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ABSTRACT

Background & objectives: Epidemiological Studies have shown that diabetes increase the risk of
developing Alzheimer’s disease (AD).also several studies have confirmed that long term use of
Metformin (Met) improves cognitive function in diabetic patients. The aim of the present study
was to investigate the effects of Met on learning and memory in diabetic and non-diabetic rats.
Methods: Animals were divided into 2 groups including healthy and diabetic group. In healthy
group, normal rats subdivided into control, saline and Met groups which received saline or Met
(500mg/kg) and in diabetic group including DM, DM+saline and DM+Met subgroups, diabetic
rats received saline or Met (100, and 200mg/kg) for 20 days. Diabetes was induced by
intraperitoneal injection (ip) of streptozotocin (STZ).

Results: Our results showed that Met (500mg/kg, ip) impaired spatial learning but improved
spatial memory in normal rats. The results also showed that Met improved learning and memory
in diabetic rats in a dose dependent manner, so that the rats of DM+Met group compared to
DM+saline group found platform in less time and with less distance traveled. Met also increased
the percentage of time elapsed and the distance swum in the target quadrant in diabetic rats
during the probe trial.

Conclusion: An intraperitoneal injection of STZ resulted in a significant decline in learning and
memory and treatment with Met can enhance learning and memory in a dose dependent manner,
therefore, it is useful for treatment of cognitive impairment in diabetic patients.

Keywords: Streptozotocin; Metformin; Learning; Memory; Diabetic Rats


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y49 yhled 5 Sluclowl O Soxo o) 93 alixe SlR)9S jue= il

OR90 ) (LS AN 9 (5 a5 b 3 (yio 9o iliko (S0 H9S jagxi )il
Lo (nh=wo

Sl jssosrd i*‘,l,g.cmuloyuam

Ol 298 1002958 S5 3 o ol oLl (ST 3y 03T1S (5 9) 92 548 05,5
mesmaili @QUMS.aC.ir =g i8Il oy SPAPPYYEAVY (pus s - PAYYYYZ - -\ il Jsfue oiungs *

oy

Aobiso Ginliosl 5oL phles )3 el JIT G lew & Misl Hlas a5 5l o3ls i ) o) gaepl wizllos 1 dID 9 dino))
Sl G s asllas ol 338 .3 gib 5o LS Vhlew Hislub 3 3Sles Soug Excl (o) séie a5 J3lod ;S 356 wlellas
S92 GRb jut 5 GLbs Bl Ghge Al 5 (5 )T Sb 2 ae) siie

L ol &5 (o) st 9 oyl (J piS SLdog )5 ) Jobibs @l 09,5 :a5aub muuds 09,5 93 & wlilss I yg)
9 ol +Gus (s oy )T ) Jeld Sunbs 09,5 9 353 )5 =8b)s 5 S 5o )5 Sle O+ J93 b (yae) séie
(PSS oS pm p)S Gho Ver 91V e0) paoogaio 5 s Jo) Ve e 4r aS 35390 Sl SO bge &5 (yao) gdie + 50l
b Sl Ow,s;)};g).ml SOlwo YIS B2 S Awy & ol L35S T w8k

Oz bt Soup ) abdls Gy Jise b Jlo s sl (hge s 5L ()5 sl 0 )T Ghie B+ 1) e siie L aXBL
Gl oF & Uiz 50 Soue kS Bl Ghgo V3 ) abdls 9 (5 TSk J9S A Ay ) g0 & (o) gaie &S Sl Ylis e
wslue b b s pieS Yo )3 ) ol 6% ol + 5L BB e b dunlie )3 (o) gdio + 50l 09,5 G b o a5
MRV &I o S wdluse 9 03 (5w Yle) 3o ;w)}.éio&)gT)bli@&gLo)T)éW.Jj)): o yieS
Sls il 38l

Silgiize respite b 0lo)s 5 Spbipe Al 5 (5 a8 3L GROLS acls cpume 959 ok piunl SBlao JAIS 52055 15 85 A
Silsise b phles Sialub VML 9leys S (plrols 5 383 Linl 38l 593 & auly w) g0 & 1) aladls 9 5 830

Sl G oo @ladla (6 )8 b (yae) 9hio (w959 9 il 15 IMS (5L o Slg

WA/ /8 1 e dy VPAY/ -V /¥ Bl

GdA=io ouh puiiie wVlée 9 -_(t)}J}.qu.ul wldlos LVRY-FY

023 33T s olaw a5 Misl ylas yinl 331 osid syl
OSUslae (yae) i [E] Al 5o LS Ulesn
eles ublew V3 & wuwl FShsd Sbbsaws sols
2 o5 mow Lids &5 (yuo) géie [O] 3 g 50 0 laiml
WPl 392 Jla sl s ad 5o HialS ) lwdly
03l Ylis ju ldwuS1aws 5 JsigaTaws 5 Hldllaws

Jis) 5 Falind Gaals Loyl guaT gebul
ATl s 5 low b o e (B Jl5c wlsic & Jdc
Gl UL 5 s i akly [1P] Slosus
ol pepis Siile) Sy glio wilagls Ly sl (p—Soo
e o Dl S 9 I8 pumd salio )3 SN (59 2

