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[Two-way ANOVA, intra-group comparison:

Memantine effect: F (6,35) = 2.1, P <0.01, Stress effect:
F (1,35) = 1.47, P <0.05, Memantine x Stress effect: F

(B A Y 2 (6,35) = 3.1, P <0.01],
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group comparison: Memantine effect: F (6,35) = 2.71,
P <0.01, Stress effect: F (1,35) = 2.01, P <0.01,
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[Two-way ANOVA, intra- s exs e il Ol

group comparison: Memantine effect: F (6,35) = 2.7, P
<0.01, Stress effect: F (1,35) = 2.28, P <0.01,
Memantine x Stress Interaction: F (6,35) = 2.16, P

(A3 JSs) <0.01
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comparison: Memantine effect: F (6,35) = 1.98, P
<0.05, Stress effect: F (1,35) = 2.19, P <0.01,
Memantine x Stress Interaction: F (6,35) = 2.12, P

(B3 Jsu) <0.01


https://koomeshjournal.semums.ac.ir/article-1-5229-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

WWAA 550 o(VE L) F ol oYY Ll

s

0593 pE 51 G Sa) cpte (e LUl S bl
55 ed sl Ol oy S (S S Sp il
4 s 65005 Sl al y gkl an sbasls,
ol 0o A3 Olidg | amcs cplaals say s e il OUl 5
93 SNae el ST aSams e plis 5 cud olpsan 4t
Slegn Bl e 025 5l G 505 iz U lag s 5 skl
Sloals plas Slaad & el Gl 5 gm0k 2l 25 0 V]
Npd o 053 53 S 5SS I8 s ) sy el S
2 A s G dss de Sl s Sl e s ol
4l 5o Gan gk w53 & 555 slaen /S
S35l 5m Sl 35 el s ) S g 5 SISl
ol [YPYV] Wso o b2zl slags, s 5 o Sas
Ol sl 5y, cde s anlipe pae SLILL 5 Sles ks
w2t 2L g L (GaSpms) Sl 5 (JKal)
b S omd 3 5 o Il ol e SLT5L cal s e
[PA] el Gls B6 s aw b JIb&al 3 5 55 cpai
AL eas GLLL ol dsSe-dshe al
255 Ol pae OVl 5 5, s S, 5558508
wils e 3LLSE NMDA slaews S sty )y ol
S sls s 5,5 sla e s o L i 5 [YALF - ]
23 a5 el dlg b S S S Syt o
258 Sllge 55 (S bl a5 ol ol as b, 55 5
53 Ll los g Lo 5 U oy o samze 35050 5 L8 Oliid
ol 5333 S s el o3l 350 e il o3 laad
Sllge 4 50 Ky o Do 4y 5 Celi a5y, p &S
G551 LS el GY b S ) [FA] el st e <l
i e S S o a5, Ul el S S
o AL 48 Wles S sl il ol & LB ol s 5a
el Ol DS s wlas § 1 s B ssse ams
e Z s by SLIL 5 4 el (S GGV b
5 Glansle 23 b gae oKas oy a0 28
b b Dlaig aSUl ) 058 e o [YA] o saVU 50
s ,ole 32 5 ens Jlasl (ol 4 cand 0l plis
215 508 S35 50 sama s Ol ST sl S Jlasl o5
So el g, S S o gl b gad J a0
sz Jae ozl Gl ssa Gl e b S (S S
58 ookl ol e S el et 5 kol 4t sla b,
o omle ped a5 b ol bogad (S b
(2 omSomp J51) G5 0 Oopon 4 5 Ja O, 50n
0> ol Ul oo el Ol RIS el
Ol 53 (So,mdl a2 5 Glkol an b, 55,

Yy

Sligd wols Lo waly aals oylel ozl 51 el
Gy oS 4l 0 Szl s cal 0 0
sy Lol e A 5 b el 58 51 oo 28 i
e L el 222 51 a5 bl w28 o2 aS 3,0
o2 ol o s OBl s s 51 [YR] A e
e s Sl 5 Ollol s S ol L e
e Ll cniman 5 200 3525 Ja&al 5 uilassT
ol G G 5 [V ] e Qi sl 23 L 4 b
A g el Ol 55 5 50 4l
el 2 banlse o pu &S s e ol Oliias
ol ol ol G2als Gla s Bl S s S 5 el
S el b dlis gl oy S o e S b
— sV 5 JUsslale 5p2 5s pan Sl ik
Ko she S &a [PY] wsle (HPA) JU,sl — 58 5ms
ISl G55 22 S s (G l) doag 5 oy
S s g s s JISG 800G w4 L abaply
ol 055 53 i wn l Glagas SE el
ol s glapl a4 a8 Wisls d2 s aren (pl 53 Gaus
e Sy me GVokes b)) e s s OV

