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Effect of metformin on learning and memory ability in mice during
aging and the possible underlying mechanisms
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[ Abstract]  Objective To explore the effect of metformin on learning and memory ability and hippocampal tissue
structure in mice during aging induced by D-galactose, and the possible underling mechanisms. Methods Twenty-four
SPF 7-month-old female ICR mice were randomly divided into three groups. Mice of the aging group and aging + metformin
group were given subcutaneous injection with D-galactose on the back to induce senescence, and given intragastric gavage
with 0. 9% saline or metformin. Mice of the control group were treated with 0. 9% saline. All treatments lasted for 16
weeks. The body weight and food intake were monitored, learning and memory ability and motor function were tested by
Mirros water maze and shuitle box tests, HE staining was used to observe the pathology of hippocampus in the mice, and
the levels of glutathione ( glutathione, GSH) in hippocampus of mice were detected by colorimetry. Results Compared
with the aging group, the aging + meformin group showed diverse differences; the body weight was decreased (P < 0.05),

the escape latency and swimming distance were decreased (P < 0.01 or P < 0.05), the swimming time in the target

[(E&TH ] LPEE A AR R4 P (201311054 -2)
[EE RN 5K (1987 - ) , &, WF0 A, WF50 7 1) 32 A OGS . E-mail : 21j202020@ 163. com
[EIAEE ] 5P AL (1968 - ) , Lo, AR, W WFFE 7 1] . 38 BARDCEN . E-mail : sgs7551@ 126. com



34 b E PRS0 AE 2017 4F 12 A48 27 %% 12 10 Chin J Comp Med, December 2017, Vol. 27. No. 12

quadrant was prolonged (P < 0.05) and swimming speed was accelerated (P < 0.05) in the Morris water maze test.

The numbers of active avoidance response were markedly increased in shuttle box test (P < 0.05). The neurons with

nuclear condensation and deep staining were obviously decreased in the dentate gyrus of hippocampus, however the GSH

level was significantly increased (P < 0.05). Conclusions

Metformin can delay the decline of learning and memory

ability, maintain the normal structure of hippocampus during the aging process in mice, which may be related to the

reduction of body weight and enhancement of antioxidant levels in the hippocampus.

[ Key words]

WU H Rz TR T RO R
(type 2 diabetes, T2DM) il —£ 254" | Fifi & BAAR
B2 R B AS Wi gt 28, — FOBUIRER 7 2
Zec i R LA 1 SRR TR RO R i,
SR 22 1Y) SCHR R IE, #b 78— FRUIKCAT AR AR 22 g
o (ALFEIERE > RO A BT ) 1 RT3 5 I AT
JUERR B PR 5 I8 5 i G A ) AR A R 5 L
FIEG RIS SR, U F/h R
Al e R B 25 2R T R 8 A T AR
Sc i fd D=2 FUBEE S/ B S TR b 58—
HIXUIR iz FHA T o Je A~ 85 5 1A I/ Bl o )
IC12 GBS RE i B 24 2 A5 Al DL R SR A RS 2
AR, T AIEAS — B SUIIAE i 20 25 2 i R B9 AR
FIBL

1 #Rfn7E

1.1 SKIEzh¥

SPF 2% 7 F i HitE ICR /L 24 H KT (50. 67
+1.66) g, B KT K8 A P4 R A R A A $2 4t
[ SCXK(#1)2014 -0011 ], By sh¥ A S5 =
SEENY BRI FR [ SYXK (5 )2015 - 0001 |, 259 (22 +
2)°C,12 h /12 h RREIEA, $2 40 78 2 & I ik
Ko FESZER S IR 3R JEIU AT AGE A,
1.2 FERKFI RIS

D-EFLKE( G5388-100G Sigma, 3£ [H ) ;Ehig —H
XUK(D9351 ZKEE , dbat) s AR K (AR E 2y
A RTALA A  GSH A I K7 £ ( A006-1, B 5 2t
WUAE W) TR AESE ) BCA & & il il &
(KGP920 , AL AE)) ; Morris 7K 2 B ML IR B R 42
( Ethovision 3.0, Noldus Information Technology, fif
22 /N AR (BT RS B R A BR A A,
) s B B DAL (GL20C, 2 466 (B
WSS = M AES ), D) 5 Bl FR X ( SpectraMAX
190, USA) %,
1.3 ZWHE
1.3.1  SESshiora Kk s

24 FUMEME TCR /N RRGE I R 57 2 s, #54kr

Metformin; Aging; Oxidative stress; Hippocampal neurons

FEMLZE 3250 M TE 5 XT BE ( control , Ctr. ) 2H , D-EFL 4
WP ERY (D-gala) 21, 175 7 5 & [A] I 4 58 —
BAR(D + Met) 2H , 5520 8 H . D + Met ZHF1 D-gal 21
B H HUF H KN dE S D-2F FLFE (D-galactose 125
mg/ke-d) 155 T 5=, 45T — H UK ( metformin
300 mg/kg-d) BR[F] %55 & 0. 9% A= FRERKHE ; Cir.
LTS HE T &R mAE AR K, ELLL 2 16
JEL A R /N B P B g SR R /N BRI R
1.3.2 Morris /KK B

