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(WE] a6 . WEFEALANSE%KSF Y (metallothionein, MT) 3 8 & 5 A B & B € 1L B # 4 47 X NADPH it s i ¥ W,
BHMT HBEFARLEBRPEANTRNS., FTE AR SDARBINLS Y EXABANC,2=8) B K% %A H (DM,
n=T)U R HEH MT %5 A (DM+MT.n=8), MR K AR E A8 HREHE F 60 mg/k)MEBE K A R# A, DM+MT
NARBTFI0g/kgh FEMTHEG., 4 BERMAE AR 24 hEREAQLLWUPF B KB/ K EKW/BW) M, 4t ¥ i
W, bk kR MR — 8 (MDA)4 ¥ ,real-time PCR 3% 4% % NADPH 4 1t 8 T # p47phox.p22phox, & & # ® C(PKC)-8
Fof % EREE(Ang)mRNA %%, $#F%:5 NCHMW,.DM 4 24 h UP KW/BW U B % i MDA AW E A H (P<
0.05); ¥ & i pA7phox.p22phox .PKC-8 #1 Ang mRNA % i § # # % (P<{0.05 ® P<{0.01), 5 DM 4 43tk ,.DM+MT 4 24
h UP.KW/BW I\ & ¥ % i MDA & ¥ % 1& (P<C0. 05), p47phox, PKC-8 f1 Ang mRNA # % % A % B & (P<{0. 05), T
p22phox R B K K. R MT T ETRKBERA AR F B AL HAT, W4 ¥ KR PKC-B.Ang UL X NADPH 4 1%
TEWERE ANTREECERPER.
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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™! + 47!,
DM+ MT,n=28). 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-8 and Ang mRNA were significantly
decreased in DM+ MT group compared with DM group(P<(0. 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 THEEHEREABZEOHDM O, ™, £
HWEERT . FHES LW MT 0] & o 10 H
NADPH £ 4L % p47phox WH Fik, K EHEMHEML
VER, TR BB R Xt O ZE LR RE I & .
BEAILHMARERS, B, AHRAWET MT
B PR K BUE R 4k L #H8 41 & NADPH 4L B
B, — 1T MT s RB KR E R E
AT BEPL S

1 MEMAEE

1.1 ## @SREHESTZ) MW EEE Sigma 2
AL,MT i REFREYHBE TR G R AR R,
A_BMDAMIE AN EMABEEER AR, I
B R A 2 RN B O 2 X

1.2 s rsE HHESDRKR.CHEE
150~200 g, A L LB Y P L R/EE, KBEM
HRFTIESH BRBEENBANCOKRS H;
¥EPRA A (DM) KR4 T STZ(60 mg/keg) —IRHEE
FEEST, STZ AT LL 0. 1 mol/L # B AR b 28 nh K
(pH 4. S) B Fe il 1 B 5 R #R Bk R il 2 ¥ , LA
MK F 16. 7 mmol/L #i5E Jy ¥ FR A AL, B BE L
4% 2 4B B RRAERIE (DM)7 DA RR MT 34
FH(DM+MTYI8 R, MT EMA MT §i#%7 - 3
B UBEKEERHSRBEER . A4 T 1 e MTH
¥ /2 ml,DM+MT A KRHEEX 10 g/keg R
BEEB;NCA DM A AR THENEHIIBKER
EEH. FERRABKK.ATFEHE KRB, G/
£ A f 2 0 it A .

R b A FERRMWES 24 h JRE, WIRE
BHHEMER (24 h UP), LR h4) % B AR RE T B E EL
BEE.REEER.ITEEHRE/RHEE (KW/
BW), 5B KR, —70CIRB KA R FF, TR
B (MDA) ,NADPH 4 1L 8 ¥ % p22phox Fl
p47phox . B H M C(PKC)B R B Bk £ R
(Ang)mRNA,

1.3 KA MDA 4% m & %I MDA K#
S PRE, AL EENE.

1.4 Real-time PCR %42 424 PKC-8.Ang &
NADPH £.1L & & % p22phox.p47phox mRNA &
&3 Ang 2 Ang- I WHEIK, BIA KK Ang
mRNA WRFEKERMEZFETHFRAL AN Ang 1
B ; A T B HER b S B I 48 47 mRNA FiEK
FHEESHBHHNER, ABRRA 18 SEHEAT
# mRNA J S8, B E A7 mRNA/18 S mRNA K
H . HBRTARERNOE .,

