE olgste] $HYL Hash Ao, me
o tail-cuffE T2 ¥ 30~34°C7} HAE= AFE of=

dArRLo| A E 47 7] 4| (Blood Pressure Analyzer, IITC
Model 179, IITC Life Science Inc., CA, USA)E ©|-&3}4
QYA O] 237 B Z9oto] TEYT} HAEYL

2 slstart.
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AFAAEL 1570 284, 4% B 2ASAE v
oF FAF 3 24x)7bo] 1S, Tiletamine + Zolazepam
(27.78 mg/kg, VIRBAC laboratories, Caross, France)¥} xyl-
azine (0.647 mg/kg, BAYER, Gyeonggi-do, Korea)& 2: 1
o HEE EFW HIAS B Aol APFES
SHAA R ok ol WtiE el SUBE AAT
| AFRER FUAAY A% WEHAT 48D
RS A LE o]gste] ZHEE U™ F Western blot
B Ao AME3lH I, dBE 0.1% glutaraldehyde-4% para-
formaldehyde E3+8H (pH 7.4, Sigma, MO, USA)°] 18
Az DRAIZ] F 6 um o] Bt EH S eI

WG Ao wskE B Sls sk Eugle)
2 Al (hematoxyln-eosin, H&E)FA-& A3 & F3t3n]7
=

Blood urea nitrogen (BUN), creatinine®] 42 $t=%

=AM E (ALKOREA, Gyeonggi-do, Korea)ol| 2] Z]

2499 (xylen) 0.2 stetR AT setR e AAS L,
o ek2-S o]-g3}o] F4=A)7l F, phosphate buffered saline
(PBS, pH 743t 12} SH52 AlFstAt. 3% dAatste
27F S0 WEHSEFEALE 61 AT T AF
8t 5 0.4% pepsin €9 (Sigma, MO, USA)2.2 Al 2.0] A
108 9HeA1A F9L == A F . Rabbit blocking &Y
(PBS, 2% bovine serum albumin, AFFS] AAE A 15 ul/
mL)& 37°ColA] 40& A 2|3t 5, rabbit anti-AQP1 &A] (1
:50) T+ rabbit anti-AQP2 A (1:50)E 4°CojlA 3}&
g 8RS AJZ T}, IS sheep blocking €9 (PBS, 2% bovine
serum albumin, E7]2] AAFEA 15 uL/mL)2.E 37°Co|| A
408 A28t H, sheep anti-CuZnSOD &4 (1:100) E=
sheep anti-MnSOD & (1: 100)E 4°Col|A] 3% vk
A|Zth PBSE A& & 22 34, goat anti-rabbit IgG 34|
(1:1000) E+= rabbit anti-sheep 1gG A (1:1000)E A2
ol Al 404 ¥HEAIZ] F, ABC NS A4 302 A
5194t} PBSE A2 5] DAB kit® ol-gs}o] WA Ze
M, 1% W2 EFE&HC R =g & Fstdn| 4 (Olym-
pus BXS1, Japan)© 2 T3 2 AN STk AQP §
A& SantaCruz (CA, USA), SOD &A= Calbiochem (CA,

ArESEAXMR| = DHYSF MYl AQPLHSOD &H 89

USA) A, 22} 3419} ABC kit, DAB kit Vector Labo-
ratory (CA, USA) A L35t

7. Western blot analysis

A Be AxZ o] R 52 A (PMSF
1.0 mM, EDTA 1.0 mM, pepstatin A 1 uM, leupeptin 1 uM,
aprotinin 0.1 pM)7} Z3HE Tl a =289 (0.01 g/300
uL, iNtRON Biotechnology, Korea)2 d7}8t 5 =254
7] (homogenizer, Janke & Kunkel, IKA®-Labtechnik, Ger-
many)E ©]-83}4 13,500 rpm oA 1024 23] #A3}
AFT E& 9ol 208 FokE FA NS 4°ColA 12,000
pm HEE 10& 5 AHEYS 7 45AS i