b (Boe w0900 4 L (CRF) 05580,
Sbdshe » Il &S S i3 does — (VU
GRIBLACTH 50y 50 mi 5 5 M 55 5d g (ol Con3
Coand &y 9 0dd mi 5 o5 4 ACTH (e,5m aia
[F] s (55l aml) S 556 sl 25 ol
cely s sbeai S K2 L oo ol a4l ol o
2) Jomss8 asle Gl slaas S, S8 s a3l
Aol Y] 358 (8 59) o sS85 (ol
SOl dis 4 5 0as 553 55 bosss cal Ll 3l csly
Ol b Gaid 0wl bsie Al g, Gl
ol 8 i o Ll s o Seslal Ledly o 2 sSG, 5S
100 o9 e sS558 ey e (a3l 6 [N ] e 8
Sos i o b O SS Sy el L)
RO PV A R I C O NI SN L S W
g by alie Gds Lol 3 s el LWl gy,
Sl ol s o 4 s el O 5 Bolo sslind
Sl S S Sai il ol i s &5 58
el sl ezl S G el &S sag e el Jule
ol 5 5 AT S5 b tsn 5o (2l ol i o
[YO] oo il oo b 555 [YF] LRos e & LIS

W W YR


https://koomeshjournal.semums.ac.ir/article-1-5229-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

o\)&.qb 9 u\.u\:-f\.w ru\

Jos & ol 5ipd Sl plas b s Kos som )
ad L)) Sy ol GRIE cel g S
win K 38 3l e ol e el SUlgs s (S
Canh oz 18 55380 osle S nla pls oy s Sl
Gglkol a5, Wl sy A s bl paose ol s
Slaoti S s Sl 3y aSan b Gy S 0o
ol 56 Ll [FF] el oss o> MK-801 s NMDA
oxi5 NF 4l ol s (Sl 55 o Sl
ol 3 s Gy &S cuh 4 Al LK BJb el
2 Sl cnl 5 os sl e 43 5, cpar Ul
Gl Bl 55 sage a0 cpl 5 Wlous cs o 1o o I
55 el 0S8 s bl s 5 ) il b S
P e S pd Sl 4 s ST 55 50, di b
szl 4l pl 5 55m 50 NMDA slasti S 55 ol
o3 Olidd 5ol sad Candy opl 5y p el S asloas
s> (S5 m sl Lok S 55 5 smaliss ek S 355 5o
59 el G 51y Woki S cal s Llge oS ol o
Sl 02 o A8 cnl st by sBos) 5 53 Commlm sy
o bl W & b A8 ) LG 5 sl )53l b oS
e GULSIE i 5,5 s Sl [FOFS] s
Sl B3l eSOt b 3y aSspr 03 2 st
S5 gh g, e GladE s gl S ol it
2GS0 ol Sl s Lol il s oS ¢ Ko
s S dly ) el el o tse 53 ol Gl s
sd s 53 (oD e rinl 5o oy et owle T
Ol &S cud i Gesie A8 Oldsd s Ll e s
3V ot B bl 3y el GLLLE claan S
2 2l ol Kol 4 ) ol s A
ol ol 52 Sl Ll [VA] hes  ob Ol asl 5l
by olsd ol bl bl sstp (So il sl
sl Lol 2oy &S cals B s genly oS ol g
Sl gy 53 eas a3y Gl Jae S &S 5oL
as L, L Ly ek Jue S olse 4 o)lee
ol 5 Cal 0355 pliag J s Ollse o (S il
2 Sopdl s, LW ol o S st
ol Joo 4 ol Ae o 5l oS wlastls 5 ae Sllpe
6 olidd (s oned 4 [YA] 5 S o ksl elas! pas
s Shas b 8w sl elatal st el o il Je U
S S5 e 1 el 3 26 (S il 2alS s pule
Salga g g aile s Glage pel Sepl 4 a2 55 L
SX S Js 4 & o el il SaaGYSb L

