WAT Lo e o)lods g 0590 RESEARCH ARTICLE

[ Downloaded from shefayekhatam.ir on 2025-12-03 ]

[ DOI: 10.18869/acadpub.shefa.3.2.27 ]

Immunohistochemical Study of Distribution of GAD and GABA in the Entorhinal Cortex after Spreading

Depression in Juvenile Rats

Ahmad Ali Lotfinia', Leila Alizadeh!, Mahmoud Lotfinia?, Azadeh Sajadian', Amir Ghaemi* !

'Shefa Neuroscience Research Center, Khatam Alanbia Hospital, Tehran, Iran
2School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Department of Microbiology, Golestan University of Medical Sciences, Gorgan, Iran

Article Info:

Received: 2 Feb 2015 Accepted: 5 May 2015

ABSTRACT

Introduction: Spreading depression (SD), discovered by Leao in 1944, is a pathophysiological

depolarization wave that propagates slowly in the brain (3 mm/min) and causes dramatic ionic

and hemodynamic changes. SD appears to act through several mechanisms and receptors, which

have not completely understood. Here, we studied the effect of inhibitory system in animal

model of SD using immunohistochemistry technique. Materials and Methods: After

implanting recording electrodes and cannula over the brain, repetitive SD was induced by KCl

injection (2 M) in juvenile rats for four consecutive weeks. Then all rats’ brains removed. The

mean number of dark neurons in the entorhinal cortex (EC) were determined using toluidine

blue staining. To identify the prevalence and distribution of GABAA subunit receptors as well

as glutamic acid decarboxylase (GAD), the GABA biosynthetic enzyme, immunohistochemistry

technique was performed. Results: The mean number of SD induced was statistically increased

during four weeks of experiments. The mean number of dark neurons in EC was significantly

increased in SD group compared to sham group. Furthermore, expression of GAD65 in EC Key words:
significantly increased in SD group compared to sham group. However, both GABA-A and I. Cortical Spreading
GABA—AB subunit receptors didn’t significantly change in that region after SD. Conclusion: i Depression

i 2. Entorhinal Cortex

i 3. gamma-Aminobutyric
and parallelly lead to enhancement of GAD65 in the central nervous system. i Acid

These data suggest that SD is able to damage the neuronal cells in neural tissues in juvenile rats
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! Spreading depression

2 Electrophysiological hyperactivity

3 Amplitude

4 Duration

5 Electroencephalography

¢ Migraine with aura

" Aneurismal subarachnoid hemorrhage
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8 Spontaneous intracerebral hemorrhage

° Depolarization

19 Neurotransmitters

' gamma-Aminobutyric acid

12 Glutamic acid decarboxylase

13 Pentobarbital
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http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html

\n\s )LQJ' ‘Iasa o)Lo..i} PG e)jb

[ Downloaded from shefayekhatam.ir on 2025-12-03 ]

[ DOI: 10.18869/acadpub.shefa.3.2.27 ]

(DC, DC2) ol slasy o8l clls fona

& et e G2
s
i gy had
. KCI 5,5 e
L& <

PAAS 5)L°f'5': &Y ol 5l 5,5 Olazs sl bse ke 30 ey a0 IS 3,5 5l ey (DC) (e eeiae Loy <l ) ﬁ?“
T b S0 siog s oS S50 o g 5 e onS5,55 SV s 45 kg S SIS i 5k ool S
OF) 008 cd lezg o fige i (6 S (o> 28 5l (6,08 Buigd il

Jawgi o,bgd by i aiad ooy 1,3 51 gleo ;o daads V.
“NGS g 00,0 ) "BSA o LY 5 2l ools giciuds PBS
S ds g i dygSal ad 8o FO o 4y S lgicds o )0 O
&;P@B“Sbl{&ﬁib‘d‘;&bb)»}f led o s
ade s (RNASEN; Abcam, Cambridge, United Kingdom)
4SSl Alflas & y50a GADGS o GABA-A, GABA-A,
Wog ViV e e g V0 NV e e Cod i a e sob ol cdale asa
1Y el olaws (8L 40 /) BSA ggime Jele lawgi a5

