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Expression of Arc/Arg3.1 in diabetic rat hippocampus and its relationship
with cognitive function
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[ Abstract] Objective To analyze the correlation of cognitive function with the expression of Arc protein and amyloid-beta
peptide (AP) in the hippocampus of diabetic rats, and to assess the role of synaptic plasticity in the possible pathogenesis of diabetic
encephalopathy (DE). Methods Thirty male SPF SD rats (8 weeks old) were randomly assigned to diabetes mellitus (DM) group
and control group. After 4 weeks of high fat diet feeding, the rats of DM group were injected intraperitoneally with streptozotocin at a
dose of 30mg/kg to establish diabetic model. Body mass, fasting blood glucose (FBG), and fasting serum insulin (FSI) were
monitored at several stages, and insulin sensitivity index (ISI) was calculated. At the end of the experiment, water maze test was
carried out to evaluate the cognition of all the rats. The expression of Arc and Af in the hippocampus was detected and observed by
ELISA, immunohistochemistry and Western blotting. Results The DM group spent shorter time in the target quadrant (P < 0.01)
and lower frequency of crossing the original platform site (P < 0.01) than the control group. The expression level of A was obviously
higher, while that of Arc/Arg3.1 significantly lower in the DM group than in the control group (P < 0.01). Conclusion The
cognitive impairment in diabetic rats is possibly related to the decreased Arc expression-induced synaptic plasticity imbalances, and
further increased AP deposition and neuronal damage.
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IR AE . 19634F Nielsendi i Bl b P4 15 ( diabetic
encephalopathy, DE) ##f:& . DER) AW HLEIAH,
H FT A 5 0 2 b T g 3 ) 2 el s | sy
F AU ZEAL L RAE RN L P2 SR R A
AR, A AT i DA Dy 5 fink w] 9 MR ek 2R S B0
M1 S ig 2 B R JEDER R . KBS R IC A ME
DATE 8 A Eh S LA T2 0 0 40 M R A G 2R
I (activity-regulated cytoskeletal protein, Arc) /
TR B 3.1 A & (activity-regulated
gene 3.1 protein homolog, Arg3.1) & —F it kr Ay B
FLIE (immediate early gene, 1EG), H.FEiL™¥)
ArciE {5 KI5 ( long-term potentiation,
LTP) #UIAHIC, XFic oI A2 fph o] $8 1 28 ¢
B A UREZH AR b R T /N R B R AL TR R
(streptozotocin, STZ) Ji§ i v 1Bk & i g ik £ 4
ST DERBUAERL, UESE TDERK YA | id12fE
B IE H R RSB R BB A BIF S 40 A I A R S el
e W B 1 2 2L Arc R BYE K FE 2R 1 IR( amyloid-
beta peptide, AB) HIFRAZLL, M HER T2 fish o] ¥
P 72 #E DE & 9 ML AT A4 i 0% R €, Sk BT RN IR
7 DESR (LI B R 40E .

1 #RIERF®
1.1 %%z

30 H SPF % 8 J& i 1 SD R Bl (4 Jiit i 180 ~
2209 ), i FIEACH K AE LI S R
12 F2EMBEZKE

40% =3 B Tkl (b v i 38 v S 56 2h A BR 93 4T
AW ); STZ ( 3E[H Sigma-AldrichZy W] ); PR i 4
1 CEE A ], SureStep ); MorriszK 2k B K AL
WAt 2 (MEALIERAY R S A RA A );
Arc/Arg3.1% Z sekEdiiR (3£ E Abcam/A ] ); K
Ji & R ELISAIK 7 & (L5 . E0210004 ). K
ABRL1-42ELISAIRF| & (L5 . E02A0050 ) FIARL-42
REZFIEDUA (¥ R ARA A ),
13 FHYyrafERES

SD K FUAE N7 M MR 7 LR Bl HIL 4 R X B A
(n=15) FHRF 4L ( diabetes mellitus group,
DM#4, n=15), X RS TArifElael, DMA L T
F AR TRR IR BB ARR . iR BRSOk 12h, D)
30mg/kg Fl LmI/kgiE &t it X DMEH sh ¥ 17— Uk JE i
TR, X BRI s v 5 R R e A A R 2 v i . STZ
T 720 5 PR A (SRS R 2 sh ) e e ik b
DL BB I e B = 16. 7mmol/ LR Ky i A o, W4

S LIS A fRHR IR 165K
1.4 KR IEAFRT &

B JA W 0 Bh ik o L BEMLIRRE , T STZi: M4
18 J5 B8 i Bk CR I I 25 i A ( fasting blood
glucose, FBG ) AIZs I IfiL i g & % ( fasing serum
insulin, FSI ). 4% BN 3150 0 5 3 BUHE £ insulin
sensitivity index, I1SI) =LN[1/ (FBG x FSI) 1%,
ISIRIEIER i, A Hr e BUL B AAXTEUE
1.5 Morris/KZE g m =X