YYY

S amoe ol g ol wls o) oK s st
» &S byl osasa LIS NMDA (laew S
o T IS N S = MU po
ad 5 glhol as ok, 55, @olul Sl s el
Gl il 5 o S pl g b sl S il S el
2 8 358 ply el axdl a8 Alslis ozl Sl s oS
53 ol el Ol St s omle 2 ) e
Sopdl a5 Gl kol sz bk, 5y, ol Ll
w5l g Aol S Sladd o 5 el sais o4 s
53 V0] el s s Sl 55 bl ) ezl 050
ol clll s Gl O s & 506 osle Slagd ol
gty oliiz s x4 5 [T ol 02y 5ol
Sl JUS s WS sasls S olsie a4 oasle 4 whesls
adl VAT oS 15 eslinad 3500 ol leol gleys ol ol
o) S lie S 31 2alS ) osle 1 sl sl S
2L S (S S Sai el g 5l &S A8 Olaid s
sd ool ol el s szl a&ales] S sS tse
ISl S35 5 st 558 oS el 1 51 S s 5 o
A sl o e sied Sl Ol zalS el pule
5 ole ) 58 olidd ol s s a6 s &S sbole
LS (SSI Soi el Sl (20l (288
W V- U R - ISP v I PPV E R
cel wlg o oo S closhy glas s lias [YV.YY]
LYV o5 Gl 150 LoDy s e 55,555 2l 31 Sl
2 Sl o i sSessS wad Ll &S gl
ol bla 55 eae SLTL 5o ol Jale 1 e
[rPV] il o caSsmn 5 ISl ale 51 a0 ol &
St il 3 ol o) s sy 4 S aS cad cpl y slinel
wle ol 51 3l oslee oS casls sl ol oS
aep 5o [F el (2alS G okl 5 (Fo sl 55 Sl
AU od e GLLE e oS wlasl s ol e
o (U955 ,555 5 09 e 5555 55) (oo sianl (LB 505 52
3pin 353 Seni S 5 Shas 5 5lale s 3l Sl
Slom gae slaben 5o Jol b 1) Ol ass o [TV ]
o S 28 5 50 oz Sladd [FV] wlacusls
oless L3 ol 5 oelS A 5l GLUS slaes S
2,1 a8 (s sl 5 ol lol asle Gl g slagssles
EWICHIE] Oligd ol WG [FYFY]
sl (21 55 GLLIS xS sl Sl
oial8 s ple U 5 s o5l Ol kol 5 (B il asbs

il Sos am 3l el Ol 5 (S plie S )

e.,\.:.h.so\..;‘;.}


https://koomeshjournal.semums.ac.ir/article-1-5229-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

o

stress associate with increased spine density and dendritic retraction
in basolateral amygdala neurons. Eur J Neurosci 2013; 38: 2611-
2620.

[15] Masneuf S, Lowery-Gionta E, Colacicco G, Pleil KE, Li C,
Crowley N, et al. Glutamatergic mechanisms associated with stress-
induced amygdala excitability and anxiety-related behavior.
Neuropharmacology 2014; 85: 190-197.

[16] Chen H, Pellegrini J, Aggarwal S, Lei SZ, Warach S, Jensen
FE, et al. Open-channel block of N-methyl-D-aspartate (NMDA)
responses by memantine: therapeutic advantage against NMDA
receptor-mediated neurotoxicity. J Neuroscience 1992; 12: 4427-
4436.

[17] Johnson JW, Kotermanski SE. Mechanism of action of
memantine. Curr Opin Pharmacol 2006; 6: 61-67.

[18] Schwartz TL, Siddiqui UA, Raza S. Memantine as an
augmentation therapy for anxiety disorders. Case Rep Psychiatry
2012; 2012: 749796.

[19] Maeng S, Zarate CA. The role of glutamate in mood
disorders: results from the ketamine in major depression study and
the presumed cellular mechanism underlying its antidepressant
effects. Curr Psychiatr Rep 2007; 9: 467-474.

[20] Réus GZ, Abelaira HM, Stringari RB, Fries GR, Kapczinski
F, Quevedo J. Memantine treatment reverses anhedonia, normalizes
corticosterone levels and increases BDNF levels in the prefrontal
cortex induced by chronic mild stress in rats. Metab Brain Dis 22012;
7:175-182.

[21] Sadeghi BA, Sahraei HE, Zardooz H, Alibeik HE, Sarahian
N. Effects of intra-amygdala memantine infusion on metabolic
symptoms induced by chronic stress in male NMRI mice. Koomesh
2015; 16: 376-383. (Persian).