1.4.1 % RNA #£3 BUH KR 100 mg ¥ K&,
Al TRIzol 25L& RNA, Bk WL RNA #y ¥ E f5E
L e

1.4.2 B4 i GenBank £t #) K B p22phox
(NM_024160) . p47phox (NM _053734) . Ang(NM_
134432) , PKC-3(NM _012713) mRNA F %, #|
Primer Premier 5.0, B47i& 11514, p22phox. ki
3i# 5-CGG GCT GTC CTC CAC TTA CTG C-
3, FEsIY 5'-TGA TGG TGC CTC CAA CCT
GCG-3'; p47phox: t #¥ 31 ¥ 5-GGA CAC CTA
TCG CCG CAA CAG-3', Fi#isl¥ 5 -GAT GAG
GTC CGA GCT GGG TCT C-3';Ang: F#5145'-
TTG TCT GGG CTG GAG CTA AAG G-3', F#if
314 5'-GCA GGT GCT CTT GCT GTA GTA G-
3';PKC-8: L5319 5'-GGG CTT CGG GAA ACA
GGG ATT C-3', T# 34 5-TGG TCA CAG
AAG GTA GGG CTG G-3'., 5145 LB 5 44
BEAERAR G K.

1.4.3 RNA#&#F#F FH RNA #% FiH
& 4T RNA @8 5%, ®H &M TaKaRa A dE )
RNA PCR kit, #& IR 7| & 42 it i) = L4k &R #E 47 %
RN,

1.4. 4 Real-time PCR #| f§ TaKaRa 2 @ 8
SYBR Premix Ex Taq (Perfect Real Time) kit 47
real-time PCR & i, PCR {3 {# F| Corbet Research
ATIB Rotor-Gene3000. LI 45 R Fl FH 8 4 Ro-
tor-Gene 5.0 LI & Excel 7.0 #4788 2 th AL 3.,
1.4.5 HeEHEKLS HFHRAKM PCR =Yk
Mlo R ERBEHTHER, &F 1/1 000,
1/10 000,1/100 000,1/1 000 000 EEM BB
YE o ¥ HE WL AR AR , AT real-time PCR G, i1 5X
4 FRE & A B RN B8 L A 3K 14 Rotor-Gene
6. 0 AR #E f N B 5 St S B W 45 B4 AN AR ME A 1Y VR B
RECHEBAHERZ .

1.5 %3tFa® KA SPSS 12.0 St 8. LK
BEM s Rn . SHBBEERBEEI KA ¢
KA,

2 & R

2.1 BEAREBOHEHKNL 5 NCHMEL,DM
A DM+MT KRk FE B EH & (P<0.0D),
AR BB (P<0.05);5 DM 44 t, DM+
MTAARMBEMEREREHBRE, ERELS
H%ENED.,

2.2 B KXKRAKEHRAMDAKRRER WE1
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B .5 NC 4 . DM 4 KW/BW .24 h UP #i'¥
i MDA KFHBZEAEH(P<0.058 0.0, 5

DM 448 .3, DM+MT 4 KB KW/BW.24 h UP
'S R MDA K B E K (P<<0.05),

£1 SAXELE . ACFE.SHER/ARR.REAN MDA RALR
Tab 1 Blood glucose,weight, KW/BW,24 h UP and MDA levels in each group

(¥
Blood glucose . KW/BW 24 h UP MDA
Group n (cg/mmol « L™1) Weight(my/g) (mg/g) (mp/mg) (nmol » mg~! * protein™!)
NC 8 5.8%1.2 310.14+20.6 4.0110.41 5.20%1.16 2.01%+0.12
DM 7 26, 76,1~ 243.3+45.4" 5.8710.68" 11.34%1.57* 2.9410.53"
DM+ MT 8 25,9+5.9%~ 253.4140.1" 4,28+0.56*2 7.85+1.39*2 2.32%0.36%2