161 MorrisZK & B ML : (1) RIEF-H5E
5. DIiF5d, SEEHT1d K BRAEZK 28 5 TR 2minid
NG, 6 & T HARRR A LoKE R 2em, fR
PR3 Z IR BN 2 44 J7 1), R BRI RE A
WA, #90s K BUE [V G158 30s, MK AKZE
J€ b -5 i B B[R] 10 Sy ki v AR 5 7 90s A A 4% 3]
V6, WK G 25272 30s, kR id N
90s, HF H KB HFFITARAKINLE, (2) IWEL
5. SORMET-5, KEIEEE- 507 8 i dx i)
i AK, H HEk90s, HHLA 4> R 4EiC 3£ 90s
PR BRUPE B ARG B A DK AR BRF ] | B R oy St ]
SRR E S AR B 2R
1.6 ELISAEH %% R4 F ik ml AR X

Fic2ml/kg i 55 10% 7K A SR R sh 4, 13 B
K JE Tk A Bt — i sy, #22.5ml/g i A VK
WimaEh 2% vh ¥ ( phosphate buffer solution, PBS),
AP AR UK AR R A R, 4°C 5000r/min
B0 15minfE B R, MR i BRELISAIR R & Ul ]
PR B 5 B 0 T L 2R 10% 2 5 R A T 1
FEL, SRk, —HARBEY, AL
P, YIR, RJESum. 2 SPIR R & vl 9 I E AR
2RIk, D6 B T AT 4l W5 R BUEF 5 CALIX.
ABRYFEIL
1.7 Z&G¥iEik (Western blotting ) #&@ Arcéd &k

[ R 1 7 3 4 8 s o — i o, Lh1oml/g ke
B SR A EOE, K E5)0, 4°C 12000 x g2
L 10minl g, BCA: M & 8 MW B . A 5
25 SDS-5R N ¥ I it &€ i i vk ( PAGE ) HL Kk %%
#% 3 PVDF JEE | . ¥ % & & @ T 3%
BSA-TBSTH, ##IK L= # M 1h, J§4 —Hi
( Arc/Arg3. 1% £ Fi ik, 1:1000) 1 4
[HRPFRIC I HRIgG(H+L), 1: 50001 &
J& H Image-Pro Plus 6.0%K 4 4 #r 4% % B9 BL 4 ok
WA, JF 1SR A X
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Fir A7 B 98 % FH SPSS13.0%k 4 40 ik 17 48 11 2% 4y
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Fr A B e JE A7 IE SOy 255 MR, B4R e
BRFHAMSIAEAR UG, LIP < 0.05 8 2 R A 41

2 # R

21 HRE. THLE, EEMRE IR EHE

FHEAL

ST AE R & R 135, X IRZH 2 B AT 3 —
Fe— 15 525, DM 2 5ok UK 3 i3 1 5 2k 5T
T- . SCE 4 DMAL AT R K RRUIA R A Y, 22 5%
TeHiit = L[ (204.85+6.19) vs (205.46 +
9.98) g, t=0.189, P>0.05]. /&I B S 4R
KDMA KT T A, 2865 %E X
[(393.77+12.34) vs (367.08+18.59 )g, t=-4.312,
P<0.01]. “H4JHKF 4 STZ/FDMA % i il L £
KEZBEZRIE, KRB N, ZH16/4K

Ab FETT DM 1K BT 5 Ik T XS BRAH , 22 5 A e it 2 =

X[ (377.38+19.74) vs (481.38+19.50) g,
t=13.515, P <0.01]. STZiE4H1/E )5 &8s DM4
FBG. FSIfE T X4, DMALISHE T X I, 2
A GITFE X ($HP<0.01; F£1).

®1 WEKXRSTZEHFEFBG. FSIFNISIHY LR
Table1 Comparison of FBG, FSI and ISI between two groups of rats

after STZ injection (n=13, x+s)
Group FBG(mmol/L) FSI(mIU/L) ISI
Control 436 +1.13 20.41 £ 3.12 -4.45+0.13
DM 19.63 + 1.40™ 35302777  -6.54+0.13"

DM: diabetes mellitus; STZ: streptozotocin; FBG: fasting blood
glucose; FSI: fasing serum insulin; ISI: insulin sensitivity index.
ISI = LN[1/(FBG x FSI)]. Compared with control group, “P < 0.01

22 FAFMRXLER

Morris/K 2K Bk, BB G L m 53 ~5K
DMZH ke AR AT F X B K, 2RI il
M (P<0.01) . BWERLEHDMATE HArLRHEER
IFIA] X B A, ZR A St E L (P<0.01) ,
DMYL G- & Rk BOH LU B4 /0, 22 5 Hgii 2
B (P<0.01) , PRI H 8 22 % 5%
HeEE Y (P>0.05; K1, K2) .
23 KAHLALKArciAPH) RL
2.3.1  ELISAJE o2 20 UL 2= kK AB1-4211 3=
K ABL-A20EH LB B4y, DV A