[22] Osanloo N, Sarahian N, Zardooz H, Sahraei H, Sahraei M,
Sadeghi B. Effects of memantine, an NMDA antagonist, on
metabolic syndromes in female NMRI mice. Basic Clin Neurosci
2015; 6: 239-252.

[23] Réus GZ, Stringari RB, Kirsch TR, Fries GR, Kapczinski F,
Roesler R, et al. Neurochemical and behavioural effects of acute and
chronic memantine administration in rats: Further support for NMDA
as a new pharmacological target for the treatment of depression?
Brain Res Bull 2012; 81: 585-589.

[24] Zarrindast MR, Nasehi M, Piri M, Heidari N. Effects of
cholinergic system of dorsal hippocampus of rats on MK-801
induced anxiolytic-like behavior. Neurosci Lett 2011; 505: 65-70.

[25] Musazzi L, Racagni G, Popoli M. Stress, glucocorticoids
and glutamate release: effects of antidepressant drugs. Neurochem Int
2011; 59: 138-149.

[26] Paxinos G, Franklin kBJ. The mouse brain in stereotaxic
coordinates. California: Elsevier Science 2001.

[27] Komada M, Takao K, Miyakawa T. Elevated plus maze for
mice. JOVE 2008; 22.

[28] Can A, Dao DT, Arad M, Terrillion CE, Piantadosi SC,
Gould TD. The mouse forced swim test. Journal of visualized
experiments: JOVE 2012; 59.

[29] Gulyaeva NV. Functional neurochemistry of the ventral and
dorsal hippocampus: Stress, depression, dementia and remote
hippocampal damage. Neurochem Res 2018; 44: 1-17.

[30] Barbas H, Blatt GJ. Topographically specific hippocampal
projections target functionally distinct prefrontal areas in the rhesus
monkey. Hippocampus 1995; 5: 511-533.

[31] Verwer RW, Meijer RJ, Van Uum HF, Witter MP.
Collateral projections from the rat hippocampal formation to the
lateral and medial prefrontal cortex. Hippocampus 1997; 7: 397-402.

[32] Carrasco GA, Van de Kar LD. Neuroendocrine
pharmacology of stress. Eur J Pharmacol 2003; 463: 235-272.

[33] Miller DB, O'Callaghan JP. Neuroendocrine aspects of the
response to stress. Metab-Clin Experiment 2002; 51: 5-10.

[34] Maghami S, Sadeghimahalli F, Zardooz H. Effects of
maternal separation stress on glucose homeostasis in pubertal male
rats. Koomesh 2017; 19: 887-893. (Persian).

[35] Bijani S, Najafi Abedi A, Ranjbaran M, Sadeghi Gharajeh
Daghi S, Ghoshooni H, Zardooz H, et al. Effects of noise pollution
stress during pregnancy on anatomical and functional brain cortex
development of the off springs of NMRI mice. Koomesh 2013; 14:
192-199. (Persian).

[36] Duvarci S, Pare D. Glucocorticoids enhance the excitability
of principal basolateral amygdala neurons. J Neurosci 2007; 27:
4482-4491.

[37] Gould E, McEwen BS, Tanapat P, Galea LA, Fuchs E.
Neurogenesis in the dentate gyrus of the adult tree shrew is regulated

\At?

6\.&6}% IR Coanl u§.{ X gl g .»Lﬁ\ J\Jé\ 20 Do ge
‘Ji.é G Ol V] st mte (28555 3> 5 Gl s
058V o2 5 el Gl 4 Sl s 552 e g0l S 0wl
L saad [FV] Ssd g0 2 A ol Jre o)lse o
G\.ﬂ)é w \,- w‘ u&( AS.,\..,.,\{ A.SJ u;\ L;L.o.s/b‘) .,\a‘yda
A o el s & ol cnl 5o 5l 0lon osle baw s
SWlae otz en 5 3L Slaid o4l s S S ase b
Uy o058 oslimed gl d@ 51 e ol ol 5 o] 5o &8

SR AT SPREW PUR LU PP VRT SO0 JNDDY

3;»\3"-§Asu“ﬁ‘\\i3)j’j°j;)‘

gf-lé)”'fs .'...

