[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

IranJPP

Iranian Journal of
Physiology and Pharmacology

umgf):t//@gf;‘//"',g’

VY€+-Y0) abo V1 u-'l-gg a 2,92 gy Jle

(o]

95 S S 655 (SO 5 s (o 2
SEL (300 33 (1,3 Comlus 5 gl (Sl b 9

* il o ol o

ul)al RV ‘J.Q(un" wgéjé olKiily 5P91.C ouSisly ‘L;”L"“”""““‘.'.) 09;

VFeY ol YO 1 byl

We 5 Y el

LEVCCS

wald U (6,08 S05,uleS Namlyy e 5 o)l (a8 dngi dlen I sae 3l Jle pladSlae )3 568 Jul (6,28 i) 180 g diae
las S35 sl Joimo sladiy 5 51 (o & 48 o sl (Sl 5 (S350, ((Sslsnsuds s anlpd ol oljom jaul3l o S (5L
Pl gyl gl | Ban Al e (S Sl (saosi S Cblig b g adgl (ol 4ol 13,88 4 (oga VB Gl i3 0 (ol slacs29)
25 SBL are adg) ol 528 50 i (oS om0 4 (STl Comsln 1 S sl i g (sloosi S i

u.bl)f )‘ U U‘?‘} l.&ul us)f Q)?Ao ,a)§5l.§ A=Y w.:).a.) 0)9 l) (Macaca mulatta) u»s)) )J O9oee oM ;i: S99y ¥ L_)L.MJLO)T :Lﬁws)
’amu 9 Mb Cuds LS)L:B) L.G.JKJ Jel olo dw o A dolre> (S9) ¥ Uc}ul.a.u ey 9 o,\u.{u.u.u lem;»u.lw l cusls ““'P L$'>])> J}‘)A
adsl b 188 50 0355 03 «Seidninde S Slinlofl & g b GaF 685 e 0005 Il e o |y Y sle sl ol slaS e

85 &g 335l S 31,5 s b

5 4BliS 3L P <e/40 (gl siae Oygot (ol slacS e Sl Bl (59 12 595 30,5 45 ABd e LS gy ol sloazdly HdAEL

ol 03l Liul3el 1 o

B S5 5 00y i L elaS e STl colen 58 )5 adsl i 8 )3 (eSSt slaoss S 15 5 Ayl
Sl YT 4l g Jloys sl 53 s STl S5 el il oseVU 1 s slais3gyg e 45 adsl sl 58 55 Lo S oyl (9,8kas

el (5y908 g5 Al dex ||

S goun siisSs oS (ol 5B (STl il s il 158 g031g

Ly &ygos v:\;a: 5 SHlbgn Y 18U Cod (ol

S ol a8 s s el [V] S oo S
Sl (liz 2DLS 5 (62300028 o b Sl oo
STl 3 9 03,8 @bl 1) (e Sy 9 5743 by
CYls g ang ail Jle Ll 5)Sles iy g (e
[¥] sl awily (culds” id (g0
Sledbl o Ligy jsbdy canl ¥ (rnbo 15 o5

% Attention
* Neuromodulator

o

LVRY-

lye (cu glacs3g)g | (2l L ojlger (cwas piasw

o (e Ol (3513 93959 by g0 9ynlil ecan]
ol Ol jl e SLeMbl 23,5 (o J )5S jse
51350 Cponl oS SleMbl 5 00 el s (slos3g)s
U1y D9 o0 0dpeli i & (B (glogd 9 o0 i8S
a8 ol oigan (s gl e e 5 pass
Silwls prao oo P L g Canl Cans s S e

! Detection
2 Discrimination

asadollahia@um.ac.ir (ORCID: 0000-0002-7915-6846) :c.lsle Jotuns stiwss ”


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlas S5 yeS (oS SlrospS (i

Syt ) gl (i jui8 ) (o Sl puglgerinl 4 bayg)95
b 8 4 (oS il 32,5 )86 (lomes Lol s 0
ol calis crul anlisb Ll elacS, e STl
S aeiY (Jolw 5 (S9)55 sl v )3 sl
Ol 3 (g addlie g (olb e als)Sal,
Slae nblb odasy ja sl Bld sbbg)low
lpoayS Cni ST 5B 531 (e Sl imgiy
SlasS e ay (Sl Cowlus p sS tul St

A8l adgl (ol 528 55 (ol

a9 9 319
03L8w! 3590 lilgus

(Macaca mulatta) ywsj, 5 ygeme SO adllas oyl )
Og—oxe 8,5 515 03latul 3)90 SOl A=V e (o) ()il
b bulpd 4 o Sele g a3 (lgd (835 51
Ohigel ) pogase (Jiio 3 (s op ilsdlgs b
)b 305 5 (il inde S oylidy clinlojl (lyy
ool adaiome So (imed § (g8l 25 e 4L S
b YLy ) i o 53 (50 e 13 51a8)
(5t S gl Gl 28 4 a3 5 T LSS
LBl decmer 59y 2 el (2l lulyd )3 9 olldssl
909 0dd adlie > yily Clpje L (sl )y aad
L Lacclow) 385 Jore .l 0l Chnogs [A] pdIll
Ol dadran i Clry oboly sl pl gl
e Sl Jodlljgind Billas Jolye plo ad (o
el elaclasy 31 odlitl g cudla gl Loyl cudligs
Ao (o938 ol (o Josllygiws b Billae (yizmen
ST kit s g alSislej]l llg Ly LS 5,90 50
L pbsl IRJUMLREC.1399.146

