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The Effect of Folic Acid on Learning and Spatial
Memory in Electrical Leisions Model of Nucleus
Basalis Magnocellularis:  Animal Model of
Alzheimer’s Disease

CrossMarck

N. Zamani'”

" Department of Biology, School of Science, Payame Noor University, Tehran, Iran

Abstract

Background: Alzheimer's disease (AD) is a neurodegenerative disorder with severe cognitive
impairments. Taking into account the role of folic acid on improving cognitive functions in some
disease models, the present study aimed to examine the effect of folic acid on spatial learning
and memory impairment induced by bilateral electrical lesion of nucleus basalis magnocellularis
(NBM) in Alzheimer's disease model of adult male rats.

Materials and Methods: In this experimental study, 49 adult male Wistar rats were randomly Keywords:

Folic Acid
lesion (electrode entry into NBM without induction of electric current), vehicle (lesion+saline), learning

divided into seven groups: Negative control, NBM lesion (bilateral electric lesion of NBM), sham

and lesion+folic acid (FA 5, 10, 15 mg/kg). In the treated groups, intraperitoneal injection of folic spatial memory
acid or saline was performed for one week, 30 minutes after the NBM lesion. Then, they were Nucleusbasalisof magno-
trained for five days by Y-shaped maze. Twenty-five days after the training, a memory recall test cellularis

Alzheimer’s disease
was performed to evaluate long-term memory.

Results: NBM bilateral lesion decreased learning and spatial memory compared to the negative
*Corresponding author:

and sham control groups (P<0.001). There was a significant increase in learning and spatial Nastaran Zamani

memory in the lesion+FA 10 mg/kg (p<0.05) and lesion+FA 15 mg/kg (P<0.01) groups compared na_zamani2000@pnu.ac.ir
Ethical code:

to the lesion group. EE/ 99, 24, 3061243/scu.ac.ir

Conclusion: The results of this study show that folic acid improves learning and spatial memory

in Alzheimer's disease models with bilateral electrical lesions of NBM in adult male rats.
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Accepted: 2024/10/05

6 Iran South Med J 2024; 27(2):138-147. [Open Access Policy] ®www.ismj.bpums.ac.ir


http://WWW.bpums.ac.ir
https://orcid.org/0000-0001-9293-190X
http://www.ismj.bpums.ac.ir/

\Fo / .9 6),5317} 2 Sgd ] ).ub )
03> (L 0 wlelles 5 (1) dede oliv doldo

)3 Ougngen 8L il 2ok o Cude bLI)
2 HHCY 50 55 9 (10) yaal)T (6)las 9 (HHCY) Loaodly
AB 355 il (ras slodglew joiasyT DNA Gl
2obw Bl (V) GuolSsn )3 ledl (g awl (1Y)
G219 )3 g caml 9 (IF) j20 588 )3 GulgSuinl
2> SI> 5> 2dbe (IV) crolione Jio 20 5l ol>
e fusly s 5y Sl 5 S5 (Sl
Hey 2ohw (oS 55 9 g3l aamSlpuyiul 9 joipoal e
o sl (Hlydd 9 (F9p09lS cal Yo glogbse )

(15 9 10) Cawl 634 031> lis HHey aluwg)
O3l 2 Sgdagul S (IS HB5 53 b ol ply
Sl Bl 35 s odsSiiel sk
5 Hey alawy 2ohw 9 johonT sl asumS) o il
S 6Ep 03 il g (63530 s p T J8U pinen
HB B @b o » polo aallhe )3 g)lan slose
Gl O dolblly 1) Sgdaaml Sdlao 51> G235
GRS ey by @ el glew Glga Jae
oS> )d (plad ahbdls g 6,53k NBM (gad)bgs

223 )h3 )0 )90 5B Y Lo

Loy, 9 Slge
AP L S Rhove gloghse )2 adllhe ol )3
M8 G 390 ©)S YoorVo (Jjg 639am0 b )Ly
23 pudd yo )3 B)kz $@0g)S )3 ige A1)
45> YorPF) ol JyiS oyl as)3 b wllgys Gl
diclw W Syli ~(plidg) asyo sl g (oS0l
O3 5> (8 Hlade @y 13e g OF ¢ Badd (6150
YS! (jlge g )ginio «ligloil ol plzdl )> aiiidls

©lighss gegle ©)lje Lol GUS! aipes) il )