Al 3.8, pH=Y/T L Yoo

0L 5T (gam Al o ;0 PBS )0 giitecds )L Y 51 ey lopY
RNASEN; Abcam, Cambridge,) JUslS sig0 Cuis ;518 & 550
Sde 4 V:Ve e o8, L Goat anti Rabbit (United Kingdom
3law s eSSl (S6L0 Ll o8 0 s sles jo el ¥
Ty padngn b dis (5500l S5, PBS L s o
0uls s PBS L o,Lgo apY .0y0,8 plowl ViV e e v 28, L
Qads ouilisg glycerol mounting buffer 7.9+ L Ll ;0
BXS51WIL; Olympus,) Cow,old oSy S Jawgd o g

AV a5 |18 s 0,90 (Tokyo, Japan

R T T e I S i
s sloSe ab 45,5 5 5 Cumsligiged
b ooSwsSn 59, » Jate omjge 5l esliiul b ablis
‘5....1)).»)0 \-\JQ;OPS 43[4‘))030\.\.;:3 w)f\'" X‘:Lo.j)).)
Jlayenl jid 50 LB 805,8 lo le el )l o g5s So
sladsho ;o Sinyold JBs lie w85 )18 (25510590
GABA-A; GABA-A | sleos .5 ol sl b sols zSTy
Loy Jlo,gol 528 Al o alie sloog,S ;0 GADOS
OB XV CORIPRIRYY a):m 6;:5")"&‘ Ir_nageJ S5dle
s Ul g bl slaygesl lawgs 3316 5

Sybol Julowi g 49 325

(Mean £ SEM) |Las sllas ¢ . Silo & g0 Waools plos
‘al:;_dl & o 09 g Sy "KS Qﬁ.@)’] @L..; o &)
WW?“?"”" R0 OAA—‘ Cowd @Lu cul.vla B W
3,90 T-Test 9031 s IBM SPSS Statistics 19 Jidle s lawgs
2 Slp ylogne Jlae 235 JE glel Ll g 4520
A a8 S L S P<+/+ 0 09,5

15 Coronal

19 Entorhinal cortex

17 Phosphate-buffered saline (PBS)
' Bovine serum albumin

AXLAS ) e 5l o
(- mgkg) Jubssy dewsa b ige SD Gl oy
Voo VD Gl @) Grre JBIo Glag, g wiad st
Fe Low J}-’a 3o )Yy" Y ML‘-’ ~3‘-‘1'15 J?Lz" )—‘-‘JB)SW"
&S il S Vo paheed S dlwgas YilS ol Sl (4
ouds oy YY dz 0 5,5 Sy ul,.,lb_b ) S lawys
Ol SD sy Wl 51 licedl (gl aias pleil g
Vo0 Sowe 4 g2 L,>_<JJ.:SJ| C‘}A‘ U LR VN L PR T
ol L 5 5a gty 43pn ¥ SD Slilsint o 42,55
35 Oeen (L85 g0 SD oy S 0 wtan S S
plol ool aLslids’ I8 Ygls ol 5l ol 09,5 )0 K oy

bl olallae

SIS YL 590 b b hge SD sl aian Jlezr LL 51 o
Fo e g odd hogen (Sigma; YO-mgkg) olyuae
Sdides B e s Ol s e Yo v Lags ozl LT
JNECIK B SO SO R S VARSI BV RY [
sl 15.5&*»“_3\)9@&@544 ObL 4o g oud alid
g o 00,9150 Logy g el g re g ALSd destes
o aae VPl ise ol ool 18 g 0llSE Jele o
ablie dg sl b owd 518wl 3l 5slSCd Jolowe
(i Sl Jole (bl ey g ooll (58 S
ablic &ygo bl )0 @SB 5 iludlas (g S
b g oad 035 by P Ug)S Sz 5 9Nee A s

WS (5K sh pasdely S

(s Gsnan® 3 g0 |

slpY (g9; » &5 e @ jre 3l pope Jhp dae aw
b Aol )y jslaieds idg ool dAlge (gladol
5 JL35 5l hee bilaghy as ad S ks 0 VL el
Sebieds e g oald oolo g Y(PBS) Ol Slaws

o)o\"\/ LSL‘"))‘J/ / () u...w.u).) p.)).!‘ ‘LS') LSU‘ sLo‘
PBS 5 o by b colaiwl addo VO wow 4 o 5 il