LS oo i lod g (5,U8, iyl
S 89y SpmS B de) o S S e der
J_m.i.u \;" Xﬁ"aﬁ)b Y"id.) d‘ Jl ‘.;’70)‘ YV) )?M)Lﬁ

ool (o> pdr Jolie jo Sl O alolb sy g
i S gy alasd a3 ds Caxbge 5D 03D

B Occipital
Y Calcarine
15 Magnetic resonance imaging (MRI)

Ve—V0Y dan N5 L;’Lu & 093 AN A JLu:

VY

75y = B Suad g (5pB — eV 3lgy08 15
AU a2 JymS b plog yadd ez g Wb o a
Slallle 2 pdy (o ©jgo Sudd 9 3)l5)98 4d Sy uliw
D B Lagy e (2] 53 g8 Sl o5 a0 LS
"o I3k eSS (il 15 oS el (Lol e
o) 32 tly e (NB) "l (osilS 5 51 0354 (BF)
Il ol sl 51 g (7+47) Gyl 5 sloged (ol
g abadls > SYMBL ) (B ) )3 oyl bawgs (b
(V+o¥) ohlSan 5 (S0 IY] Whoa s (I35 1y oSl
P VB g5 125 sle SuirisSs sla g, o Ll L
gl ol pi8 (opp lagyg)p 4 &5 (wge VU slacsg)
byt =l silwlsd g Db e L Ak oo Al
Sl g osly Gildl]) ol slacs e 4 (Jg)58 slaguly
RBU przmen Lagl e oo palS ) bapygysi S0
S8 aY gl ol el gl o5 e
9 450)S odalie (S o by |y wgeWU (sla 634y a5
nC Sl b gy gl ialS ol aish s
w—o9e 305 Laclary 1 [¥] 9800 o S0 5dsS
Paay il by Seyp clld Joas ) s Jutul
- sl (i) ge CandsS T 9 )l (185 agl iy 28
oel S haaga ol by, ool s S
iladls b 3 (V1) ollSen 5 log [0] 20300
gl 2lin 38 55 (g8 sl (slaygitns) (S Sy
aan ) |y alin oS e a4 ol SRl STl e
e o Ll [F] 45,8 sdalie (6,8 (slaayY
e Comle g8 S il b ol (L3 (Y40 Y)
S (B 4yl alin 18 1) alin clagul
V] o
5 [A] ))> (i dr g5 3al8 )3 (s Jutwl &S cplogsls
> Sl eglgesinl 4 bagyg)e Sl ial33l 4 26
Gl 5 pi8 (9o VU sl JiSew S b (osizred 5 948

® Feed-forward/thalamocortical
® Feed-back/corticocortical

" Basal forebrain (BF)

¥ Nucleus basalis (NB)

® Lehman

% Desney

11 Soma

12 Bhattacharyya

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlas S5 yeS (oS SlrospS (i

(450 A+ ) A Caws 4y B S 510 D95 Cjgeo )d 5 Bl
4S5 (4l uo Voo ) Bl (o 1y o g ol e Sy
oald i ) IS 0 s cpl 348 loj g g iy o

Cawl 005

59992 39 P Oldylo ]
Wl 1521 9 S s

Sosliwl Ly adgl olin 523 )3 bogyg)e Joe Sl
B35 Ed Jolog)l ©)god (S5 sy sl e
V=Y Eaglie) (LS ol oo ) Bl 3liaS) (5205 29,801
" ily29,5 Lo S ol ((yg,Son Yoo LS g pallS
8 )3 (ol e cgogi QIS a8 58) (S sl
b Cagl plp BeemVeres uas JUSw 285 )5 5
o i b 9 15 il 55pn Gl O L pale e il
s S $9) (Ol e cogh GBS Gy 8,5)
Joe bo 0g)95 S5 il I 2355 S 6 guels
S e 1 ozl L gl (e 5 g g 035 s
099 ) ez 9 o 8,5 8 (il 250 ol
SlasS yom (65 9 ol ilodinge sl oad e
8,5 5148 aalatwl D)0 asuis (g8, ST ) Bus

P G 9 095 5 Gl (el Ol o]
B ygs99
09155 S 95k 5 51 ) ey Slialesl pl o
Igas (gloyuly alads S 4y ygome a5 Jbopd ¢ ol Zuoly b
S g 04 0y inles diuo Sy ) &S (glds yo+/Y)
Ole Csly o > Sar S S ompe (2l S v
S olSe )3 g (w300 plosl jin o 0)Sest 3 cd) T ol
Ol b lojen Sa b o 03l Livles dord o calises
Ol 2Bl s Moo 85 55 (S99 Cu IS e
Hn 455 S 2 3 gy 3Gl 5 (Si5uSily
S e S 005 (o0 paSuiie Bygyg8 Sl 0055
Slea b (w2 )8 3 5 jlge bolad I JSiite) 595" 2l

*! Macrodrive

22 Receptive field
2 Visual field

%4 Firing rate

Ve—V0Y dan N5 L;’Lu & 093 A A JLu:

VY

o8 Gl (e (et 5B ()90
&b ymd S0 ¢, Ly ( EyeLink1000plus, Canada)

