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Effects of dietary choline availability on latent
inhibition of flavor aversion learning
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Objective: It has been previously reported that dietary choline supplementation might affect latent inhibition
(LI) using a conditioned suppression procedure in rats. We have assessed the effect of dietary choline on LI
of flavor aversion learning.

Method: Adult male Wistar rats received a choline supplemented (5 g/kg), deficient (0 g/kg), or standard
(1.1 g/kg) diet for 3 months. After this supplementation period, all rats went through a conditioned taste
aversion (CTA) procedure, half of them being pre-exposed to the conditioned stimulus before the
conditioning.

Results: The results indicated that choline deficiency prevents LI of conditioned flavor aversion to cider
vinegar (3%) induced by a LIiCl (0.15M; 2% body weight) intraperitoneal injection, while choline

supplementation enhances CTA leading to slower extinction.
Discussion: The role of the brain systems modulating attentional processes is discussed.
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Introduction

In a variety of Pavlovian conditioning procedures, it
has been demonstrated that learning is retarded by
prior exposure to either of the stimuli to be associated
during conditioning. Previous exposure to the con-
ditioned stimulus (CS) produces a retardation in sub-
sequent learning known as latent inhibition (LI), or
the CS pre-exposure effect. This retardation in acqui-
sition of a conditioned response after CS pre-exposure
when compared with a non-pre-exposed group has
usually been explained in terms of attentional
changes. A given CS followed by a consistent conse-
quence (the absence of consequence in this case) will
lose associability or salience hindering their sub-
sequent learning.! LI has been demonstrated in a
variety of learning tasks, conditioned flavor aversion
(CFA) being one of the most frequently used.” A
number of learning theories explain LI in terms of
attention processes modulated by novelty, and so the
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phenomenon has been employed as a model for the
study of attention disorders.>* The search for the
neural substrates of LI has focused on the dopamin-
ergic activity in the nucleus accumbens.® In this
area, either reduction or enhancement of LI is
induced by increased or decreased dopaminergic trans-
mission, respectively. In addition, opposite effects of
damaging the shell and core accumbens subregions
have been reported, along with similar opposing
effects of lesioning different brain areas sending affer-
ents to the nucleus accumbens. Consequently, a neural
network involved in LI modulation has been pro-
posed, with a relevant role for the basal forebrain
cholinergic system.””

We have previously demonstrated that changes in
dietary choline availability might modulate atten-
tion,'” as well as learning and memory.'"'? Chronic
dietary choline supplementation for 12 weeks was
shown to disrupt LI using the conditioned emotional
response (CER) procedure in adult rats.! The
authors discussed these findings in terms of the close
relationship between the nucleus accumbens and the
basal forebrain cholinergic systems and the disturb-
ance induced by choline supplementation in those
cholinergic mechanisms modulating attention.
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In the present experiment, we examine the effect of
chronic dietary choline supplementation and
deficiency for 3 months on LI of CFA in adult rats.
The main aim was to assess if choline supplementation
has a disruptive effect on CFA, that is, comparable to
that previously reported in CER. In addition, since the
disruption of LI by choline supplementation has been
attributed to an imbalance of cholinergic trans-
mission,” a group receiving a choline-deficient diet
was added, with the expectation that we might find
similar effects to those induced by the supplemented
diet. Finally, we investigated the potential impact of
dietary choline availability on CFA itself, that is, inde-
pendently of the effects of pre-exposure (LI).

Material and methods

The subjects were 48 adult male Wistar rats (mean
weight = 524.3 g, range: 410-650), previously used in
conditioned preference experiments. None of these
experiments involved the flavor solution used in the
present procedure, nor any kind of malaise induction,
and they were conducted in a completely different
context (room, cages, and bottles). The rats were
housed in groups of four in a room with constant
temperature (22-24°C) and a light-dark cycle of 12
hours (from 8 a.m. to 8 p.m.). They had ad [ib
access to water and food during the dietary treatment
lasting for 3 months. According to the dietary treat-
ment, the rats were randomly assigned to one of the
three groups (n = 16 each) receiving different choline
chloride content diets (Harlan Teklad Custom
Research Diets): supplemented (5 g/kg), standard
(1.1 g/kg), and deficient (0 g/kg). These concen-
trations were chosen following a previous series of
experiments.” '" The behavioral procedure began 1
week after the end of the supplementation period,
the animals having ad libitum access to the standard
laboratory diet during the behavioral procedure in
order to keep similar conditions in all the groups.
Half of the rats in each dietary group were assigned
either to the pre-exposed (PRE) or to the control
non-pre-exposed (CNT) group, thus leading to six
groups (n=8 ecach): PRE-SUP, CNT-SUP, PRE-
STN, CNT-STN, PRE-DEF, and CNT-DEF. They
were individually housed and adapted to a water depri-
vation schedule consisting of two daily 30-minute
drinking sessions at 10:00 and 17:00 hours. The behav-
ioral procedure was performed during the morning
sessions, while during the afternoon sessions ad
libitum water was available throughout the exper-
iment. All of the behavioral procedures took place in
the home cages.

