DOI: 10.1234/knh.v0i0.270 % WA oL o ol (8 055 ¢yl 5 515 alows

3 3 29 L ‘L"Jé ";‘vL@{ Sleds 9 vt }1.9 eli.i&\)
g allio AL Gl (s S e

a3 15 (o 198 sl 3035 3 o6 Ao JHS1 il 39 (oloST B> i
P o sbgige 49
" gmsn e o SISy Lol (il e S b el 398 g
bk (55952308 09)5 = (S5 8 oS S po —( Sy 028ty —loal yuld (eaiz (Kb pole oSl -

bl =595 348 09,5 —olasl pole Cliiod 3950 o —jlyed (S pole oliily =Y
VWAYIANY 5 by gyl O FAV/SNA el yo g )b

oS

i oo ol 03 o oy i ot s 10 55 e sl dy gy sl ok = e aliblo S ol s Sl i S
i [ 095 o g iy T~ s MenS 50 5 G145 el o[ b piloST 0985 0 00litan] | ey & yg0ts yosl I (6 )los cay
ety 30 ool Sl Al ] ol 0 pilaST  2lilio 5 dallan oyl i o pleslics ol sy 5 STdilis
30 Oygods lo JoilS 0] iy oolitw] delllas (pl ,0 o, 5V G 1o g 005ize 0 Sprague Dawley ofy j/ i slocs, Ao 4ig, g dlgo
Sl 5950 Gy 7 S Gy oo g0 90 50 FMAIKG 50 b ¥ 5 ) (slafas 5o Srwsis oty o] s A () Sl (il s o 45,0
WAL D g, 0 ablisls g 5,500 Ulsr uizan . ploi] Gleo 10 5 o jgods VI 59, G F 55, 5/ A 5 Fe MOIKG (sloj90 b s pileST
o Qg0 1 oy o y5litods pizmons A5 plonil gy Ggai] p)lez Sanpo 5 WS Ghigel ol gy ¥ 0 lacs, s ol e yge (2 lo dhngts
b Lol o (3] (5550 (0] 030 T et o S5 o (Fidlas b 35S

9 i oy il (sibay P 4,55 5 (il aliSl g s, SOL P GIFmQIKG 4 g A MOIKG g0 b ouileST 45 wishs Gl ol gl
S o Tl e e

il diodgus o] s los g bl iU aliSl> g ¢ p S0l YN 0 Wil o piloST 45 dsy o JLaidy i 6 g A

(2o hge iomge (o sle bl (6 2ol (LS (rmgig o sl 1 guulS srojlg
Email: marmoosavi@Ssums.ac.ir ¢ ¥\ Y =YY« Y- Yz wlod e VIV-YY Y ¥ 2 il ol pole clidios 55 50—l (S pole olftils -l 1 giamno oot g8

il Pl g0 oleST (Bliz 51 o p0 Somge Losle (S imte ibd i ol S b cogiing 0923 1g |


mailto:marmoosavi@sums.ac.ir

Jb&p&};ﬁ}g}@

S5 o 5355 el 5 55 LET

9 LPS dlusgdy oas dbou) aladls M| 5 520 )0 Codgizne dlwsay
25 Ol s 5lST plpoaMe L(VF 5 W) 5l (e ¥VhoSul
(V) Conl gt Ws 5 jg055 Ad Ol ylais] WS ¢ 55yl

Sl g 5k g dabls  STZ (oo 55 Il (58,5 ks o L
2 aleST (blis Jl s aalllas cl B (55T 55559 09,5
Al e STZ j1 b dbasls D3] ),

a3, 9 dlge

G Yo 559 0390 4> Sprague Dawley ol I oy ¥+ slas
Ol Gypods g Ad apd oKk Al e S 5l 6,5 Y-
Lilps o 2kl cllgs cpl s ool )8 05,5 0 ;> ool
) YO slod 5 (So,b el VY 5 59 celw VWY ol 5)lkiw!
55 Jlye 4lS 39 4,8 5 sgume b el 5 T b 8,8 b
Ul b5 5M] ool 5 NIH guide gl 351 clasde
1335 Jlas! Sy pole oSl Ly o0 palass

