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Tab.1 Effect of insulin on body mass in diabetes mellitus (DM) rats

Body mass/g

Group n

do d7 d 28 d 56 d 80
Normal control 10 218.1£23.7 240.1+24.6 295.1+31.2 301.5+30.3 302.8 +33.7
DM model 9 224.0 £27.9 199.6 £27.8™ 201.7 £29.0™ 200.9 +33.8" 203.1+33.8"
DM model + Insulin 8 219.0+£12.9 201.1+13.6 267.6 £29.0% 284.6 +30.6™ 288.3 +18.0™

Diabetes was induced by a single intravenous injection of streptozotocin (STZ) 50 mg-kg ™",
with blood glucose=15.0 mmol-L =" were considered as DM model animals on d3 after blood examination .

and the day was counted as the begining day (d 0). Rats
Insulin 2 U-kg ™" +d ™" was given sc from d3

for 80 d. x £s. “* P <0.01, compared with normal control group; ™P <0.01, compared with DM model group.

Tab.2 Effect of insulin on blood glucose in DM rats

Blood glucose/mmol - L~

Group n

do d3 d 28 d 80
Normal control 10 5.7+0.5 5.8+0.3 5.9+0.5 5.7+0.5
DM model 9 5.7+0.5 290.1+5.1" 29.0+4.8" 28.9+3.4™
DM model + Insulin 8 5.8+0.5 30.4 +3.5 6.8+1.1% 6.6+1.2%

See Tab. 1 for the legend. x +s. ™ P <0.01, compared with normal control group; *P <0.01, compared with DM model group.
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Tab.3 Effect of insulin on escape latencies and percentage of time spent in target quadrant of amnesic rats

Escape latency/s

Percentage of time spent

in target quadrant/ %

Group n 483 485

d 86
Normal Control 10 31.4+5.0 25.0 +4.0 18.6 +7.1 36.5+6.4
DM model 9 41.2 £4.7" 35.5+6.3" 31.7+7.5" 22.4+6.0"
DM model + Insulin 8 34.1+5.3% 27.3 4.5 20.4 +4.8% 35.6+5.5"

See Tab. 1 for the legend. Morris water maze was begun on d 81. x 5. ™ P <0.01, compared with normal control group; P <0.01, compared with

DM model group.
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M

Mt S ARY) i HE He(m] L, 1 B2 (]
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B TRy CAL DXCHER 20 2 HES B8 57 4R s i 2
JUIE ARS8 MU G 3G M, 2% IR sl Il 2 A%
iR

Fig.1 Effect of insulin on pyramidal neurons in hippocam-
pal CAl regions ( HE staining x400). See Tab. 1 for the legend.
A: control group; B: DM model group; C: DM model + insulin group.

2 BFREXERFEAREBEIHALN
D-£F BB
A4 GERRW], 5 IE R X AR L, DM BRI 2
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P <0.01), 5 DM BRI HL, e 2007 4L 5
HAPEEAR S D-22 J R 5w W FHFEAR (P <
0.01) , HIEH X MM L &2 5

Tab.4 Effect of insulin on levels of glutamate ( Glu),
D-serine (D-Ser) in hippocampus of DM rats

1 1

Group Glu/mg-g~ D-Ser/mg-g~

1.113 £0.039%  0.062 £0.07"

Normal Control

DM model 1.550 £0.054™  0.084 £0.05™

DM model + Insulin 1.137 £0.023"  0.068 £0.004"

See Tab. 1 for the legend. All the samples were stored at — 80°C and
were determined within 5 d. x +s, n=5. ™ P <0.01, compared with

normal control group; #P <0.01, compared with DM model group.

3 g
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IR, %45 SR 5 SRR 25 SR A — 5

NMDA SZARJEA 2 RS2 R 1) —Fp A, A T 2
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T, 5 R DM ORI 41 I 4 21 5 AR
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SCHRIRE AR PR K R 2 R LR B e, A s
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W =02 — RN D-22 218 32t 22 2 1R 1
JiER# (serine racemes , SR) MR L-22 2 IR 5% Ak
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Improvement of insulin on learning and memory impairment by decreasing
content of glutamate and D-serine in hipocampus of diabetic rats

YANG Jing', YANG Yue® ,SONG Yang' ,YANF Qing-jun', LI Zhong-zhe', ZHANG Yong-xing’, WANG Hong-xin'
(1. Provincial Key Laboratory of Cardiovascular and Cerebrovascular Drug Basic Research, Liaoning Medical
College, Jinzhou 121001, China; 2. China Medical University Seven Years System 96k,

110001, China; 3. Medical College of Xiamen University, Xiamen 363000, China)

Abstract; OBJECTIVE To investigate the effects of insulin on learning and memory abilities
in rats with diabetes mellitus and its mechanism. METHODS Diabetes was induced by a single
intravenous injection of streptozotocin (STZ). The insulin treatment began 3d after STZ injection.
The rat in insulin group was given subcutaneous injection insulin about 2 U-kg ™' -d ' per day for
82 d, respectively. The body weight and serum glucose were measured at defined time. After
11 weeks of STZ injection, all groups were tested in Morris water maze to detect spatial learning and
memory abilities. After that, all of the rats were sacrificed by decapitation and then the hippocampus
was harvested. HE staining was performed to observe the changes of microstructure in hippocampus.
The contents of glutamate ( Glu) and D-serine were determined by high performance liquid chroma-
tography. RESULTS Compared with Normal control group, DM group’s body weight decreased
(P <0.01) and blood glucose increased (P <0.01), and the escape latency to reach the platform
increased (P <0.01), the percentage of time spent in target quadrant decreased (P <0.01) signif-
icantly. The contents of GLU and D-serine in the hippocampus of DM model group were higher sig-
nificantly than those in Normal control group. Compared with DM model group, the insulin group’s
rats blood glucose returned to normal, body mass increased, the latency decreased (P <0.01 ) and
percentage of time spent in the target quadrant increased (P <0.01). the content of Glu and
D-serine in insulin group decreased from (1.550 +0.054),(0.084 +0.05)mg-g "' in DM model
group to (1.137 £0.023), (0.068 £0.004)mg-g "', respectively. CONCLUSION Insulin can
improve the learning and memory ability of streptozotocin-diabetic rats. The effect of insulin may re-
late to its decrease the content of Glu and D-serine in hippocampus.

Key words: diabetes mellitus; learning and memory; hippocampus; glutamate; D-serine
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