S Y (Slo J5 8oy 50 el 55 S e
ala_wlgay &5 (MonkeyLogic, NIMH, Marylan, USA)
Lgod)S cdl Iy ot slrodly s o 1al Clio Hl58L0 5
8 1y i Sme pialed s oy Joce U]
ooy S 35 Sl b oy (191000 ©j90)3 90,5 o0
Sbe GEBL Glg 4 (Kp
el S (55U, ST

(slasys +I7) 7 o pls cats abais Sy Gialejl el
sgle dmiio 350 53 (423 ¥) piis S 000k
) 395 pidis ijgmal 5 e b Sllgs g b odly Lioles
A5 eoboyomy J 3 )0 (48l V) Lpasuie o) Cided
oyad Sy ialojl Lol )3 Cuibge 503 g Sl o0
e POl 50,8 e @8l Bl s bawgs ogee]
L5 o Ll il ploul 0956 b cbilges zu a5

B (5,85 BSS
s ke Sy ) L talog] e pmusds Gl 5
LB dm dw olyen & axis Sye j0 (40 )0 /YY) (lopl
Loaayd Ve g e o Qe cdr)d =V ) 3 (420 1) Sy
sl S L 595) bam it Sy ¥ g (423 ¥ plad
ly 395 i SUlges 4oyl oy 03,5 52T (auo s B
Cob (a2 V) Can 05wy S§ o (b oo Yov) Codoay
Tl S B L a8 K4S (Ban S e Sy ki) e
oS @0 9351 (o B 2 09 (0 ¥ U i () peie
Coaaty il 5 4B syl iy e 3
5 B Sy e o g plLs (b Lo Y o)
bz Sl (gese g WWdde hgels Ban 8 (Sl e
5,5 oo bais (4l Lo Vo) Gdeds i 0y 0 1y 255
i 5 eels b b e bgels ot abaii &S oy b
Symo joi> Joro G ] 355wz b Glo> Cos

1 Fixation point

7 Fixation window
18 Disteractor

19 Gabor

2 Contrast

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

G G S Csluss p SIS 5SS slaoss S i

[ _.ﬁ" ali; a.n.f: ‘—-:lysb-
(1) b 5o L

O

Ba2 S o0 b pigols

O

Bad S e i 2B

(<)
co kb e _

b Sy it Lo
b S o oo )3 Cunld g pubin &5 s 5T
oL

- Yoo O+ Yoo A" ﬂae
(il o)y lo

Cuows 3485 liy Sy dlp a6l STl Sles Jlgr (<) . olis S ymme Gaseids (o)) clSs jl Sled anlej 9 Jlg — Y JSud
S oo 3,8 o ol gl duo Yoo oty |) 058 iz Sllges oS il s ol Syoee (asuis (6l ST sun e (g ol 0l isles cul,
008 oo bt il Lio Voo Cidody ol 0yoxiy 50 1) 053 puiis 1L Sllgws g b o Jig0ld (B S e g Wb ooyl asl oo Voo Gy (Bun

Sl ly ol g ol o e8> Bun Sy jouds Jowe Cuow 4 1) 365 muiin Hb Cllos o aal ad Jos0ld b b o yo50ld s alats oS Lol
23,5 o bl yd ol aslej b allae Lolojl Jolye Cauwys plool @ yguo > g aizily o 455 4l oo Voo Bl

G e 50 9 4B yekay )00 S e g Ad e 03l uled 5 N e 03l haled (gy98 (2w Olee 3 5> s
A ol Gloles (ol ol Laigigs 2wy cae bg)s (SoeSily 5 4 a2l

ol 5l Slesd sainples g g 00,5 o pasuie

3,12 BLF P e s 5 Y S5 )3 (955 0255 fdse (esd

39 5559 S s sl Sjelgn jadg Ul Oltolojl 51 Jools (S5 4

35 8ol S i basgh )l (amdge 5y S e 5 2V 5 O JSB 53 0158 (i e
pin (93,3 oSl ¢ IS > (aliy (St olKiuloj) 2 8) o) G5 plale] 53 cawl ool OF S5 )3 baygye
SO Jols 5g58oxisly Sao Hlae [Ve] €5 Oy (o)) g b Bun Sy SO (Gl o 00 s gi ol
adlllas 3)50 (49595 2l Glee J31 3 9 905

