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Effect of curcumin on oxidative stress and hippocampus iNOS expression in diabetic encephalopathy rats
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[ Abstract] Objective To investigate the relation of diabetic encephalopathy with oxidative stress and hippocampus

expression of inducible nitric oxide synthase(iNOS) in rats and to study the therapeutic effects of curcumin. Methods Diabetes
mellitus was induced by injection of Streptozotocin in rats. The experiment animals were randomly divided into control group,
diabetic group, diabetes plus curcumin group and control plus curcumin group; animals in the latter two groups received
60 mg * kg ' ¢ d! curcumin treatment. Superoxide dismutase(SOD) ,catalase(CAT), malondialdehyde(MDA) and nitric oxide
(NO) in the hippocampal tissues were measured 12 weeks after treatment. The expression of iINOS mRNA and the mean optical
density (MOD) of immunoreactive neurons were evaluated by RT-PCR and immunohistochemistry method, respectively.
Results Compared with the control group, diabetic group had significantly lower activities of SOD and CAT, higher contents of
NO and MDA, and increased expression of iNOS mRNA and protein in the hippocampal tissues (P<Z0. 01). Compared with the
diabetic group, diabetic plus curcumin group had significantly higher activities of SOD and CAT, lower contents of NO and
MDA and decreased expression of iNOS mRNA and the MOD of immunoreactive neurons in hippocampus (P < 0. 01).
Conclusion Diabetic encephalopathy is associated with oxidative stress and increased expression of iNOS; curcumin may protect
diabetic encephalopathy by inhibiting oxidative stress and down-regulating the iNOS expression.
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1.1 s 5& A WS RAERE . SD KR (8 4
i B 220~ 250 g), I [ E K BB B K 2R S0 50 B
Wbt , BEIRIEH R (STZ) 3% % & (Sigma, £ H) ,
NO.H 8 (MDA) | # E AL ¥ B AL (SOD) | i %]
TR & (CAT) (75 M5 i AR 1 0] & (R o 2l
WA TREBESE T) . INOS $iik . SABC i 7 & .
DAB & 37 & (R UE L) . iINOS 5149 & B-ac-
tin f A T AW TREARRS A RA TS
B,

1.2 ##5om FHKBRIENMRSE L H. 28
12 h,#% 60 mg/kg XM ET N STZ, 72 h 5 E#H
Jok =% L0 AR , IR B >16. 7 mmol/L #1 kBl IR
o B AR A N7 B 5 B RS R B BE L A3 OB DR v 2H
(DM FHE PR i + 22 188 R0 97 2 (DM + Cur) , T 41
10 H, o BEAIL 3 BCIE & K BRAE S 1 % X 4L (CND
MIEH 2w EZH (Cur) . B4 10 2,60 mg/kg K
MEE G g bl . ZEHEM 0. 5% R ST 4R 8
Jic il % TR 2, DM A+ Cur A1 Cur 4R 60 mg «
kg ' e d EENY, WAL ISR 0.5% R
CRAEZENHE S L OB 12 8, S50 ) R R A B A
I B EEAROK AN e 5 2R S HAl R 25 )
1.3 B4 RH 10% KEHABE (3 ml/ke) BT
SR ORR I R B L 200 U 1 R B R K 24 200 ml &, vk
5 b TH I S IR L FH UK A B ER K Uk . EC— I i
A A% Z B W EE I E o, 17 SABC ¥ 1E iINOS
GG, 5 B 5 — M 41 21, — 80°C R 17,
RO S5 N INOS mRNA ) 3 38 K A 56 B b5
25 2H BT A B I R i IOk BBt 000 ot A AR