150 ug® ©MA-& 10% SDS-polyacrylamide gel A 7] %4
=9 o|gste] B A7l 5, Hybond " -P membrane (Amer-
sham Biosciences, Cardiff, UK)?]| ©]5A]F th. Membrane
2 3% blocking &% (TBST; 25 mM Tris, 8% NaCl, 0.1%
Tween-20, 3% non-fat dry milk) 2.2 A4 1A7F A
23t F, rabbit anti-AQP1 3] (1 : 300), rabbit anti-AQP2
A (1 : 300), rabbit anti-CuZnSOD &) (1 : 2000), rabbit
anti-MnSOD 3] (1 : 2000)Z blocking &94o] z+2z} 3]
Asto] 4°Cof|A sh24 EgAIF T TBSTE Al 43 F
horseradish peroxidase”} A%t 2x} &4 anti-rabbit 1gG
A (1 : 1000, Amersham Biosciences, Cardiff, UK)E Al
o)A 1AZE HHS-A]7) 21, TBSTE A|A g 5 183 ECL
£ (enhanced chemiluminescene solution, GE Healthcare,
Cardiff, UK)®|] #2]8t 5 x-ray (Kodak, Tokyo, Japan)Z
Eof =ZAF . Quantity one® T (Gel Doc 2000,
Bio-Rad Laboratories, Italy)< ©]83}o] @2 (band)2]
SEE =A3} . Anti-mouse actin 3| (1 : 5000, BD
Biosciences, CA, USA)E o]&35}o] ZF Ao 235
izl o] oFS 3101519 1, AQP &A= SantaCruz Bio-
technology (CA, USA), SOD &+ Assay designs (NY,
USA)ol|A 4383t

8. A=A

A&+ Sigma Plot 11.0 (Systat Software Inc., USA)=
o] g3ste] EHMS rtestS AP, BAFH G95F
L p<0.052 3Tt

2 o
1 MzsE By
APEYRY B 3718 87 148802630
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mmHg, 1653 151.30+5.30 mmHg, 2453 150.80+6.60
mmHgO] 3, TEAFL 853 180.60+9.50 mmHg, 16
9 223.50+17.80 mmHg, 2453 224,70+ 17.30 mmHg
ol 2 Ao Y 2tol= ot

border)®] ZrAE $Eaty 1, Ao £} Abu N E
o 22 B AAE ol 1659 24539 24

(A)

WKY-control

-
T

(B)
WKY-control

y

AME AolAze] BET AT S AT 4o 92
(cast), AEHES] Wgo] HHFYT, o]2jat Wale 7Y
oM FEHATG. Bele] Festd Wl A
okl (Fig. 1),

3. BUNZ} Creatinine

1) BUN

24737 FAAE AT BUNL 858 AAEYTET 5
7FE AT (p<0.05). 24%8 THYFS] BUNS 829} 16
FH TEATED (p<0.05), 2457 AYEALED F
7HE AT (p<0.05). AFESFERA Fo{2 BUNO| F71E 91

©

SHR-CCly

Fig. 1. Renal histology with H&E in WKY and SHR. In control groups, the cortical appearance is normal. In CCly-treated groups, the renal
tubules show swelling, brush border loss and epithelium necrosis. In 16 weeks (B) and 24 weeks groups (C), CCly induced the interstitial
edema, tubular dilatation (arrow) and tubular cast (asterisk). A; 8 weeks group, B; 16 weeks group, C; 24 weeks group. Original magnifica-

tion X 400.