(STZ) powossguyml (gosld Jold ol odlaiwl  (slag)ls
I 4 (Sigma-USA) (Agmatine) 53T (gq,l> 4 (Sigma-USA)
b oo pdlus gyl 50 ya s o odlatl

5 doyd Vo el dorw syl bawg aEislejl bl
29 03b gk (IP) (Blao (953 32)55 ©ypods 20> ¥ (jskl;
Sidnid ity olasl dalofl > dgrse uSlisy sl ol
o 9 Seieds b Jole bawgs (2l Joe g M0 03l )3
Ol (38> ClaBn deoer 0 (bled g Cangrld,S bl
G &y oo +[A) 00 e gl Joio bawg b
Y0 o il b Gl g ) dol e la V0 LSy il
buog Jlaidyse Jore s (demen v diCuwd Bos o e
S9is 35 (ol b odd g Gl Jl sl S8 9 00,5 Elyg
bug 2la Joe ol i 8515 0ad gl Jxe 3
30 b b Jels oS ghsbay Al onilie (S50l logw
& e s o 1 s IS Jolyn o 13) 200 b S8
(o yy Jolas

49 Sy ot o gls o B (oo iy §1 55 005 sl
Oige b ol sl Jate 32)55 (i 4 &S olisS sl
Al o) Feo > oad ISl gl Syl me e /0 52)5
e 4l 9 Gysods e b (3mglkg/pl) STZ .l
GF ok 2 &8 UKD (pt Ab 35 T 9 ) (slajyy ) padie
GuF Gy )5 25 )b a4 STZ o5 o +/VB je
St JP 0 aiBs 0 3y e Gigwg Aidd ) jlgSee - /0
L ¥e) ooleSl e (85l gyl ui zyb 51 B ws e)lS

\A

doddo

Casd ) gy 45 1l ,5539y55 IM] Sy yoalill (o lon
PR 9> b il (nl Bede pasuie dadls oyl ()
sgier J pam @ 5 cwl b & Lol p)8 ol
eiin JoS ooty join o] e o Soolysel p1b 5 sl (S35
Sl o I a8 ol dlpig pla VAA Jls 0 (V) G
ey sl 1550 Soalygrl yaalill slons S35k 50 (lgu
drwgi 4 ke dpd )b (85 ALY g Cobd slow ol el
Gy 8l vy le (V) 48 STZ 655 50 G5 b Slow Jbo 2
Oyl & Cuoglie o (S55ld Clo) b lajed 53 09 oo
el bl ol (1) 295 o ol (K Uas 55 JMS] dliussy
4 Cooglio 2ol (gl pub (glajed 10 STZ 5,5 b o ldisee a5 A
2GS ol a3l gy aladls M) 5 (635 50 ol gudl
(FsY)

ol cage STZ (o550 jup8 & wmde ol Slillas
0aB g gl 4 Cuoglin cqlannST oyl o 35S it
©less ded Mo (pl & 0gde (TP 9 S mudglio
3 (V) ol Sonlyganl Sl gylow adgl nlpe 13 o0 osali
2 A STZ 31 (b Sagel s Lol e 85 sy Jliiay g ]
085S 5 Wgus] siww STZ &S ods cull Cuwl i gl S
D) > o ialS 5ae 3 ) daudl

GLUT ) 345 5y90l5 Bo)bojl )bl canlis Judoe; STZ
Crge & Lgd oo g5 (RNS) gy Sl saeisS 9 (ROS)
) $5i00 553

