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Abstract

Memory development is defined as the ability to encode, store and access new information. Certain neurotransmitters, but
most importantly the cholinergic transmission via nicotinic receptors, have been linked not only to memory formation but to
attention and other cognitive processes as well. In order to analyse previous literature on this subject a PubMed search was
performed and it concluded 63 articles. We determined the overall efficacy and the prevalence of specific tests used. The
implication of the cholinergic transmission via nicotinic receptors in memory has been well established over the years. Since
the evolvement of technology, the nicotinic receptors have been linked not only to normal cognitive functions, but to the
pathophysiology of certain neurodegenerative diseases as well. Due to their important roles in cognition, further studies need
to be performed in order to determine their potential therapeutic effects.

Rezumat

Formarea memoriei este definitd ca fiind capacitatea de a decoda, stoca si accesa noi informatii. Anumiti neurotransmitatori, dar
in special sistemul colinergic prin intermediul receptorilor nicotinici, au fost corelati nu doar cu memoria, dar si cu atentia si alte
procese cognitive. Pentru a analiza publicatiile existente pe aceastd tematica, am utilizat motorul de cautare PubMed si am
selectat un numar de 63 de articole. Am determinat relevanta si prevalenta testelor specifice utilizate in respectivele studii.
De-a lungul timpului, in literatura de specialitate s-a aratat cd sistemul colinergic prin intermediul receptorilor nicotinici
detine un rol important in controlul functiilor mnezice prin intermediul diferitelor tipuri de receptori nicotinici. Datorita
dezvoltarii tehnologiei, s-a dovedit ca acesti receptori nu sunt implicati doar in functiile fiziologice ale cognitiei, ci si in
fiziopatologia bolilor neurodegenerative. Tindnd cont de importanta acestor receptori in procesul cognitiv, studiile ulterioare
vor trebui s@ determine potentialul terapeutic al diverselor substante ce actioneaza asupra acestor receptori.
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Introduction time. For example, during the retrieval of information,
a labilization process can occur, thus making the
memories sensitive again [45]. What Blake et al.
[12] observed was that a continuous reconsolidation
is necessary for memories to become permanent.

Memory is a complex process that involves both storing
and retrieving specific pieces of information. Even
though these two actions are interconnected, being able
to retain certain facts does not necessarily involve the
ability to access them. This can usually be explained
by the vulnerability of recently acquired memories [12].
Memory has been defined as the ability to retain
information and recollect previous experiences [12]. ‘ml
When receiving new data, three main transformations
are performed - storage, consolidation and retrieval.
First of all data are encoded, a process that consists of
receiving and processing the information (Figure 1). -

Second of all, it has been established that new o | Reconsolidation |
memories are prone to disruption. That is why they
need to be stored for future use. This process is called i

consolidation. Last but not least, by strengthening the I Retrieval of information | ‘ | Labilization |

Information

| Enco‘ding |

| Processing

pieces of information, they can be recalled and Figure 1.
expressed as behaviour [10] (recall phase). Apart from Information processing during memory development

this, memories are subjected to other processes over the
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Each and every one of this process is mediated via
neurotransmitter systems. Even though the most reported
modulatory system is the cholinergic one, other
transmitters have been associated with memory
development, for example, the dopaminergic,
serotoninergic and glutamate system.

Thus, in order to become permanent, information must
be subjected to a number of cognitive processes, all
mediated by chemical molecules. Certain neuro-
transmitters have been linked not only to memory
formation but to attention and other cognitive functions
as well, but by far the cholinergic transmission via
nicotinic receptors is the most extensively studied one.
Generally speaking, whether implying the administration
of nicotinic agonists or observing the effects of acute
or chronic smoking, a large number of studies were
performed in order to demonstrate the implication of
nicotinic receptors in memory. Most of them concluded
that nicotine and other agonists improve memory
acquisition [6, 43, 49, 56]. Faster information processing
[59], increased attention [57], improved spatial and
working memory [1] are only some of the effects of
nicotinic stimulation previously reported in the
literature.

