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(FE] 8@ . 0EREANAN4ERE A (metallothionein, MT) X # J& & A B & Ik & 14 5% 46 47 & NADPH 4 1 8 7 % o ,
B MT M ERFEAREERFER ST, Fek EHE SDARMALAL HIEF 3 HEANC,n=8) 4 KA 4 (DM,
n="T7) A B ¥ K MT #6574 (DM+MT.n=28) , ¥ i A B JE & & 4T #% Ik 12 W % (60 mg/kg) # & 7 FF XA R A . DM+MT
HARBT 10g/ kg KAREMTEEF, 4 AEBMAHA KR 24 h RE A (24 h UP) B F R 2 /KK & (KW/BW) 1, 3F & B
o fE L t B R AR I E JE T Z B (MDA) 4 & . real-time PCR #% 4 Ml NADPH % 1t 8 T # pd7phox.p22phox. & B # % C(PKC)-8
Ao %% £ (Ang)mRNA %%, £ %:5 NC4#L.DM 4 24 h UP.KW/BW U X% & i MDA K FH & # & (P<
0.05); § & Ji p47phox,p22phox ,PKC-8 71 Ang mRNA % i & # # & (P<C0. 05 3 P<{0.01), 5 DM 414 th ,DM+MT 4 24
h UP.KW/BW B X & % i MDA A& F & K (P<C0. 05), p47phox, PKC-8 #1 Ang mRNA # % 3k & F B 1% (P<C0. 05), T
p22phox & W B B & . £ d: MT #3834 R A B RE St B oK F, 914 B & R PKC-B. Ang M & NADPH 4 1t 5
THRNWEE NTLEEERPER .
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Influence of metallothionein on kidney oxidation of diabetic rats

ZHANG Chun-yang, QU Wei, SHI Yong-quan, ZOU Jun-jie, LIU Zhi-min® (Department of Endocrinology, Changzheng
Hospital, Second Military Medical University, Shanghai 200003, China)
[ABSTRACT] Objective: To study the effect of metallothionein (MT), a potent antioxidant, on the oxidative stress and
NADPH oxidase in kidneys of diabetic rats. Methods; Male SD rats were assigned to the following 3 groups: normal control
(NC,n=28) ,diabetes mellitus control(DM,n=7), diabetes mellitus models treated with MT by lavage (10 g » kg™ ' « d7',
DM+ MT,n=38). Diabetes in DM group and DM+ MT group was induced by intraperitoneal injection of streptozotacin(60 mg/
kg). At 4 weeks after initiating treatment, 24 h urinary protein (24 h UP) and kidney weight/body weight (KW/BW) were
determined in the 3 groups to assess the renal function of rats; malondialdehyde ( MDA ) was examined with visible
spectrophotometry; NADPH oxidase subunits p47phox and p22phox. protein kinase C (PKC)-8,and Angiotensinogen ( Ang)
were examined by real-time PCR. Results; MDA ,24 h UP and KW/BW in DM group were significantly higher than those in NC
group(P<C0. 05) ; expression of PKC-8, Ang, and NADPH oxidase subunits p22phox and p47phox mRNA were increased
markedly in DM group compared with NC group(P<C0. 05,P<C0.01). 24 h UP,KW/BW and MDA were significantly lower in
DM~+MT group compared with DM group (P <C0. 05); expression of p47phox, PKC- and Ang mRNA were significantly
decreased in DM+ MT group compared with DM group(P<C0. 05) . but the expression of p22phox mRNA in DM and DM+ MT
groups had no significant changes. Conclusion; MT may lower the oxidase stress on kidney tissues, inhibit the expression of
PKC-8 and Ang in the kidney, and decrease NADPH oxidase activity, excerting protective effect on the kidney of rats with
diabetes mellitus.
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AN T EHZEEREAMEOH DO O, k#
PR E Y. AW KB MT ol G i ) 4
NADPH %L pa7phox W3 33k, K & 15 P A 1k
VR 20 177 R 8 0 DR 6 o0 5 LA 455 ) B 1 46
B EARPLEIA ARG 2 R0, AR S T MT %)
DRI K BRL B 42 Ak 1 4R B & NADPH % 1k iy
ISR, 1 — A BRI MT X R PR A B D £ 3 4
FH AT REHL A