Sawe 4 LY Triton X-100 ;0 s g ol ooy guiincds

19 Normal goat serum
2 Propidium iodide (PI)
—

2 Kolmogorov-Smirnov test I.
Y.


http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-03 |

[ DOI: 10.18869/acadpub.shefa.3.2.27 ]

yvaf )LQ’.’ 90 o)LQ..‘f; (PGas 0y9d

8,90 Jluyenl 523 &2 )0 GADGS 31 9 GABA-A
Syg,9 Ciwyold B (1Sl 28,5 18 o g 4 52
4o GADG65 6*5[-.\5331 Lo s oo axly jo ools STy
ERR + '/"Y?MOS;)és ’/'Yf:t ‘/“’/\ SD 05;
Sogie Gl Bl (S mls g Jloysul 6,23 420 50
SD 05,5 sl ige ,o Jlo,eul 28 &>l ;0 GAD6S )Ly

(Y 59a)-(P<+/+0) 39 o 09,5 b auslae o

GABA-A | &js04 GABA-A 85,5 sy 09,505 90
bX S SDlpdd oy p jokaieds l0 De>g GABA-A;
oo g @iy adllae ol o 8D, S Wl ey GABA-A

285 )8 )z 0,90 GABA-A| 3 GABA-A|

axly jo el ATy slagygys S yls JBs (Ske
5 A £ o[e oY (GABA-A | 35,5 10 moje o heo
J.Ma.sgvs?l) )QM09; L ‘/~\‘\:i:'/‘*\~9$D 05;
Ol 2 ) ilosre s @l (F gl 09 Jlo el
15 SD 05,5 45 Jy,sl 5i5 4ol 0 GABA-A, 51,8

S5 L b 09,5 b dualie

axly 5o sl Sty slaJobe Coysls JBs (ks
£ o[ oY SD ogF )5 GABA-A, 835,5 ;5 e fioichs
g 3550a dml o [ VY E /oY o og,S 43 g cfe A
4>0 ;0 GABA-A| 88,8 Glo yo 1) yld s s ol
Sl Glis od 09,5 b anglie ;o SD 0,5 )0 Lo el 523

azsl
SD 50 U1 JLis a1 (g 5k lgi Oy

laghse e 09y & YolS ol Sl el WIS &)
Sllugs sbml & e alin oz Soe @ (lsrs alme
Siles 38,8 e glgal slml ] JLss 4 5 7T ae DC
SD as US55 55 zge ordgl Do Jsb 5 aels sloss
Job cials 09 adBs o o Lo ¥V E )Y aie Slal>
Sl gre Dola Jgl aa b aslin jo gom Lo ¥ Job
eSile el Sy ol lis Jlo el b aislss ol
£ sk 5 oty 90,15 Jslone 32,5 5 56 SD lyal sl
P Ode Job j0 00l &3 SD glgel slasi g o] sl aian
IV ol dnde o el w15 Jsloee 52,5 5 e 4l
g YV E )Y pgw &an 0 AL /Y ag0 &b o NF

(P<+[+0) 05 VIO E /Y Loz 4o

oy s(y9y95 ol p SD S0 Wl 5

Sham Jlo,eil 223 Al j0 0,5 slagyg)e slow (1.S5le
Sl (FFIY £ VIY) o 09,5 L awslie ;0 SD ) S all
(Y 5iea)-(VYOIA £ Vo [f P<[o o) cunl azily

(0 golannn 93 g0 | (gL ASL

(B ygad) 9 GABA-A sleoss 5 w36 SD [ S sl 5l
e <
Joays 25
¥ b 4 5 L ”
L ?é ‘ g &l
L < B ) ha, p
AT v s, S Ve *hk
Al i ™ . y @
[apd e 0 g & 1fe |
: o Y
2 . J e m sl
i’ s g
¥ L™ v & 4" » - — . & &
G k] ; Wowigd i jls
3 A
- ‘a\‘
i wo . BP0 = ,5 s
L} ¥
[¢] b, o e (1 3
3 ;-- By i - “9 e
%8 -\.‘ - : - o 3‘
'\h - ¥ LQ ° Y -
oligd yauiio jlgo ) & . Ef,ev +"
- L] i 4w
Tleig® w - - .‘_‘_'.' . “ b JLaygt i
a 'y | e
. - D ‘\‘ .: '
L& & e ) o A L