% Microinjectrode

VF =)D dxbws NP @Lu‘;b)j.! AAEA! JL»; VY ul).:‘ d)}lﬁ‘.a)lﬁﬁd)sjy)ﬁdbm


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

G G S Csluss p SIS 5SS slaoss S i

(2) iy 8 s sles oo oo (<) Wb g S e o 2l
r

fer

h

b (> 55 ol Y3

_ b S e
Vb Lo ‘ ﬁ
St AlaBl S g I

Yoo

(358) (Sl ol

fon

Yo

You
FEFEY IS JOpN oW

Yo

(338) (Sl o300

(a2 13} 53905 y3om 45 Cuybge

Yoa Yoo

R —'\44 - : Yoo : T~ Yoo . -
(4l o) yloj (42 53) A8 j0900 13 Cunrdize

otalel ol 5 (Al So3edsn oSl Sliylol bawgs 03,5 (lie (s 9 9y 085S e e ol Sleds saloj 9 g - Y S
Ao l8e Y0 5l (S5 ) (ol S e 4 g 035 Culi ]y 353 iz Moo 031 uled dmiuo S50 53 & Lot dall S () 2 Ol S b
Oy Gl 0dd 03l i calisre (la e 0 ol Se 4 (ay9 Fwl (G BAb e 00b sl ol e Sl Cuow 5 Cusly Ao ) ol
P ong 085 e | () 4d (g a8 edalie (8,5 )15 (05,5 e JEI ) VT o)l lSe )3 ol Syme &5 (LR )58 Gl Ol
P S pasuie () 4l laly ig)g lp 08inS e (3900 4l ol 12 3 laygyg (23 Fl 5 (KBS e wdag b 4l ol
S O lp e Cua b ol S e @ (g)95 Gl (3 292 (g 08 STy sl &5 35 asuie Sl )3 0k pS liee 4l ald oyl
odnlio 39 423 W+ gl (gl wilodSud S oo JSbslalin slipl (s pSCan & (oBin (gy95 Gl 9 (KBS Ol Crytdin 209098 P

(Ol egs LSS o €8,-8) (S0l saly39 5o SaS) ol S b oad oo gy gladid dg Ll 5,5
Pgr Jate 392 045 o o) s o Gajlojl &S Wb e ploml (IS0 50l ¢9)Se Ly

SLeS) S g S S s (LSSl scuponnl LI i)

9,13 Jlaial g (gjLusorlol L o S5 )3 gy <8 g Jate (g c0oghon

OS5 Gngly ol 3 03litl 390 5SS CuisS] adg ;b gl g ab o (s Sojlus] S5l S
392 (LS pol gyl LS GLaS) o 35 55,00 Lyl bgis Sle <8 o pto il Sy (o9 Sue 10+
LN 9 00d 4 (Velin 9 Yoo Vo 42)¥50) L &S 1503 Caomw 9 Sl 5 2ols 4 o)l €S > (gl WV-)
e ) S5 Jlail Jone S, b 35 (Y
S 9y 45 (1Y 2ls) el JPLST a (0] e

%8 Nicotine hydrogen tartrate salt

Ve—V0Y dan N5 @Lu‘;b)j.! AR JL»; VFY ul).:‘ d)}lﬁ‘.a)lﬁﬁd)sjy)ﬁc\bm


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlas S5 yeS (oS SlrospS (i

G e o > Cend (5 90l 5l rog)S awslie sl
s odlizal (< +/+0)

sl

gl ol 8 3y g 3255 il addllae cpl
ol i elacS e 4y opgame STl ool
OMe Bl A3 oy (pesite S 8IS b )95 3o 9 JSU8
Gl ol L G 9 By 5 Joee Slagyg8 05
G il glacga b ol (S oo 4 a9
soailan b el 31)55 Jowe slag)9 slp wollas
by 4o ploe (do s 5l b 03 sy YU > oS
2B sl g okiyS (e JE1 )3 Shoe S gnile
Lol g g 280 03 lales (ol Ghee Jlio dos
LaySie IS 1y b sl e 392y (ot 05 >
ol sl S yoe gud a5 Jyao ) S by ubl
YL 3 SopeS JLog gope S bl e Aol
VO PR ) N VR ER W S SVES TS 381
b YL cnl S L LacS )0 don join Loy g
L slacs o 5l (Sl aoyd a8 Jlbp> o5 (o0 )15
odr pm 3 b e IS Oloe g b cuwsl S
O89S 5 3l J=8 (STl cales Tl olesl plos
g @) jbg e o bad oxie 5 Wodly) b o (5,50l
e S Glalell 595 B35 5l g 3400 5 ()
v i (s S gl w e ca I g
Oe Cowly da yd oad odb Linled ol S e
oy Swosd 4y (32)5) W3 o0 Ui B3y 5l g B ) ol
G0 ol gdly a5 jshailen [l oad bl ho o
Conl) Cows 4y |y S ytogSols (et Hllasl By (5985
1308 J J=8) Some Gl ) Ggere STyl il 1
e oy a8l (VY )5 5 A VY
(V70 23255 3 dm VN 230,55 J) U8 ) S 058l
5 (VWYY i, 5 5l A VYV 50,5 5l J8) sl 2> g
SOl QYN i35 J an e 5,5 5 8) Vb
Sl wbwl Gaolisl LY 5l (SGabl awisly gyl gxe
ele S G5 Jban i85 Shee > IS Sl 0
3 3 3l ol )5 IS sl il jee JSba (26
adgl ol i J3bas Sofglgasd pyw piulejl luls

Ve—V0Y dan N5 L;’Lu & 093 AN A JLu:

VYo

Ulgs 883 Yo ylo Gde CubdS 5 (5 138 IS 5
5 453 o plosl ) glin S pome el (513 iboj]
€8l g oo Jbly V- pbal 3 Cllge Cuddge 5|
(J =S slaosls plgiedss (oylel 5JUT ,5 slass opl) Lobl
gl eidgy (6,8 Sliolejl plodl Jgatie bl oS Jlo
pLos! (g See V) o g (4ddn) ) ploj oty (3055
Gp Lol 1 dids ¥ ploj e iS5l g (85 0
Norm 9 850 ©yge gl 32)5 alie pgd> 32)55 «J9l
6ty ialojl ped 5oy 5l aidd FO ol Code cubdS
)b G5 bl plosl slajey oy )3 cBlioo L
oo bl i (10> /A RIS i) 9> SN 525
oyl 3oy 3l am slrodld b oyl b gyly 555 51 8 Laoold

