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Abstract: Objective To investigate the effect of glucagon-like peptide 1 (GLP-1) on cognitive dysfunction in diabetic rats.
Methods Male SD rats were randomly divided into normal control group, diabetes mellitus (DM) group, and GLP-1 treatment
group. Rat models of type 2 diabetes were established by high-sugar and high-fat feeding and streptozotocin (STZ) injection,
and 25 days after the onset of diabetes, GLP-1 was infused in GLP-1 treatment group at the rate of 30 pmol - kg" - min" via a
subcutaneous osmotic pump for 7 days. The learning and cognitive ability of the rats was assessed with Morris water maze
test, and the expression of cognition-related genes in the hippocampus tissue was detected with real-time PCR, Western
blotting and immunohistochemical staining. Results Compared with the normal control group, the diabetic rats showed
significantly decreased learning and memory abilities (P<0.05) with increased hippocampal expressions of APP, BACE1, Arc,
ERK1/2, PKA, and PKC mRNAs (P<0.05) and Arc protein. Compared with diabetic rats, GLP-1-treated rats showed
significantly improvements in the learning and memory function (P<0.05) with decreased expressions of APP, BACE1, Arc,
ERK1/2, and PKA mRNAs (P<0.05) and Arc protein. Conclusion GLP-1 can improve cognitive dysfunctions in diabetic rats
possibly by regulating the PKC, PKA, and ERK1/2 pathways and inhibiting Arc expression in the hippocampus.
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Tab.1 Primer sequences from rats

Name Forward primer (5'-3") Reverse primer (5'-3")

Arc CTGAGATGCTGGAGCACGTA GCCTTGATGGACTTCTTCCA
APP GTGATCTACGAGCGCATGAA AGAAGGCATGAGAGCATCGT
BACE1 GCTGCAGTCAAGTCCATCAA ATTGCTGAGGAAGGATGGTG
PKC TCCTTCACAACCAGGGCATC GGACTCCAAAGGACCACCAG
PKA CTTGGCCCCCGAGATTATCC GTTCCGAAGCAGGTCCTTCA
PS1 CAAGAGCTGCTGTCCAGGAA TGAAAATGGCGAGCAGGAGT
ERK1 CACTGGCTTTCTGACCGAGT ATGTGGTTGAGCTGGTCCAG
ERK2 GGTTGTTCCCAAACGCTGAC GTCGTCCAGCTCCATGTCAA
B-actin CAACACAGTGCTGTCTGGTG GATCCACATCTGCTGGAAG

WK AR 10 minfiEHARME, 1100 VEE 20 min,
T 180 V 50 min 1 SDS-PAGE (1092 ) ik J& ,200 mA
TH T 90 min i, HUAHH J5 & T 5% BSAHfH4 2 h,
ZJEER E RS —Pih 4 ORI, KH
F TBST 45, & TG 2411 (1:5000) , K
FIRFE 1 h, HEIEAE TBST YR 4YUS  EE Fhn A ECL
RS e = L R 400 o

1.2.5 Fegz s Arc e K Rk X RGA TR T AL
AU TS 2K ARV IR A —H28 T 15 min-—
FRZE T 15 min JoK 282 1 10 min-JoK 2 1T 10 min-95%
545 5 min-90%i75 45 5 min~80%i15 4% 5 min-70% 4
5 min-Z&IH/KYE . PURIER . A12D) F 8 TR0 EDTA
PUFIERE b (PHB.0) B E & b Filai b it 4t
JFEEE ., Ak 8 min, 15k 8 min, SR FRAK K 7 min, it
RN B IE R B 2R DI R AR S
3% 7 BT PBS(pH7.4) 7l (48 IR I S8 sl kU4 3
UK, BRI S ming BHWT VR M SR (b Pt - V) CA 3%
AL SR, IR EIE R 25 min K3t A& T PBS
(PH7.4) e EFE IR T sl 3Tk, B 5 min, il
—Pt VIR RS e AL A AR 20 28 [l bl (95 1Bt
) ZERE I 3% BSA 163941 30 min, fids
BSA it — & LB L i —prE ssdigl, VIR
T RENA CHF LR, =43~ & T PBS
(pH7.4) HEE (3R R T SR8 33k, Bk 5 min, U
R JE A R N Il AR & S — P T R A
1 P (HRPARIC) EH f 2, = 50 min, DAB
S B R E T PBS(PHT7.4) HRo el (bR IR S shvkik 3
UL ABERS ming YR RS LT 5 6 P P ik n i e Fc ) 19
DAB I (A, W fdegs 45 il b s [i], BH M s £,
AR 2k e, B Y A% : Harris 7R &R
Y3 minZiAq, AIKEE, 1%L IR LB, H
K, ZUKIREE , kgt K3 R U0 R kit

