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The effect of intra-nucleus accumbens shell injection of ascorbic acid on spatial
learning and memory in adult male rats
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Abstract. Ascorbic acid (AA) as a vitamin and neuromodulator is present in most parts of CNS such as nucleus
accumbens shell (Acbsh). This study evaluates the effect of intra-nucleus accumbens shell injection of AA on spatial
learning and memory. 35 adult male Wistar rats (220-270 g) were divided into 5 groups: control (intact), sham AA
(injected normal saline as AA vehicle) as well as 3 groups of AA (12, 24 and 48 pg/rat/side). After one week of
recovery injections were performed. Thirty minutes after each injection the rats were trained in the Morris Water Maze
(MWM) and spatial learning and memory parameters were recorded and then analyzed. The results showed that AA at
the dose of 48 pg/rat/side significantly increased the travelled distance and latency time to reach the hidden platform in
comparison with either control or sham groups (p<0.001). Intra-Acbsh injection of AA led to deficiency of spatial
learning.
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Fig. 1. The effect of ascorbic acid on the mean of traveled distance to find the platform.
p<0.001 vs control, sham; p< 0.05 vs control, sham

20 - P
@15
=
E10
g
- . .
'
=

0

sham AA 12 AA 24 ADd AR

S 8Ll Sl b o) STl 1Y IS
Fig. 2. The effect of ascorbic acid on the latency time to find the platform.

sokok

p<0.001 vs control, sham

15
g@
£ 50
b
g3
2 55 -
g
8
0
cham AA 1D AN A AA AR |

._mc),aaum);\foujj&ﬁ),ij@t;t—r I
Fig. 3. The effect of ascorbic acid on the time spent in the target quadrant.


http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html

[ Downloaded from system.khu.ac.ir on 2024-05-26 ]

[ DOR: 20.1001.1.24236330.1394.2.1.1.8 ]

[ DOI: 10.21859/acadpub.nbr.2.1.73 ]

78IVA

Mehdi Abbasnejad et al. Ascorbic acid & memory/learning

Al 6 50l 5 Ko ppS sl e 5 155 okee 5340

w
o

SE

targogq

traveled distance in the
uadra
(93] (%]

Il

o

sham

w2 0501 53 s ) 53 e b il o>y oS STl f1-F I
Fig. 4. The effect of ascorbic acid on the percentage of traveled distance in the target quadrant in probe test.

time spent in the target
o rlluulrant k('l'%a\ ~ ®

sham AA12 AA24 AAA4R

sz 03n3T 53 Baa ) 53 0l ok, I8 Bl o ys Sy STl 10 S

Fig. 5. The effect of ascorbic acid on the percentage of time spent in the target quadrant in probe test.

S bl S (Bl (sl aki b Olej 5 Sles L1

..,\Aase()\.i.}\)éjzfﬂiﬂlf

Ay ki 53 5SS S A S, ST
S aAGbs M5 s oIS e fols 5T
-4 Sby ST (Gu et al., 2006) 48 o &S jlie el 93
WSS sl s e suS faw oK Ol
b s e slasly 5 5050 557005 fanly 5 005 5L 560
RS laodasdlisl dea (Gu et al., 2006) s 15 S aoT

Lls 2 5,800 5 Al JRS 5 e o4 wl iy

S

w;\mwg,;wsﬁuomgggwm,;
(Badreh ef al., «dx 53 5 45L&, STl 31 Sl
(Shahsavary & Abbasnejad, oS~ s« 2009)
(Naderi & Abbasnejad, 2013) i ksl 5 2013)
J51s Gop ) addlas ol 5 yls B gl s sla ise
5 bl cbanl oS, SKuThnl i ST Gy
Cows e 21 Sl bl ol e Gl iss 53 6,8 L
L By 15 Gy oS 313 0L s 288 15 o

« FA (ug/rat/side) jss b ¢S, ST del s 571


http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html

[ Downloaded from system.khu.ac.ir on 2024-05-26 ]

[ DOR: 20.1001.1.24236330.1394.2.1.1.8]

[ DOI: 10.21859/acadpub.nbr.2.1.73 ]

79Iv4

Nova Biologica Reperta Vol. 2 (1): 73-81 (2015)

YP-AY ) 5)led ¥ alo iy psle ) o slaasily

Sl 05V (gl dbil DMl Lo 6l et ST A
(Ferretti et al., 2005)