(I lezg slo ige 5o O] 5w slall azan (e 5l ey (n:\: )SD g (=) ) o 05,5 95,0 Jlo g0l i3 (0 0,5 slaiyg,gs dlass ;o SD ), S Ll ;51 =Yy guad
Aol o 03 slaggg Sl (aSils (2 5l GaIgls (65—olS0) L SD 5 o 09,5 93 53 g e (—d5e e S (F e X (lesS )5 L) (6 )5 298y S sLos
G Bamo s s .l a4l oli8l g ls e jeboay v 05,5 L aslie ;0 SD 05,5 10 0, (sloyg,es Slael A SD 5 v 09,5 )0 g jie Jlou, gl

22 Direct current fluctuations
23 Neocortical wave
2 Velocity

Ll P<efe e


http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-03 |

[ DOI: 10.18869/acadpub.shefa.3.2.27 ]

3 ‘fjo o)Lo_.f.y (LY 0)53

Loy e

K

1 +eT W ooald

;3.\‘% RRSE W ondgd e ylen
'i ,1 NRYS

o 5

Gl g |

Lol

o

Q

St 523

GADGS a—j55 (o - Jlos sl a8 ddlaie 5 i jsld Sy Sow Jangi oot 43§ gl (Gl GADGS 6055 ,.5 2y jo5 =Yyt g
s 09,5 Ay s Jlis gl 28 & ilaie [0 SD LAl JLss 4 w3l ol Gl sl oo 00ls iled Mean = SEM &y 5oy
ol P<e [0 (6 lo omime Basmsylid s om0 olid 1y (g ls e (il (0=) +)

JLagdt p23

oy

wald S | JEF

B B ewigh piais lge
DT
N

sy

GABA-Ag, ;5 o (ol i j5ls S (3130
(&250 yroleo)

JLaygdl pis

Skl ymioe jlgs

i (o 3 28 i Sl g S g o3 48 s () GABAA, 8 iy —F i
S Jls gl e dilaie 1o SD Ll JLss any 005,85 ol b el oo ools iy lei Mean = SEM & jg—0d; GABA-Aa 60 ,.5

las GLas 1) sls e ysS (021 0) o= 09,5 4y

N .
RRLEE B oaals
B oowigd phaie lge

ey 4

oeed

GABA-Ag 15 )le ol 5 s 3l M2 yl5s
(0 i len)

ouigd phile e

JUa gt 28

g &
&9 (o Jl,gml a8 ddlate 5l i jgld Oy S bawgs oa b 4 i8S, glas (Gl GABA-A| 80555 2595 —0 yms guad
S Jis gl 28 ddlaie ;o SD Ll JLis an 0asi 15 (ol ol sl oad o8ls i lei Mean + SEM &y 304y GABA-A 505 .5

Slas (Las 1y o)l e i (0=) ) =B 05,5 4y

Yy



http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-03 ]

[ DOI: 10.18869/acadpub.shefa.3.2.27 |

yvaf )Le;. 90 o)Lo.,iv (PGas 0y9d

= &

i Uiy

-

] Wlgi oo bs 5,56 SD as” el ol S b oo
sebas |y (sl oo Silg5 sod 5 oS olml 520y Jgy90
BB s (64l S

3 salS ae,e Ve B Ve awo e lid anids sla jiagh
e 50 S99 gl locdlad 55 gl S5 5LE 5 Sles
g pol ddllae jo a5 cwl J= jo cpl (VF) cal S5
Ole Oliee 3288 S)y90 SD Sl ol jo a5 (255 5o
oialS pladl as wl awls Sail GABA-A sleoas .S
laghge jre 0 L (cuae JBU golaw 50 sk 095 Jls e
SD zlgsl jaebo 4 yorie a5 SIS o0 Ll 5l ey SaSeisy]
Gy 8,8 Sygo Vel Jlo o aS sladlas jo uen
o Lise 15 SD il 4y e GABA-B 3 GABA-A
Slrows 5 sladlre s Slo 995 ol «(VF) 0l 405
Ol ol el ool slacawl blie jo e 0 (55ke
zoe 5 ool oads ol Ol 4 &by ;o GADGS (y.5g
Sl e Gl W5 (0L Wlgs o pol> ik 50 SD
a5 9 W sl Gy gy (nl i 4z e o
..\.....:Ls )M L oé)lﬁ M] w.a:lf