52 ge malio g 50T o L

S slo! Judosi
Ve agaaliyy 38,5 by )l (sl Julos
plgl 59, b > .o 8,5 &y (MatlabR2015a)
L el slacS e 0 35 Gialojl el
2 sl s Fuol duopd S Cund Sgliite sl S D
WA dwbre aSBls Ca g Cunly Cuow (ol cnl S
Cromr Sl 3205 5 A g 3205 51 8 sl 4y s
P atgeS (e Sy 4l g la o g e,
A move ool 40 s sl (Y=1+exp(-1*B*(x-a)))
Lo VY oS S ymme iyl Jhie o] oSyl " ailiu] wlgisa
e b lyiean By o)l olyendy |y oo el
Lol )3 jlame 93 loiedn 9 b 43S )l 0l (3l
e 53 31 el osde s slizal (gylel (gl U
Sy (s b 45 ez Guoly Jlaia o>
Dgid o 03D s i e il g &S Sl
Gl e s 25 g (o3 + a3l 33,5 0 Juols
33,5 Jolbs i S e (g8 bawg &5 (ool
A odlawl (o)Ll (cla Ul alsul )3 (Mo p ¥ cow i)

%" Matlab

» Sigmoide
% Threshold
%! Slope

%2 Guss rate
% apse rate

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlaa S5 ydeS (g SlrospS (i

i (+2-<

< I S0 &l

— 55 B3 51 JS
= = OFES Gy

Towo Tl Mo y3

(e y2) o bt 5 200 s S35

. (-9
<l 1,81 il
; _______________
-3: -~
g‘ P
3

(2 y3) 2 b S p200 Conw il

Tuowo Twly dwo 0

Towo fwly ey

- T (Q.ul_)-dﬂ!)

I 1ol etz

— o8 B3 1 L
= = OSB3 A

i T |
N — ]

: (=uls - 7)
<T ST, il

- — odllw 3,55 51 43
o~ = = ol 325 5l
>
>

(e 53) 2l & po00 G il

il (F 5+ CanylS) aliy (sl o (sl S siogSolir (iontn (Gl (5 s 15) STl il s 5 S stogSolis iocis =Y f3g00
Sl e 5 (i 155 o L) 305l 5 (m 30 bosh) 8 0153 sl (355 50,55 el S0 kel ol i 53 005 b
5 G Caows 0 0l 03b Ll gl S e (gl SO pesSile zve (G dad o i 1y Canly Cuans 4 Jlaged bl 5oy 5l (e aS” STl
G ool dude S pll 13 S 26Sb (ioxia (3 9 & g el odnliio S tegSols Jloged b 53 Sy B0y 5] e 4 STl il toles

D cos 0l Jdged oluls 1D (£l By 5l e &S e g Cunly Cuon jd 0 00 Gisled ol oS e (gly ol

ol oads (STl gla ol )l o0y 43U
Sl colas 1 @Lin 1088 4 s GuF S
e Ve pdbs 3)5 Sl g el dwde Ve 3 Ggene
Laosly a6 oSl (sla dove (A )1, Lislo ]
Sl gmene STyl Gliwl (15655 Boy5 0,5 gl el
Cwly dag joa i 0ol Lol s oloiw sladlsy >
5 J=8) oy il 8l (gyls ime o ba s 1y Slin lie
NIRRT S B SN UYL R AN 2N
HlaS Iy (S5)30,8 slaodls Al Y jbogai p <+/-0=
o3l uwl_m L;Lmd)m )‘I 9% uSl)bl Sl 2 d)‘-’@’“’
NOY X Wi, il Jod) ccbls e o > 0
OV Hges P> /0, N= Ve N/EY Eefo¥ i, il e

Ve—V0Y dan N5 L.F’LJ & 093 AR JLu:

\\id

Wl yaseiie DY g 2) Jhead 0 &S jslailen 5 Md 5y
WS Ggere (STl 0 Slas (63 Sl sed p oy Boy5
Lozl 5 S ptagSolas (imie ma i ol pogMle
u’L‘“ LngJ)_xo d])_g Jl)bl Sl )ibl.ii.o LS‘)% d)Lo‘
9 cd)S el 15 ol (lise o das yd 0dd 03l ioles
G5 el (aseie OV Hlogad S > a5 jghailen
80 (Cal 00 plxll G Caws doy J30ay 85 (45585
3 acm IV 25,35 51 ) gmase Sl il (g,
o Y 23,5 5l J=8) (ot o b (YIVY 25,5
S am OAVA 5,5 5 J-8) Gl s L (V0 3y 5
S V00155 5l JB) (e (VL 4> by (WA 5,5
> Cuamw pd 0l 03 inlad Syme jd (Ve 30,5 5]
duls cpl jo oS cl opl 5l (S Glialie opl .l asly

STl bzl iali 8l ccel e 4 (pieS )5 Linlejl

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlaa S5 ydeS (g SlrospS (i

()]
ko
o]
2 o]
sl
AR
a
3- o *0O & *
T O
o N
-
I g ¥*®  abEuP
2
. +lo ) Ve Y Y/o ¥
G5 3 oy
- (e-1
<
a
a’
§ -
T
:3\} w (o IR
% E = 3 ¥* 1 Gy
-
. Y £ ! A 1.