IF] by ass po s b 3 (coa)yusil &5 ovmslie


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

\YAY b o o )louls (PRIZID 099

Jadl S g e sle olfiuls alzmo ¥+ -

Ol 381 ) Laa S oleT Lis au o3 S6lg3 50 (yao) siio
L oloos & 385 50 Plis 393 ags &y aF [VA] s
LB )3 AL 39 a9 au angs b [VA] ads o0
ShHI ) e Baa b oy aslloo (LS (pbs=o
9GO o e liko sla)ss b Sia) 35 (yao) b
oles Bl gbss 5 Jlo s Bl b ee (las absls

88 )50 355 yial Joko

PN Y
G ala s s asllbo
23\Wa7 J—w o IRQUMS.REC.1396.238

0ol Y slass b plosil (2938 S g e sle olKitils
a5 (I dmun g0 Jl oo aud) Yl S35 55 Hbge
Obs—o V1) o9 )TV )> iibls e85 Y- LY -u)s
23 L boe .38 )5 U3 Linle T 3 50 (09,5 )0 )
Los pbis 3l o plastimwl byl s alflas juid |\
23,353 IS g 9 (S Sulw ax)s YYEY)
355 Gaub sl 5 oT b Hinle)T e Jsb
g0 SLBog )T 253 ,5 5o by aslsPT 1)
Sl g 09,5 (il :a535) 2) 7 b & luleT
()8 095 1392 09,5 p) aw Jolb 355 a5 wllw
= P)S GHae B ) e 9o 09,5 iyl 058
A po S 5090 9 )9V e s aS (p 5 5hS
0 +) pressiio 5 JMa vlgis: (K Shee /) il
SBlao YIS B0 an (P S s S o p S e
odb s Bl yhewo 09,5 (o 153,85 «wdbys
4 09,8 03 € an 398 a9 % piul Jow
05,5 (¥ DM 05,8 (1 135352 o0ub outis 50 7 o
Ao S 8090 5 )90V e & a5 DM + e
Sdlao Y9I g0 @ (i She /V) e Jlo ps
as DM + a0 5850 (5l05 5 (¥ 335 ,5 o il s
9V ) Oreshie A8 e o SJ9) 9 I Y e &

! Diabetic Mellitus

<o 1) 398 5l olakeutsls Tudl [£.V] sl
Sl lon glwo)d )3 o) s—sie L5 Ll
5 salub JMal 5 sl JT s olew Sisle g5l 33335, 93
S e s & s [A]sl 03,8 O smiS L Solew
Lawss o= 23 ssas] S G- b Jl (yae)giie oS
SIS 0 LBV 9 2 S50 1S9 )90 55 il
el (yuro)g—sio &S el oab osls yluis [4]
9 S 5o (323n sl s 3dgs) Huwws o) gs
oimed [V -] 38 e (el 38 1) HLiss alasls
s o $Ygb oslaiwl S el oab csalivwe
33iire pac b 5 et Ginl 39l Bacly pae)piie
slad ol yalo)l,8 a8 wwl oauhs GilS [1Y]
A YU sl Ly S dousxe 0o T-Y £95 (5 50
LT s ol susl a4y e glie Sl il (Y sb s
sloailis Ladslaw (=l s ylo jud 9 39 5o
5 S50 I3 0 5 25 syl T Solew S5l
2l T @83e 59 s Jl ype) g b U slas (ol o)
5 - abul) ol DS [VP] 3 e 68 o da LigT
L ulers as sssls gliis el asllos ) yhlen
S5 Slais ) Slss halS el re) piie
S)9ls5h slaailin Jl S ulgic 4 ab jamd ,00
BLs slagbse) Rled slaghse jie > reil )T

Y] g 50 (i) & [o,Lao
Oblew 45 283 50 Ylis Silb adllbe (pais mls
o laiwl O 9—die I L,:.)l,_la ICT WP VPR W S 21 PR
Rl leslawl b a5 Subs yhlow 4 s JSles )5
Soslos il Ylwops (3wedS uuls) Subasws slagls
ke sl 1 ol o [VE] 35l (5 00 absla
o 40 (595 LT 5 Joles K &F b okl
9 HI)JT Bolow Oleod sl e sie Jl oslaimwl
S99 buvgio Silid VML 5 oS L Solew
32350 bl pul sele @Vl [10NF] il oswT
b i3l 3 b el yKew ae)giie &5
o woglie HEALS) g mil s S ke Slapssss
a3 AW D seal I (s )olow @ Mol sl ((yd sans


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y-\ obes 5 Slaclowl yuuwa doxo

o=l 03 e 50 VS asds V- Al L UL E )
ole) wae ulawl po Olss G5 3L 355, Jal e
S a oae w9 0db (b wblue 9 ol (5w
Ok U3 39 5o odu=iw 5%w Il s Yl
29— s jo K wlinle)T plasl S Guy puinid o)
S5 bl p Jl gy &5 ) 500 (2 13550 ezl
A s akads (3093 Jl) b Jl G20 wles
o=l = Ol T Gl .3 b 50 ) Sl w903 (oS
4 ) oS Jxo olgrs aSial (53 b a5l (bl
&2 23 ) e8luse 5 ple) oy iy 3L 03 juw Hbla
22 Sl ads o ol ailes 58w )8 OS Y=o
aslb 7+ oT wae &8 oo IS Jb K oloas
J_zoa__:) 03 o b wdluwe 5 o) e Ll
wmwl A Bl Glmicw Yl jae 5 Jlse 98w (5 513
9 95w & Y Plo) wiw S8 3k w0 Sl e
OBl o Olgis =S a was s 5 odub b bl
P2 L Wos )8 u 03 G S5k J9) 7w s 95w
V98 glo) waw abbdls Sw) e Sl e -3ub duslie
&) )3 0 b wdlue 9 B (S95w &) D
e L Laog ) (um)d adid Jo) )d a8 s 9Sw
V90T Jl Laosls Joudos 9 a4 330 .o auwlio
S 55 9 LSD S uass 9so)T s b 5 ANOVA