W) Saldal o st s3 jpoges bl 5 K5 § g5
S Birea S, STl ol SlanST| 2T 31 zals
5 AS o Sl e badshe I O OlLST ST
P ¥ S DY VP UV R PV K Voo g [
mdwl asee I cpl 3=y (Castellano et al., 2001)
(e a8 e 3 0T 3 Shes o pas 53 5 &Ky ST
(Guet S o b1y 5 o5m cpl 55 (3 lalllan 5 o
“td eS| ST 1L adles ol s al, 2006)
ol Al e s yls 28 (5,8l 5 Al oS, Sl
A baelins s o Slee s o) ST
Aol ple 31 0T lansSI ST 31 5 olazs|
o3l s el 5355 5 Sas 53 S STl dlote
20T SMeSI ST S 51 S5 5 SLULE (ol

215 6k Fl,S L

Gy 53 Sy STl G5 ol ddlas s el
@\.:)I.s‘_;ﬁf:l.:)«%l:-.\Jj)j&;uﬁfljwjf\m
TS S Selbnl dslle Sl AL LS oS
oy goppys Al 4l ol 55 e gledias JUsl Koo
Ay pl yd i Oladsd 4 dul g ol G 48 5l el

EIEBI%

P59 pE
eSS Mz Hasn Cislee S dlie 0B di g
ST o S5 iy 5 lte 4 Ol S sl g o8l

& Fandl 5 355 gt 3525 (Tou & Wade, 2002)
5 Sl WSK5SLEE S8 BB
sdol b S Jlasl e ST ks &S5 S
ol S e e 1y e laamibe S ST
2315 b il 5555 opl pred plin W15 g0 65 ST
0T 5505 3 SNhes 53 3o by 5 i aulbla) w50
plion Slula, edd Ladeie e gl bl I L
chl b6, S5 bl s g e glaedias Uiz
iz.a (Abbasnejad et al., 2008) sl of jor ¢Sy ) ST
(Mele et al., ol S5 elss (e S113 a5
Sl 53 ptees opl Llosls 0L ey Dlalllas o572004)
(Essman et s> 25 0as b b JSs ma 5 5 (S >
5 S, STl o ol 5 ST Slallas al., 1993)
e (Rebec et al., 1994) ol 55 el g S~
Gl wl dige S SeTaul cul sid
Olasgs gles,S 4 D2 5 DI olas! glacuws ST
G55 D2 5 D1 alss slaes, S (Rice, 2009) s 55
i ST S o 5 gy 53 (cmliw i Sl 5 5 oy s
(Cools et al., 1995; Setlow, 1997; Gu et & )I5 5 ¢
s il s 58 K ddlee > al,2006)
35 gl Il o D2 53Dl s ST Sasnms
(Adriani et al., 2000) &S o Wl olas o5 slols
S STl (K5l 8T 18 ¢ e gl b
s Jl g geeti S S L by ol Sl San
S dsls Ol Ll dalpd S Jlesl olad 5,8l
(rlss b DL Gl ST ta S J5 s 5 20
Bl ol ply AS o IS s 1) (plas dbil oo
s saza 5 o Jols & ol 5 IS se slaaily
Ol cdas o 0L 1y ol g5 5 Db oS (ke (6 g
Sy sty Jolss bl bl ol s dbbl S sl

23 W) sy ol Jolo (pl gty 2353 @il gom DG


http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html

[ Downloaded from system.khu.ac.ir on 2024-05-26 ]

[ DOR: 20.1001.1.24236330.1394.2.1.1.8]

[ DOI: 10.21859/acadpub.nbr.2.1.73 ]

80/A+

Mehdi Abbasnejad et al. Ascorbic acid & memory/learning

Al 5 S 5 SppgSal sl S 5 STl (534

References

Abbasnejad, M., Nasri, S., Nazem, H. and
Bahaaddini, M. 2008. The effect of ascorbic acid
injection into the lateral ventricle on spatial
learning and memory in adult male rats. —
Physiology and Pharmacology 12: 227-237.

Adriani, W., Sargolini, F., Coccurello, R.,
Oliverio, A. and Mele, A. 2000. Role of
dopaminergic system in reactivity to spatial and
non-spatial changes in mice. -
Psychopharmacology 150: 67-76.

Badreh, F., Abbasnejad, M., Derakhshani, A.
and Jonaidi, H. 2009. Interaction between
ascorbic acid and dopamine D2 receptor in the
nucleus accumbens shell in response to feeding. —
Int. J. Biol. Chem. 3: 132-141.

Castellano, C., Cestari, V. and Ciamei, A. 2001.
NMDA receptors and learning and memory
processes. — Curr. Drug Targets 2: 273-283.

Cools, A., Miwa, Y. and Koshikawa, N. 1995.
Role of dopamine D1 and D2 receptors in the
nucleus accumbens in jaw movements of rats: a
critical role of the shell. — Eur. J. Pharmacol. 286:
41-47.

D’Hooge R. and De Deyn P. 2001. Applications
of the Morris water maze in the study of learning
and memory. — Brain Research Reviews 36: 60-
90.