doogts o cwl Suplibowl S oslS]
5o (ADC) M 52,5 0355 bawogi 333)] —L (gmms M 52,8
3 el b pdglbio ) dbwly G olaiedr p5beST o3k @i
Mo aidld B yee o 5l ol g LS walise gl S
w23l) UleST 5 (ADC) 3MeuS 55> (33,1 0pileST o 51 2 (V)
2 A-A) s il ol sl s (osleST eauSossts
(g Vlgen doxl (2lg J pam > 5lST ok s
M8 e g ) ladias (pusdiw S he 8 el gun
53S9y 9y58 Syl ghyly oleST aS o 5155 (V) 2 0 il
MPTP (methyl-4-phenyl-1,2,3,6- ;| iU cuuwenST 9595 plp 5
odds Wl Olpss ((VY) gbs oSl (VY) tetrahydropyridine)



ey j:lLl AN a)\.;.:a A )92

k_é..ﬂ).&.'.u’}v,ﬁ‘:‘d?u

g5 ks g a3l e (Hidden platform) sls (ssw (y9ejl & aud
ol 456 5 yg05l ym loj e g Canl )y b Sl olp
8 S @Y 5 & > b seil Jobo 1o ol e
sl aloomsls 5 it ally & ompgd JiSiw 5 3 45
9 oS 38l (gl ond b cilue (Escape latency) 5Lidyee oylo;
NBley by 398 slappadli plod 298 00 Cuf gSw (8L oy
g 0 o Ethovision

one- way analysis of 4 repeated measure g0 )'T alowgds aosld
oy aBas awlio <y Tukey 905l 9 (ANOVA) variance
2 Slosd ooy i Hlre CBlidl g (1Kl O ypody bl LD
S5 3 e ©olds ey P<e/+0 (gyll (sladuslio plos
Db o 413 )S

Sl 5 Al 38T ((352) b STZ ol g ol
IS5 ol g el sas ooy plis Y USs o b o olas
Slodds 03l Hlis SEM.E 1Sle ¢ jguods ool

oboj o e b (Ster Sy 30 ol S5 ol
Ol 9 331> g2y oy, aan 1> (Bjgel clajy g 5K 4 )
Ulg STZ plpl a3 ol 1) oS Joxe Wog )5 den S0 o
5 bl 65:50L (665 Qall =) S s o ialS ]y (6800
Iy ()3 sme glis Repeated measure 3JUT .ams o Ui 1) lnog,S
(P=<l+N F(¥ o YF)=VP/F0Y) s o i ooy S 0

oL Repeated measure 3JUT JLisa, Posthoc Tukey yge5l
sobds STZ oaiScdlyd 09)5 10 oS 4 jduwy oloj aS™ ob
b oloyd (P<e/v oY) canl il oaiS'cidly o 09,5 51 i HIo sixe
S (P=+/+-0) (p )5 ko ¥+ 593045 o) 58LeST p 5 o A= 50
3,5 isSan |y AB dliusgy o0 SLl

LY BN Glajsy (b pleiz oS &gy loj @ =) S
e slajgy 53 ) )y (KsSe duslie (ly a3 e (lis
Sglds ol 9 b odlil One-way ANOVA (g)lol 9050 5550l
() dgiz) oy L 1y g, plos )3 Waog)S x5yl sixe

S5O g9, > SUlges 3,Sdes 5l (90l gl - g

PV F(re,y¥) 9
<efee Y- /¥aA \
e $IE5Y Y
<ofee AAY ¥

\Al

Ol 53 9y S gt (Slio B ©jgod ol b (Mg/kgh-
oy oilennly 59y ) b GF ea)lez 9y U ez 59 )
5 sl (o jlo 580k g aabls)

Morris Water ) (s (ol jlo Liolojl bawgs olad abssls
4 agse o eld ol Sl b B ) 350 (Maze
Vo i)l b o wiloo plo il B Bos g yia Blu We (o0&
a3 )3 YO 3945 50 b O (slod g 0 g ol I ol (650 ko
4 yode (S wSl doras Sl azses opl g il oS Sl
oslézwl (Hidden platform) les (g8 laicds yio il VY lad
3 5 s g 200 1,8 o i s yie il 93 290 &S 39 o0
Sl dbls o Lo glos BB &S b aile Glid uis o
ol YL o pogaso 0mysd €5 5 29 )15 Sl b1 S 5
» pBaleiliflas el g ead cual e g0
& cleMbl el giaw 4]y ol g 03500 ()b pld Ao
Cud pogasa )liley A8 o Sl Cunl cusd SanelS S 5952
05 o (Ethovision) 39951 aladls 9031 w9