* P<0.05,* * 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 #: 4 R

2.3.1 NADPH B EXshk% 5 NCHAM
,DM+MT A #1 DM #H p22phox mRNA £iXx &
EF® (P<0.05), DM+ MT 4 & f & p22phox
mRNA K¥5 DM 4 ML TR FEER. DM+MT
ZH#1 DM 4H X B p47phox mRNA £ KK FEH NC
AAXRBEEFRB(P<0.05), DM+ MT 4

25
20

15t

0.5
A

Angiotensinogen mRNA
5

p22phox and pd7phox mRNA

p47phox mRNA 7k F# DM 4H &K (P<<0.05),
WA 1A,

2.3.2 PKC-g#t Ang A+ 5 NCHH#H.DM+
MT #41#1 DM 44 PKC-8 #l Ang mRNA £k /K¥ 8
EHA B (P<0.01);DM+MT 44 KR PKC-8 #1 Ang
mRNA 7K ¥ DM 4 B F K (P<<0.05) ., #RLE

PKC-B mRNA

NC DM DM+MT NC

1B.1C.
I 15 =
S 10
05 ﬂ
B 0 7 7 C
NC DM

DM DM+MT DM+MT

1 HAKXREHALR NADPH R BT X (A) . Ang(B) Bl R PKC-B(C) mRNA fy ik
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-3 mRNA were relative to 18 s rRNA. Results were expressed relative to NC

group, which were arbitrarily assigned a value of 1, 0. * P<C0. 05 ws NC group ;2 P<(0. 05 vs DM group;x=ts

3 i i

R IR B R R R FAERE K, R,
REBKFEF&E. 8 KW/BW # 24 h UP A] R Bk
BERR I K R B R R oL AR R, MT
AR PR K X BT FE R B B T B, 8052 o I 0
Xof B REE B4 49 00 o PR O R BB 8 W R AR Y i
&, WRmEEANBKEEEFT, NADPH &
{LBE 2 WE PR e KRB SR (RO M EEXRE
Z =01, AT PR MT %Hb bR K LS I 81k 5 %
KR W, AP ST R T & B i MDA K%, 45 %
R, MT A #4490 0 8% BR 7 K B BE MDA iy K

o B AR E R AR K R A B AL R #OK 2> ROS
B A F X B AR R .

¥R et NADPH S 4L B 4k F 16 LR 25, i
1) L0 AT LA I OB PR K B B B Ak N K,
M E N ERE R, MO REA, BZE DN M
&Y, B, NADPH & k8§ &4 DN ¥ — 4 &
ERS G/ EZ TR, Hd p22phox i F 4 fa
L, pa7phox ZEH MR N . pa7phox BB AL G W] ¥
PP AR, 5 p22phox KA M XM A B HILE
U, 7EEAE R B4 M A p22phox fil p47phox
Fik. & Mg S8 PKC-B fl Ang- 1 JE 1SR, &
1% DN WEERE , {ei# p47phox REFFE L,
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3% NADPH E{LBEE R fE RS,

EFFRERFEH ,MT 3t PKC-8 1 Ang mRNA
REFEHENMHIER. 88T Ang 2 Ang- 1 AT
5,8 Ang LRERIEE R B E BE Ang- 11 9K, MT
%t PKC-8 #1 Ang(Ang- 1) RE KM VER , 7T 8] 4%
%1% p47phox TR FTEHE, 7 H NADPH &
LB IETE . B> ROS =4, REE R RANE
Ak R B K

MT X} NADPH ¥ & p22phox #l p47phox #)
YERR—A R, X p22phox mRNA REE AR W,
%} p47phox mRNA K ik N A 8 3 6930 % /5 H.
p47phox BEMR 1L J5 PI i 4k NADPH & {LEs. H ik,
MT X p47phox B i 7] B #:F& ik NADPH & {L 8§
ORCR AN

BZ,APRZH,MT aJ i § PKC-8. Ang Ml
p47phox B F ik, Bk p47phox E & X NADPH £
LB RIS AL VE R, B0 B I ROS 74, MT ml @
o 40 5 Bz B P A B AL B K, XM PR R K R
BHERERTERERER.
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