6 Iran South Med J 2024; 27(2):138-147. [Open Access Policy]

GWisl (Alzheimer's disease: AD) ,aldT (g)law
)3 Jie Jlgj 0 y2ie 3130 Lalgs & canl 951)559)9)
oXgpiny LholS aSls )y (1) 33550 olhlew (il
Syl s adgl Gidb ol I Lisbe o ySlac
538 (S | Gy ol o e sl T @ Wigs
pee SRy I (V) 23560 bl Jie Jlg) @
OB9x Golw 2y Sl il (g)lew SQjlesly
& o913 azai > (Beta-amyloid: AB) LoaSgluel
(APP)  adgliol  jlwgiay  osSon b
GloadVS JuSis 99U 0aSgp gmedl)siumd o
G99 01388 §9al5 «Jskw Y213 53 (NFT) (6)Vop89)5)
slowime SjyideS glopge vamhiss s 9 ()
us)VolwgiSe loacls

ol Jdleo b g yBag> 5 (Magnocellularis: NBM

Nucleus  basalis )

(D 9 F) 3ibbise sl jd yine (glodcl clodiuwe
2 & Sl SVg8 5l (508 (BI paeling) Sgbaul
wlalbo (55 .3)1> (b uac Eiwaw (sub 3)Slac
ouil (£) oleil GhelS 1) Sdgdaml 5l
9U 94030 98umd «(A) ABA2 liguny (Vg 7) g5l 3aews]
9 653k 3912 55 9 (V) Sl S Juienl caled (4)
mac il gl (g)len oo )3 (V5 7) aladl>
Oiuanga 35030 ol Cobd g 389)S (5)BpS
a5 > Gub jl S cwl Gl aawl 50 (Hey)
8519 B12 (eling 9 V98 @) diunly (ygamiio
Silgalie Jolpo sl 31385 (gl |y Yo 09)5 9 3950
S90S g Bl iy ©lallhe (10) WSe @oly
Slopiion gobw ilél g (2lde @) )3 Sgd sl
gohuw OlBl colguo g JUbg)d pbd > alin)S

l) (plad abdl> > JWisl g ulimwged (lawly

®www.ismj.bpums.ac.ir



1Bl )15 g 313y /V o)laid /@iad § Conp Jlws

©giz b /IR

ol (Stoelting USA) LuSGes il 0w )> Guun
©8)S )8 0] o 15 yleshe PV (5 aluo 33add
23,5 Jols damas cunbe Cuusg Gulbl Glas U
b lopdz gn 42l 1 plgss juw Sy (Gloge (uaw
LA (H9acdd ol ol Cungy g oduil)S o555
Joe (63990 (g8l (535 ,US 5l aey g i 631> (ylga>
anmaz (501> B 3,5 513 il Jlops b 5 350
&b NBM (gl sslaiwn] 3j50 Olaize 33,5 Llad
)'l AP=-\/W :)'l d9 U)LA.C 09,w3|9 9 u»9.uu.\5b U.ulbl
S gbw 5l DV=-Y/F g bwg s jI ML=1Y/A aLQf).?
amls odiSslul oKiws I edlatwl L dold
L8 51 o (Lesion Making Device (GO Basile)
GRS Ly yoae byl )90 ahaiis )3 39,iS01 38
) NBM d.ub\” u..\.od.)).wa_Lm o/ LD Lllcx.,\.a_.umo
5 25 B Rl )90 (she 0Sasd y0
(Wiao S3) (5392 0993 jl a2 Sl yaalT Yo
23,5 56T jg) & wae 4 JSib Y jlo oKiwd )3 (bjgel

(3 g1A)
) adl> 9 LS).S)L) Vg) swyp d&w Y )‘Lo K>
B3 L) s 5 (Aipligsl Gls! b g
2950 el egiie gjle hwgs (13¢ g OT Jio
el panilSio )3 Log)ls (550 (il J2143 4y a2 g3l
(633 B9y p gl 35U uny (sl Junyoe b5 @)
Sl U a2g b g dblbe Powlie aus (b,
Ol )3 I (glodac Hd) (Lad (gakdls (> wlSouo
9 GHSL Gy e S Y Lo ol I §ais
@ oiws ¢yl (Yo 9 19) 3u3)5 odlasiwl (las abils

sleyl @ Qlie WolS 6oL aw ghld g cwl Y JSb

B iran South Med J 2024; 27(2):138-147. [Open Access Policy]