A 70%i7545 5 min-80%iF54 5 min-90%iTi4# 5 min-95%
kS 5 min-Jo/K ZEE T 5 min-Jo/K 215 min-— 2
I 5 min-—HZE 115 min HBKE A DR R
SRR, PR o
1.2.6 it o4 W SPSS 20.0 541850t
7K 3K B S5 R FH two-way ANOVA, bonferroni 72: X} 2H
AR 3 HT , HoA 52 56% H] one-way , bonferroni i
SBT3, L P<0.05 A 24 G St X

2 R
2.1 2 AN R IR S AR R L, M R I A 4
BRI IR I

TR FH b e B TRl R B 4 T I B s T B e i A
RSN R R 3 d )T, ELRAS I RGN 35 5]
25.8+3.1 mmol/L(2) , i FHHiiatrifE(E 16.7 mmol/L,
LS R AN, b R s — EL=5 T 16.7 mmol/L,
FEHRREA WA LR L8 LR IRIERR THE
SEREDRIN , ] 2 RIE R K BB AL IV E L)
2.2 GLP-17%77 #8 B F i E48 fiom K R84 5 31 BTl
ki

K s R STZ 75 57 ik il 8o PRI s A
Ji , AT IESCHRIRE 577 , R FH Morris 7K 28 87 S,
Z2 3K R (GEH K F BRI B GLP-1 A2 K i)
FEK P E UK TR BT K T 263 & AU RE T, I
GLP-1(W-5EH

(1) A T332 F IR B > Fnd 2 fe
2T N 3R, A 4L Z R ARIFERT 2 d
B WELE i 25 X 51 (P>0.05) ,{H [4 45 3 Fk , DM ZH 1Y
TR B (2 e Normal 4RI AE K (P<0.05) , izta 3
FREEEIE 4 A 5K, R STZiASH DM ALY
0 IRE A 3 RS R B Az . T fRls7
GLP-1AHABERRI AR, L5 3 RV RIN i K Th



+ 1348 -

J South Med Univ, 2016, 36(10): 1345-1351

http://www.j-smu.com

R2 FHSTZRAR=EMAEE

Tab.2 Fast blood glucose in rats after STZ injection (mmol/L, Mean+SD, n=9)

Group Day 1 Day 2 Day 7 Day 14 Day 21 Day 28
DM 25.7+3.3 24.5+2.8 25.6+3.7 25.8+3.7 24.6x2.7 24.1%2.7
Normal 6.4+0.6 6.4+0.6 6.4+0.5 6.3+0.4 6.15+0.5 7.4+0.3

PRI (P<0.05) , 5 Normal 41 22 B AN 2.3 (P>0.05) . iX
LR AL 4 TN 5 FARFEEME S, 1JiIH GLP-115E
VB TR X K B2 2T HREAOBIR R B4 2 3

BE(FR3) o RIIERE R T30 AT bk L, 4% 210
VL BEAT g 225 U S A s shRe I e 225+
(%% 4) o]