e daeonlis ol i ) oda] Cewd 4 Sledlb|
slcawl ;o "SD wliv sleodsay 9 SD sway e
05h &)l slroni S plo LRlBl 4 e Glex b
ol e Gl eBen Ol oRIBl e Koo g9 I Ll
Dol oo e 40 ol .S

1. Dodick DW, Gargus JJ. Why migraines strike. Sci
Am. 2008; 299(2): 56-63.

2. Sadeghian H, Jafarian M, Karimzadeh F, Kafami L,
Kazemi H, Coulon P, et al. Neuronal death by repetitive
cortical spreading depression in juvenile rat brain. Exp
Neurol. 2012; 233(1): 438-46.

3. Gorji A. Spreading depression: a review of the clinical
relevance. Brain Res Rev. 2001; 38(1): 33-60.

4. Lotfinia AA, Lotfinia M, Ahmadi M, Khodaie B,
Jafarian M. Assessment of AMPA receptor antagonist
administration on spatial memory of juvenile rats
induced repetitive spreading depression. Shefaye
Khatam. 2014; 2(1): 56-62.

5. Lotfinia AA, Khodaie B, Lotfinia M, Ahmadi M,
Jafarian M. Roles of excitatory and inhibitory receptors in

% Cortical
26 Sub cortical

|

G s g Coxy

sl yige 108D | S slallas ols yLis o 3_-?’).> 3o dxlllas oyl
sladsbo 0 go,8les 5 )il S5 Sl ol 4 7o oz
(28,5 D90 VAA Jlo 0 a5 iagh j0 0 walys  ac
@ e Cedlel @l glaise 5o ey 2SS &Y
5l OA) 358 59, F 51 G (S9)95 R CetS ]
oy plis ol Gz 5l el Caws 4 s &S canl >
S jsbar plorst slahse 10 SD slaas Lo Sl
05,5 53 Jlussl 725 ol 5 a8 sl gk sl & i
Sdxie sla gl e Sed co m 09,5 b dunlie ;0 SD
Syl zge cplaS ol lis €8 )5 & g0 Ll ol o a5 (6 S0
3628 2y 5 s B la i )0 s pABeS (o0

TRV FNYY) 0o M SnSyla Lyl o

2 ogle hlaliny e o8 Coulond atiive (2554 0)9 el
Sl A00 o0 525 438 picy (6 )l oo S0 3l (52 e
WS o Jolaie |y SLbigls oy oae o dBU 5 Slac oS
saco Jal p ppgee GABA  oac dauss Jlasl (YY. YY)

) oo o 4y olloo s 320 30 ()l (s

Slee 83955 Gl wly iy Ol Gliee #ol gy 5
Jlu,ssl 523 456 50 SD S il 5l ey GABA-A
GAD6S Ly a5 Jl>yo ol plas 1) ghlo cme iulidl
w0 09,8 b amlie o a4l ol o ) il sme I3
Sy ALols 5 a5 e Ll & yson SD S Slall ols L
b JEl (59, 2 AT L ol o bge yo 4k s Y
OF) sls pals 1) 128 wsliow o Wl 0y 3T o (o060

&b
spreading depression. Shefaye Khatam. 2013; 1(3): 38-48.

6. Dreier JP. The role of spreading depression, spreading
depolarization and spreading ischemia in neurological
disease. Nat Med. 2011; 17(4): 439-47.

7. Khodaie B, Lotfinia AA, Lotfinia M. The effect
of spreading depression on memory consolidation in
juvenile Wistar rats. Shefaye Khatam. 2013; 1(3): 27-32.

8. Somjen GG. Mechanisms of spreading depression
and hypoxic spreading depression-like depolarization.
Physiol Rev. 2001; 81(3): 1065-96.