G073 Jdeyee

B2y3 3l amogg0

P (ol y — 1)
¢
L4
»
&
n
:,: b O** (o) ©
¥ o ¥ O
T - ¥ O ol gyy
), O b (3
o o L
:'Qi - F ¥ 31 Gy
3
. +[o \ \/o Y Y/o ¥
G, 3 kB oy
: (& - )
<
r
P
w * ¥ * O ol Gy
>, * o * & ¥* 5l B3P
> *
o 0 o
. Y £ 1 A ).

32,57l S0y

(1 (553+) o 5 (595 V+) s P Galeil » Syl it b g by SoS oo SThal wlil ;5585 Goy5 S1 =T laged
(g Do o ol b STyl Sl dl)’. K33 S ome 9 S 0y9d oy (p < 0/00) S xe AWM Cawly oo pd 05 03l ol ol S e d‘)f
2ol 03l ol (sl S e (gl (3 5 7 g g0l sdnliie (0= +/+0) ()l gxe BB Co Cuow 3 0 03 inled slin S e 4y

a0 o odbliie (botie cand (glyr By 5l e g a8 0y8d G Iy (B +/00) (gl pime BB o g Cannly Cos

slasS ) e (gl (omie Cudd o (gl me il eSO
5 =) el e cunly do pd i ooy Ginles ol
NI T VA b= JRVA VAR SRS IS INPYR, LV B YA ¢ SER- ¥R
slaS e slp b (S5)50,8 sboodly Y Hlogei p=>+/+0
5 Jd) el ol Glise o Cuom jd o 0dby inled
G5 (50,8 oaly Y Jhges P> +/ed, N =Y.
5 =) sl e canly da jd o ooy [isles ol
d')—f L (;ii) UJT sodl ral )|.>9o.3 p> «/-0,n=)\-
L)U—“A > Cow pd ol o3l wl_m dl_mgf)_?u

Ve—V0Y dan N5 LE’LJ & 093 AR JLu:

VY

Sl J8) Conly Cow j3 00 0ol (inled S el ygeme
N=Ne VYA T /00 5,5 5l NN £ 2 [0F: 5,5
NICARIRAVA S W= SRVA o (S0 SRS R INPYRAVEY b SRS AL SR 53
LT ool el (S5 ol slosls (oY loges p>+/40
gl 8 ) (S slesiyS 108 Jleb s e LS
ol 4l STyl sl 631 ol
SopogSol (oo cad p ol 9 (65958 B1yF S
RIPRCIRPES WIS CRVYS O IS O WL JC S WC S W
53l (33503l b S yome BUD )3 S (St
BsF Al jSasS Sl 35 38 Sy ey

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlaa S5 ydeS (g SlrospS (i

sase Bl il 5 oo

n p —
B2y = By S Jure
ye >0 Wy £/ VE/DY £ ¥ cul, 55
\. >./.0 VWAE £)3V/¥ \O/YD £ ¥/-0 o
(oo 25) b >
ye >./.0 YOS £ AVY VAIVY £ AISY cul, oo
ye >0 Yo/a0 £ AVY YY/EY £ ANV o
ye >0 qa/+0 * +/¥- Q%Y £ +/dA cul, 95
e - Voo & Yoo +o e
(s 25) YL o>
\e >./.0 /0y * «/¥A AT £ VY Cul, odle
) >0 aa/on * «/¥F Voo £ e

Lagigrgs 5100 (G9y9- cdld Chnids csly (5555
01l ;3 S i s whuw (35 el (ined 290
Db i 0 Liig)g Gl Chnd ceely Gy i
sl 3 e 3o 3 s slagys 035 s
adlhs (pl 3 398 e (SBod (sla Siuzp > gl pials
SisSs CodsSl 3)5 1 b)) 4 )b odsl Gl
a (Sl cumles ol p8 & (55955) 0lsS Jsil
Oy (T oSy L8, w3 ol soS e
i b (STl bl (il cel 5685 5,5 s
Jadde s 1 sy |y sdalive ol Wlgi o gyl
a3 aY F 5> Soidss laygi) Cyliie iy
SSE Glal Sy )wge 9 Se5Ss slaygitoms) S 20
355l il 8 1) Syl JLisl L e cglite ol 51
5150l g (V++Y) hlSan 5 (500 [ ¥-1Y]
i85 o S Bt 3)LS g g Sl (sl gt
530S Jb U iy 48 10 i Wl alg] olin
S5y = VB Y0 g5 5 55l SiisSd glmods S
S8 VC Y )3 (68 = owsa Vb 3 5508 4d (Sly puglisws
slasdgys olhLS 500, S a1y wlalbsls jila,
oS 5 cnlpegde [¥] 20 Vbl (5388 — o Vb
o> S5l L dawly sLonygyp a2
725 S5l SiioSs slaokiyS (il ylisgiloge
oy Lagygygs ol VAl a8 e il 1, VB g9
oEalS dopmie g e e LS Baa ]y epe sla ol

Ve—V0Y dan N5 L;’Lu & 093 AN A JLu:

VYA

=5 A YN E A, il ) cusls ol
sleodly &V Jhgeip> o/eb, N =N ¥/VF b
A8y 95 w5 dm el o ol plls - (S
ol a3l (6 31 ol S ye Cawl ST 5003

Fwe fuwl jhbe oS (e E5) Gab > b
5o by & ol Syme o ciens L oS il
CaoySlS b je8) 35,5 o Juols g i 03l el
Gy e & (5 £5) Vb 2 e 5 (s -
ol ple S g b & adle (el
sbgie 5l (aep ¥ocwmll b yeS) 25 e
Loy oesss Gup Wb Jdbo g glmiel S pmesSole
alp e 93 ol bne Sl Pl ol
o by Culy das 0 osd odb sl ol S e
ol sy Lg)Lo—l ).Jb] 5 odly 4o aiily sl ol
.Caw)] OMT ‘“ )1.)9N 9 \ Jg.&} )J )L&A 9.)

