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Expression of cAMP responsive element binding protein and p-amyloid protein in cerebral tissues of diabetic rats
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[ABSTRACT] Objective: To analyze the association of recognition and behavior of diabetic rats with the expression of B-amyloid
protein (AB) and cAMP response element binding protein (CREB), so as to pave a way for studying the role of diabetic
metabolic disorder in the mechanism of Alzheimer’s disease. Methods: Animal model of diabetes mellitus was established by
intraperitoneal injection of streptozocin. Wistar rats were randomly divided into normal control groups (N).,4 week diabetes
mellitus model group (M4) .6 week diabetes mellitus model group (M6) ,and 8 week diabetes mellitus model group(M8). The
changes of recognition and behavior were tested by Morris water maze task and shuttle box task. Congo red staining was used to
detect the deposition of beta-amyloid in the brain tissues. Expression of AR was measured by enzyme linked immunosorbent
assay. CREB and pCREB were tested by enzyme linked immunosorbent assay, RT-PCR, and Western blotting assay. Results:
Behavioral tests showed that the learning ability and memory of animals in the diabetes mellitus model groups were impaired and
significantly decreased compared with those in the normal control group(P<C0. 01). Compared with the normal control group,
the model groups showed higher AR expression and lower CREB and pCREB expression (P <C0. 01), with no significant
difference found between the three model groups. The expression of AB was negatively correlated with the expression of CREB
and pCREB,and was positively correlated with learning and memory impairment of animals. CREB and pCREB were negatively

correlated with the learning ability and memory impairment of animals. Conclusion: Diabetes mellitus can contribute to
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Alzheimer’s disease through increasing expression of AB and decreasing expression of CREB and pCREB.

[KEY WORDS] diabetes mellitus; Alzheimer’s disease; B-amyloid protein; cyclic AMP-response DNA-binding protein
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protein, AR; AD Y £ 8 73 F A= W) 2 46 45 ) J¢ CREB
H1 pCREB 23k , 73 Hb FR 9 K B AT S 22 U8 5
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(FF22 15 ), W05 5 s J5 b JRS 30 f Al 45 A v 3R 8 (o
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PEFLATSE 8 (place navigation test) : A T & K 3k
WAL CEOMRES) . ST 1 d MR REREA
K A VK 2 min, WS UK STl H 2k S
W EREE . SRR 4 d R AR ARSI A B,
AR B ISR 4 W, BT RBEPLIE#E 1 D AK
KB IR R T 1o 3 B A K R — U I 2 B AR B
AR EAHTE] 12 3 R B B & 0 i ], B9 AR 11
(latency), (2) Z5 MR E LK (spatial probe test):
JHF I 5 K BUOR A7 22 56 (B2 42) 1Y RE 7, BV K LA 25
FHFEIE X B B ACEICAZ R RE T . TE I 2R
1 5 S B BOER - & L SRR TE B 2 IRATE 1 > AK
A DR B TET o Yt BE TR A K R I 120 s AR R
B A i ok R B o BR R B B A b BA S 120 s N
TSRS MN A & (W57 D 2R W
B8 B UKL, 85 R BLR 27 5 19 I ] (32 2 AR
B, M 120 s N 5B R RSP R A7 A R Ge
PRI Fe B2 AW AR, PP AN R BL2E 2T e 12 )
fiE .

1.4 RIRoFE FTRPILREERE, KEBREES
AL FE Uit B 2 2 K e T v R R R A L SRR S
pm A Y] R B 2K (50°C, AR T ZHIR
Il % 25 min; 100%6.,95%.90% ,80% .75 % L B %%
WK 5 min), 8 ARG AR E S 2 min,
0. 5% MR L BEW AL 2 s, H KRR FE 4 mhgk , W 2R 21
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4 ¥ T A 1 S5, B vE A BT AR 2. 5 ml AITACKH 2 AR R
VKA BEER K A 3R 386 A 2B BS L SR I FE VKA T
R O R AT, 4°C TR 10 000X g B> 10 min,
B WS, ™ #% B CREB, pCREB 5 AB ELISA
Uk B A BRI AT

1.6 RT-PCR #a X & w2142 CREB % pCREB #4
& AT R TLIEE RS L R S 4 KRR TR R
TR B 22 RNA JF 2 . ) DNA B T 23 5
RNA DL EEr DNA 75 %, & 50 50 41 BUSF & 9 RNA
Wi 5% 5 3547 PCR. CREB.pCREB B4 PCR 51 ¥
FIULF 1, bt AR AE Y RHECA R WA .
¥ 5l PCR 48P~ W1 2 % B9 Bt i Wi 5 e b kA7 e
KL HE—EN 70~80 V., HLVKSEEE S L B B TR
SAMT T W R S5 B IF A, 4523 A Quantity One-
4.4, 0 FAF#EAT 2 B 0, DL H BB S Bractin 4%
WO EDEE B (D) I AERR H A9 E mRNA ) AH X
1.7 Western ¥ i A X & 4128 CREB.pCREB
A% REULZ O D A 00 2 50 L 4% 10 ml/g
B4 L B8 i A 42 4 24 W ( Tris-HCL 50 mmol/L,