The dependent variable we choose was consump-
tion. The amount ingested was recorded weighing
the bottles before and after each morning session
throughout the behavioral procedure. The water
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consumption baseline was established over 3 days.
On the next 4 days, 10 ml of a cider vinegar solution
(3% v/v) was available to the PRE groups while the
CNT groups received the same amount of water.
Conditioning took place during the morning session
of day 5, in which all the rats received an intraperito-
neal injection of LiCl (0.15 M; 2% body weight) as
the US immediately after drinking the vinegar sol-
ution. After a recovery day, one-bottle extinction
tests were applied over the following eight morning
sessions. During these tests, the rats had ad lib access
to the vinegar solution during the 30 minutes session
in order to explore the extinction patterns exhibited
by the groups.

The data were analyzed using general lineal model
contrasts with the SPSS software. A confidence inter-
val of P < 0.05 was adopted for all the statistical ana-
lyses, and the Greenhouse—Geisser correction was used
on repeated-measure contrasts.

Results
There were no differences among the groups in terms
of baseline water intake. One subject belonging to
the group CNT/DEF was discarded from further ana-
lyses because it had outlier scores on most of the
sessions.

The intake of the pre-exposed (PRE) and the non-
pre-exposed (CNT) groups during the pre-exposure
phase was analyzed by a mixed 3 x2 x4 (diet X pre-
exposure X session) analysis of variance (ANOVA)
with diet and pre-exposure the between-group factors
and session a within-subject factor. There was a signifi-
cant effect of the main factor pre-exposure, F{(1, 41) =
11.63, P <0.05, indicating lower consumption of the
vinegar solution in the PRE groups than water in the
CNT groups (see Table 1). There were no significant
effects of the main factors diet and session, nor were
any of the interactions significant (all P > 0.20),
showing that the intake remained stable over the pre-
exposure phase without any effect of the previous
dietary treatment (see Table 1). The apparent lack of
vinegar neophobia, indicated by the absence of the
effect of session, could be explained by the earlier
exposure to different flavors, as showed in previous
reports.'> However, this is not critical for exploring
the effect of dietary supplementation on CFA and L1.'*

A 2x3 (pre-exposure x diet) ANOVA analysis of
the amount ingested by the different groups during
the conditioning trial revealed no significant effects
of the main factors pre-exposure, F(1, 41)=2.77,
P>0.10; diet (F<1); or an interaction between
these factors (F < 1), thus showing no differences
between the groups (see Table 1, CFA).

Fig. 1 shows mean (=SEM) consumption of the
vinegar solution during the extinction sessions. A 2 X
3x 8 (pre-exposure X diet X sessions) mixed ANOVA
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Table 1
Groups P1 P2 P3 P4 CFA

PRE-SUP 6.08 (0.93) 6.23 (0.94) 4.45 (0.75) 5.19 (0.79) 4.88 (0.62)
CNT-SUP 6.06 (0.55) 5.92 (0.54) 6.93 (0.61) 6.76 (0.54) 4.81 (0.59)
PRE-STN 5.85 (1.04) 5.34 (1.09) 6.33 (0.63) 4.96 (0.67) 5.09 (0.68)
CNT-STN 7.11(0.45) 6.96 (0.74) 7.35(0.73) 7.88 (0.52) 4.17 (0.51)
PRE-DEF 4.92 (0.77) 5.38 (0.78) 5.27 (0.42) 4.47 (0.42) 4.97 (0.50)
CNT-DEF 6.53 (0.41) 7.15(0.49) 6.93 (0.43) 6.20 (0.48) 3.62 (0.43)