F AEe] AQPzt SOD 3 91

SHR-CCl4

WKY-control

WKY-CCl4

WKY-control

WKY-CCl4

WKY-control

SHR-control

WKY-CCl4 SHR-CCls

Fig. 2. Immunohistochemical staining of the expression of AQP1. AQP1 is expressed in the proximal tubules and descending thin limbs.
The treatment of CCly during 4 weeks increased the expression of AQP1 in renal cortex and medulla. A & B; 8 weeks group, C & D; 16
weeks group, E & F; 24 weeks group. Original magnification X 400.

o, 8ot 16578 ANEYE, 16578 LY A FHo| IE Aol= §llth AFFSerA T & creatinine
stals SAA ool fl3lth (Table 1). 2 Z2EE Aol Yo, 838 ARG n¥et
2) Creatinine 2 ALt AR F40] 3Tt (Table 2).
AR Ao T H YT creatinineS ZFo]7} glgloH;



92 ZHY, O|FEL M2E, dAd

Table 1. The level of BUN in WKY and SHR treated with CCls. (mean £ SD (mg/dL))
WKY-control WKY-CCly SHR-control SHR-CCly4

8 weeks 1390+143 18.50£0.75%* 15.78+1.58 16.98+2.33
16 weeks 20.00£+2.10 24.82+1.82% 16.35+0.78" 22.92+3.90*
24 weeks 18.38+0.95" 21.30+4.34 24.07+4.28" 24.98+2.52"
*; p<0.05, compared with control group
T; p<0.05, compared with WKY-control
7!; p<0.05, compared with 8 weeks WK Y-control
WKY; Wistar Kyoto rat

SHR; spontaneously hypertensive rat

Table 2. The level of serum creatinine in WKY and SHR treated with CCly. (mean £ SD (mg/dL))

WKY-control WKY-CCly SHR-control SHR-CCly

8 weeks 0.56+0.08 0.39+0.08* 0.50+0.04 0.40+0.06*
16 weeks 0.60+0.10 042+0.18 0.51x£0.05 0.4110.06
24 weeks 0.52+0.08 0.34%0.16 0.6410.25 0.4510.06
*; p<0.05, compared with control group

WKY; Wistar Kyoto rat

SHR; spontaneously hypertensive rat

(A)
8 weeks 16 weeks 24 weeks
B)
251 BY Weont [ WCCly
=== 35kDa 1§l Scont [ SCCLy
== 28 kDa

AQP1/Actin

24 weeks

8 weeks 16 weeks

Fig. 3. Western blot of AQP1 in whole kidney homogenate of control and CCls-treated rats. The treatment of CCls during 4 weeks in-
creased the expression of AQP1 in renal tissue. A glycosylated band appears at 35 kDa and a non-glycosylated band at 28 kDa (*p <0.05
vs. SHR-control within same age groups, p<0.05 vs. 24 weeks age WCCls). Weont; WKY control group, WCCly; WKY group treated
with CCls, Scont; SHR control group, SCCls; SHR group treated with CCls (n =35, mean £SD).

4. AQP1

1) A 22| 3pet g Aol A AQP12 E2|EA I} 7le L
29| WAZFA M B E . At st Rl 2
£4o)M AQP1 Td& S7HIZIL, AQP10] Z5HA FAY
g Al addolA o Bk (Fig. 2).

2) AL R 85 LEUATY AQPI HEE
Z7HAF T (p<0.05 vs. SHR-control). At 3EHA T4
2 37H 24539 TEATY AQP1 HE L2 AtFE RS
Fof vre YT ETY F7HE Aok (p<0.05 vs. WKY-
CCLy) (Fig. 3).
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WKY-control I - SHR-control I -
WKY-CCly l - SHR-CCL4 I -
WKY-control I - SHR-control I -
WKY-CCl4 I - F -
WKY-control I - SHR-control I -
WKY-CCl4 l - ! -

Fig. 4. Immunohistochemical staining of the expression of AQP2. AQP2 is expressed in the distal tubules and collecting ducts. The treat-
ment of CCly during 4 weeks increased the expression of AQP2 in renal cortex and medulla. CCly-treated SHR groups show the more
strong positive tubules compared with CCls-treated WKY groups. A & B; 8 weeks group, C & D; 16 weeks group, E & F; 24 weeks group.
Original magnification X 400.