1 MBFFE

1.1 #M# HREERE ST EEEE Sigma 2
AL, MT H I R B IR A Y B IT R A BR2A w B2 4t
PN (MDA I 2 320500 &0 F R st g A Al L i
BEIN 22 SR F 2 TG 2w OB 0 4
1.2 ¥ orara® M SD KR, EKFEE
150~200 g, HH 1 SC 56 3 4 rpo 4t R RS
PEARI SR 7 d J5 43 B E IEH R (NCOO) KL 8 H
BRI 4 (DM) KR 44 T STZ(60 mg/kg) — IR 1 IE
WS, STZ AT A 0. 1 mol/L #7458 1R #h 2% vh i
(pH 4. 5) B e EL il , 1 J8 5 2 i Wk R 1l 2 1o % , DA
A% K F 16. 7 mmol/ L B 2 A Ml i 5 55 20, P B L
3k 2 BRI ZH (DMD 7 R ABE IR % MT 3R
P (DM+MT)8 H . MT &M MT k7 « 3
F A DL e ROk BE il A R B R M S T 1 ¢ MT R
Wik /2 ml.DM—+MT 4 K R#LH K 10 g/kg K5
I H ; NC Ml DM 4 K BT 55 5 09 48 31 58 7K i
HEE . AR A RTOK, 47 EE R BURDE, &
T A o 5t 0 I A

Frek gy 25 4 J8 U5 AR 8 B 24 h PR, I IR 2R
HARM & (24 h UP), 290 3 ¥ 25 I BRI T Tl 3 B
R E, R AT E BT R T BT /AR B & (KW/
BW) , 4385 K i, — 70°C IR IR VK A6 AR A7, T A8
N (MDA) . NADPH % 1k filf I % p22phox Al
pd7phox 2K H # B C (PKC)-p K ifl 4 % 7k R R
(Ang)mRNA,
1.3 B A MDA 4&am 2 % MDA KLl
VLW AR L Al E
1.4 Real-time PCR %4 M %28 22 PKC-B.Ang %
NADPH & 4B T & p22phox. p47phox mRNA #
%35 Ang &2 Ang- Il MR, A WF I8 460 Ang
mRNA 1 FEAKFRK B 4% T BEHA LN Ang 1
(235 s T B A Ml B B ASE I 48 AR mRNA ik 7K
PAE A 2 TR B AR X 22 5 AR BE ST R T 18 S BRI
5 mRNA B2 B EVREH mRNA/18 S mRNA [
1B, T BR AR AS B 6 &5 SR 52 )

1.4.1 & RNA #3 B KER 100 mg B K.
I TRIzol #2HUE RNA, HLIK M EE RNA 1k & 158
B,

1.4.2 3141 M GenBank #24L A K Bl p22phox
(NM_024160) , p47phox(NM _053734) , Ang (NM _
134432) , PKC-8 (NM _012713) mRNA J¥ 51, F /i
Primer Premier 5.0, HfT 11514, p22phox: [ if
5% 5'-CGG GCT GTC CTC CAC TTA CTG C-
3, F#E5I 4 5-TGA TGG TGC CTC CAA CCT
GCG-3'; p47phox: L ¥iF 51 % 5'-GGA CAC CTA
TCG CCG CAA CAG-3", TE51% 5'-GAT GAG
GTC CGA GCT GGG TCT C-3";Ang: Eif51# 5'-
TTG TCT GGG CTG GAG CTA AAG G-3', Fiif
5% 5'-GCA GGT GCT CTT GCT GTA GTA G-
3"3PKC-B: L#5I¥) 5'-GGG CTT CGG GAA ACA
GGG ATT C-3', FliF5l ¥ 5-TGG TCA CAG
AAG GTA GGG CTG G-3', 519 Bk S A
BHEA FRA R,