soyas 38 Ghisel o) slaz Lbigel USgn G O,
3 398 9 U (o oo @y 2 oy Bt oS Ul
Ol L gy aw cul o 5 255 ool 3 O a5 el
U5 o logLlS e 51 6,80l S b 0 e bl 455 ol
o> Bl 4y )00 S 5)sbar lg 2ol e )3l o
9 B g (Jlad) g9y adlate Sl 5l (o 5l il asg>
5 5 L dgde odh ojbl (s 4 5 i by OF > (08
ojlal Olow 4 4l A alojl)5 pa 5 cilo |y oad plety oS
Ol 4 98w 8L Iy eblo ]y 0ad Gl (555 B 398 031>
o 9 Sle Bb ol ggy Al Yo Sde dgd 0 03D o)l
Ao b Gl S0k plail ) gy 90 £opd sdn 2l
g 0k13)S 3l 395 (pudd 4y St

oseil omleil 9 wb wiby ot wse ¥y 2
o 3 S gh &5 Sygo (il 4 C8)5 el (Probe) oy
aili Fo de g oy I T > Lgis dilaie 1) e g Cond
Ola ooy plasl 5l e S L domdgs 0 b ad 0 00Dy ojls]
Ao 033l (e A

9w Su (o)l el 3 15 plosl Visible el gy (905l 51 e
S o GV o sl 01 oy posivedll ish bawgs &5 cay S
250 W8 (Brd gz) S dlale Sy )3 (o 5 5850 030 1,3
M talefl (ul 39wyt (S (o ot 35 g 3350 6



OLKen 555 3 o sins

S5 P e 5355 5 5 55WST

10 * %
. 1
g 8
1 [=<<]
g - e )
3 pegel 773 ,
Eo| D o Ba
2 [l B B
% s eEae #992] beved
(o] b b
g [55e] b b
£ 4 (450l bacd b
] (430l Bt B
Fi (222 bR b
T 3 el Baca B
H Lo b boed
= [l B B
-z (] b B
(o] b b
| B o
o eezy! beeid
0 T T T
Control 5Tz STZ+Ag 40 STZ+Ag 80 AgE0
Groups

4ol 4y 959 (wilS 13 g (ileST ((y909) LSTZ ¢l il pd 51 -V U
29,5 (i &yldisre gl P<e/ed™ o9y (g0l (b ol yole 5 95w
9 STZ 3 STZ 09,5 o 5,050 glis P<efe0 * STZ 5 ol

ooleST

60

50

Mean escape htency (5)
w
3

control sTZ STZ+Ag 40 STZ+Ag 80 Ag80

Group

) 85w &1 Gty Gslo 32 W LoST 9 b g b STZ ol 1€ JSo
Sl 9% 9031 b
Y9V jgy 2 STZ Pl il jl (p)S ke ¥e 593 &5 9) p)5 Shio
55 S

oSn 5581 (093) b STZ il syl v S
olis One-way ANOVA! gajl amd o oyLis |y 3,8 s cas yuo
9 YY)=+/5FAR) 0)l6 Gold Waog,S o (99,5 Lid e oo &S DD
ST (90) L STZ oyl jposs ol 51 ¥ s (P=+/5YVs F(F
03l LS gy g3l b ol gl 5 55 4ol 4 3909 uilS)3
Post hoc Tukey (ygejl (P=+/+++% F(F g YF)=5/-0F) conl onid
gty ol pslre 5 s anl @ 390 S B & b s
o815 L oy oS o 53 il alS STZ 09,8 )3 (o sime
odls ¥ IS5 50 08 weSee Iy dbabls Ml 5,5 Lo A-
Slods ooy Hlis SEM.E 4Ske )0y

Oy oo 2 55T (0922) L STZ ol s 51 ¥ IS
Cal oad ol Ui 1) F e, 50 T 66w g0l 50 oS 4
Q& oy oloj a5 ol olis One-way ANOVA (g bl g0jl