39S Loyls LIV] (5o sudgyes sy ulwly

IS sl Joimme gloay 551 (S [F] (Seogill 5 [¥]
2 8 4y gVl Gl 8 4 ole slo939)9 b
eSS Jeiwl (slaossyS clbolug L g adgl slio 4l
S slposi S (3,5 Jlb 5 de Slalllas )5 .l o
sloosi S e g gy 1,0 (S99 gl Cogl el

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

iy s

Sl Comlaa S5 ydeS (g SlrospS (i

. (+>-<
. =<
i -
B
E—
SR - O o s
> Q < * * 512 B
¥* &00
o]

2,5 3 B 0ye0

: (-2
.
<
a
ay
-~
Q
i
n4
Y
:
B
Y
:3‘) w
O oy
ok %* 9P Gu3

. Y £ L I8 A+ Yoo
B3P 3l JB ey

B Y. £ e A Yoo

T BURE LT

T (ol - i)

As

.

£+

o]
O *

Al 3

5 By

@5 31 kB eye0

.
<
a
ay
-~
L]
-
ot
T
.
B
Y
:3‘) w
O oayy
B s
= * 9, 32,3

. Y- £, N A Yoo
3,5 5 JB ey

2 0555 GuF A o (0 W (o)) ol s (o V1) 05558 GuF oilejl 1o as &5 5 was &5 oliee 2 085sSe GuF 51T Hldges
olis 3oy 5 o™ 9 B 0y9d (g Iy (p > ~/~a) d)l.)ul_uc Ml &S o 5 Conly Cooms yd ol 0l Oiled (olo s e gl o E Ol)".:.o

d)bu—:’w M| &S o 9 Cowly Cuows 53 o5 03 ol ol s e gly s zr QI)’.:.A » uu5§w 3y S PN (J 9 & B 05

Ol 53 48 3950 ()8 w53 Colus (il el
035 dinhy 0dgd e | 2yl o oolaiwl oo Ylais! adlllas
G5 ©ygods o1 plosl 52)5 cpizmen [V ] 5,0 o
Ylain! g Cal oas pbsl SYeb biws Sloj il )3 9 (o>
o San 331 5 01 A5S5 (slboss S (1l el
S ¢l wwlalin pl aasgl LYY] ool onis oanlie
S 3ibm (e YB gl ) (SeiplsS Slroks S i
calisto CondgS ] g CandoS] pdin g 59 i ) ool

o Jlaidy ()98 Cilizee Sloj slaojl 53 (rimen o

Ve—V0Y dan N5 LE’LJ & 093 AR JLu:

sl

W8 od LS B0y 5l e 9 JB 090 o |y (P> 4/ +0)

By b o Spid—opid Soad clawliw (56 4
il lb 4 el o odld lis ¢ bl ypen o [ V4]
ol Syl LB dawly (slomyg)9— (Sifo]
i b adsl ol 528 57 IS/ il giloses
lSan 5 g [V Jamapo Gials 1) ol sloS e
Sl gty (S Swge (ldlad b > (Vo))
o gl Glli8l oley yy adgl ol puiB 55 (oS il
sdalin )i slaasY aen ) olin slacs, >
9y = S rdeS slmossyS sy g gl [£ain s
3929 Owizmed g piB )0 (G)lee 5 (S0P 908 EF A2
Sl e a8l U (S5,ue S 000 S o (pay

%2 Somatostatin/Calbindin

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

il oo S ol g2 S5l g slaoss S i
o S8 Slausge gn | dllie pl sl Bty Shl oo @il )3 (588 s il (sloosi S

lo3,55 8L 5 ol Sl iy S ce Jgo)h (i ol oS e

5 S35 yi)sS alises aCunisSl 5 bunisS] il o)y

é_él.;.o 5 &)w Do oo gy alizee (slajen b

O Sy g S

9 ool )Jlj 9 Lﬁ)ﬂié"? ‘uLmJl.o)] @‘)Jo LEo
5 laools 50T 5 ol clinlefl alb the sallio oSS
Al )5

[1] Goldberg ME, Wurtz RH, Activity of superior
colliculus in behaving monkey. 1I. Effect of attention
on neuronal responses. J Neurophysiol 35(1972) 560
574.

[2] Picciotto MR, Higley MJ, Mineur YS, Acetylcholine
as a neuromodulator: Cholinergic signaling shapes
nervous system function and behavior. Neuron 76
(2012) 116-129.

[3] Lehmann O, Grottick A J, Cassel J C, Higgins GA, A
double dissociation between serial reaction time and
radial maze performance in rats subjected to 192 IgG-
saporin lesions of the nucleus basalis and/or the septal
region. Eur J Neurosci 18 (2003) 651-666.

[4] Disney AA, Aoki C, Hawken MJ, Gain modulation by
nicotine in macaque V1. Neuron 56 (2007) 701-713.