5. AQP2 oAA HEEUT. At RS Fojs 2AR HHA
AQP2 FHAZ S7HAIZT (Fig. 4).
1) B 225t Mo A AQP2E HEA| T HET 2) ArgstEAs ol 850 2457 AEUT Y AQP2



8 weeks 16 weeks 24 weeks

Cont CCl;  Cont CCly Cont  CCly

W S WS WS WSWS W S

=== 35 kDa
=== 29 kDa

Actin

(B)

1671 w9 Weont 1 WCClL,
Il Scont M SCCl, i

*

AQP2/Actin
foe]
1

8 weeks 24 weeks

Fig. 5. Western blot of AQP2 in whole kidney homogenate of control and CCls-treated rats. The treatment of CCly during 4 weeks in-
creased the expression of AQP2 in renal tissue. A glycosylated band appears at 35 kDa and a non-glycosylated band at 29 kDa (*p <0.05
vs. SHR-control within same age groups, 'p<0.05 vs. 24 weeks age WCCl, ’p<0.05 vs. 16 weeks age SCCLi, fp<0.05 vs. 8 weeks age
Scont). Wcont; WKY control group, WCCly; WKY group treated with CCls, Scont; SHR control group, SCCly; SHR group treated with

CCls (n=5, meantSD).

we AAEAZET 7T (p<0.05 vs.
WKY-CCly), 16538 TE¢FRETYG Z71EH AT (p<0.05
vs. 16 weeks SHR-CCly, Fig. 5).

6. CuzZnSOD

1) Wz slstg Mo A CuZnSODE BRI £ 9]
Aol A BEE G, 2458 AAESET LGl A
oA HEEH ArdSte s B R 83 AU
o} TH A CuZnSODE Z7HE| o, 16529 24%F
B AT T E AT A = FAaF AT (Fig. 6).

2) AtdStR A Fols 838 LYY CuzZnSOD
S AEStR RS Fod AU ET ST
(p<0.05 vs. WKY-CCly). 2457 1842 CuZnSOD
= AAEGZEY S7HE ALY (p<0.05 vs. 24 weeks
WKY-control), AtGs et A B2 ZrAaEHAh (p<0.05
vs. 24 weeks SHR-control). 289 FF o] F71ed
& AEstErA Bo & WHEEE CuZnSODE HaE$
T} (8 weeks vs. 16 weeks; p<0.05, 8 weeks vs. 24 weeks;
p<0.05,Fig.7).

7. MnSOD
1) Bz 3etg o4 MnSODE 223 &2 9

Aot Al A BEE T AFE St Folz AAEed
3 18 YA MnSODE #4-E 9l th (Fig. 8).

2) 24539 TEUTY MnSOD HFL FAE L H T}
Z7HE R (p<0.05 vs. 24 weeks WK Y-control), AFE
Fers Bl 2439 1Y MnSOD 2dS ALY
StgaE Fol B2 83 16577 LIYTET HaAR]
t} (8 weeks SHR-CCly vs. 16 weeks SHR-CCls; p<0.05, 8
weeks SHR-CCly vs. 24 weeks SHR-CCly; p<0.05, Fig. 9).

M

| =
HEAARE G Adsteal AZ) AEAA
7t ol A AEIE P-450 AES AXHA EHTH15].
At stebavt BeEs oA AAE SAa7|E 8
7 AFS ATl mEA 7| W, AT A 2 BT}
TE P4, 9%, 2dS GEskn AR o WAL 25}
Aoz &HA Slrh(16].
HAF A AlgBtEAas AT AFEE] A
Khan 5 (2009) [16]3} Ozturk 5 (2003) [2]9] Z3}o}
ro| A|THAFE] Q] 9)&3 geto] BAEGow, 2457 T
ol A Ato] Az o] BEt ATl Y93 (casy)7}
gt o get Wste AR o) BB LA BA £
=gon, HETT FBoAE B2 (Fig. 1).
ARe] A, B8 EgZA|To] $8T} dRo) F4d

rr ok

e

N
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WKY-control I - SHR-control I
WKY—COHU'OI I - SHR-COHUOI I -
WKY-control I - SHR-control I -
WKY-CCl4 I - SHR-CCl4 l -