LIVY -] aub oslasuwl

laaxsl
2= (PoS oS s )T Glae B0 1) aesiie Sl (I
550 gm0 pls Slahgo (plas abasls 5 5 530
o= e 03 (s g s J9)) iy S50 5 sl
O3 B odid b ole) 5 wdline aunlie jw)se
5 )i 055 Y i 3 Gbisel Jo) B ) oS &y
5 JriiS 09 )5y a5 3l LS oyae e 5 oyl
I3 ine SMLAl s SLA 50 5 s 09,5
Ore) 940 09 )5 s JudS (prod & 3)la3 Sen 9
)i 09,5 Ly badb ()5 5 S ) p)S Glae B )

oals i ¥ 9 \ 6LQ)|$9_DJ PA) UT be.: 9 Auwlés

GBlio VIS w90 & (P )S Pl 2 S e V- -
Az el YV 230 55 50 wdlb)s ullw 09,5 asliw
Vs Jleslaiwl Lo 5y 559) o3 plunl (§—) 55
O S5l i ble 5 S usd oed I ok
I 3¥L 09a a3 L sl oo 9 3 (5 5 0)lasl
LIVY ] oo ass )8 s s Sobs (Yo-mg/dl)
Jle s 32055 (V352 D8 ol & Giele)T Yoo
R PI G O ) presiie 5 (K She - /V) pullw
(Yoo ¥ mae an pllw slaghswo 4 ()5 sl
IS 5S s p)S 5o 70 Blao JAIS 5 s
23 = obs sl ) ghiie A (w939 o yduwl
SSleo v 32055 (Y iGhlas 055 slagbs—o
a5 (P oS sliS j S Gho Vs 910 0) (o) giie
b 93 oad s B Gbse G (s Jle y3) oT
IL8) 09T (Y o) Ve e & (yaws ) oy piawl
Dobaie 4 9 vl 55500 wie & T Je
4o wg—o)T et Jo) 3 Laghso alisls bl
abidls 5 5 )80 o e siie )3l s ) sbie
G205 )90V 0ok o3 ooy, 5 ples )s (pluas
Ol (2bad aladls 5 5 )5 3L Ll sl (Y- AY)
L ol b o a8 b oslaiwl Gw)se 1 Jbe
T Jlaas B gl yio Silw 7+ sec 9 VA+ ,has
2o Gl V- 53 b ol Sofiw K 5 Ssbie 2
T mow p) pie Hilw V OT @) Sl Il % 03
02093 b Jl dcgeze ol il a8 )5 )13
PsnelS ) Ginle)T 4 s po wledbl 5 (L)
Olsn a8 Sloj H1aa 33,5 o ulbT 50 uad
PRIIen E VU LRSI RIPIF AN ISR RTRT S KETREIVEN
)5 13 b oS e ol Isb o vlss &5 S50
Vo 0k A 9 9 oo wnlad 9w e 4 s b
A s oS s go B S 50 V3 oT o) asls
03 .3 )buw Hba & D) olinle )T ) 03w uas e
L olojod 3iS lap b 95w plgas 45 Sogo
o093 buo Jee 9w 53 g )5S
22 5390 0 wie 4y Ginle Tyl S 50 88 5%


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-03 |

[ DOI: 10.29252/jarums.18.3.298 ]

1YaY ub o o )louls (PRIZID 099

Ju)l (Kb 3y pole olfiils alzxo Y- ¥

1000
:5t 900
%
- 800
3w ]
J{J 26
.\3 500
— 400
o
\:[:) 300
4 200
100
0
aal
J0
25
\g\
ga |
s T
R
_\;i 15
”g‘ 10
5
5
el a8 aB00 ey siie
40
35
3 1
o so Sl
EN
Q25
3 20
=5
}3 15
A
_j 10
T s
0
aslE o L5000 ey i

2= =S o B=) e pg—iie HBlio JBIS G255 puil N )lages
b Ul 9 ablune 9 s pan filie s el Sl g 2 ()T gl
OF 38 T Slo 03 Ghigel 590 B Ush )3 95w &g g B odub

bl 50 Hlme Bl EaSile Yl jae 0352 Yl

S g 5 033l Y Dl g i V3 aS Holil s .k
09, )5 )3 5w 4 YIumw) B oaid b vle) 5 wdluwe
il il 09,5 5 J S 05,8 Jl sl (o) géie
LS e 980 095 )3 5 83 2o 5o plis &S
93 o=l BV ais ) ol oo Jdke 6393
Sle oS pa ey (P<-/-0A) 3945 Vs Siso 05,5
SIS Hze SMLAL GinloiT 09,5 dw ) 9w (8L
S ol ze wlam =l 9 (P<-/-37) slas ylis
Sl S5 s JMAT o g-aie Ly 9 il (50 33
bo o ¥ olsges )s & Hohiled uized . 3Slod S
29583 Olbo) 3003 g 50 03I 9 yy Dl &y
5w Jmo 590 Il Dgae wleds slass 5 Bas @) )
ol 5 J)iS 09,5 Jl i (e giie 09,5 )3
S50 I ogme odsl s Flo) pab HuSe e 5wl
oS 09 )5 Jl pieS o) 5die 09,5 )3 55w Jxo
09,5 Slabse lod alasls 383 e lds AT
P (5393 L5 J)iS 05,8 & s (o) géie
IS -ize 09 )5 93 (ol BMLAL 3 2 (el b