Sl olacl ry\f— olias ./SJ“ db el Ll O’"\
b Sy S o ske

&l

[1] Chiba S, Numakawa T, Ninomiya M, Richards MC,
Wakabayashi C, Kunugi H. Chronic restraint stress causes anxiety-
and depression-like behaviors, down regulates glucocorticoid
receptor expression, and attenuates glutamate release induced by
brain-derived neurotrophic factor in the prefrontal cortex. Prog
Neuro-Psychoph 2012; 39: 112-119.

[2] Nasca C, Zelli D, Bigio B, Piccinin S, Scaccianoce S, Nistico
R, McEwen BS. Stress dynamically regulates behavior and
glutamatergic gene expression in hippocampus by opening a window
of epigenetic plasticity. Nat Acad Sci 2015; 112: 14960-14965.

[3] Li M, Li X, Zhang X, Ren J, Jiang H, Wang Y, et al. Effects
of prenatal chronic mild stress exposure on hippocampal cell
proliferation, expression of GSK-3a, f and NR2B in adult offspring
during fear extinction in rats. Int J Dev Neur 2014; 35: 16-24.

[4] Boyle LM. A neuroplasticity hypothesis of chronic stress in
the basolateral amygdala. Yale J Biol Med 2013; 86: 117-125.

[5] Christian KM, Miracle AD, Wellman CL, Nakazawa K.
Chronic stress-induced hippocampal dendritic retraction requires
CA3 NMDA receptors. Neuroscience 2011; 174: 26-36.

[6] Shekhar A, Truitt W, Rainnie D, Sajdyk T. Role of stress,
corticotrophin releasing factor (CRF) and amygdala plasticity in
chronic anxiety. Stress 2005; 8: 209-219.

[7] Calabrese F, Guidotti G, Molteni R, Racagni G, Mancini M,
Riva MA. Stress-induced changes of hippocampal NMDA receptors:
modulation by duloxetine treatment. PloS One 2012; 7: e37916.

[8] Mathew SJ, Coplan JD, Smith EL, Schoepp DD, Rosenblum
LA, Gorman JM. Glutamate—hypothalamic-pituitary-adrenal axis
interactions: implications for mood and anxiety disorders. CNS
Spectrums 2001; 6: 555-564.

[9] Roberto M, Gilpin NW, Siggins GR. The central amygdala
and alcohol: role of y-aminobutyric acid, glutamate, and
neuropeptides. Cold Spring Harb Perspect Med 2012; 2: a012195.

[10] Meng FT, Zhao J, Fang H, Liu YJ. The influence of chronic
stress on anxiety-like behavior and cognitive function in different
human GFAP-ApoE transgenic adult male mice. Stress 2015; 18:
419-426.

[11] Zhu S, Wang J, Zhang Y, Li V, Kong J, He J, Li XM.
Unpredictable chronic mild stress induces anxiety and depression-
like behaviors and inactivates AMP-activated protein kinase in mice.
Brain Res 2014; 1576: 81-90.

[12] Zhu S, Shi R, Wang J, Wang JF, Li XM. Unpredictable
chronic mild stress not chronic restraint stress induces depressive
behaviours in mice. Neuroreport 2014; 25: 1151-1155.

[13] Kavushansky A, Richter-Levin G. Effects of stress and
corticosterone on activity and plasticity in the amygdala. J Neurosci
Res 2006; 84: 1580-1587.

[14] Maroun M, loannides PJ, Bergman KL, Kavushansky A,
Holmes A, Wellman CL. Fear extinction deficits following acute


https://koomeshjournal.semums.ac.ir/article-1-5229-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

S 5 Lol pl

behavioral and synaptic deficits caused by chronic stress exposure.
Biol Psychiatry 2011; 69: 754-761.

[44] Liu L, Zhang L, Wang T, Chen L. Dopamine D1 receptor in
the medial prefrontal cortex mediates anxiety-like behaviors induced
by blocking glutamatergic activity of the ventral hippocampus in rats.
Brain Res 2019; 1704: 59-67.

[45] Grecksch G, Bartzsch K, Widera A, Becker A, Hollt V,
Koch T. Development of tolerance and sensitization to different
opioid agonists in rats. Psychopharmacology 2006; 186: 177-184.

[46] Vezina P. Sensitization of midbrain dopamine neuron
reactivity and the self-administration of psychomotor stimulant
drugs. Neurosci Biobehav Rev 2004; 27: 827-839.

[47] Diazgranados N, lbrahim L, Brutsche NE, Newberg A,
Kronstein P, Khalife S, et al. A randomized add-on trial of an N-
methyl-D-aspartate antagonist in treatment resistant bipolar
depression. Arch Gen Psychiatry 2010; 67: 793-802.