Fig. 6. Immunohistochemical staining of the expression of CuZnSOD. CuZnSOD is expressed in tubules of cortex and medulla. In SHR
control groups, the expression of CuZnSOD was increased with aging. The treatment of CCls during 4 weeks increased the expression of
CuZnSOD in 8 weeks medulla (A3~4). But, in 16 weeks (C3~4, D3~4) and 24 weeks (E3~4, F3~4), CCl4 decreased the expression of
CuZnSOD. A & B; 8 weeks group, C & D; 16 weeks group, E & F; 24 weeks group. Original magnification X 400.

0% 7152 S A0 nRo ¥ UYelN AW E Agsleaz EE AT £4e Z4BATRT
Al gle] gl Metke A 15 Wstd 4 9 DAYZAA © FEHch 45 G TN Aryn
2 Holet AZE, o) AABRAT Roldt Avet A £40] SHUL, EFHT BANE 2L AFA
2459, s BRI Ozturk 5 219 UFNAE B2E g



Wecont WCClsy Scont SCClay

8 weeks 4= 15kDa

16 weeks

24 weeks

Actin

(B)
[ wecl,
Il sCCly

T B8 weont
[0 Scont

%)
1
——

*#

CuZnSOD/Actin

16 weeks 24 weeks

8 weeks

Fig. 7. Western blot of CuZnSOD in whole kidney homogenate of control and CCls-treated rats. The treatment of CCly during 4 weeks
decreased the expression of CuZnSOD (*p<0.05 vs. SHR-control within same age group, 'p<0.05 vs. WKY-CCls within the same group,
*p<0.05 vs. 8 weeks or 16 weeks age SCCls, 7p<0.05 vs. 24 weeks age Weont). Weont; WKY control group, WCCls; WKY group treated
with CCly, Scont; SHR control group, SCCls; SHR group treated with CCls (n=5, mean =+ SD).

FAHZO) AeL Galkina®} Ley [17]9] JAAE E o2
A7) 9 AR 7L Hol AESE 7HAIZ Aol
"gﬂﬂ‘ii—"—fq FHo| F7MEE, 1EYY K77l
4 73S AgstEte B2 ek Ao FEEh &4
ol Aok AyzHe 4= At

A% —é 1S &S BUNS AME3tErA A 8] 271
AL, FHo] s F7IEE BFS Eth(Table 1).
E3L, creatinineS AE3EIAE A5t {4 QA 7
AF T AFESEA AR creatinine®] TAH A2
gt a7t AdEEY A EAIE ¥27]aL o]
el Adg Aol dF e At A= o] FojAA] Rt
Z2itet e 2 A 2gole IRHA ggeu
AEstELE Fojstd AAEEY AFol A2 A=,
A2t 5 ‘13}"1 Zeeko] Zrago R Qg thAE:
creatinine®] A% Ao Z AZFe 4 Qlgjtt. 18, B
AF A dL AFEE] creatinine?] 42X Fukuda 5
[18]el Xﬂkl?ﬂ 8%, 163,307 o AAE A F} v
29 creatinine /4 HFo &3, AGSELE A2
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2 Hol AQP29] F7H7F @Yo Wy Fas 9T
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F4E VSR &3 EAFE 5olH, o]l E= 4
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He u, B APeIA AasrELY AR F7HE AQPI
3 AQP2E AT EZA 7]de] WskE Yo A
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Fig. 8. Immunohistochemical staining of the expression of MnSOD. MnSOD is expressed in tubules of cortex and medulla. In SHR control
groups, the expression of MnSOD was increased with aging. The treatment of CCls during 4 weeks decreased the expression of MnSOD in
24 weeks SHR group (F3~4). A & B; 8 weeks group, C & D; 16 weeks group, E & F; 24 weeks group. Original magnification X 400.
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BAAYRART o 2 Aol AZHE A,