(P<+/+0Y) oy


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y- obes 5 Slaclowl yuuwa doxo

(P)S oS 2 p) S G ¥er 9 Vo) presaie Hil (o
Gi___g).)ui;l._g.)kslﬁsu:by bas albsls 5 5 5 ab o
o 03 (9 pmy s S3)) s S50 9 Gbigel J9)
w8lue aF 31 Ylis @l ads jo ol VS im0 =1
9 b 09,5 )3 9w Ay Y Bosus Sb yle) 5
095 Il jiliy SIISGine D5k &y s +50bs 09,8
Jals (82033 383 5o Ylis a5 (P<-/-D) wuwl J S
e e e e e G
S gy 50 G5 3k oo YAl esels L bgo IS (=3
095 mlis 5 (DM) Gubs 05,5 mls on (rizzed
ds a9 Gls ize SMal (DM+Sal) (b + il
oo o—tio Loy S mlis Jds ued & cmiblas
055 L boid (o5 oS por p )T Sao Vo 51 1)
oals plis € 9 ¥ Lol gas )3 5 aunlae DM+Sal
S g 5o 03lie ¥ sla)ls 90s 3 A ) ghailes Lo
09, )5 )3 s%w 4 Y3uw) B oaid b ple) 5 wdluwe
055 Jl iy SIS im0 o-b an (pllw + 50k
S5 L 32 5o Yl & (P<+/+0) wunl J piiS
GBlamo JAIS 322055 )3 Glas 095 s (LsS
wewl 03l Jike 63L) d93a Uy 959 95 il
09, ) )3 5w 4y YIuw) B oaid b ple) 5 wdluwe
(PoS oS ;2 oS Sl Vo 91+ 1) ao)giio + 5L
095 Jl pieS 9 amsly LR J93 & ddmuly )90 4
O 8o 33 o Yl &S el ullw + 5L
G5 > YA s & dtnly =) g0 4y Ailgs 50
Sy Soup b w939 93yl Joiws 95 03w sl
+olad 09 )T o (IlS —ime BMLAl ais
Ak 03alibie yllaw + S6las 09,5 9 (yao) 9—sio
Eldg—ni )3 a S Hobil ot u—izoen (P<-/-09)
Ole) w03 3 guls 50 03Bl 9 p9 i 4 b gy yo
90 H e wleds Slass 9 B3 v zo) VS Hguda
SIdGize Vsb & b +GRLS 055 VS S J=e
O 48 (P<+/+ 1) sl J 5 S 0955 Sl yiaS
393 L3 Subs 09,5 0o ju (plos abbsls aas 50

09 )5 )3 el 95 ol wemwl oo Jike 6ab)

S g gy 3y e Slady 3ldal

AL 4500 Lo gl
ar

CBh xay w3 odad b ylej dus
(=]
]

15
10
5
0
s A2aB00 ey cie
20
18
16
g 14 Sriaind
..-3
4 12
:n 10
"
* g
= .
4.
: 4
2
0

e o £ 500 Cpn il

=t 25 o D) o rgtie B0 JAIS 2035 5 ¥ Jl3gas
9 B3D 235 )3 )9da Ylo) 30 y3 plls Bl g S (e )5 olss
Il pg—se (ol ) (Silo) JRAL 9 95w J=o $9) Il pgue iledd dla=s
9w )8 2T Hlo )3 Ealud j9) ) gy s ) 9% J=o 89,

bl o slme il £ySilie Oliae 03083 Yliss


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

Judl S g e sle olSiuls alme ¥+ £

\YAY b o o )louls (PRIZID 099

(P<+/+0) 39 s Size MolS” (ydlw + 5L 09,5 L
)90 d ASlg5 S0 (Hae) bl IS o Yl &S

b g5 oabh slool adasls )y JMWAL jos oy anwly

) e s8io + b

PREE

(P S 515 2 5 o ¥ -

Ol paiiy 9 4l inl 38l o oy aiunlyg =) g0 Ay

o ML a5 (5l 4555 Ay sl (b + 5L 05,5

(£S5 2 5 o -

*) oo gbie + 5k 09,5

b S gug ) Sl k_gLqui'a}-o PRI Q-W’}-‘B)D"“)“”l

R E RN Ee ey,

. .. ..
EEEm RN RN u_a.mv

.

o o A o o

'"\'.

anll

3

Crat 39.5_'1..3 + L:"‘.‘:L'