including the extinction trials as a within-subject
factor yielded significant effects of session, F(7,
287) =6.72, P <0.05; and pre-exposure, F(1, 41)=
8.90, P < 0.05; but no effect of diet, F(2, 41) =2.01,
P >0.14. A triple interaction between session, pre-
exposure, and diet was found, F(14, 287)=2.29, P <
0.05. In addition, the interaction between session and
pre-exposure was marginally significant, F(7, 287) =
2.47, P=0.053. To assess LI in each dietary group,
further analyses with planned comparisons were per-
formed. In the DEF group, we found a significant
effect of session, F(7, 91) = 3.57, P <0.05, indicating
extinction, but no effect of pre-exposure (F < 1) or
an interaction, F(7, 91) =1.40, P > 0.20. Since there
was no significant effect of pre-exposure, the aversion
was similar in the PRE and CNT groups, thus showing
an absence of LI in those rats fed with a choline-
deficient diet. In the STN group, there was a signifi-
cant pre-exposure X session interaction, F(7, 98) =
2.92, P < 0.05. Analyses of this interaction by separate
one-way ANOVAs for each session showed a lower
aversion in the pre-exposed group in the first three
extinction tests, consistent with there being a LI
effect. These differences disappeared from the fourth
day (P> 0.20) due to extinction in the non-pre-
exposed group. With respect to the SUP group, there
were significant effects of pre-exposure, F(1, 14) =
19.22, P <0.05 (thus indicating LI), and session,
F(7, 98) =3.44, P < 0.05. The pre-exposure X session
interaction did not reach significance, F(7, 98) =
1.65, P > 0.20. Although the interaction is not signifi-
cant, a visual inspection of the data (see Fig. 1A)
suggests that there was slower extinction in the non-
pre-exposed group. To test this, we ran simple com-
parisons between the first and the last trials. This
analysis showed a significant difference in the pre-
exposed group, F(1, 7)=6.99, P <0.05 (mean con-
sumptions 2.38 + 0.38 vs. 3.90 = 0.74 ml), but not in
the non-pre-exposed group, F(1, 7)=1.23, P=0.30
(mean consumptions 0.77 £ 0.07 vs. 1.16 = 0.33 ml).
These results suggest impaired extinction in the sup-
plemented non-pre-exposed group.

Discussion
The main finding is that unexpectedly our results do
not confirm a similar disruption of LI by choline

supplementation in CFA to that found in CER.'
While dietary choline supplementation disrupted LI
in a conditioned suppression paradigm using a CER
task, we found no such effect in the present exper-
iment. In spite of employing an identical choline sup-
plementation regime during the same 12-week period,
we found that the group receiving pre-exposure exhib-
ited a weaker learned vinegar aversion than the non-
pre-exposed group, thus indicating LI. This was
evident from the first extinction test and the differences
between PRE and CNT remained evident throughout
the first three extinction sessions, as in the groups
receiving the standard diet. Therefore, it can be con-
cluded that, at least with our CFA procedure,
choline supplementation had no effect on LI.

An alternative explanation in terms of an inefficient
supplementation procedure is not feasible. The choline
supplementation regime that we used was chosen in
accordance with the previous work and it has proven
to modulate cognitive functions both in LI and other
learning and memory phenomena.'”'? In fact,
choline concentrations between 2.6 and 5 times
higher than the standard diet, such as that used in
the present experiment, have been shown to effectively
increase choline plasma levels and acetylcholine (ACh)
synthesis in the brain.'> Moreover, such increase seems
to be within the physiological levels. Taking into
account the variety of foods in the adult rat diet, it
has been estimated around 0.5-0.9 g as the mean
daily intake. However, due to the occasional consump-
tion of food rich in choline at a given day it might
increase up to 5g, thus inducing variations up to
tenfold with respect to the mean.'®

Instead, the different effects of dietary choline on LI
using CER vs. CFA are likely to be due to the different
tasks used, since they involve specific behavioral pro-
cedures that rely on different brain areas. This could
be a plausible explanation of our results since there
is evidence that dietary choline can induce long-term
effects on specific brain areas and receptors, without
affecting others.!”