VYo

by psychosocial stress and NMDA receptor activation. J Neurosci
1997; 17: 2492-2498.

[38] McEwen BS. Stress and hippocampal plasticity. Ann Rev
Neurosci 1999; 22: 105-122.

[39] Popoli M, Yan Z, McEwen BS, Sanacora G. The stressed
synapse: the impact of stress and glucocorticoids on glutamate
transmission. Nat Rev Neurosci 2012; 13: 22-37.

[40] Lau CG, Zukin RS. NMDA receptor trafficking in synaptic
plasticity and neuropsychiatric disorders. Nat Rev Neurosci 2007; 8:
413-426.

[41] Nasca C, Bigio B, Zelli D, Nicoletti F, McEwen BS. Mind
the gap: Glucocorticoids modulate hippocampal glutamate tone
underlying individual differences in stress susceptibility. Mol
Psychiatry 2015; 20: 755-763.

[42] Lehner M, Wistowska-Stanek A, Gryz M, Sobolewska A,
Turzynska D, Chmielewska N, et al. The co-expression of GIUN2B
subunits of the NMDA receptors and glucocorticoid receptors after
chronic restraint stress in low and high anxiety rats. Behav Brain Res
2017; 319: 124-134.

[43] Li N, Liu RJ, Dwyer JM, Banasr M, Lee B, Son H, et al.
Glutamate N-methyl-Daspartate receptor antagonists rapidly reverse


https://koomeshjournal.semums.ac.ir/article-1-5229-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Volume 21, Issue 4 (Autumn 2019), 716-725

NMDA glutamate receptor inhibition in the dorsal
hippocampus reduced the maintenance of electric foot shock
stress -induced anxiety and depression like behaviors in mice

Elham Samkhanian (M.Sc)!, Davud Nodehei (Ph.D)?, Fatemeh Salem (Ph.D)3, Mohammad Hossein Zarghami
(Ph.D)?2, Maryam Khosravi (Ph.D)?, Boshra Hatef (Ph.D) %, Hedayat Sahraei (Ph.D)#, Hassan Ghoshooni (Ph.D)*®

1- Department of Biology, School of Biological Sciences, Islamic Azad University, North Tehran Branch, Tehran, Iran
2-Behavioral Science Research Center, Life Style Institute, Baqyiatallah University of Medical Sciences, Tehran, Iran
3-Depratment of Pharmacology, School of Pharmacy, Bagyiatallah University of Medical Sciences, Tehran, Iran

4- Neuroscience Research Center, Bagyiatallah University of Medical Sciences, Tehran, Iran

5- Department of Physiology and Biophysics, School of Medicine, Bagyiatallah University of Medical Sciences, Tehran, Iran

« Corresponding author. +98 9123115046 ghoshooni287@gmail.com Received: 15 Oct 2018; Accepted: 13 May 2019

Introduction: In the present study, the effect of inhibition of glutamate NMDA receptors located in the dorsal
hippocampus on the maintenance of anxiety and depression like behaviors induced by electric foot shock stress was
investigated.

Materials and Methods: NMARI male mice were divided into two categories. The first category received electro
foot shock for 30 minutes after injection of memantine (1, 5 and 10 mg/kg) or saline (1ml/kg) intraperitoneally. The
second category was bilaterally cannulated in the dorsal hippocampus and one week later, the animals first received
different doses of memantine (1, 5 and 10 pg /mouse) intra-hippocampally and five min before stress. Remarkably,
this procedure was repeated for 4 consecutive days. Six days after stress termination, maintenance of anxiety in
animals was examined using the elevated plus maze. Two days after the anxiety test, forced swimming test was
conducted for depression like behavior maintenance evaluation.

Results: Stress reduced the open arm time in the elevated plus maze. Intraperitoneal administration of memantine
prevented the stress effect. Also, intra-dorsal hippocampus administration of memantine preventd the maintenance of
anxiety induced by stress. Stress also increased the immobility time in the forced swimming test. Both intraperitoneal
and intra-dorsal hippocampus administration of memantine inhibited the maintenance of depression induced by stress.

Conclusion: Electric foot shock can lead to persistence anxiety and depression like behavior in mice. Inhibition
of NMDA glutamate receptors in the dorsal hippocampus reduced the stress response.

Keywords: Anxiety, Depression, Glutamate NMDA Receptors, Memantine
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