J.‘}ff’ei?‘a".“’ + il

(%

Il + .._;_:b.j

Yoo

3 x
- 3
53
a 3
3 3
22
Yy 4 3
s B 34
e A e A 3 b 3
S X
_.u Wa 7 M
o \.\.ﬁ« e e e = v
' \ ..... \“_ .“ . a
R G
- M a &
T
a Ny
103573
R BROE
Jw & a )
Yo% 9 R
3= M
34
3, 7
..... a 34
— M 3 M, &
.° - bt
i3
gt eren gDy (e ol ) m 3
3 %
..w 3
33
O\
N m“
w A

[ £0-80-5202 U0 JrJeswnieseuinok wolj pepeojumoq | [ 862°¢gTswnelzsz62 0T :10a |


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y0 ubled 5 Slaclowl yuuwa doxo

0.4

Ak & » &b u‘_L d]ﬂ) .,k“;)>

0.1

e ]

12

L

s a]

9_.<.M. a9y ) e b sl
(=]

]

Al et +

U0 590 )l pgae lads 3laas 9 BAd a3) ) ygaéa ulbo) J.-a)é).g(lo)f,l.p’)a. f)rub‘ Yor 9 Vo) Oyao 9o SBlao JAIS (32055 58U £ )l5ges
A i I ixe WAL **P<0.01 . dubly 5o Hlme Byl £yl Yliae 0353 Ylins Ygim pb T o S oads 59 2 39 33 i ) 98w
(DM + Sal) ¢yalw +isbsd 09,5 Ay s #0<0.05 9 J dis 09,5

A p—eo 4 3550 G950 sl p—uille
Siloed 39 5o g0 e VS Ysawl 3539095
Sslosls ylis &S Siuds=o C.;Lu L oeized [VV] S0l
b 05 238 e g-die aliie 4F) ol uil $2055
Jl glr=o slagbsws ulshss & (A3 50 Ll
23 $9095 ol 9 (pe e W A8 LA 5 sk
Soib s (2ludd 53 v Jlial s b %o
elsl G5 Bapb & rizmed [YYI Siloxed
SIS po 9 shu=e (B30 33 Sslosls ylis &S udixe
A 5 5 )5 3w el puad Sl 32 pbo I S HI8
O3—h Jixe Jl 9 33 50 i)l Layhgo )3 )

S U8 cpe i 52035 &5 sl plits b Hlanl Y
4 (P )5 9 s )5 Slao B+ +) (e giie i) goT
abisls s Jike 1) il 553l lls slabae
A5 caul iz Oles oyl bk oo Ssue L) il
rnJLm slabso 03 (LS & (e gaie Jl oslaiwl
255 > ol S sibe S5 5b »s ST s ge
Sslosls gl &S isdize glis b pools aslliae
Gaoe Ly 1o 5kieT mazs 5 GhIIS 3y (pe)piie

aial 4 9 2R3 5o il Bl D) jke b8 4l o
Slzul esely Subsas sols Hal Wl sy g3


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

\YAY b o o )louls (PRIZID 099

)l S 3y e sle olSiuls alzo ¥+ 7

Il oolS gy VS guslaw wST o )3l sLwJlso 35
o oo —L b 55 oa b Slzol Sialib uwT
Somg 1) T Jl bl absls JWal 5 338 oo 5 uf sla
2l b aline Jsb &3 [YF] 315 Silskad S 0
abdls JMAl (o) g-die Sdlosls Hlin &S Susé=e
Obeo VL b 2lde 6Lﬁrn_.§j))'| b
b pglaied 5 [PV] s iido 5o Ssue bl p=wo
S ) BB bse (HLAS alidls 3 )Slac Soue
5 95 acsllae mlis Ly yshised .3l Lilgsas [PA]
T )l @ilo (yae)g-die SS3ls gl a5 y)lKes
SIS 8 an jl bl (S ik a9 il
5 Y] 35bse Ghise )3 il s Ol pas s
) 90 & yae ) saie Jilosly Ylis &S Suddxe mlis
L ypeY g3 65wl I 5ibls aladls JMA 593 a aduls
olallas gl Ly opizzad ¥+ ] 3z oo S5m0
asilosls pluis & YllKed 9 Fuid b ss osubelxl
Ly @2 3T Ol 9 =l i 55 JoBB U gbo & (yao) e
538350 LRAL L ok cdS bouzo )3 V- 35 xS
olod a5\ _)U)S_.»La;rog);‘T.;N,..md.p;u)s
2 b 5 9 1100350 Lidls 1) el by susslieT
as 2ol plis il wldloe & b jl &S idixe
ublew vs Galob 3 ) Sec 9w el o) g
Gpb Jl 9 [¥P] Soib 50 ¥ s wabs Ly 03 pundl
SHaLS o 358 sulapuslans 5 s olss
2o SLous 9= Ly Gl sl el ) - S 5ol
&S idizme )5 mlis b Glo 1 ilskad S gib e
eles pbhlew V3 o) g-aik 8 juoe Ailosls ylis
ORALS 33 b Jl Al Sk o5 S gm ) absla Lgisas
Ly oleoT Linl 3381 5 [¥¥] wae B12 uoliny mbous
[FE] oolS oud Lo i p )3 'LTP Liuals 5 [VA]
1] 3ot 5o pitin (ialioh wIWA] Szl aely
aS sslosls Ylis pussxo abosl) (pl VS Sl & oleo