Although the role of the learning task used to study
the neural mechanisms of LI has often been neglected,
previous data point to marked discrepancies between
the results obtained using conditioned taste/flavor
aversion (CTA/CFA) and other learning tasks.
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Figure 1 Mean (+SEM) vinegar intake during the eight extinction tests. (A) Choline supplemented groups (SUP): pre-exposed
group (black square) and control non-pre-exposed group (white square). (B) Choline-deficient groups (DEF): pre-exposed group
(black circle) and control non-pre-exposed group (white circle). (C) Choline standard groups (STN): pre-exposed group (black
triangle) and control non-pre-exposed group (white triangle). The pre-exposure groups received four flavor pre-exposures prior
the conditioning phase (PRE; dashed lines and black markers) and the non-pre-exposed groups received water during the same

pre-exposure phase (CNT; continuous lines and white markers). LI was evident in the supplemented and the standard groups,
but not in the deficient groups.

Unlike with other tasks, bilateral intra-striatal but not impair LI using other learning tasks leave intact LI
intra-accumbens injections of amphetamine disrupt LI of CTA." Moreover, contradictory effects of nucleus
of CTA.'® Likewise, lesions that have been found to accumbens lesions have been reported using CER
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and CTA. Selective nucleus accumbens shell NMDA
lesions abolished LI using a CER but not a CTA
task.! Similar findings have also been reported with
lesions of other brain areas, which appear to generate
different results depending on the behavioral pro-
cedures.” This is due to the fact that LI of different
tasks might depend on dissociable neural circuits,'®?!
for which the cholinergic system plays an important
role in these circuits. However, divergent effects of
the same pharmacological intervention have been
reported. Impairment, enhancement, and no effect of
cholinergic antagonism and agonism on LI have
been found (for a review®). Different proposals have
contributed to the explanation of these discrepancies
based on the so-called cholinergic hypothesis regard-
ing the role of ACh in attentional processes.
Specifically, models of the neural circuit involved in
LI that include relevant modulation by basal forebrain
cholinergic projections have been proposed.’-?>2*
According to these proposals, ACh would play an
important role in processing relevant stimuli and sup-
pressing non-relevant cues in attentional tasks.?’
Subtle changes in ACh levels might change this mod-
ulatory role, thus leading to LI blockade or enhance-
ment. Therefore, we could envisage that different
ACh levels can be required for inducing similar
effects using different learning tasks. This might
explain the apparently contradictory consequences of
the same dietary choline supplementation when
using different behavioral protocols.

With respect to the effect of the choline-deficient
diet, the results clearly indicate an absence of the LI
effect, since the only significant effect was that of con-
ditioning session, there being no effect of pre-exposure
or an interaction between them. This suggests the need
for choline dietary availability in order to observe the
effect of previous flavor pre-exposure on later learning.
This is consistent with the disruption of LI by cholin-
ergic antagonists, such as scopolamine, which has been
found using other learning tasks.?%’

In addition to our main finding, some other issues
merit mention. First, the animals drank low amounts
of the vinegar solution throughout the behavioral
procedure. This reduced intake can be attributed to
a reduced thirst due to water availability during the
afternoon drinking sessions. This might also be
related to the limited extinction seen in the groups
that show LI, which seem to reach an asymptote at
4 ml. Thus, the reduced thirst and the low palatabil-
ity of the vinegar could have prevented higher levels
of consumption in spite of the extinction of the con-
ditioned aversion. Second, the results point to the
fact that the supplemented diet slows extinction of
CFA in the non-pre-exposed group. The absence of
an effect of session in the SUP-CNT group, unlike
that found in the STN-CNT group, indicates slower

Gdmiz et al.

extinction of the learned vinegar aversion in the
non-pre-exposed supplemented rats. This does not
seem to be due to the impairment of flavor famili-
arity processes, since LI was evident in the sup-
plemented pre-exposed group. It cannot be
attributed to the impairment of extinction by the
supplemented diet, since the pre-exposed group did
show extinction. Rather it is conceivable that the sup-
plemented diet had enhanced CFA, thus slowing
extinction. This is consistent with previous reports
indicating that increases of the cholinergic activity
in  hyper-innervated p75—/— knockout mice
favours robust taste aversion,”® and the suggested
role for the cholinergic system in the formation and
retention of learned taste aversion using non-familiar
tastes.?>3°

Taken together, our results point to the importance
of dietary choline supply in the modulation of the
cholinergic function involved in attentional and learn-
ing processes. This adds to previous results showing
the effects of exogenous choline on learning and
memory>' * and it is consistent with those reports
indicating that dietary choline increases the cholin-
ergic metabolism in memory brain systems, by favour-
ing ACh synthesis and release.*>*° The present data
therefore highlight the need for further research on
the potential impact of dietary interventions for the
treatment of attentional disorders.