pH 7.5, EGTA 2 mmol/L,DTT 2 mmol/L,10 g/L
Triton X-100,1 g/L SDS,0. 2 g/I. NaN;,100 mg/L
PMSF,1 mg/L aprotinin, PMSF Ml aprotinin IIfi i
RO A 510 P B )R . I BCA 35 BEAT
HHES, 10%009 SDS-5 N M It e B e Ik . A
N 28 g, HIKAME4°C BT 20~30 mA, LTk
GERJE AT E A B R, R RN
0.22 ymEMREA R (NC) B, 4°C,HLJi 4100 mA,
BB 3 h, Western EIIE 2258 L IR AT . 10 6 B AR 4F
WEFE] NC B 1 h, TYBS(20 mmol/L Tris-HCL, pH
7.5;0. 15 mmol/L NaCl;0.05% Tween 20) % ¥ 3
U, IR 10 min, #4 NC IR 5 BRI 10 W) A i
ML BT oR ZHT (1 2 5 000) A3 ML 1 h, w5
TTBS E P NC B 3 %, &K 10 min, il A ECL 5
FCIE 5 min, PR JREAL5E , WE 2 E AT X A i L
WA AW, SR % NC B actn (1 :
1 000) #4T Western EJ I 42 38 R i, 4577 48 Gel Bt
WG S BT R G R AL B, T F S D E R %A T
L& S0 SR D A5 X0 IR L8, 13 B AR A

& 1 CREB #1 pCREB PCR 3| #1i% it

Tab 1 Oligonucleotides used for reverse transcriptase-polymerase chain reaction
Target gene Primer sequence(5'-3") Size(bp) Annealing s Cycle
temperature /°C

Bractin Forward:GTT CAA AAT GGA TCA CTA TGC C 245 58 33
Reverse: GCC AGA TCA AAT CGG TGA AGT C

CREB Forward: TGC TAG CCA TTA CCA CGT ACC T 268 60 33
Reverse: CAG CAG GCA TGG CTC ATG ACG G

pCREB Forward: AAA TTC AGC TGC AGT GGG TCC 272 59 32

Reverse: TCC ATA GAA CCT TCC AGA CCG

CREB:cAMP response element binding protein; pCREB: phosphorylated CREB

1.8 itFam FaHIENU s+ Fm, 2
H2 R i SPSS 11. 0 B AFELHEAT Ge i Ab 3L, R — 41
PR AN [m] B[] ) L B8R 1 5 2 43 B, P 2 22 1) ] —
B[] S LU AR H ¢ K35 . One-way Pearson 2k VEAH
Ko, P<<0.05 RmERAGIFEL,

2 &5 B

2.1 KRET FHRAEZHER LR E 2RV
E R SRR TA UL S I ol v 8 2 R ak v B A
FI¥ R, SRR SO0 ARG I 8 s B AR 21 KRR B L
UOBUS IR X B R B S 3 n (P<<0. 01), E 3
M6 BB E BRI (P<C0. 01), /K 2B S G 45 1 1
AR A KRR 2 ) RIAE 2 Vs AR 3 B ) 3 E K

(P<C0. 01) , A5 BY 20 45 20 1] oK BRLAT S 2 14 e i 25 2R
ZSR G FE L (P>0.05),

2.2 MR &R IEF X ALK ER A L E]
RUE MY BT 5 1E A B AR L A A K
RIEMFEY RUCE W W, A2 5 Ml A e
(K1,

2.3 AP40/42 ELISA 2%  ELISA HLAGI4, F iR
BARYZH ki N AR40 K 7 BIY 5 14 w55, D IE X HR A 1Y
(64. 13 - 6. 76) pg/mg JF & 15 A 4 1Y (86. 43 +
7.03) pg/mg, 75 BA G L (P<C0. 001) s AB42
BT T, DAIE H 6 B4 Y (67, 434 5. 12) pg/mg
FH% (89, 45+5. 28) pg/mg. 2 7 HA Gt X
(P<C0.001) ; MERYL 2 20 [H] 22 7 T Ge 27 3 L,
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Tab 2 Results of shuttle box and Morris water maze test of rats in different groups

(n=6.xr=%s)
G Times of electric shock Times of escape Latency of study Latency of memory
sroup f/min"! f/min~! t/s t/s
N 65.2+7.5 48.5+7.7 70.5+8.1 53.8+7.7
M4 102.4+8.2" 26.2+£7.9"* 92.2+8.6" " 78.8£6.9" "
M6 104.4+6.8** 25.5+6.3"~ 90.3+8.3"* 76.8+5.4" "
Ms8 103.1£9.6" 27.7+8.3"* 92.3+£7.9%" 78.1+7.5**

** P<C0.01 vs normal control group
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Observation of amyloid plaque in hippocampus with Congo red staining(arrows)

Fig 1

A:Normal control group; B:4-week model group; C:6-week model group; D:8-week model group
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2.4 CREB# &% R Western EJi il ELISA %5
Py R B A2 K BG4 24U N CREB & 2% B AIX,
ELISA ¥ . NIE# X B4 /9 (33. 26 5. 17) g/mg &