Ot 331 1 seal 30T & Misl o cwl (yKowo ¢yso) gidio

! Cisplatin
2 Long-Term Potentiation

Silo—Fed 3 5o S5 oA (8 ) Lo g3 alaSls
o b= slaaisl absl) (ul oo [PYYE] )l
OiLS b od 38 &S lole » a5 283 0 i
5 G )83 (pae)9—iio 9 (i g—uwil &L JI) 30>
o3l D goa ais aF Slele 8 5 Jiske |) alasls
9 68 3L (S oI5 (535 o 5 (lume ($25) 2R
G—a5 )3 [PY-YE] sls aalen il sl ) adasls
Vs 5 GRAL 52 b I (o) site Yeinl S5 pils
253 B b Sl il 03,5 Jiske ) (5lds (548 3b
roJLw Bl b )3 o) gdie bl A sllos )
JIs ol (Ko a5 Swiic Soug 1) (Hlasd alasls
0093 )90 Jsbo )3 usi 2B a3 il 8l OT
0550 09 g9 b Ly &S Lra (bl yhjs—oT
Sl S 33,5 @lad (o) shie 32055 Qb sl
ore ) 9-dke 3l maas & GbJgeT S50 O ol Jsb 03
O3l b 9 3ubb oo 8l s pod 3B LA )

bl Al ol 38l 5w albsls O od 3B 7 IS
aSals gl )bls (§iizxs P9 Al jo 5
70 SBlae JAls 32055 Gpb Il lagbge 035 ks
el w959 93 piael )5 5 LS o o ) (—ro
IS 32055 9 350 aladla 5 (5 08 b Y b Jie
(PoS oS 2 S Glao Vv 91+ 1) o) giie SSlaso
23 03 slznl YNl jos e aiumly w90 4
Ay 50 Soue b Sk s Hhso abisls 5 s 550
St G b Sl Yaial (o) g-dio 303 50 i &5
5 Sl plsa Ly s ol sl Sl SidliSins
Olles inloh VML 3519550 o3 guilawusTaus
SAlb wIMAL Hlo s Sl 5 Juibss Sone 1) b
ol bl e Sue real T 5 el (s lew Jl il
olibs a8 isiize mlis b uols asllbe mls s
Szl pleouits Sodaius s b o) 98 Jilesls
58138 oyl 5 95 a0 b J9J)5 ity b 0
Some ) oT Jl b Sialus Ml (als 1) (s e
li L puizxed [YO] )y Siloedy sz 5o
b g3 e 9—bie ASlosls plis & F S ubb=e


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y-V obed 5 Slaclowl yuuwa doxo

S50 F9g0 Lchksro.qu.'»LLo sl eaely Sbsass
Obs—o jie )3 Wl 1533955 4y pzie Litlis &5
o plie sl aslloe mli b @l ol [P)] Sgib e
Ul 4555 s wslas Ailglse T Jds a5 )by
RV u:'b._gl.o)'T Sl by b oslawl 5) 90

ORR9J3 BB d9 30

DUl 395 4y Ylgi oo aslloo pl Slaewssa=o JI
5 oo g-bie wl )l asllos s (ol g gionl

)50 SLGb o o xolS sud o a5 9 piwl
3,5 o bl aslliae

O 9o &S sls Yl L9 jy ol JI Juols C.‘Lu
abils Gy Jie b plls slapbge (2LaS 6 53k
Olis gl (puizad 28350 Ginl 33l b LT las
Dolainds oy 59 oyl SBlaso JAIs 32055 a5 sl
23 1) Las abisls 5 (5 83 (5235 b Skl
S0 (Vb Ylopd 9 38 5o Jke Lo ybs—o
9 G5 3L JMAl yaop gsio by Sulos slohewo
Dot J93 am Aiumly w90 4 ) LigT adasls
il YW Hlops o eyl ulis (i so

Dbl o Saie LS pllew

)33 9 HSis
b g po-de oliliuls a sl Lol Jools allio -yl
GV ala SL ya Sen w8

= wl oo w3 IRQUMS.REC.1396.238
[ca,l.c olSisly (Sl 9 53 i slee (5 )0 JI A gz 3o
33,5 50 SIS 5 HSS (958 Kb i

References

Sl 35w o T Suac slad s sl 45 5 a0
e 9—9ie L pgle)s a5 353 Ax gllo (e (JUo
il sl T Jao Al am S5 usl )3 oo S S
odbo af u-‘°e)'-"T 93 )1 5% )b S by ple Gl 33l
S olioT Ls 2iSib 50 1) (APP) Ly 3 gluol s i
AB 3455 Ginls81 b a5 3550 35 55 L (AB) Ly
aslloo ) [VA] 35: 0l 500 S5 o8 lasl JuSis 5
2D (o) 9-8ie 48 3533 )5 il YhlKed 5 v S Ul
5 APP oudgslio il 381 iacly (3909 xS baymo
YL wdale aF 35l plis Ol S 53 > subs 50 AB
by e )3 APP ) plw inl i8] eacly (yuo) 520
AB Glial gozs 5 JuSiis b &5 g 50 (559095 S
9IS b a5 S65als L LT ooyl y2 09de .39 ol yo2
f—Q»uiap—O)-io)éAPPojuLgui»e|)J|&—cl—.'
S ah e ()5S 385 S [YO] 950
S a ) LTP ials eel (o) 9o Jl oslaiwl
S b 2 3 (3)1s abasla b 55 5) g1 548 9 sl bl )l
AS 353,5 Swoiw wldlos (ol .55 50 HolS 5ud
3 )Skae 038 )33 Gk Jl e g-tie Ly wlwe)s
I as Shlas o ool (—Sos ohloy abisls
A5 [YE] bl )b 3 a0 m5) p—eul 3T
o) 993 4 i wl osls Ylis wlelloe (p )3deas
D i pmitd acali )3 Baac AR goxs 5 Gl
A3 An gile (prBixe (G485 ol VS L3RS 56 Hinl 33
1 APP ()1 5 g0 9o 4l ¥ g 95 &S
Obs—o oo piid adhio )3 AP Slial gezs 5 Sy
a5 ailod )5 3wl oladedsls [P1] 32350 Liulél L
el 9 23S 5o | Joolss AB sty b Logiine (yee sitio