1.4 Afedgiranl BUE DA 80 % 109 H8%
B OB R, R & UL B I E NO, MDA
M SOD,CAT Wik, HH& &R MNE D E
P E

1.5 @it al iNOS ik P A B, 3%
H, O, K5 #8 Z Hui, 5% BSA H M4, i — it
INOS (1 : 100)4°C & M= R b ZhiFEhi e
IgG 37°CH## & 20 min, SABC ¥ & 20 min, DAB &
o KB, B A, BT B PBS AR — .
FIFH Image pro plus 6. 0 FE 4B 844 W22 K BRI
H CA3 XiINOS % % BH PE B 28 70 1Y F 35 0 % 2 {8
(MOD),

1.6 RT-PCR ## iNOS mRNA & B 100 mg

M UE ALK AR N TRIzol 1 ml, 2 &
YL LR RNA, S5 5k cDNA,L # #L PCR 4
Hi, Bractin L ilE 51 . 5'-TGA CCC AGA TCA
TGT TTG AG-3", FlF51#.5-TCA TGA GGT
AGT CAG TCA GG-3',7=#)2k 210 bp;iNOS L iif
9. 5-ACG AGG TGT TCA GCG TGC TCC
AC-3', FH#E5I 4.5 -CCA CAA TAG TAC AAT
ACT ACT TGG-3",7#¥5 394 bp, Bactin ¥ 4§ %%
50 94°C HAEPE 5 min, 94°C 28 30 s,55°CiE & 30
s, 72°C SEAH 45 s, 30 DEH, 72°C FEEAH 10 min,
iINOS B K BE R 58°C . X[l Bactin, M5 ul 724
1 2 %6 B i W e riL Uk, FHBE JE AR 3R G4 BROWL %%,
JH Quantity One FAF X 25707 0 K BEHEAT 40 H , H4 552
50 2 R T B2 SRl Y ST 2K BE 5 AR VL Y B-actin
05 17 28 K B A A LB R AT H A

1.7 @itz a® AR z+s #omATH
2% 07 22 500 Bl A SPSS 13, 0 S8 3R Ab B, 46
557K F-(a) A 0. 05,
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M2 ATER %%, DM+ Cur 4l K R“ =Z2— /D7 iE
IR, B 8, ORE M LA, E W B R AT B AR 92,
5% 12 JR L [A CN 41l DM 41 #il DM+ Cur 41k
JH BEAIR (P<<0. 05) L LB (A ¥ 7 5 (P<<0. 05) ; DM
M DM~+Cur AR & A TCH B 25, ZEE
Xof IR R B T B B TC R, LR 1,

2.2 BMKR#HEDLME NO,.MDA 4% % SOD,
CAT #&® 5HCN4MI.DM 4 KR NO fil MDA
B W W R, SOD F1 CAT 1% ¥ B W B AR (P <<
0.01) ;1M DM+ Cur 41 NO A1 MDA # & B & ik F
DM #41,SOD #il CAT HMHME & T DM 4 (P<
0.01) , ZH ZE X 1IEH K NO,MDA % & & SOD,
CAT WEPETCE W, W 2,

2.3 ZHKXRHEDL CA3 R INOS# & CN4
KU E UL/ & iINOS fe % BH 2% 40 i, MOD A% ;
DM #1 CA3 X iNOS % 35 FH ¥ 41 f B &l 35 £, Mo i
EAEA . MODEYS CNARKERERITFE X
(P<C0.01); DM+ Cur 41 CA3 X iNOS %5 FH % 40
J ek 2>, R B (, MOD {5 DM 4 b £ 5 A
Giits B L (P<<0.01), ZwERXIEW KEED
INOS BRI Tom , WE 1.3 3,
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Tab 1 Body mass and blood glucose levels in each group
(n=10, ¥=£s)

) Body mass m/g Blood glucose ¢/ (mmol « L™1)

Group 0 week 12 weeks 0 week 12 weeks

CN 259.79+23.03 448.94+41.08 5.7040.61 5.7940.70

Cur 260.23+21.23 439.76+22. 65 5.6241.25 5.68+0.96

DM 265.45+17.77 220.62+18.94* 24.45+2.67" 29.234+1.57"