ZUP I ABFI/E N DERYZ R bn , 1 € DERLRLZ &
Y1, ELISANNEZS R IR, DMAIABL-423% ik T
XTREH , ZRAGI R X[ (201.41+£831) vs
(182.23+6.09) ng/L, t=-6.712, P<0.01; [¥3],
G 8 20 2 Ak 24 K6 I Kz B2 TR0 B R LR D 7 T (X
A EMABRTIE (K4) .
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Figure 1 Comparison of escape latency in Stealth platform
experiment between two groups
DM: diabetes mellitus. Compared with control group, P < 0.01
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Figure 2 Comparison of Morris water maze exploration between
two groups
A: control group; B: diabetes mellitus group
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Figure 3 Comparison of the expression of AB1-42 in the hippocampus
of rats in two groups (ELISA)

DM: diabetes mellitus. Compared with control group, “P < 0.01
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B4 FERAMPERFEKREDHEAAPTRE R LR
Figure 4 APB1-42 deposition in the hippocampus of rats from two
groups (SP x 400)

A: control group; B: diabetes mellitus group

2.3.2  Western Bl 7 3£ £ W Arc ) 6 i85 DM 4
Arc/Arg3. 1R BMLT X IR, ZRAG%IFEE X
[ (0.6445 +0.1046 ) vs (0.0460 +0.0138) , t=
18.818, P <0.001; KI5].
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Figure 5 The expression of Arc/Arg3.1 in hippocampus of rats
from two groups
A: Western blotting results; B: statiscal analysis; DM: diabetes mellitus.
Compared with control group, P < 0.01

3 i

B PR S5 1A PR 2R AR PR 3R L [ 4 FAR G |
AR 8 3R 70 AN A (B0 ) BRI A FIIRPE L 12
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e R 5 2R MAE | R 8 ZR AT LA B MW e 3 7K - 2 D0 AR

K, INFIPEor e BRAH B B T R, R BERBUN AR D
P AEZ AL, T I 4 A 3 349 90 B A M L7573 114 11 DR R 52
G2EIERE,

S T R 2H i 40 52 6 v SD K B 28 3ok 5 i 4R R
FERNFIEESTZRE R S AN M fe , H B T 2278 A
RIGZ R B 2R R TR, mimbE. SkS
B MAE S B 5 R USE TR R, SRR 1K 2%
BT, OB PR R B AR 5 B R B Tk R
R, JEF 6 ZERECE D SR PR K B2
I FNCIZRE ) TR, INAIDIRESZ 24015, [FIBTEILSA
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A B ST R A AR vk USSR BLAR AL
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YRR, s Ry S, SRR S S A I
FRAE T AT EE AT .

PEAER , 2 AT s TA Sk 5 ik ] 8 A 3
T T AR 1 S 12 A i S W DR A T 23
KRR ICAZME LR Jok 1 F AL o 2 i mT 9 2 ol
23 o) 5 | S I 28 T 2 IR B A% 36 A% B 1 5 509
55 BLGE , H RN 3T SO A AR O B R Rl B 40 AL
il S LTPAIK: st #2410 41 ( long-term depression, LTD ).
Mg R EERE, LTPIE IR R B
T IH AL, O B K 28 B} 2 503 TA Ry ¥ 1 X
(IR TR VAR OIS I T ST N (B I I/ 3 N
( Alzheimer’s disease, AD ) &% -F- 3 BT DL ik o
A2 410, (B TR R 02 I PR PR R BA
AT RE T B 1 [R] B £ A o A i 96 2 119 25 46 88 ok 1E
W AL

Arc/Arg3. 1E R i 35 VAR B Y 2 5 % filn] 98
PEo BHEEZRNIFRE T — R 5L 85T Arc/Arg3. 14
AD% R B BI/ER . GinsbergZ: 'k 3 AD 2 3
B 2 LT 4E 9 45 (I CALIX, HArc mRNAJKF-
BOE W AW B R, T Lacor & MAEI7E 5 AR BE 3 1
T By ph 2 o K BLAre K5 I, Wegenast-Braun
4131 Dickey 4 M9 22 0 L M /) BRURE R Kk B
AL AR /N U T b Arc i Rk Y N R, AT B
(2, PalopZs e 4~7 H i A 25 14 /1N B 2 o ]
BF L 2 Arc ik FIFAT R LS . AL, H AT
W 5% 3 X AD & TR N Arc 36 15 1 78 Ak 34 st 3 —
JEo (EHRFT DU E A2, ADERE R £ o0 H Arc
REMRB T T EFWMHEAEBRES, 257
ADYRNE o TEASLE H, FATHE T ELISA, Western
EJ1 30 3 1 G 93 20 20 Ak 2 3 WL 22 BN HT D BE R B 1Y
W PR R B Th AL SO ABR IR MG &, Arcli3kik
BN B R R AL B B AIR, SR 2N PR 5 R 1Y
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