61 Ol S g3 4sS Ay 3o 50 T ez

! Amyloid Precursor Protein

1- Ascher-Svanum H, Chen YF, Hake A, Kahle-Wraobleski K, Schuster D, Kendall D, et a. Cognitive
and functiona decline in patients with mild Alzheimer dementia with or without comorbid diabetes.

Clin Ther. 2015 Jun 1; 37(6):1195-205.


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

\YAY b o o )louls (PRI ©) 9 Jeal S5 5 [n}l.colihjbab_to\”-/\

2- Banks WA, Owen JB, Erickson MA. Insulin in the brain: there and back again. Pharmacol Ther.
2012 Oct; 136(1):82-93.

3- Li J, Cesari M, Liu F, Dong B, Vellas B. Effects of diabetes mellitus on cognitive decline in
patients with Alzheimer disease: a systematic review. Can J Diabetes. 2017 Feb;41(1):114-119.

4- Zhang J, Chen C, Hua S, Liao H, Wang M, Xiong Y, et a. An updated meta-analysis of cohort
studies: diabetes and risk of Alzheimer's disease. Diabetes Res Clin Pract. 2017 Feb;124:41-47

5- Markowicz-Piasecka M, Huttunen KM, Mateusiak t., Mikiciuk-Olasik E, Sikora J. Is metformin a
perfect drug? Updates in pharmacokineticsand pharmacodynamics. Curr Pharm Des. 2017
May;23(17):2532-2550.

6- LI J, Benashski SE, Venna VR, Mccullough LD. Effects of metformin in experimental stroke.
Stroke. 2010 Nov;41(11):2645-52.

7- Mahmood K, Naeem M, Rahimnajjad NA. Metformin: the hidden chronicles of a magic drug. Eur J
Intern Med. 2013 Jan;24(1):20-6.

8- Ashabi G, Khodagholi F, Khalgj L, Goudarzvand M , Nasiri M. Activation of AMP activated
protein kinase by Metformin protects against global cerebral ischemia in male rats: interference of
AMPK/PGCla pathway. Metab Brain Dis. 2014 Mar;29(1):47-58.

9- EI-Mir MY, Detaille DGRV, Delgado-Esteban M, Guigas B, Attia SF, ontaine E, et al.
Neuroprotective role of antidiabetic drug Metformin against apoptotic cell death in primary cortical
neurons. J Mol Neurosci. 2008 Nov; 34(1):77-87.

10- Wang J, Gallagher D, DeVito LM, Cancino Gl, Tsui D, He L, et al. Metformin activates an
atypica PKC-CBP pathway to promote neurogenesis and enhance spatial memory formation. Cell
Stem Cell. 2012 Jul 6;11(1):23-35

11- Martin-Montalvo A1, Mercken EM, Mitchell SJ, Palacios HH, Mote PL, Scheibye-Knudsen M,
et a. Metformin improves health span and lifespan in mice. Nat Commun. 2013 Jul ;4:2192.

12- Amit G, Bharti BC, Sankar D. Peripheral insulin-sensitizer drug Metformin ameliorates neuronal
insulin resistance and Alzheimer’s-like changes. Neuropharmacology. 2011 May;60(6):910-20

13- Li J, Deng J, Sheng W, Zuo Z. Metformin attenuates Alzheimer's disease-like neuropathology in
obese, leptin-resistant mice. Pharmacol Biochem Behav. 2012 Jun;101(4):564-74

14- Herath PM, Cherbuin N, Eramudugolla R, AnsteyKJ. The effect of diabetes medication on
cognitive function: evidence from the PATH through life study. BioMed Res Int. 2016 Apr; 2016(4):
11-17.

15- Dominguez RO, Pagano MA, Marschoff ER, Gonzdlez SE, Repettod M, Serra JA. Alzheimer
disease and cognitive impairment associated with diabetes mellitus type 2: associations and a
hypothesis. Neurologia. 2014 Nov-Dec; 29(9):567-72.

16- Mendelsohn AR, Larrick JW. Rapamycin as an anti aging therapeutic? Targeting mammalian
target of rapamycin to treat Hutchinson-Gilford progeria and neurodegenerative diseases..
Rejuvenation Res. 2011 Aug;14(4):437-41

17- Asadbegia M, Yaghmaei P, Salehib I, Ebrahim-Habibi A, Komaki A. Neuroprotective effects of
metformin against Ap- mediated inhibition of long-term potentiation in rats fed a high fat diet. Brain
ResBull. 2016 Mar; 121:178-85.