\Al

b

GROUP
— Cantie]
- ST
B0.004 T - - STZ+ AgdD
s N ennes STZ+ AgBO
g s ———Ag 80
b ", S S STZ
2 X :
£ 6000 -, * STZ+Ag40
- \.
3 .
H ",
s .
- s,
H
H
E 4000 ..,
= s STZEAG 8D
Ag 80
T Control
20.00<
T T T
1 b 3
Day
B
%0
o #
80
1”
e
F
g 50 @control
i ose
-
2 “ @STZ+ Apd
s 30 B5TZ+ AgsD
E‘ Bagdd
20
10
A
1 3 5
Day

5 LSTZ ol saiSdly > llgs (£ pSol sl —ilI-) S5
S5 41 ydwmy oloj —o=) UK g 590l Sl 3 (leST g b
O Sld oo Cglls P<efew) ™ a0l ¥ U Y slaje, (b ol
Ollges o @olis P<e/eV* jJl ¢ STZ oauscdl,s 09,5
w581 9 STZ STZ ssiiscdly

Mean velocity (Cm/s)
EoE oM N ow w b
= nH o= Hm 2 n =

w

control 5TZ STZ+Ag40 STZ+Ag 30 AgBo

Group

Ud s g (mailao 31 i eST (y9s b 9 LSTZ copdlin Bl yn 31-Y JSUS

o035
oS sl Lis One-Way ANOVA U4, Post hoc Tukey 405l
plod 53 S & ) loj il s (641 xe g0y STZ
A0 b o9leST o8 o8 Jbo ) sl oad Gjesl (slajy,



ey j:lLl AN a)\.;.:a A )92

k_é..ﬂ).&.'.u’}v,ﬁ‘:‘d?u

Iy 30 ciliseo (glacond o Sudgusl (sosi S o (ool saled
3 el 08,8 mie & a5 esh ol g (VF) La,S agl
gl MRNA 51,5 5y 35 3525 ] 2355 | (5
gabatls 1 80 wlel s le § a5 (YD) 5500 2555 colSgun 1
5 d9diee Al jae slapgiguliaw I oplgusl (V) cusl (S0l
Gl 0 Sy (YY) 295 0 Soy55 S5 abwgas ol (5Ll
Siloley nlpls g G5y S35 Bpas STZ (550 32)5 &S
STZ (sjre gl 092 GuF (VA) w3 (il 1) g
(VA) 39850 ualS g 5> Crdgul 085S o (NS o (ppionen
Ogl 4 el gen & cpl Gl Bl sy g nl S
OliS ol oesMe amd o Fuwl jre 4 odd Jdte et
4 (YA) dad o yials 1) (g3%0 (S5 S (500905 STZ &S o
cily by 1) celSann 4 Seatums pudl il Yozl
iy ol K laicds 5l S o dgde STZ suisS
S5 F) ol 5,5 15 25 3550 izl oo S ol
Bk 3l ) Kot gl ol 51T & cul ond
JsSIse elaile (1Y) smoie il odsiia (oo S
bosie odgudl loosyS Sl oo o Shy ol
Jlasl b cplply (YY) cosl sy oo daudl (sloods S
gl ok 1S Cuwlus )3 cute S K pileST a8 5> 3¢5
oS Cuwlus Wlgn pdgus! ST bl alih cwolSgus
A el Sl 58 Gub ot 85 Sk Lo 3 gl
2o ColS g 3 Sloe 1y STZ G ee

A3k o 5T o 3> s Lol s S e
bcals 4 gl Deb o STZ dlhusgds ordeldll abails Mt
Spge adlae ol Gelill len b STZ Jao Sojglgily
ol 5 b alssls M) 3 leST ate gl oaSslpiis
Al g)lew

References

1. Salkovic-Petrisic M, Knezovic A, Hoyer S, Riederer P. What have
we learned from the streptozotocin-induced animal model of
sporadic Alzheimer's disease, about the therapeutic strategies in
Alzheimer's  research. Journal of Neural Transmission
2013;120(1):52-233.