E%%*Baééﬁﬁ B8 CREB [ Western EJ3l
EDMHEHEEME D LM FEREEFEMK =
0.312,P=0.004 5) ,ELISA ¥l # CREB /K 5
FHDRRT BRI R EMK (r=0.434,P=
0.003 8),CREB Ry P AL 2 B2 5 1A 1 T fig 0 48 05 72
FETEAHDG, H AB40/42 5 CREB H £k AH 5 43 #1 45 2

BRI (26, 64+5. 81 g/mg, Z R HAGITHE X
(P<C0.001), Western EJ 3% ¥ . D 1B M 15 5 X B 20 )
BEX(P<
RT-PCR £ I K B 2H 21 CREB mR-
R Ay

78 AB40/42 5 CREB BA fiAH M, ELISA Y&
i CREB 5 Ap40 £ (A X4 (r= —0. 326, P=
0.006 5),CREB /K ¥ 5 Ap42 7K 2 5 A1 XA (r =
—0.321,P=0.0054), P, FATHEN CREB £k
o AT ARG AR ik, B3t M 2 N A T RE G 52473

1.324+0. 26F% % 0. 68+0. 31, 2 F HA S
0.001,K 2A),
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— CREB

D value
& "
iz
"
-

— fl-actin

2 T B
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Fig 2 Expression of CREB prtotein(A) and mRNA(B) in hippocampus

1:Normal control group;2:4-week model group; 3:6-week model group; 4:8-week model group. * * P<C0. 01 wvs normal control group;n=6,7x+s
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2.5 pCREB #@ %4 R pCREB K458 85
CREB % ik 45 R HAH — 8 ., Western EI i Fl
ELISA #4552 5 7 158 89 240 K BRUG 41 21 ) pCREB
. ELISA 3 M IE & X 24 Y (28, 43 +
5.45) pg/mgPF BRAIA K (21, 23+4. 13) pg/mg,
ZRHAAG 228 X (P<<0.001) , Western EJ3lF %
D M IE 3 X B0 1. 64 0. 23 B 2= 4 R4 (1)
0.78+0.26 (K 3A). ZH HEAZRIT¥E L (P<
0.001) ,RT-PCR £ il K B 20 241 pCREB mRNA
M FRIRKT 5B H R A KP4 R — 8L R 5
IEH O R L pCREB R ik B W B IC (& 3B) L 22
SRAGHFE L (P<<0.01), BRIZH %% 4 8] 22 53

1 2 3 |
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| 2 3 4

TG L (P>0.05),

HLHM LM 45 R 58 pCREB By Western EfJ
WE D HEHSFEE D RZMRFEHWEEMNK =
0.235,P=0.004 5),ELISA 3%l i# pCREB /K ¥ 5
D RIRFERBIFEEMK (r=0.332,P=
0.003 7),pCREB 23k FITA 1 2y 68 41 45 it & 52t £ A
%, H Ap40/42 5 pCREB T £k Ml 56 20 #r 45 3R R
AB40/42 5 pCREB i #H 5¢ . ELISA | i pCREB
5 AB40 Ml K (r= —0.447, P = 0. 004 4),
ELISA 35l i pCREB 7K ¥ 5 Ap42 7R & i #H ¢
(r= —0.357, P = 0. 003 5), 1T I D
pCREB FRIkFERAT Y & A Rk,
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Fig 3 Expression of pCREB protein(A) and gene(B) in hippocampus

1:Normal control group;2:4-week model group; 3:6-week model group; 4:8-week model group. * * P<C0. 01 ws normal control group;n==6,x*£s
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BOmM N cAMP W .4 45 F cAMP 5 PKA 454
WS b AL s a5 A B AR TS PR RS PKA 187 7 2
i B 1 AR N L B Rk CREB M Ji 3 i 0 2
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1 EIEH S, 5 CREB Hl pCREB % ik /K - 7 4 ¢ ,
FT LA, B RO AR 5 0 TS AR Y 2 G 3 i AT RE R
CREB il pCREB ik /K F F R E# R HZ —,
AB M F LM = 5 CREB Ml pCREB ik T [ 3t [H]
Z 5 T W Z AL S A D RE P E A R

B2 BRI 2R AL S B0 b A0 i T e 3R AL AE
P 2 A8 P T B AR T 48 32 OQ 1, AD Hh bl 48 T 4
i L 5 A 56, AR 76 B IR m K B 41 40 rp i
FeIRBE BRI R ELS D12 X H CREB B4R
Py i P T A0 R I 3o R S B AR I AL S 51 R
(1 AR ik T Kok 1 Ty BE 45 43 1 AL B AR Tl R
TR, AT HOER R T AR 768 IR 9 K BRI
AP FRA = 5iC 1M 2 HE 11 CREB £ ik
iK% TR AL 51 & A Rk T 5id 12 A
REE 1 CREB 2R3k B 1K Y PR 5C 2 HL A7 A4S BH 6
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