33 Morris 7K B LU RE [RAR1 T SRR AGNIA FR ke E A HA

Tab.3 Escape latency of rats in place navigation in Morris water maze test (s, Mean+SD, n=9)

Group Day 1 Day 2 Day 3 Day 4 Day 5
Normal 51.67+4.39 29.03+4.33 14.62+3.83 14.69+3.82 11.36+1.41
DM 48.57+4.51 33.37+6.14 33.4145.11" 33.3345.35° 32.1745.45
GLP-1 47.08+4.39 30.65+6.73 19.82+2.53* 22.42+4.46* 18.85+3.02*

*P<0.05 vs Normal group, *P<0.05 »s DM group.

4 Morris 7K S SEIE @A TSR A RINFKIE

Tab.4 Velocity of swimming in place navigation in Morris water maze test (cm/s, Mean+SD, n=9)

Group Day 1 Day 2 Day 3 Day 4 Day 5

Normal 23.29+5.36 22.25+4.29 17.42+4.06 18.29+4.89 17.54+2.46
DM 21.65+5.24 20.20+5.23 18.967+3.86 20.88+4.38 20.90+3.98
GLP-1 20.487+2.78 21.84+4. 47 20.97+£2.72 21.42+3.57 19.08+4.33

(2) 73 MR R LA Tl K RAEESFHRT A
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PKC,PKA, ERK1/2 {3k 445 1 15 (P<0.05) , [l At 75
S Arc, APP,PS1,BACE1 )35 T (P<0.05) , 1 475
PSRRI R U~ 2] 510 Z D RE AT A0 205
SR (F£6) . 1M GLP-1 AL FEREMSAH] PKC, PKA il
ERK1/2, ) K H Ry Arc, APP,PS1,BACEL T (P<
0.05), ] GLP-1 &8 i fIiliX S5 o IR IA ok
S AT RE R
2.4 GLP-1#p#HI4E o X R4 5 X Arc#) £k

h T AEER FHKFE— 2 UE S ARC IFE AT, FRATTAA
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Tab.5 Number of crossing the original platform and time percentage in the target quadrant (Mean=

SD, n=9)

Group Times of crossing platform Time in target quadrant (%)
Normal 4.25+1.25 29.66+7.38

DM 1.25+0.50 17.79+3.99
GLP-1 3.50+0.57* 30.13+£3.50*

*P<0.05 »s Normal group,*P<0.05 »s DM group.

6 WHEEPCRENAREIXHFMRNAKIZRQ

Tab.6 Relative mRNA expressions of genes related with cognitive function in the hippocampus of the rats

(Mean+SD)

Gene Normal DM GLP-1
PKC 1.00£0.25 3.51+0.28" 1.02+0.13*
PKA 1.00+0.25 8.92+0.39" 5.05+1.71*
ERK1 1.00+0.24 4.89+£1.79 2.15+0.13*
ERK2 1.00+0.34 6.18+0.52" 3.05+0.16*
APP 1.00£0.10 5.44+0.96" 0.47+0.05*
Arc 1.00+0.13 13.36+1.25" 2.71+0.47*
BACE1 1.00+0.08 7.60+0.95" 0.63+0.09*
PS1 1.00+0.27 11.09+0.914" 1.63+0.64*

*P<0.05 vs Normal group, *P<0.05 »s DM group.

[6] PCRESIAAVIA , Bl ARCTEAE R R4 ekt
175, GLP-1 AL B R AR BRI S5 IX ARC IR T %

Normal DM GLP-1

Bl WBH ArcEERBAKRRIBEIXFKIE

Fig.1 Detection of Arc expression in the

Arc

GAPDH

hippocampus of the rats by Western blotting.
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Fig.2 Immunohistochemistry of Arc expression in the hippocampus of the rats in different groups (A, B, C: original
magnification: x100; D, E, F: x400). A, D: Normal group; B, E: DM group; C, F: GLP-1 group.
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