2281 Morris 7K 2K B S5 T2 I/ BB 25 1]
)il he )y, gy = A B B B E
BLARAT B, 3 5 d, BN 4 AN [) 52 FROKE /)N B i
K P EERC A K B P 1E s T min YR EIK
-5 B R s E] Ay 0k 3k AR I (escape latency,
EL) , [A] i3 5% /0 BU DK 2 5 5 — B B Ry 2 ] 4R
R 6 REGEF &, Bl 2 DRI, R/
TET 53 7Kl RO IR BRI K T 1B A i R
Z 1 min, 1058/ IR BLIE I3 B AR IR
A IR KBS TR 7 A B R B A 4 B (time in target
quadrant) ; 55 =B BOA WO 6 908 KT S 6
2K 1 em, FEHLIEHC 2 ASZFR /N BRI A
K T2 s/ N BRER B 5 BT I 8] K R
1.3.3 ZFERMLE

KRR SIS AUE X /NI T I 7 d B AR
FESE MR T U, BRMOE I RN BB 1R
Fh TGN 30 s 5 40T AT O OGIREREE S 90 2%) F11
BRSPS EE S 80 4, JATR Sl 500 Hz) ,
PIRFEE 10 s, 45 W 3l DA A 1 [ £ v 381 32 A
5 W Sk = Bl B 38F S (active avoidance response,
AAR) s R ER XS MG , 4K2E45 T 0.4 mA HLH]
B FFEERTA]R S s, 27 BUIS sl 2 4R 22 % U] 4y
Bl a1k K5} ( passive avoidance response, PAR) ; #4545
T RIS S AT 15 B A [ 0] 05 v, ) Sy 3 i 2
I (escape failure , EF) o 41t AAR IREUE N H22 )
ICIC RS TEM R FR
1.3.4 HE Q{5 BIE 45

15 RS A SRS 1% G ES 22 BRI/ B,



o P BE AR 2475 2017 4E 12 45 27 555 12 1 Chin J Comp Med, December 2017, Vol. 27. No. 12 35

BRIF Sk EBURG , 53 5 A M9 5 2 48T — 80°C VK AF v 7%
LK ZE ML SUVE T 4% 2 R BT, FE
24 h J5 R SR T RGE ] A e 25k
REYIR (VIR TEE R S um)  f7 IR AR ZE-JH4 (HE)
get, e WA T WSS i A A 2540754k
1.3.5  HréaAb/K-FHam

YHERA PR IBURT 5 15 2 21 2, Haeia ) & vl B A5 41 £
ST KR MR, SR AR R R R S
iAW R B P — R A S, 250t
JETFLG 0 7, 1155 45 FF i GSH SE PRV FE (mg/
gprot) °
1.4 SitFEFE

B A B R 5 + bRE 2 (v £ 5) Foom, H
KR E S 1 RES 5 REHERH SPSS 13.0 &
S5 225301, HARBHE R GraphPad Prism 5. 0
G A one-way ANOVA #4748 1HHr, VA P <
0.05 NEFA B EHEN,

2 #HR

2.1 BANMREKEREMENERBR

1 AL/ RV DY S AR EE AR RS 0 . BE & AT
BB, A /N BRI I BT R, A8
JAZESZE R D + Met ZH/N BUIAE AR T Co. 4
(P < 0.05), 38045 R BT iZ /N AR E AR T D-gala
(P <0.05), F2ALH/NREWEIE.D +
Met /N B E IR [ 265 8 JE R IE T 15 % Xf iR 4l
(P < 0.05), B4/ N EYREI T2
WERI H2ERTCREEP > 0.05),
2.2 HLH/ER Morris KiET MR E R

B 1A N/ E NS, Bl I 2Rk
BB TN, 25 2H /0N Bk afk v OR 303 %) Bsf ] 357+ RS ]

R D, 55 3 ~ 5 K, D-gala /)N B 6 ke 8 R 309 458
Ctr. /NI I AN (P < 0.001) , 1M D + Met /MR i
ZALT D-gala /N (P < 0.01 8, P < 0.001), [l
1B 420/ NIk %R . an R, G /MR 2 D
+ Met /)N U BS U 3K B FE 8 T 02 | T D-gala /)N BRUF
KRR LA AL (P < 0.05) , BiBH D-gala /)
B HE B BH g 1 2 () 2% > B A i ¢ 78— HORUICAT 2k
XA RES