2. Mayer G, Nitsch R, Hoyer S. Effects of changes in peripheral and

cerebral glucose metabolism on locomotor activity, learning and
memory in adult male rats. Brain Research 1990;532(1-2):95-100.

3. Blondel O, Portha B. Early appearance of in vivo insulin resistance
in adult streptozotocin-injected rats. Diabete & Metabolisme
1989;15(6):382-7.

V¥

F(F 9 YFRY/0-2) 3l 3939 og,S p (Joles Je S5
5 O3Sl g 6l STZ &S canl gne ol 4 &S (P=+/-5
D g (Sinlon

oM P s STZ 555 oS o L pols adllas (slaasl
151 oleST 50975 5 35800 rage ol o 550 9 Aladl>
S o 65 sl STZ aliusges o5 <1l alasls

Yok goSw A dawy oloy STZ eassScdlp s,
D)8 o SxSels M3 cpl 5l opsleST il oS Jbs p> aih
2 sl (g gme glds oy, S pled o 0,8 b Cep 9>
STZ aluwgdy odd sl (¢ dadls oy 5l sleST aons
2 & STZ &S Gl 4 dogl el Loluly 05 o (6Ssls
A STZ &8 w8 oo L8 9090 cnl oy 300 ST (555 (903l
D5 g 355 g (ol (o059

5 (00) WS (0 yee (g3 5 s 3l 5leST &l 4 a2l
ol (s alsils g 6,0l 5 15, il Hlle S, caelS puen
5 STZ G55 Sy el g (55ST &S 29300 59005 g
S o cdiblos CeolS guan 3, Slas

C2 Cumbgo 4y oo byga59 50 ito Sl gyt 3l JSuize STZ
Bl Lygeiais N 09d ojlglio & oy cul je5VE D
4iSly sawisS 1y aluwgds DNA ol & e g 2900
prie Slgice gilianS] oyial (W g V7) 29850 (ROS) ()3eus]
Sy oleST & ol ot 55 coamled (VA) 395 alibls M5!
LS SSsle S he pr5 5 S 3l g Cusl oSl ]
5]l 1 L oyleST &8 5> Jlaznd b oty Y+ 5 V9)
opdeds L5l 03,8 (St STZ 5l Lol alals M5! 5 395
woyml (b ROS ulgi a8 aishy ol il) e 5 Annunzioato
V) dgign ¥ jleals (3,8 Jlsb dluusgs jongal & oo g5lases]
ly ople3T glans] sl 31 Invitro ¢ In vivo ol 1 (oolass
S St 900 5l Wlgn kST STUYY 9 YY) wiad e oLis
STZ § Lab bl M 1 cl atudly b ol Yiei!
6 sl oy Gl Lo Ld ldllas Ll) et )3 S (6Kt
St LPS 5l il a0l ¢ adbbls M) 5l W5 o opileST
(VF) a8

e T e
@ o (Bl plgsa ]y je liie o5 05 cpl @ e Jhe bawy
3 gl S o o) b e i > ol sy (g
Ol 3 omp b 4535 BlE jpai S5 50 G she )3 ol 05



J.)&A};ﬁ}%’}@

S5 o G5 5 ST

4. Lackovic Z, Salkovic M. Streptozotocin and alloxan produce

alterations in rat brain monoamines independently of pancreatic
beta cells destruction. Life Sciences 1990;46(1):49-54.

Shingo AS, Kanabayashi T, Kito S, Murase T.
Intracerebroventricular administration of an insulin analogue
recovers STZ-induced cognitive decline in rats. Behavioural Brain
Research 2013;241:105-11.

6. Chueh W-H, Lin J-Y. Berberine, an isoquinoline alkaloid, inhibits

streptozotocin-induced apoptosis in mouse pancreatic islets
through down-regulating Bax/Bcl-2 gene expression ratio. Food
Chemistry 2012;132(1):252-60.