[5] Herrero JL, Roberts MJ, Delicato LS, Gieselmann
MA, Dayan P, Thiele A, Acetylcholine contributes
through muscarinic receptors to attentional modulation
in V1. Nature 454 (2008)1110-1114.

[6] Soma S, Shimegi S, Osaki H, Sato H, Cholinergic
modulation of response gain in the primary visual
cortex of the macaque. J Neurophysiol 107 (2011)
283-291.

[7] Bhattacharyya A, Veit J, K Robert, B Igor, Rainer G,
Basal forebrain activation controls contrast sensitivity
in primary visual cortex. BMC Neurosci (2013) 14-55.

[8] Harati H, Barbelivien A, Cosquer B, Majchrzak M,
Cassel J C, Selective cholinergic lesions in the rat
nucleus basalis magnocellularis with limited damage in
the medial septum specifically alter attention
performance in the five-choice serial reaction time
task. J Neurosci 153 (2008) 72-83.

[9] Didehvar F, Asadollahi A, Investigating the effect of
reward on saccadic eye movement parameters in
macaque monkeys. Iran J Physiol Pharmacol 6
(2022) 61-72 [in Persian].

[10] Noudoost B, Moore T, A reliable microinjectrode
system for use in behaving monkeys. J Neurosci
Methods 194 (2011) 218-223.

Ve—V0Y dan N5 L;’Lu & 093 A A JLu:

VO

&) Swwlew
Al o 35 ) plitsles ol

[11] Matta SG, Balfour DJ, Guidelines on nicotine dose
selection for in vivo research. Psychopharmacol 190
(2007) 269-319.

[12] Kang JI, Vaucher E, Cholinergic pairing with visual
activation results in long term enhancement of visual
evoked potentials. PLoS One 4 (2009) 59-95.

[13] Sillito AM, Kemp JA, Cholinergic modulation of the
functional organization of the cat visual cortex. Brain
Res 289 (1983) 143-155.

[14] Sato H, Hata Y, Masui H, Tsumoto TA, Functional
role of cholinergic innervation to neurons in the cat
visual cortex. J Neurophysiol 58 (1987) 765-780.

[15] Murphy PC, Sillito AM, Cholinergic enhancement of
direction selectivity in the visual cortex of the cat. J
Neurosci 40 (1991) 13-20.

[16] Zinke W, Roberts MJ, Guo K, McDonald JS,
Robertson R, Thiele A, Cholinergic modulation of
response properties and orientation tuning of neurons
in primary visual cortex of anaesthetized Marmoset
monkeys. Eur Neurosci 24 (2006) 314-328.

[17] Roberts MJ, Thiele A, Spatial integration and its
moderation by attention and acetylcholine. Front
Biosci 13 (2008) 3742-3759.

[18] Freund TF, Gulyas Al, GABAergic interneurons
containing calbindin D28K or somatostatin are major
targets of GABAergic basal forebrain afferents in the
rat neocortex. Comp Neurol 314 (1991) 187-199.

[19] Atallah BV, Bruns W, Carandini M, Scanziani M,
Parvalbumin-expressing interneurons linearly
transform cortical responses to visual stimuli. Neuron
73 (2012) 159-170.

[20] Wilson NR, Runyan CA, Wang FL, Sur M, Division
and subtraction by distinct cortical inhibitory networks
in vivo. Nature 488 (2012) 343-348.

[21] Herrero JL, Roberts MJ, Delicato LS, Gieselmann
MA, Dayan P, Thiele A, Acetylcholine contributes
through muscarinic receptors to attentional modulation
in V1. Nature 454 (2008) 1110-1114.

[22] Sarter M, Parikh V, Howe WM, Phasic acetylcholine
release and the volume transmission hypothesis: time
to move on. Nature Rev Neurosci 10 (2009) 383-390.

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-812-fa.html

[ Downloaded from ijpp.phypha.ir on 2026-02-22 ]

G G Sl Cosluss p SIS 558 slaoss S i

{ Research paper ]

Roles of Nicotinic Acetylcholine receptors in primary visual
cortex on perceptual sensitivity in macaque monkeys
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Abstract

Background and Aim: Cortical cholinergic transmission is crucial for higher cognitive functions like attention, and
cognitive impairments like Alzheimer® disease coincides by abnormal cholinergic system. Physiological and
pharmacological observations suggest that acetylcholine at the thalami-cortical synapse mediates dynamic control of
visual input to the cortex. In this study we investigated roles of nicotinic acetylcholine agonists on perceptual sensitivity
in primary visual cortex in macaque monkeys.

Methods: Experiments performed on a male rhesus macaque (weighing 8-10 kg). After implanting a titanium head-
holder, the animal trained in a detection task. First, we determined receptive location of the injection site by
electrophysiological recordings. Then we injected nicotine using a microinjectrode system.

Results: Nicotinic acetylcholine agonist, Nicotine, significantly increased detection threshold of visual stimuli.
Conclusion: Primary cortical nicotinic acetylcholine receptors are involved in modulating perceptual sensitivity n a
detection task. Understanding roles of thalamocortical acetylcholine receptors is fundamental to understanding sensory
perception in normal and cognition-impaired people.

Keywords: Acetylcholine, Perceptual threshold, Visual cortex, Nicotinic receptors, Macaque monkey
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