@l 1P (B) W96/ IP/¥ 550 ¥/PB 4 W (g)0lid o
bl (613055 o d)S )13 15 (clise ((Q1A0/00/29
ol lo (goinimdl glasl) b Glae oBL;T
osliiuwl b (lidg) 0)93 )> (5)l) WlinlojT . 3id el
oslaiwl 3y 03lo .d)S plosl JSi Y jle olued I
g0 25,5 €5 s Sy 1 4 353 Sgb sl
3 @5 (N=Y) 09)S waam oy $3Las 9bay
G=h2 L GuP 695 gue we & (i) Jgl 09)5
20i)55 )18

Gohe Jae oS & ((NBM Gagpad) g 09)S
dly 44ybgd Wyge @ B 39ySIl SuuwSBgS il
cpBS Jae SE ply2 Heue b g b NBM
23,5 plsul

399 9 GPhe el &S (RS aeld) pow 0g)S
2158)5 )H8 (Sl oy @l 9922) NBM @ 59,5501
48,093 a3 =) Jac ams & (YU=) o)le2 09)5
o> QMo oha 5l a2y 4ids Yo g aiid)S 15 NBM
@ joy Voo 4o yilhe of gl 4 ) (o)
A3)5 ey (Slae J21s &) )90

alize ypslie +iais) pilde g i iy gog)S
NBM a8,bg> w0yss (5o Jac cuss oS (Sagdaawl
Sgdaaml 09)5 o =l | a2y dids Yo g 218 1,8
@ (V) ©58kS 2 @S kee 10 9 10 e 3o jl S0 53 )
3,5 blyyd jg) ¥V Wi @ Slaw 51 (§))5 Wy
=) jl A dide el Wog)S plw g S 0g)S (1Y)
5303 Ghjgel JSib Y jlo ol b GJlgie jg) B e 4y
s NBM diwnd cagpss cgs oghge uols
JSisio (sl (o J513 G5 b osas ibses
9 20)3 o (uoliS S3am)1S ©)S9LS 51 S ke VA |l

g WS B 30y ¥ Wl )SkS p eSGke ¥

®www.ismj.bpums.ac.ir



\FY / .9 Ls)*f)L.g)_) d.d99)u.w| ).ub

L)

J1 A= joy e 9 Gy 0L aobdl Slgie jg) O e
Wb aBSl> (L))l (gl AL (SleBld gesT Ljgel
5l plsS o abdle (9051 (il )3 .ed)S plsil Wae
jlo ol )3 dulz ey )90 @ el jg) > SUlgs>
J9) @0 L T @5 9 <8)S )18 L)l 390 JSb Y

odly Jul=x5 g gy
Ghlsd 9 Guogs w)ge 4 Ghogin ol jl Jels @l
Johiody 5303)S Gy V7 Ginlg SPSS ldley b
alizo (gloog)S )> Ruo Buly dasS (aSSlie duglio
e b asyls GMis1 SHaS0 b Loeg,S LT aSiyl ¢puss g
eSS 93T 9 ()HSS (635 o)l b Guilylg LT
0 5> Gilide (gl0g)S auwnlie .233)3 oslasiwl TUKEY
@§yb Sy uilylg LT (5)leT U9y L Uijgel oo jo)
33 b pledl Jsiue T g0jT g TUKEY (eSS (9051
MBS )3 e ghw glgicay P<o/od uyp o)

b 4385

assl

35051351 b Guolylg 50T 51 Juols 2l aslle eyl 5>
Jolise )31 g loj 095 Jl3sima iU 02123 (it ()3
duglio > (P<o/o0)) 1bbise (2Udd (63530 0 o
FHUT gy b djgel Glsie jo) 0 ) calide (gloog)S
GRS Olie On )G ©9les )b Sy byl
RIS @ )> oy Jold 9 JyiiS og)S )> (lad
G35 olie )3 Wyb 1wl el (liv g,
W9l §@j9) ) aBd 9 S sloog)S (LA
gl (ghl> hjgel (P<o/o0)) azia 9 )z o9 09>