1.4.3 RNA#&# #%  FIH RNA #6553
BT RNA i85 5%, 30 & A TaKaRa 23 A 1
RNA PCR kit ¥ Jeal 70 & 42 £ 19 5y ik & i 47
B SRR

1.4. 4 Real-time PCR  #] ] TaKaRa 2 @] (1)
SYBR Premix Ex Taq (Perfect Real Time) kit # 17
real-time PCR %, PCR 1 ffi | Corbet Research
5 Al 1) Rotor-Gene3000, 52 55 45 1 F H 8 #4F Ro-
tor-Gene 5.0 LA M Excel 7. 0 3478045 70 A AL 3E |
1.4.5 ol &L H BHULE Y PCR Y%
MO0 % Wk BE BB ORE B AT AR ORE, E R 1/1 000,
1/10 000,1/100 000,1/1 000 000 ¥ & i s B 7= 4
VE MR UE AR , 4T real-time PCR JZ v . i 33X
4 ASARIE S AR B BN B A L B 3K Rotor-Gene
6. 0 ARl SN 1) 9 't S B W 97 KR R0 o ) R
KFR AR 2

1.5 %it5Fa® R SPSS 12,0 il 8, L
AR o+ Fon S A B 2= 5 BEEHRA
£ 55 b B

2 &5 B

2.1 BhABRERGHEHEL 5 NCAME, DM
HA DM+MT K S K SF 2 3 T8 (P<<0. 01),
TR R % (P<<0. 05); 5 DM 4 Mt . DM+
MT 415K BRI W R A 0T it 05 A B B o028, 22 = 6 4
¥R EE D,

2.2 BHMKKABEHEA MDA w4 R Wkl
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i, 5 NC 447, DM 41 KW/BW .24 h UP '
K2 it MDA K-35 8 3 T+ (P<<0.05 8¢ 0. 01), 5

DM A % . DM+MT 4H KB KW/BW.24 h UP
B 2 i MDA 7K i 2 B AR (P<<0. 05),

F1 BAXRNEFRE.ERE/|FRE. REBT MDA BER

Tab 1 Blood glucose,weight, KW/BW,24 h UP and MDA levels in each group
(x£s)
Group n (Cf/l/’(;?ijlhicisfel ) WeightGnp/g) [Egg//Bg\;V (ZnA;B},/I/nInJgP) (nmol * mgbﬁIP{\protcin*1 )
NC 8 5.841.2 310.1+20. 6 4.0140. 41 5.20+1.16 2.0140.12
DM 7 26.7E£6.1"" 243.3445.4" 5.87+0.68" 11.34+£1.57* 2.9440.53"
DM+MT 8 25.945.9%~ 253.4440.1* 4.28+0.56*4 7.85+1.39*4 2.32+0.36%4
* P<C0. 05, * P<C0. 01 vs NC group; ©P<C 0. 05 vs DM group; KW :Kidney weight; BW:Body weight; UP: Urinary protein; MDA ; Malondi-
aldehyde

2.3 Real-time PCR #& M 4 X

2.3.1 NADPH £ 1B T 28 k% 5 NC 4
. DM+ MT 40 #l DM 4 p22phox mRNA ik &
FIE (P<<0.05), DM+ MT 45 % i p22phox
mRNA KF-5 DM AL LR # 2 5% . DM+MT
ZHA DM 2 K Bl p47phox mRNA # ik /K F# NC
AR R EEFE (P<<0.05), DM+ MT 4