Esmaili, M.H., Doodangeh, E. and Sharif, M.
2003. The effect of ascorbic acid on spatial
learning. — The Journal of Qazvin Univ. of Med.
Sci. 24: 3-8.

Essman, W.D., McGonigle, P. and Lucki I.
1993. Anatomical differentiation within the
nucleus accumbens of the locomotor stimulatory
actions of selective dopamine agonists and d-
amphetamine. — Psychopharmacology 112: 233-
241.

Ferretti, V., Florian, C., Costantini, V.J.A.,
Roullet, P., Rinaldi, A., Leonibus, E.D.,
Oliverio, A. and Mele, A. 2005. Co-activation of
glutamate and dopamine receptors within the
nucleus accumbens is required for spatial memory
consolidation in mice. — Psychopharmacology
179: 108-16.

Gu, P.F., Wu, C.F., Yang, J.Y., Shang, Y., Hou,
Y., Bi, X.L. and Dai, F. 2006. Differential effects
of drug induced ascorbic acid release in the

striatum and the nucleus accumbans of freely
moving rats. — Neurosci. Let. 33: 79-81.

Harrison, F.E., Hosseini, A.H., Dawes, S.M.,
Weaver, S. and May, J.M. 2009. Ascorbic acid
attenuates scopolamine-induced spatial learning
deficits in the water maze. — Behavioral Brain
Res. 28: 550-558.

Ito, R., and Hayen, A. 2011. Opposing roles of
nucleus accumbens core and shell dopamine in the
modulation of limbic information processing. — J.
Neurosci. 31: 6001-6007.

Kumar, R.S., Narayanan, N. and Nayak, S.
2009. Ascorbic acid protects against restraint
stress-induced memory deficits in wistar rats. —
Clinics 64: 1211-1217.

Liu, W., Wu, C.F., Huang, M. and Xiao, K.
2000. Opposite effects of sulpiride and SCH
23390 on ethanol-induced striatal ascorbic acid
release in intact and 6-hydroxydopamine lesioned
rats. — Brain Res. 869: 31-38.

Mele, A., Avena, M., Roullet, P., Leonibus,
E.D., Mandillo, S., Sargolini, F., Coccurello, A.
and Oliverio, A. 2004. Nucleus accumbens
dopamine receptors in the consolidation of spatial
memory. — Behav. Pharmacol. 15: 423-431.

Miquel, M., Aguilar, M.A. and Aragon, M.G.
1999. Ascorbic acid antagonizes ethanol-induced
locomotor activity in the open-field. — Pharmacol.
Biochem. Behav. 62: 361-366.

Mogenson, G.J., Jones, D.L., Yim, C.Y. 1980.
Frome motivation to action: functional interface
between the limbic system and the motor system.
— Prog. Neurobiol. 23: 69-97.

Morris, B.J. 1989. Neuronal localization of
neuropeptide Y gene expression in rat brain. — J.
Comp. Neurol. 290: 358-368.

Naderi, R. and Abbasnejad, M. 2013.
Comparison of the effect of co-injection of
ascorbic acid and D2 agonist (bromocriptine) with
ascorbic acid in nucleus accumbens shell on male
rats' anxiety. — J. Babol. Univ. Med. Sci. 15: 100-
108.

Nelson, A.J.D., Thur, K.E., Marsden, C.A. and
Cassaday, H.J. 2010. Dissociable roles of
dopamine within the core and medial shell of the
nucleus accumbens in memory for objects and
places. — Behavioral Neuroscienc 124: 789-799.


http://www.phypha.ir/ppj/search.php?slc_lang=en&sid=1&auth=Nasri
http://www.phypha.ir/ppj/search.php?slc_lang=en&sid=1&auth=Nazem
http://www.phypha.ir/ppj/search.php?slc_lang=en&sid=1&auth=Bahaaddini
http://www.phypha.ir/ppj/search.php?slc_lang=en&sid=1&auth=Bahaaddini
http://www.ncbi.nlm.nih.gov/pubmed?term=Coccurello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10867978
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliverio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10867978
http://www.ncbi.nlm.nih.gov/pubmed?term=Mele%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10867978
http://www.ncbi.nlm.nih.gov/pubmed/10867978
http://scialert.net/asci/author.php?author=M.&last=Abbasnejad
http://scialert.net/asci/author.php?author=A.&last=Derakhshani
http://scialert.net/asci/author.php?author=H.&last=Jonaidi
http://www.ncbi.nlm.nih.gov/pubmed?term=Essman%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=7871025
http://www.ncbi.nlm.nih.gov/pubmed?term=McGonigle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7871025
http://www.ncbi.nlm.nih.gov/pubmed?term=Lucki%20I%5BAuthor%5D&cauthor=true&cauthor_uid=7871025
http://www.ncbi.nlm.nih.gov/pubmed/7871025
http://www.researchgate.net/researcher/38467530_Cedrick_Florian/
http://www.researchgate.net/researcher/35614904_Vivian_J_A_Costantini/
http://www.researchgate.net/researcher/38762275_Pascal_Roullet/
http://www.researchgate.net/researcher/38222200_Arianna_Rinaldi/
http://www.researchgate.net/researcher/16285760_Elvira_De_Leonibus/
http://www.researchgate.net/researcher/2470895_Alberto_Oliverio/
http://www.researchgate.net/researcher/60323414_Andrea_Mele/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseini%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dawes%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weaver%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=May%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20RS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narayanan%20SN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nayak%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=10865056
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandillo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15343069
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliverio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15343069
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=6999537
http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html