7. Tabor CW, Tabor H. Polyamines. Annual Review of Biochemistry

1984,53:749-90.

8. Li G, Regunathan S, Barrow CJ, Eshraghi J, Cooper R, Reis DJ.

Agmatine: an endogenous clonidine-displacing substance in the
brain. Science (New York, NY) 1994;263(5149):966-9.

9. Raasch W, Regunathan S, Li G, Reis DJ. Agmatine, the bacterial

10.

11.

12.

13.

14.

15.

16.

17.

18.

amine, is widely distributed in mammalian tissues. Life Sciences
1995;56(26):2319-30.

Halaris A, Plietz J. Agmatine : metabolic pathway and spectrum of
activity in brain. CNS Drugs 2007;21(11):885-90.

Gilad GM, Gilad VH, Finberg JP, Rabey JM. Neurochemical
evidence for agmatine modulation of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine  (MPTP)  neurotoxicity. ~ Neurochemical
Research 2005;30(6-7):713-9.

Gilad GM, Gilad VH. Accelerated functional recovery and
neuroprotection by agmatine after spinal cord ischemia in rats.
Neuroscience Letters 2000;296(2-3):97-100.

Moosavi M, Khales GY, Abbasi L, Zarifkar A, Rastegar K.
Agmatine protects against scopolamine-induced water maze
performance impairment and hippocampal ERK and Akt
inactivation. Neuropharmacology 2012;62(5-6):2018-23.

Zarifkar A, Choopani S, Ghasemi R, Naghdi N, Maghsoudi AH,
Maghsoudi N, et al. Agmatine prevents LPS-induced spatial
memory impairment and hippocampal apoptosis. European journal
of Pharmacology 2010;634(1-3):84-8.

Piletz JE, May PJ, Wang G, Zhu H. Agmatine crosses the blood-
brain barrier. Annals of the New York Academy of Sciences
2003;1009:64-74.

Bolzan AD, Bianchi MS. Chromosomal response of human
lymphocytes to streptozotocin. Mutation. Research 2002;503(1-
2):63-8.

Szkudelski T. The mechanism of alloxan and streptozotocin action
in B cells of the rat pancreas: Physiological Research/ Academia
Scientiarum Bohemoslovaca 2001;50(6):537-46.

Agrawal R, Tyagi E, Shukla R, Nath C. Insulin receptor signaling
in rat hippocampus: a study in STZ (ICV) induced memory deficit
model. Eur Neuropsychopharmacol 2011;21(3):261-73.

A

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Hong S, Lee JE, Kim CY, Seong GJ. Agmatine protects retinal
ganglion cells from hypoxia-induced apoptosis in transformed rat
retinal ganglion cell line. BMC Neuroscience 2007;8:81.

Shingo AS, Kanabayashi T, Murase T, Kito S. Cognitive decline in
STZ-3V rats is largely due to dysfunctional insulin signalling
through the dentate gyrus. Behavioural Brain Research
2012;229(2):378-83.

Annunziato L, Amoroso S, Pannaccione A, Cataldi M, Pignataro G,

D'Alessio A, et al. Apoptosis induced in neuronal cells by
oxidative stress: role played by caspases and intracellular calcium
ions. Toxicology Letters 2003;139(2-3):125-33.

Battaglia V, Grancara S, Satriano J, Saccoccio S, Agostinelli E,
Toninello A. Agmatine prevents the Ca(2+)-dependent induction
of permeability transition in rat brain mitochondria. Amino Acids
2010;38(2):431-7.

Condello S, Curro M, Ferlazzo N, Caccamo D, Satriano J, lentile R.
Agmatine effects on mitochondrial membrane potential andNF-
kappaB activation protect against rotenone-induced cell damage in
human neuronal-like SH-SY5Y cells. Journal of Neurochemistry
2011;116(1):67-75.

van Houten M, Posner Bl, Kopriwa BM, Brawer JR. Insulin-
binding sites in the rat brain: in vivo localization to the
circumventricular  organs by quantitative radioautography.
Endocrinology 1979;105(3):666-73.