18- Chen Y, Zhou K, Wang R, Liu Y, Kwak YD, Ma T, et a. Antidiabetic drug metformin
(GlucophageR) increases biogenesis of Alzheimer’s amyloid peptides via up-regulating
BACELltranscription. Proc Natl Acad Sci U S A. 2009 Mar 10;106(10):3907-12

19- Imfeld P, Bodmer M, Jick SS, Meier CR. Metformin, other antidiabetic drugs, and risk of
Alzheimer’s disease: a population-based case-control study. J Am Geriatr Soc. 2012 May;60(5):916-
21.

20- Liu X, Mo Y, Gong J, Li Z, Peng H, Chen J, et a. Puerarin ameliorates cognitive deficits in
streptozotocin-induced diabetic rats. Metab Brain Dis. 2016 Apr ;31(2):417-23.


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-03 ]

[ DOI: 10.29252/jarums, 18.3.298 |

Y9 obles 5 Sluclowl O Soxo o) 93 alixe SlR)9S jue= il

21- PiconeP, Vilas S, Librizzi F, Contardi M, Nuzzo D, Caruanal, et a. Biological and biophysics
aspects of metformin induced effects: cortex mitochondrial dysfunction and promotion of toxic
amyloid pre fibrillar aggregates. Aging (Albany NY). 2016 Aug;8(8):1718-34

22- Zhou D, Qian J, Chang H, Xi B, Sun RP. Pyruvate administered to newborn rats with insulin-
induced hypoglycemic brain injury reduces neuronal death and cognitive impairment. Eur J Pediatr.
2012 Jan ;171(1):103-9.

23- Kopf SR, Baratti CM. Memory improving actions of glucose: involvement of a centra
cholinergic muscarinic mechanism. Behav Neural Biol. 1994 Nov; 62(3):237-43.

24- Ragozzino ME, Parker ME, Gold PE. Spontaneous alternation and inhibitory avoidance
impairments with morphine injections into the medial septum. Attenuation by glucose administration.
Brain Res. 1992 Dec ; 597(2):241-9.

25- Zhao RR, Xu XC, Xu F, Zhang WL, Zhang WL, Liu LM, et al. Metformin protects against
seizures, learning and memory impairments and oxidative damage induced by pentylene tetrazole
induced kindling in mice. Biochem Biophys Res Commun. 2014 Jun ;448(4):414-7.

26- Alzoubi KH, Khabour OF, Al Azzam Sl, Tashtoush MH, Mhaidat NM. Metformin eased
cognitive impairment induced by chronic L. methionine administration: potential role of oxidative
stress. Curr Neuropharmacol. 2014 Mar;12(2):186-92.

27- Allard JS, Perez EJ, Fukui K, Carpenter P, Ingram DK, Cabo R. Prolonged metformin treatment
leads to reduced transcription of Nrf2 and neurotrophic factors without cognitive impairment in older
C57BL/6J mice. Behav Brain Res. 2015 Mar; 301:1-9.

28- Ashrostaghi Z, Ganji F, Sepehri H. Effect of metformin on the spatial memory in aged rats. Nat J
Phys Pharm Pharmacol. 2015 Jan; 5(5):416-21.

29- Zhou W, Kavelaars A, Heijnen CJ. Metformin prevents cisplatin induced cognitive impairment
and brain damage in mice. PLoS One. 2016 Mar; 11(3): 1815-90.

30- Mostafa DK, Ismail CA, Ghareeb DA. Differential metformin dose dependent effects on
cognition in rats: role of Akt. Psychopharmacology. 2016 Jul;233(13):2513-24.

31- Hettich MM, Mattes F, Ryan DP, Griesche N, Schroder S, Dorn S, et al. The Anti diabetic drug
metformin reduces BACELprotein level by interfering with the MID1 complex. PLoS One. 2014 Jul;
9(7):€102420.

32- Guo M, Mi Y, Jiang QOM, Xu JM, Tang YY, Tian G, et a. Metformin may produce
antidepressant effects through improvement of cognitive function among depressed patients with
diabetes mellitus. Clin Exp Pharmacol Physiol. 2014 Sep;41(9):650-6.

33- Moore EM, Mander AG, Ames D, Kotowicz MA, Carne RP, Brodaty H, et al. Increased risk of
cognitive impairment in patients with diabetes is associated with metformin. Diabetes Care. 2013
Oct;36(10):2981-7.

34- Potter WB, O'Riordan KJ, Barnett D, Osting SM, Wagoner M, Burger C, et a. Metabolic
regulation of neuronal plasticity by the energy sensor AMPK. PLoS One. 2010 Feb 1;5(2):e8996

35- Picone P, Nuzzo D, Caruana L, Messina E, Barea A, Vasto S, et al. Metformin increases APP
expression and processing via oxidative stress, mitochondrial dysfunction and NF-KB activation: use
of insulin to attenuate metformin's effects. Biochim Biophys Acta. May;1853(5):1046-59.


http://dx.doi.org/10.29252/jarums.18.3.298
https://ejournals.arums.ac.ir/jarums/article-1-1516-fa.html
http://www.tcpdf.org

