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Effects of ghrelin on hippocampal DKK-1 expression and cognitive function in rats with

diabetes mellitus
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Abstract: Objective To explore the effects of ghrelin on learning and memory abilities and expressions of DKK-1 and
[-catenin in the hippocampus of diabetic rats. Methods Sixty male SD rats were randomly assigned into 4 groups, namely the
control group, diabetic group, ghrelin-treated diabetic group (DM1 group), and ghrelin- and D-lys3-GHRP-6 (a GHSR-1a
receptor antagonist)-treated diabetic group (DM2 group). Diabetic rat models were established by a single intraperitoneal
injection of streptozotocin (65 mg/kg). The learning and memory abilities of the rats were assessed with Morris water maze
(MWM)) test. The ultrastructure of the hippocampal CA1 area of the rats were observed with electron microscopy. Serum levels
of DKK-1 were examined by ELISA, and the expressions of DKK-1 and p-catenin in the hippocampus were examined by
quantitative real-time PCR and Western blotting. Results Compared with the control group, the diabetic rats exhibited
significantly impaired learning and memory abilities (P<0.05), increased expression of DKK-1 and lowered (-catenin
expression in the hippocampus (P<0.05), significant ultrastructural injuries and disordered arrangement of neurons with the
nuclear pycnosis in the hippocampal CA1 area. Ghrelin treatment of the diabetic rats obviously improved their learning and
memory abilities (P<0.05), reduced DKK-1 and increased (-catenin expressions (P<0.05), ameliorated ultrastructural damages
in the hippocampal CA1 area and restored normal neuronal alignment with clear cell layers. Such effects of ghrelin were
antagonized by treatment with D-lys3-GHRP-6 in the diabetic rats. Conclusion Ghrelin can alleviate learning and memory
dysfunction in diabetic rats possibly by down-regulating the expressions of DKK-1 and activating the WNT signaling
pathways.
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Tab.1 Primer sequences used for real-time PCR

Hh% . cCDNAG L 8 R S5 5170 (Prime Script™ RT
reagent Kit, Ji% 549 Ul vK L 4#5:4E , &5 ) cDNA
T=20 CIAF# . POGER PCRES 513t 54
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PCRZSSETTEE . TEASUISLIREAH 2 A L 3
ik, I E TG cCDNABH R AL, PCRSZ Kl 37 F 4 3
AR T SR

Gene Forward primer sequence Reverse primer sequence
Dkk-1 5-GCTGCCCCGGGAATTACTGCAA-3 5-GTGTCTCTGGCAGGTGTGGAGC-3
B-catenin 5-GCCAGTGGATTCCGTACTGT-3 5-GAGCTTGCTTTCCTGATTGC-3

B-actin

5-GACGTTGACATCCGTAAAGACC-3

5-TAGGAGCCAGGGCAGTAATCT-3
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BRI SRR ER , I AAT 16 S 2R I SR
WA 5 GBS, BCAL TR A &
i -80 CUkFififr. MWIBHMWEH T FREE
SDS-PAGE 7B fist , 8 1 _EFE I FRLIK  TH TN , Sefig Bl
I, Western blotting %75 Z8BE e 15 53 B 22 e A i b
FLH FUSION 514 (hiAS5 Fusion FX7) H4s 4l 55
1R (B-actin) Y% BE A (Daso wn) 73BT 5571 K BE AL, THIRAH
Xk
1.10 %tk

KHISPSS 17. 08I T4 #4038, T Bk
B PRE2E30R , ZAMEARER ISR 2 T 2253 Hr,
P<0.05 W2 R A5t Lo

F2 LAKE Morris/Kik ikt 4R

2 R
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2.1.1 BR-F & RFEE 5NCAMTILE: , DML
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212 FAM & F% DM S5XHRHVEFT A, DM
2H ZFIR T 5 07 B 2 TR (P<0.05) s DML 4 4%
DM 4 28R 5T 57 B A i 14 i (P<0.05) , 55X 1iE
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Tab.2 Comparison of Morris water maze test results among the 4 groups (Mean=SD, n=15)

Escape latency (s)

Frequency of entry target zone

erov Before injection After injection Before injection After injection
CN 23.89+2.90 25.81+2.63 5.13+0.29 5.08+0.22
DM 49.22+3.19° 49.32+4.03 2.53+0.21° 2.67+0.17°
DM1 47.58+2.17° 27.68+1.28" 2.64+0.17° 5.05+0.13°
DM2 48.49+2.26° 48.50+1.07° 2.50+0.21° 2.63+0.16°

CN: Control group; DM: DM; DM1: DM+ghrelin; DM2: DM+ghrelin+D-lys-3-GHRP-6. *P<0.05 »s CN group;

*P<0.05 »s DM group; °P<0.05 »s DM1 group.
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Fig.1 Ultrastructure of the hippocampal CAl region in different groups of rats (Transmission electron
microscopy, original magnification: x25 000). A: Control group; B: DM group; C: DM1 group; D: DM2 group.

2.3 2L CALRHE# &

NC i Ey i 28 T HES R B 5%, 2 U A, CALIX.
SERIEH A% 2 BE , KIMA ; DM 428 oAt
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ZOTAMIHES BT A2 EAE T ; DM2 LA HES |25
AL BiR , RV E CAL XM TR I8 P2 AR
P, B AR AR R (1512)

2 BEXRBESCALXHERE
Fig.2 HE staining of the hippocampal CA1 region in different groups (Original magnification: x

400). A: Control group; B: DM group; C: DM1 group D: DM2 group.
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Tab.3 Serum levels of DKK-1 indifferent groups
(Mean+SD, ug/L, n=15)

Group Concentration
CN 11.65+1.11
DM 25.14+2.92°
DM1 11.75+1.81
DM2 25.49+3.95°

CN: Control; DM: DM; DM1: DM+ghrelin; DM2: DM+
ghrelin+D-lys-3-GHRP-6. “P<0.05 vs control group.
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FIERIK T (P<0.05) , IfiiB-catenin £ 1385 7KF-HH
BFEE(P<0.05,%4),

3 itig
53 DA {51 06T R S8 A R KB IRA T S RS , A

0.6

0.4

0.2

0
CN DM DM1 DM2

f3-catenin mMRNA expression

Fig.3 Changes in DKK-1 and {3-catenin mRNA expressions in the hippocampus of rats in different groups. *P<0.05.

fB-catenin

B-actin

CN DM DM1 DM2

E4 REKRRFDDKK-1, B-catenin EEFRIE
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~ 0.7 mpB-catenin

0.6 *
0.5
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Expression level of protein (%
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Fig.4 Changes in DKK-1 and p3-catenin protein expressions in the hippocampus of rats in different groups.
A: Western blotting; B: Quantitative analysis of the protein expressions. *P<0.05.
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