wpen miNA

p22pho and p47 phoe mENA

B 1o
~ost
A

p47phox mRNA 7KF4 DM 4 [ (P<<0.05), if
UL 1A,

2.3.2 PKC-p# Ang AF 5 NC 4 L,DM+
MT 41 A1 DM 41 PKC-8 fil Ang mRNA Fik7KF
FTHE (P<<0.01);DM+MT 41k il PKC-8 fil Ang
mRNA 7K -5 DM 4 i 3 B (P<<0. 05) . 1F UL
1B.1C,

mRNA

PEL

m DMAMT NC

&
A 1.0
0.5
c
ui [' J
NC DM

DM DM+MT DM+MT

B1 HFAXREHAL NADPH S4BT E (A).Ang(B) L E PKC-B(C) mRNA HIRIE
Fig 1 Expression of p22phox and p47phox(A) ,angiotensinogen(B)
and PKC-B(C) mRNA as detected by real-time PCR
The levels of p22phox and p47phox. angiotensinogen and PKC-8 mRNA were relative to 18 s rRNA. Results were expressed relative to NC

group, which were arbitrarily assigned a value of 1. 0. *

3% it

B 95 'F da )  BU 2 R  E E A J ES
JREEKFETHE ., % KW/BW Hl 24 h UP A Jz bt
DR A B UE Fy L S 0 AR O AR R WL MT
A PR 995 R BRI R I F A B ST B L U4 v I
Xof " T P A5 47 0 TR R e A B 0T s R 1
JE . WE s B A AL B OK T 3 S . NADPH %
Ak T 2 8 PR B 8 KT 3 M U (ROS) 1 1 22K I

Z =5 TR MT PR PR R BRI SR AL 1 3
7kﬂ?éﬁ?ﬁum,7ltﬁﬁmwﬂ T B Bz Bt MDA K, 45
FEH L MT Al 343 40 8% R % K BB IE MDA 7K

P<20. 05 vs NC group ;2 P<C0. 05 vs DM group;x=+s

o R TORE PR s K BRI AR AR N BOK F L 2> ROS
(17 A A X A AU A

B PR F NADPH 4 A0 il &b T 3 AR T i)
) 3 1 AT A R AT PR s R BRI 4 Ak 1 3 KT
6B N R R BT T AR 0 PR L 22 DN Y
Jet, Bk, NADPH A fb B 2 B i DN #)— >
PO LB 2 AW, Hodr p22phox 7 T 4 i
I, p47phox FEAN LT A, p47phox B BR b J5 ] H;
{7 ) 40 M B2, 5 p22phox 45 A ff % il H A 1k 7%
PEROT TR E R B0 A p22phox Al p47phox
PRIk, e A S E PKC-B F1 Ang- [T 35 P35 98 , &
5l DN AU HE B R &, e ¥ p47phox Rk FFE A,
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e NADPH A LB v /ER S,

ARG EE R FZ W] MT % PKC-8 Al Ang mRNA
RIFAWRAMEIEN ., BT Ang & Ang- Il T
A, Ang W BEIRI4% S WL B IE Ang- 1T F9KF, MT
X} PKC-B #l Ang(Ang- [[ )3k 0y il 4 H , AT [a] 42
MM p47phox V3 B 338 TG , 71 NADPH &
AR 36 P L 082> ROS 1Y 7= A=, BEAR B R 5 P9 119 4
b1 K

MT X} NADPH W 3% p22phox #1 p47phox iy
YEH AT (1, % p22phox mRNA # ik B A &,
X pd7phox mRNA (1 3% ik WA & 2 i 30 il 1 H .
p47phox Bl fk 5 7T 1% /b NADPH A fbL . [H ik,
MT X p47phox [l AT B Hz R K NADPH A AL il
EORTR A

B2 AR R B, MT AT PKC-8, Ang
pd7phox HFRIL, AL p47phox WX NADPH %
AL T B 05 AR AR T L 9800 B E ROS 19774, MT A i
Tk 400 R PN R L IR T R PR g K BRI
LB e A B R E R .
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