CuZnSOD+= 245% 1G4 BGEAZET T
7hEL, At SRS APstE §o4 A FAEAH
(Figs. 6, 7). MnSOD FA] 24%8 n& 7oA K24
UA 7o, ArastR AR AHEstd FAEIT
(Figs. 8,9). Atz etA A2 A] e 44 7] A AA
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Fig. 9. Western blot of MnSOD in whole kidney homogenate of control and CCls-treated rats. The treatment of CCly during 4 weeks in-
creased the expression of MnSOD in 8 weeks and 16 weeks group, but it’s not significant. In 24 weeks group, CCly treatment decreased
the expression of MnSOD significantly (*p <0.05 vs. SHR-control within same age group, 'p<0.05 vs. 24 weeks age Weont, p <0.05 vs.
8 weeks or 16 weeks age SCCls). Weont; WKY control group, WCCls; WKY group treated with CCls, Scont; SHR control group, SCCly;

SHR group treated with CCl4 (n=5, mean=*SD).
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(Figs. 6~9).
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The Effects of CCls on the Expressions of Aquaporin and Superoxide

Dismutase in the Kidney of the Spontaneously Hypertensive Rat

Kyung-Tae Kim, Doohwan Lee, Youn Kyoung Seo, Shin Young Kim

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University

Abstract : Carbon tetrachloride (CCls) induces hepatocellular damage, resulting in liver cirrhosis by generating
reactive oxygen species (ROS). At the stage of decompensated liver cirrhosis, many patients suffer from the
abnormal regulation of sodium and water balance such as ascites. Also, the kidney can be directly damaged by
CCls-induced ROS generation. The aquaporin (AQP) is an important transmembrane protein located in the kidney
to reabsorb water, and it may be affected by the ROS to alter water balance. ROS is related with the development

of hypertension and alteration of antioxidant enzymes.

This study was undertaken to investigate the effects of CCls on the expression of AQPs (AQP1 and AQP2) and
superoxide dismutase (SOD) in the kidney of spontaneously hypertensive rat (SHR) and normotensive Wistar-
Kyoto rat (WKY). The SOD is known as a scavenger of ROS, and we hypothesized that oxidative stress in the

aged kidneys may be increased by hypertension.

Male WKY and SHR were randomly divided into control and CCls-treated groups at 8, 16 and 24 weeks
of age, respectively. The experimental group received olive oil-dissolved CCl4 (1.6 mL/kg) on its back
subcutaneous tissue twice a week for 4 weeks, and control animals received olive oil only. After 24 hours
following the last injection, blood samples and kidneys were obtained under anesthesia. Renal histopathology
was examined by H&E stain, and the expression of AQP1, AQP2, CuZn-SOD and Mn-SOD were evaluated by

immunohistochemical methods and Western blot analysis.

CCly treatment induced the tubular swelling, tubular epithelial atrophy or detachment in both WKY and SHR,

and interstitial edema, tubular cast and infiltration of leukocyte in SHR.

The BUN levels in both WKY and SHR were increased by CCls treatment at 16 weeks of age. The expression
of AQP1 were increased by CCly treatment at 8 and 24 weeks of age SHR. The expressions of AQP2 in 24 week-
old control SHR was decreased compared to 8 week-old control SHR. CCly treatment increased the expressions
of AQP2 at 8 week-old and 24 week-old SHR, and the increasing of AQP2 was more remakable in advanced age.
The expressions of CuZnSOD and MnSOD were increased at 24 week-old control SHR compared to same aged
WKY. Whereas the expression of CuZnSOD was increased by CCly treatment in 8 week-old SHR, the expression

of both CuZnSOD and MnSOD were decreased by CCls treatment in 24 week-old SHR.

In summary, CCls-treated SHR showed an increase in AQP expression and a decrease in SODs at the advanced
age. These results suggest that CCls-induced oxidative stress in the aged hypertensive rats may alter water balance

via upregulation of AQPs and accelerate renal damage via downregulation of SODs.

Keywords : Spontaneously hypertensive rat (SHR), CCls, AQP, SOD
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