[ Downloaded from system.khu.ac.ir on 2024-05-26 ]

[ DOR: 20.1001.1.24236330.1394.2.1.1.8]

[ DOI: 10.21859/acadpub.nbr.2.1.73 ]

81/M

Nova Biologica Reperta Vol. 2 (1): 73-81 (2015)

YP-AY ) 5)led ¥ alo iy psle ) o slaasily

Prinssen, E.P.M., Balestra, W., Bemelmans,
F.F. and Cools, A.R. 1994. Evidence for a role of
the shell of the nucleus accumbens in oral
behavior of freely moving rats. — J. Neurosci. 14:
1555-1562.

Ramirez-Lugo, L., Zavala-Vega, S. and
Bermudez-Rattoni, F. 2006. NMDA and
muscarinic receptors of the nucleus accumbens
have differential effects on taste memory
formation. — Learn. Mem. 13: 45-51.

Rebec, G.V. and Pierce, R.C. 1994. A vitamin as
neuromodulator: ascorbate release into the
extracellular fluid of the brain regulates
dopaminergic and glutamatergic transmission. —
Prog. Neurobiol. 43: 537-565.

Rice, ML.E. 2009. Ascorbat regulation and its
neuroprotective role in the brain. — Trends
Neurosci. 23: 209-216.

Sahraei, H., Aliabadi, A.A., Zarrindast, M.R.,
Ghoshooni, H. and Barzegari-Sorkheh, A.B.

2007. Ascorbic acid antagonizes nicotine-induced
place preference and behavioral sensitization in
mice. — Eur. J. Pharmacol. 56: 42-48.

Setlow, B. 1997. The nucleus accumbens and
learning and memory. — J. Neurosci. Res. 49: 515-
521.

Shahsavary, F. and Abbasnejad, M. 2013.
Effect of co-administration of ascorbic acid and
bromocriptine in nucleus accumbens shell on
locomotor activity in male rats by open field test.
— Physiology and Pharmacology 17: 125-136.

Tolbert, L.C., Morris, P.E.J., Spollen, J.J. and
Ashe, S.C. 1992. Stereo specific effects of
ascorbic acid and analogues on D1 and D2 agonist
binding. — Life Sci. 51: 921-930.

Tou, J.C. and Wade, C.E. 2002. Determinations
affecting physical activity levels in animal
models. —Exp. Biol. Med. 227: 587-600.

Shahsavari, F., Abbasnejhad, M., Naderi, R. and Saied Esmaeili Mahani, S. 2015. The effect of intra-nucleus
accumbens shell injection of ascorbic acid on spatial learning and memory in adult male rats. — Nova Biologica Reperta

2: 73-81.

- e olad bl g 6 Sl S, STl a5 st S gy 513 G5 S1AVAF L Slale holowl 5.5 500 p Pl 0O (Sl s

NEAV Y o o 53 g slaasl— Al gl o sl


http://www.researchgate.net/researcher/33026118_W_Balestra/
http://www.researchgate.net/researcher/33985293_F_F_Bemelmans/
http://www.researchgate.net/researcher/39893848_A_R_Cools/
http://www.ncbi.nlm.nih.gov/pubmed?term=Berm%C3%BAdez-Rattoni%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16452653
http://www.ncbi.nlm.nih.gov/pubmed/7816935
http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html

[ 92-50-1720z U J1'Je"nupy WwesAs woly papeojumoq | [8TTZ¥6ET 0EE9E2Y2 T'TOOT 0C :HOd ] [ €2 T2 Jqu-andpede/s58TZ 0T 104 |


http://dx.doi.org/10.21859/acadpub.nbr.2.1.73
https://dorl.net/dor/20.1001.1.24236330.1394.2.1.1.8
https://system.khu.ac.ir/nbr/article-1-2489-en.html
http://www.tcpdf.org