Acknowledgements
We thank Michelle Symonds for her valuable review of
this manuscript.

Disclaimer statements

Contributors

F.G.: Conceiving and designing the study, collecting
the data, analyzing the data, interpreting the data,
writing the article in whole or in part, revising the
article. S.A.R.: Conceiving and designing the study,
collecting the data, analyzing the data, interpreting
the data, writing the article in whole or in part, revis-
ing the article. A.F.I.: Collecting the data, analyzing
the data, interpreting the data, revising the article.
M.G.: Conceiving and designing the study, analyzing
the data, interpreting the data, writing the article in
whole or in part, revising the article, obtaining
funding and/or ethics approval. I.B.: Conceiving and
designing the study, analyzing the data, interpreting
the data, writing the article in whole or in part, revis-
ing the article, obtaining funding and/or ethics
approval.

Funding
This work was supported by the research projects
PSI2011-23702 and PSI2012-31641 (MINECO,
Spain, with FEDER funding).

Nutritional Neuroscience 2014 voL. 0 NO. O

Effect of dietary choline on LI of flavor aversion learning



Gdmiz et al.

Effect of dietary choline on LI of flavor aversion learning

Conflicts of interest
None.

Ethics approval

All the procedure was approved by the Animal
Experimentation Ethics Board (CEEA) from the
University of Granada.

References

1

w

w

(o)}

~

oo

10

12

13

14

15

16

17

6 Nutritional Neuroscience

Pearce JM, Hall G. A model for Pavlovian learning: variations in
the effectiveness of conditioned but not of unconditioned stimuli.
Psychol Rev 1980;87(6):532-52.

Lubow RE. Latent inhibition and conditioned attention theory.
New York: Cambridge University Press; 1989.

Weiner 1. Neural substrates of latent inhibition: the switching
model. Psychol Bull 1990;108(3):442-61.

Weiner 1. The ‘two-headed’ latent inhibition model of schizo-
phrenia: modeling positive and negative symptoms and their
treatment. Psychopharmacology (Berl) 2003;169(3-4):257-97.
Killcross AS, Robbins TW. Differential effects of intra-accum-
bens and systemic amphetamine on latent inhibition using an
on-baseline, within-subject conditioned suppression paradigm.
Psychopharmacology (Berl) 1993;110(4):479-89.

Young AM, Joseph MH, Gray JA. Latent inhibition of con-
ditioned dopamine release in rat nucleus accumbens.
Neuroscience 1993;54(1):5-9.

Barak S, Weiner I. Differential role of muscarinic transmission
within the entorhinal cortex and basolateral amygdala in the pro-
cessing of irrelevant stimuli. Neuropsychopharmacology 2010;
35(5):1073-82.

Robinson L, Platt B, Riedel G. Involvement of the cholinergic
system in conditioning and perceptual memory. Behav Brain
Res 2011;221(2):443-65.

Klinkenberg I, Blokland A. The validity of scopolamine as a
pharmacological model for cognitive impairment: a review of
animal behavioral studies. Neurosci Biobehav Rev 2010;34(8):
1307-50.

Moreno H, de Brugada I, Hall G. Chronic dietary choline sup-
plementation modulates attentional change in adult rats. Behav
Brain Res 2013;243:278-85.

Moreno HC, Gil M, Carias D, Gallo M, de Brugada I. Choline
dietary supplementation improves LiCl-induced context aversion
retention in adult rats. Physiol Behav 2012;106(4):451-6.
Moreno HC, de Brugada I, Carias D, Gallo M. Long-lasting
effects of prenatal dietary choline availability on object recog-
nition memory ability in adult rats. Nutr Neurosci 2013.
Braveman NS, Jarvis PJ. Independence of neophobia and taste
aversion learning. Anim Learn Behav 1978;6(4):406—12.

Miller RR, Holzman AD. Neophobia: generality and function.
Behav Neural Biol 1981;33(1):17-44.

Garner SC, Mar MH, Zeisel SH. Choline distribution and
metabolism in pregnant rats and fetuses are influenced by the
choline content of the maternal diet. J Nutr 1995;125(11):
2851-8.

Zeisel SH. Nutritional genomics: defining the dietary require-
ment and effects of choline. J Nutr 2011;141(3):531-4.