Hill JM, Leshiak MA, Pert CB, Roth J. Autoradiographic
localization of insulin receptors in rat brain: prominence in
olfactory and limbic areas. Neuroscience 1986;17(4):1127-38.

Devaskar SU, Giddings SJ, Rajakumar PA, Carnaghi LR, Menon
RK, Zahm DS. Insulin gene expression and insulin synthesis in
mammalian neuronal cells. The Journal of Biological Chemistry
1994,269(11):8445-54.

Santos MS, Pereira EM, Carvaho AP. Stimulation of
immunoreactive insulin release by glucose in rat brain
synaptosomes. Neurochemical Research 1999;24(1):33-6.

Nitsch R, Hoyer S. Local action of the diabetogenic drug,
streptozotocin, on glucose and energy metabolism in rat brain
cortex. Neuroscience Letters 1991;128(2):199-202.

Hawkins BT, Ocheltree SM, Norwood KM, Egleton RD. Decreased
blood-brain barrier permeability to fluorescein in streptozotocin-
treated rats. Neuroscience Letters 2007;411(1):1-5.

Wu N, Su RB, Li J. Agmatine and imidazoline receptors: their role
in opioid analgesia, tolerance and dependence. Cellular and
Molecular Neurobiology 2008;28(5):629-41.

Su CH, Liu IM, Chung HH, Cheng JT. Activation of 12-imidazoline
receptors by agmatine improved insulin sensitivity through two
mechanisms in type-2 diabetic rats. Neuroscience letters
2009;457(3):125-8.

Gerozissis K. Brain insulin: regulation, mechanisms of action and
functions. Cellular and Molecular Neurobiology 2003;23(1):1-25.



DOI: 10.1234/knh.v0i0.270
Journal of Knowledge & Health 2014; Vol 9, No 3 o ]
Shahroud University of Medical Sciences Original Article

The Protective Effect of Agmatine Against Intracerebroventricular
Streptozotocin-Induced Memory Impairment in Male Rats

Farbood Yaghoub (Ph.D.)", Amir Hossein Zarifkar (B.Sc.)", Mahin Dianat (Ph.D.)", Alireza Sarkaki
(Ph.D.)', Maryam Mousavi (Ph.D.)*
1- Dept. of Physiology, School of Medicine, Physiology Research Center, Ahvaz Jundishapur University of Medical
Sciences (AJUMS), Ahvaz, Iran.
2- Dept. of Physiology and Shiraz Neuroscience Research Centre, Shiraz University of Medical Sciences, Shiraz, Iran.

Received: 9 September 2013, Accepted: 3 November 2013

Abstract:

Introduction: Intracerebroventricular injection of streptozotocin leads to learning and memory impairment.
Different mechanisms such as oxidative stress and insulin signaling “disruption. has been proposed for
streptozocin induced learning and memory deterioration. As these changes occur in Alzheimer's disease, this
model is widely used to assess Alzheimer's disease. Agmatine is a polyamine derived from L-arginine
decarboxylation. Agmatine is shown to have various effects such as neuroprotective role. Therefore, the present
study was aimed to assess the plausible protective effect of agmatine against streptozocin induced memory
impairment.

Methods: Male sprague-dawely rats weighing 200-250 g were used in this study. Within surgery the canules
were implanted bilaterally into lateral ventricle. Streptozocin was injected on days 1 and 3 (3 mg/kg in divided
doses). Agmatine administration (40 and 80 mg/kg) was started from day 4 and continued in an alternate
manner till day 14. The animal’s learning and memory capability was assessed on days 15-18 using morris
water maze. The animals were trained during 3 days, and on day 4, the probe test was done. In order to assess
the effect of drugs on motivation and sensorimotor coordination, a visible platform test was performed after the
probe trial.

Results: While streptozocin injection ledto learning and memory disability, agmatine treatment in dose 80
mg/kg but not 40 mg/kg restored this memory impairment.

Conclusion: It seems that agmatine might be beneficial for memory impairment caused by Alzheimer’s disease.
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