DM+ Cur 255.78+22.39 243.634+21.38" 23.944+4.03" 27.59+2.67"

CN: Control group; Cur: Control treated with curcumin group; DM Diabetic group; DM~ Cur: Diabetic treated with curcumin group. * P<C

0. 05 vs CN group

K2 BEAARBEIHEL NOMDA 2K SOD.CAT &

Tab 2 Nitric oxide, malondialdehyde and antioxygen enzyme levels in hippocampus tissues of each group

(n=10, x%5)
Group NO » MDA » SOD . CAT »
my/(pmol « g=1) mgp/(nmol + mg™") zp/(U » mg™") zp/(U» mg™")
CN 1.522£0.05 4.66£0.12 111.0842. 00 5.23%0.14
Cur 1.4940.08 4.571£0.32 107.3241. 98 5.16+0. 21
DM 3.06+£0. 14"~ 10.36=£0.26" "~ 75.704+2.38" " 2.374+0.14"
DM+ Cur 1.69+0.09" * A4 8.3740.17* AL 88.25+2.59 *AL 3.6640.16" *AA

CN: Control group; Cur: Control treated with curcumin group; DM: Diabetic group; DM+ Cur: Diabetic treated with curcumin group. NO:
Nitric oxide; MDA : Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase. * * P<C0.01 ws CN group; 24 P<C0. 01 vs DM group

(B)

1 SEALENED CA3 X iNOS B3R IE
Fig 1 Expression of iNOS in hippocampus CA3 region as detected by immunohistochemistry
A Control group(CN); B: Diabetic group(DM); C: Diabetic treated with curcumin group (DM -+ Cur); D: Control treated with curcumin

group (Cur). Original magnification; X 400

®3 HHAKXRIED INOS mRNA 2.4
RiZR %ZEMREMBE MOD &
Tab 3 Expression of iNOS mRNA and MOD in immunoreactive

&M KR #EDL INOS mRNA # &k CN4
KD iNOS mRNA F£ikmflk, 5 CN 4L,
DM 41 K U 24141 iINOS mRNA 2 3k & B i 3% fin
(P<C0.01); #1 DM 41 Lt # . DM + Cur 41K R 5

neurons of rat hippocampus tissues in each group

=10, rks . S EL s

(10 H1Z1INOS mRNA ikt W] @i (P<<0. 01), %
N iNOS Immunoreactive neurons 3 0 e BV I 4 AL
Group (mRNA/ pactin) s B R XEHE KRS INOS mRNA 19335 TR,
CN 0.3040.02 0.0940.01 J[—L[‘@ 2‘%% 3.
Cur 0.2840.03 0.0840. 02 . A
DM 0.65+0.01" " 0.180.03" RIS

DM+ Cur 0.41+0.02* * A4 0.1240.01" * A4

CN: Control group; Cur: Control treated with curcumin group; DM; Dia-
betic group; DM+ Cur: Diabetic treated with curcumin group. MOD: Mean
optical density. ** P<C0.01 ws CN group; &4 P<0. 01 ws DM group
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B2 BRAXRIEDHAINOS mRNA K RIE
Fig 2 Expression of iNOS mRNA
in rat hippocampus tissues of each group
1: Control group(CN); 2: Diabetic group(DM); 3. Diabetic treated
with curcumin group (DM~+Cur); 4 Control treated with curcumin

group (Cur)
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AALEE RS MR (Fe/S) H 0 8 2 2 5k 5, 1l
GEAASEY PR A R F A SN2
KRS58 DNA 4§ B 24, I 7T 5 20 g Bt i Ak
SEM L ITHIE T, Mastrocola 25 & Bl ROS
ey TR B A PR R BRI 2R R AR 9 NO J NOS &
IR, Celik %50 % 808 IR 5 K BLK i iINOS
mRNAZR B # I, NO & & 34 . bt A b # SOD,
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