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[Abstract] Objective To explore whether type 2 diabetes mellitue (DM) aggravates the spatial
learning and memory impairment in rats with chronic cerebral hypoperfusion (CCH) and the possible
mechanism. Methods Twenty-four Sprague-Dawley (SD) rats were randomly divided into 4 groups: control
group (normal diet + sham); DM group [high-fat diet + streptozocin (STZ) injection]; CCH group [normal diet +
two vessel occlussion (2-VO)] and DM + CCH group (high-fat diet + STZ injection + 2-VO). All rats were
submitted to behavioral testing for spatial learning and memory in Morris water maze test, and
immunofluorescence staining to detect hippocampal B -site amyloid precursor protein cleaving enzyme 1
(BACE-1) positive cells. The relative expressions of BACE-1 in hippocampus were detected with Western
blotting. Results Morris water maze test showed escape latency of DM + CCH group was significantly
longer than control group on 2nd-5th days [(54.60 £ 3.75) s vs (25.99 +4.10) s, P =0.000; (45.39 £2.78) s vs
(27.50 £4.39) s, P =0.003; (39.71 £3.47) s vs (20.34 £3.69) s, P=0.001; (41.43 +4.48) s vs (11.35+£3.95) s,
P =0.000]. The percentage of target quadrant time in DM + CCH group on the 6th day was significantly
reduced compared with the control group [(22.38 +3.41)% vs (43.69 + 3.22)%, P = 0.000]. Compared with
control group, BACE-1 positive cells significantly increased in the hippocampus of DM + CCH group, and
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the relative expression of BACE - 1 increased statistically (0.23 + 0.04 vs 0.06 = 0.02, P = 0.005).

Conclusions Type 2 diabetes mellitus exacerbates spatial learning and memory impairment of rats with

chronic cerebral hypoperfusion, which may be related to the abnormal expression of BACE -1 in the

hippocampus of rats.
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Table 1. Comparison of the indicators of rats in DM and non-DM groups (x %)

Cxore N Weight () FBG (mmol/L) FSI (ng/ml) TG (mmol/L) TC (mmol/L)

Non-DM 12 403.90 +3.77 5.16+£0.53 0.54+0.17 0.83+0.43 1.36 £0.28

DM 12 314.71 +6.05 19.53+0.36 0.90+0.16 2.51+0.38 2.01+£0.36

t value 12.520 77.942 4.704 8.665 3.378

P value 0.000 0.000 0.000 0.000 0.000

DM, diabetes melhtus,’ﬁﬁﬁéfﬂﬂ: FBG, fasting blood glucose, %
I [

fi§ ; TC, total cholesterol , |

T2 R[EAL L K LA LR (] 5 Morris 7K 3£

25 I8 LA 5 FST, fasting serum insulin, 4

25 I8 ILTE R 5 25 TG, riglyceride, M =

B SE L AUAT S B0 Dk T R B LR (K 2 5,8)

Table 2. Comparison of Morris water maze test escape latency at different time points among 4 groups (v s, s)
Group N 1d 2d 3d 4d 5d
Control 6 53.40+3.87 25.99+4.10 27.50+4.39 20.34 +3.69 11.35+3.95
DM 6 58.75 +3.60 41.79+3.77 32.63+4.35 33.63+3.45 20.63 +4.41
CCH 6 56.70 +4.32 38.79 £3.56 34.63 +£3.25 29.21+3.63 21.43+4.39
DM + CCH 6 61.60 +3.50 54.60 +3.75 45.39+2.78 39.71 £3.47 41.43+4.48

DM, diabetes mellitus, ¥ R4 ; CCH, chronic cerebral hypoperfusion,

FT3 A A PE A K B A W% B ] A Morris 7K 2K B E i
FULAT S 5 208 sl S R 400 o A U0 Sk B T Y 5 22 40 BT R

Table 3. The ANOVA for repeated measurement design
at each observation time point among 4 groups

Source of variation SS df MS F value P value
Treatment 6439.962 3 2146.654 8.171 0.001
Time 14322.150 1 14322.150 424.972 0.000
Treatment X time 388.517 3 129.506  3.843 0.025
Error among groups  5254.438 20 262.722

Error within group 674.028 20 33.701

18 A A A1 9

Fa  AFIAEEELL K Morris KK B L5 6 K4S
S8 F AR G B DK (] 7 23 FE A A (R 5, %)
Table 4. Comparison of percentage of target quadrant
time on the 6th day of Morris water maze test among
different groups (x s, %)

SEE S

Group N Percentage F value P value
Control 6 43.69+3.22
DM 6 35.84+3.15

8.454 0.001
CCH 6 36.74 +3.19
DM + CCH 6 22.38+3.41

mellitus, ¥§ JR % ; CCH, chronic
12 PEM (R 1 . The same as Table 5-6

DM, diabetes cerebral

hypoperfusion,
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Table 5.

visual experiment among 4 groups (¥ s, s)

F6 AN Ak B K R b 28 0 BACE- 1 AR 3k & 1)
HE (X £5)

Table 6. Comparison of relative expression of BACE-1 in
the hippocampus of rats among 4 groups (x *s)

Comparison of time to reach the platform in

Group N Time F value P value Group N Relative value F value P value
Control 6 11.42+3.84 Control 6 0.06 +£0.02
DM 6 16.06 +2.98 DM 6 0.16+0.03

0.938 0.441 5.631 0.005
CCH 6 15.95+3.45 CCH 6 0.18+0.03
DM + CCH 6 19.80 +3.81 DM + CCH 6 0.23+0.04

B 1 ANl Ab 32 K B 5 45 78 BACE-1 /BB e sefe .
FCR Ta TR W X B2 AR 0 e 60 4 M A, ISP R WL AR 4R b,

e W PRI 4RI P i I 41K BRI 5 BR Pk i 22 0 8 B AR X 40 A A
gt BEKE 1d DM+ CCH 41K B o 41 21 0] UL &k 5 6 R0k 4 A
Tz oMb, HYE M2 B £

Figure 1 BACE - 1 expressions in the hippocampus of rats of different

groups. Immunofluorescence staining medium power magnified  Control

group showed normal nuclei (Panel la). DM and CCH group revealed rare,
sparsely distributed and lightly stained positive neurons (Panel 1b, 1¢). DM +
CCH group showed green fluorescent particles in the cytoplasm and a large

number of positive neurons (Panel 1d).
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