B 1C HEE 6 KA/ MR R L5 b A%
PEIFIKPGE K 2801150 15 21K 1D . D-gala /MR
TE EARG BR P v Dk B[] o 5B ] 9 A 43 b AR
F Cir. XD +Met /N (P < 0.01 2, P < 0.05),
K 1E R/MNRIFEK ST A, Cie. & D + Met /DN H A5
SRR P15 B B 18] 25 5 F D-gala /D B, X BB %
W, D-gala /INRAS [RICAZRE F7 B 52 481, #h 78— HI XL
HICAT B ok ok 3 25 [B) i 12 g
B 2F J 2G 43 5 R AT A 5 52 56 v 45 21 /) Bk )
-5 BT ) S iUk BE . anE s 45 2/ B3R
FFH Er BB 22 3 TR E (P > 0.05) 1 D
+ Met /N B UK 3 B B S bk (P < 0.05) , 1aHA
D-gala /)N B2 BE TR U0 A0 S 4 | JiFp Tk 66 A A 84 o %
7 H ARG B P IE DK s [8] B 9 20 A 2 B 40 g )t
T2 B B A2 2] G2 RE T 3240
2.3 FHE/NRFHRILE SR EE R

RIS EEFNE 2 iR, BEE IR B v
LS A/NRE SRR IS 2 4 ~7 RS
Ctr. LA L, D-gala /1N 5 32 30 [0] ke B0 3 P& AR (P
<0.058 P<0.01),56 ~7 KD +Met /NRF 3N
[EEREL R T D-gala /MR (P < 0.05), X —4554
FEW , D-gala /NE2E 2T iCACBE T R R, AR 78— H XL
WICHT BE 45 03t 2 /N R 2= 2T i 2 g

F1 SUHNEEEL(x £5,9)
Tab.1 Changes of body weight in the mice

ol SERA R | %8 %12 JH SRS R
Groups Start of experiment 4" week 8" week 12" week End of experiment
TEH X BEZH Control 50.13 1. 89 53.50 £1. 69 55.25 +0.71 56.25 +1.16 58.50 +1.31
AT D-gala 50.75 +1.04 51.75 +1.04 54.38 +0. 74 55.88 +1.13 58.38 +1.19
P + UL D + Met 50.13 £1.55 52.13 +0. 83 54.00 £1.31* 54.75£1.16* 56.63 +1.51**
W X IR L3, *P < 0. 05345 D-gala Z1AH AR, *P < 0.05,
Note. Compared with the control group, *P < 0.05. Compared with the D-gala group,”P < 0.05.
FR2 HAHNREYBARZ(x5,8)
Tab.2 Changes of food intake of the mice in each group
Iy SuEa)aling 554 4 558 JH 12 R SR
Groups Start of experiment 4" week 8™ week 12" week End of experiment
1EH % B4 Control 5.63 £0.53 6.75 0. 18 7.50 +0. 35 7.63 +0.35 7.88 +0. 35
FELRIZ D-gala 5.31 +0.44 6.06 0. 62 6.63 +0.53 6.75 +0.35 7.06 0. 80
T + " H U4 D + Met 5.44 +£0.27 5.19 £0.27 5.31£0.27"% 5.19+0.62* 5.19£0.44*

. XA LA, "P < 0. 05,45 D-gala ZHAH IS ,*P < 0.05,

Note. Compared with the control group, *P < 0.05. Compared with the D-gala group,*P < 0. 05.



27 55128 Chin J Comp Med, December 2017, Vol. 27. No. 12

36 ] AR BE 244 7R 2017 4F 12 A4
A 801 - Ctr.
& D-gala
2 7604 ¥ DMet
—
f=]
& 2 407
55
ﬁ ul’j 204
0 1

4
i
=)}

o 1 2 3
ESS 4
Training days

F 151
=S -
%g et #
25 e
dn o
) e
® 2 e
®E i
R,

Ctr. D-gala D+Met

L C a8 AR R 5 /N BU KT B A /D RS

B 600~
.
5 £ 4004
o
% g
= £ 2001
=3
w2
- D+Met
0 T T T | A L]
0 1 2 3 4 5 6
UESS
Training days
D g 307 #
2 E T
=g
S -
£3 :
8 .
B o
5 :
T = e,
e G .
Ctr. D-gala D+Met
G 1501
i
—
g 100+
§v§ = 3 n-}
g & -
1 504 _
0 o :
Ctr. D-gala D+Met

BIE R A S, SHBAMELE, *P < 0.05, P <

0.01, P < 0.001;5 D-gala ZHAH LA, *P < 0.05,%P < 0.01,"P < 0.001,

B 1 Morris 7KK E MR/ R I REZS

(I AR A DA A

Note. C: Sample swimming traces of mice in different groups tested by hidden platform test. E:Swimming thermographic
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Fig.1 Resulis of Morris water maze test of the spatial learning and memory ability of mice
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Fig.2 Changes of learning and memory ability of the

mice in each group assessed by shuttle-box test
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Note. A, a: control group. B,b: D-gala group. C,c: D + Met group.

Fig.3 Comparison of the histology of hippocampal dentate gyrus in the mice. HE staining
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Fig.4 Changes of glutathione (GSH) contents in
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