48ybgd LSS )»L o> i a5 g (g)ldime

6 Iran South Med J 2024; 27(2):138-147. [Open Access Policy]

omiz g yieBlw Yo E£lAT)l g yia Bl FoxIV/0
09)S ()01 (cloalio a5l yo S .ol Blad adud
@ a5 31488y )18 @0 | el ey Jolgd 4 JSs -
Joligsb (bl Cwl 6333,5 uad 6)lgys Byb g
@ wabo ol Gyb jl g oliws bawgs (LSSl o)
)9 &o £ 95b )0 (sleil )d dgdse Jiie plga
olliwd (oYU ahaw . Cawl 0333, Cuad (g W V)
G Gl 03 393umo (95 (glogow bwgs
2> 2T Jamy Sole Ghjgel e )d ol 29y
welyod Job ol =i wlasie (S ol
9 oY OM gy (Ploj ol welyyad Yl
Oyledd 9 b2 Jac jl A2y (Sloj 4ol welyod Jlacl
3 1L oKiwd Ll @b Pl elyysd oledsy slass
391 93 25 )h8 1o 9y 9 T« by ey
W0 @do @y g 830> HlE 5o ) 1) ¢loas 1ol (hjgel Jol
9 A5 &Sym jlo (99)d BT B dgud 50 0313 ojlal adids
019> &5 (R9)L I Qe 39 LT jlo (5)05 S L
R oL Gl Sgdise Egpd phjgel I HS ol )>
ey 9313 Ui b 2yiS 50 )90 (E3Lal Jgaz el
09y 5o (@93 jl G2 Ez (S oliws (59 aeS>
Ohge (480 0) oUgS (Sloj aliold Sy )5 &5 dgdi5
6oL Dl 9 83 2)l> )b Jowe JI G 3)ls Coo)d
QO9) (S9L L Ve 39)9 D)0 KA )3 39 (yidy)
O RE D Do wgwae umue ORI plgie
D90 0313 (59 ge (Lol 4 48l O jl 3=y )90
Il plgie @ pdg) (59iL @ 39,9 ©ye pal)d &S
bl LIl plgie 4 S (9L © 39)9 9 guwe
@ j9y @ )3 LAl Jgaz pulwl p 39d 0 oo
wanlz 30 L )3 9 39850 0313 Gbjgel )b Fo ige o

@ Bjgel Gludz 33)5 0 duwlowe pusus Gl dlases

®www.ismj.bpums.ac.ir



1Fol 115 g 313y /Y o)ladd /@iad g Camn Juo

©giz b /IFY

o 9 aed ) B 390 Cawd (I8L iy cwl
B3 42 (0298l ~paluSsilan (yig) b (siael )

.(\ JS.w) A duwglie (youily g

Abbise Ly 09)5 )5 (bas (6550 LielS ; NBM
jo) @weo Bl uSile og)S ()3 ol poglle
©gla5 plisw joy alddle (Slg>é (h9aiT 9 hjgel @iy

NBM 59,i80l Jouwgs 6ai wanysS dumb aSl I () baabl

OJyzs
O, s sl

B .

399 b el 59y 9 iy U Jol (sj9) 53 s 9 i 30l (gloog)S b JyisS 09)S o (X £ SEM) aumuo gl aSilie dunlio .1 13905
(FP<o/00) N=V) &L )5 (o ige )> Uhjgel iy
Chart 1. Comparison of the mean correct answer (X = S.E.M) between the control group and the groups of sham and lesion on
the first to fifth days and the 30th day with the fifth day of training in adult male rats (n=7, ***: P<0/001).

A  §
A
A 3
| "-7“}" W ) v
J " , |
Y ¥ |
\_,/)' _'w |
. | s\ | b ]
\ ) 4 ,‘_‘. 4
Y ~NAL - ' | A
A\ &) 'S, A f
- y B | 1"\
W .»: | N\ ,4’0/
\ (X )\ /
A = G § ™ (‘ “ /
— — — s ——

L 39,3801 Jauwgs 63 agpS s>l (NBM oy 4y bgaye (8L Gy 1B pgasly 9 pogiamShy ulbl )5 NBM Silad wasBgo :A L1 JSib
Ll 834 Hasuire (L jl eslatiwl
Fig 1. A: Schematic location of NBM in the Paxinos and Watson atlas. B: Histological section depicting NBM lesion, with the
electrode-damaged area highlighted within the box

UBjgel @2 jo) Bamme Gl paSihe o og)S
G0 SWSI 55 el jg) abdl> (Slg>S (9051 9

(¥ )1dg905) bl 392

6 Iran South Med J 2024; 27(2):138-147. [Open Access Policy]

o 2lad (_g),gbeg Ol auplin )5 a=llas ¢yl )
2 @2 > (Ol To23) YU 5 ey gloog)S

3> o2l pogie L3S sdolive (g)ld e Wolas g, ;I

B www.ismj.bpums.ac.ir



\FF / .9 LS).;L?.)L}).) d.d99.\.u.u| ).ub b

B . =

1 2 3 P 4 5 30

23 Ujsel @iy joy b el joy 9 i B Jsl (519 )d YN 5 s (slo0g)S (y (X £ S.EM) asue anly (ailae aunliio .Y jloga
(n=Y) &L 5 o loyige
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