9. Hansen AJ, Zeuthen T. Extracellular ion concentrations
during spreading depression and ischemia in the rat
brain cortex. Acta Physiol Scand. 1981; 113(4): 437-45.

10. Strong AJ. Dr. Bernice Grafstein’s paper on the

¥ Hypoxic
28 SD-like events


http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html

\n\s )LQJ' ‘Iasa o)Lo..'f.v PG e)jb

[ Downloaded from shefayekhatam.ir on 2025-12-03 ]

[ DOI: 10.18869/acadpub.shefa.3.2.27 |

mechanism of spreading depression. J Neurophysiol.
2005; 94(1): 5-7.

11. Kraio R, Nicholson C. Extracellular ionic variations
during spreading depression. Neuroscience. 1978;
3(11): 1045-59.

12. Gardner-Medwin A. Possible roles of vertebrate
neuroglia in potassium dynamics, spreading depression
and migraine. J Exp Biol. 1981; 95(1): 111-27.

13. Magistretti PJ, Pellerin L. Astrocytes couple synaptic
activity to glucose utilization in the brain. News Physiol
Sci. 1999; 14(5): 177-82.

14. Kriiger H, Luhmann HJ, Heinemann U. Repetitive
spreading depression causes selective suppression of
GABAergic function. Neuroreport. 1996; 7(15-17):
2733-6.

15. Costa-Cruz RR, Amancio-dos-Santos A, Guedes
RC. Characterization of cortical spreading depression in
adult well-nourished and malnourished rats submitted
to the association of pilocarpine-induced epilepsy plus
streptozotocin-induced hyperglycemia. Neurosci Lett.
2006; 401(3): 271-5.

16. Ahmadi M, Banazadeh Dardashti M, Modarres
Mousavi M, Karimzadeh F. Long-term potentiation
enhanced in juvenile rat by repetitive cortical spreading
depression. Shefaye Khatam. 2013; 1(3) : 33-7.

17. Khodaie B, Lotfinia AA, Ahmadi M, Lotfinia
M, Jafarian M, Karimzadeh F, et al. Structural and
functional effects of social isolation on the hippocampus
of rats with traumatic brain injury. Behav Brain Res.
2015; 278: 55-65.

18. Nedergaard M, Hansen AJ. Spreading depression is

not associated with neuronal injury in the normal brain.
Brain Res. 1988; 449(1): 395-8.

19. Khodaie B, Moayer F. Role of dexamethasone on
repetitive spreading depression in juvenile Wistar rat.
Shefaye Khatam. 2013; 1(2): 27-34.

20. Khodaie B, Lotfinia AA, Lotfinia M, Ahmadi M,
Jafarian M. The effect of MK-801 on memory after
induction of repetitive spreading depression in the
juvenile rat. Shefaye Khatam. 2013; 1(4): 22-8.

21. Lotfinia M, Lotfinia AA, Khodaie B, Ahmadi M,
Jafarian M. Effect of nifedipine on memory impairment
induced by repetitive spreading depression. Shefaye
Khatam. 2014; 2(1): 17-23.

22. Foster AC, Kemp JA. Glutamate-and GABA-based
CNS therapeutics. Curr Opin Pharmacol. 2006; 6(1): 7-17.

23. Dutar P, Nicoll R. A physiological role for GABAB
receptors in the central nervous system. Nature. 1988;
332(6160): 156-8.

24. Chagnac-Amitai Y, Connors B. Horizontal spread
of synchronized activity in neocortex and its control
by GABA-mediated inhibition. J Neurophysiol. 1989;
61(4): 747-58.

25. Ruscak M. Changes in the level of gamma-
aminobutyric acid (GABA) in the ischaemic brain
of rats following application of some stimuli evoking
spreading EEG depression. Physiol Bohemoslov. 1961;
11: 192-8.

26. Holland P, Akerman S, Goadsby P. Cortical spreading
depression-associated cerebral blood flow changes induced
by mechanical stimulation are modulated by AMPA
and GABA receptors. Cephalalgia. 2010; 30(5): 519-27.

[


http://dx.doi.org/10.18869/acadpub.shefa.3.2.27
http://shefayekhatam.ir/article-1-685-en.html
http://www.tcpdf.org