Guseva MV, Hopkins DM, Pauly JR. An autoradiographic
analysis of rat brain nicotinic receptor plasticity following
dietary choline modification. Pharmacol Biochem Behav 20006;
84(1):26-34.

2014 voL. 0 NO. O

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Ellenbroek BA, Knobbout DA, Cools AR. The role of mesolim-
bic and nigrostriatal dopamine in latent inhibition as measured
with  the  conditioned  taste  aversion  paradigm.
Psychopharmacology (Berl) 1997;129(2):112-20.

Pothuizen HH, Jongen-Relo AL, Feldon J, Yee BK. Latent inhi-
bition of conditioned taste aversion is not disrupted, but can be
enhanced, by selective nucleus accumbens shell lesions in rats.
Neuroscience 2006;137(4):1119-30.

Buhusi CV, Gray JA, Schmajuk NA. Perplexing effects of hippo-
campal lesions on latent inhibition: a neural network solution.
Behav Neurosci 1998;112(2):316-51.

Joseph MH, Peters SL, Moran PM, Grigoryan GA, Young AM,
Gray JA. Modulation of latent inhibition in the rat by altered
dopamine transmission in the nucleus accumbens at the time
of conditioning. Neuroscience 2000;101(4):921-30.

Weiner I, Feldon J. The switching model of latent inhibition: an
update of neural substrates. Behav Brain Res 1997;88(1):11-25.
Klinkenberg I, Sambeth A, Blokland A. Acetylcholine and
attention. Behav Brain Res 2010;221(2):430-42.

Holland PC, Gallagher M. Amygdala central nucleus lesions
disrupt increments, but not decrements, in conditioned stimulus
processing. Behav Neurosci 1993;107(2):246-53.

De Rosa E, Hasselmo ME. Muscarinic cholinergic neuromodu-
lation reduces proactive interference between stored odor mem-
ories during associative learning in rats. Behav Neurosci 2000;
114(1):32-41.

Barak S, Weiner I. Towards an animal model of an antipsychotic
drug-resistant cognitive impairment in schizophrenia: scopola-
mine induces abnormally persistent latent inhibition, which can
be reversed by cognitive enhancers but not by antipsychotic
drugs. Int J Neuropsychopharmacol 2009;12(2):227-41.

Barak S, Weiner I. Scopolamine induces disruption of latent inhi-
bition which is prevented by antipsychotic drugs and an acetyl-
cholinesterase  inhibitor. Neuropsychopharmacology 2007;
32(5):989-99.

Neseliler S, Narayanan D, Fortis-Santiago Y, Katz DB, Birren
SJ. Genetically induced cholinergic hyper-innervation enhances
taste learning. Front Syst Neurosci 2011;5:97.

Gutierrez R, Rodriguez-Ortiz CJ, De La Cruz V, Nunez-
Jaramillo L, Bermudez-Rattoni F. Cholinergic dependence of
taste memory formation: evidence of two distinct processes.
Neurobiol Learn Mem 2003;80(3):323-31.

Ramirez-Lugo L, Zavala-Vega S, Bermudez-Rattoni . NMDA
and muscarinic receptors of the nucleus accumbens have differ-
ential effects on taste memory formation. Learn Mem 2006;
13(1):45-51.

Gold PE. Acetylcholine modulation of neural systems involved
in learning and memory. Neurobiol Learn Mem 2003;80(3):
194-210.

Parent MB, Baxter MG. Septohippocampal acetylcholine:
involved in but not necessary for learning and memory? Learn
Mem 2004;11(1):9-20.

Fardet A. New hypotheses for the health-protective mechanisms
of whole-grain cereals: what is beyond fibre? Nutr Res Rev 2010;
23(1):65-134.

Niewiadomska G, Baksalerska-Pazera M, Riedel G. The septo-
hippocampal system, learning and recovery of function. Prog
Neuropsychopharmacol Biol Psychiatry 2009;33(5):791-805.
Sanders LM, Zeisel SH. Choline: dietary requirements and role
in brain development. Nutr Today 2007;42(4):181-6.

Wurtman RJ, Cansev M, Sakamoto T, Ulus IH. Administration
of docosahexaenoic acid, uridine and choline increases levels of
synaptic membranes and dendritic spines in rodent brain.
World Rev Nutr Diet 2009;99:71-96.