The nicotinic receptors are one of the two main types
of cholinergic receptors. Two major receptor subtypes
can be identified within the brain: the alpha 7 (a7) and
alpha-4 beta-2 (a4p2) nicotinic receptors. In general,
nicotinic cholinergic receptors (nAChRs) are pentameric
complexes of a- and S-subunits that form a ligand-
gated ion channel (Figure 2). The a7 nAChR is the
most prevailing member of the neurotransmitter-gated
ion channel superfamily. The ones localised in the
central nervous system are homopentamers composed
of five a7 subunits. However, assembly of a7 subunits
to a functional homopentameric receptor requires the
help of Ric-3 protein and/or post-translational processing
[26]. Situated especially in the hippocampus, these
receptors mediate an excitatory synaptic transmission
[3]. However, the major heteromeric nAChR found
in the nervous system is a4p2, which most likely
contains two a4 subunits and three B2 subunits. The
functions of the a4p2 subtype have not yet been
fully identified. However, these receptors have been
correlated with the pathophysiology of Alzheimer’s
disease [47] and memory impairment determined either
by nicotine withdrawal [63] or long-term stress [4].
Even though both receptor subtypes seem to have the
same stimulating effect on memory, Kroker et al.
[30] concluded that a7 receptor agonists are more
efficient in memory improvement than a4f32 agonists.
Apart from the addiction induced by nicotine, this
chemical compound has other pharmacological effects
[31]. The implication of the cholinergic system
(especially the nicotinic receptors situated in the brain)
in memory formation has been well established over
the years in a large number of studies [49]. Aside
from this, both nicotine and other agonists help
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improve motor performances [61], enhance attention
[57] and alleviate stress and any cognitive deficits
determined by it [4, 33].

Acetylcholine  wu+

Figure 2.
Comparison between the two nicotinic receptors’

structure
(Modified after www jyi.org/wp-content/uploads//img04.jpg)

Numerous studies observed a connection between
different neurotransmitter systems. Within the brain,
different nicotinic receptors form complexes with other
receptors, such as the dopaminergic and serotoninergic
receptors and act sinergically to improve memory. The
link between nicotinic and dopaminergic receptors
was the most reported one [1, 13, 28, 36]. It was
observed that other established connections were with
serotoninergic receptors [58] and glutamate receptors
[30, 54], especially NMDA receptors [14, 19, 27, 55].
All these effects alongside the implication of nicotinic
receptors in different conditions infer therapeutic
possibilities. In neurodegenerative diseases such as
Alzheimer’s disease, Parkinson’s disease, a decrease
in the number of nicotinic receptors has been seen
[11]. Apart from this, the stimulation of a7 receptors
had impressive results, improving cognitive function.
The treatment possibility has been explored with the
help of clinical trials. For example, a trial with a a7
agonist has been conducted on subjects with
schizophrenia and there was a statistically significant
effect on working memory [39].

The effects produced by the complexes between
nicotinic receptors and dopaminergic, serotoninergic
and NMDA receptors need to be further studied due
to the probable clinical uses of this neurotransmitter
(nicotine).

This review approaches both physiological and
pathological aspects of the importance of the
cholinergic transmission via nicotinic receptors in
memory development.

Materials and Methods

In order to analyse previous literature published on
this theme, a PubMed search of the articles issued
between 1981 and 2016, was performed. We used
three key-words combinations. First of all we used
“nicotine”, “receptors” and “memory”, to find general
pieces of information regarding the implication of
nicotinic receptors in the development of memory. We
additionally applied a filter for “a7” and “a4p2”

nicotinic receptor subtypes, for retrieving such details.
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Moreover, in order to avoid duplicating the data, we
eliminated any meta-analyses. Our PubMed search
method concluded with a number of 63 articles. We
determined the overall efficacy and the prevalence of
specific tests used. Apart from this, we categorised
the studies depending on the used subjects (animals
or humans).

Results and Discussion

A total of 63 articles have been retrieved after our
PubMed search. Amongst these, there were 31 articles
referring to the receptor subtypes, namely a7 and
04p2. The rest of them contained general information
about the involvement of nicotinic receptors in cognitive
processes. The selected articles were published during
a wide time range, from 1981 until 2016, which
enabled us to observe the knowledge acquired over
the years.

Only three of these articles were literature reviews,
the rest of them being original studies. We tried to
categorise these, depending on: the subjects used,
the tests applied and their results.

First of all we found impressive the fact that only one
article published by Mundi et al. [43] (representing
2%) reported a negative response following nicotine
administration (Figure 3). To be more precise, this
article concluded that high-doses of nicotine reduced
memory development.
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Figure 3.
The number of positive and negative results of the
studies on nicotine improvement of memory

Negative results

These studies were performed on different subjects.
The most prevailing ones were male Sprague-Dawley
rats (61%), followed by different species of mice
(with a frequency of 21%) and only 3 clinical trials
on humans (5%) (Figure 4).
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Figure 4.
The subjects used in the analysed studies

Humans

The study designs differed greatly. The most common
test used to determine the effects of nicotinic receptor
agonists was the radial arm maze (17 out of 63 studies).
Another 7 studies performed a Morris water maze.
Apart from these, multiple T-mazes (5 studies),
inhibitory avoidance behaviour and passive avoidance
response (each used 4 times), novel object recognition
tasks and five-choice serial reaction time tasks (both
utilised 3 times) were used. Other tests used, but on
a small number of occasions, were the Y-maze test,
the Lashley III maze test, Barnes maze test, object
location tasks, open field tests, attentional set-shifting
tasks, active avoidance tasks and odour span tasks
(Figure 5). Each of these tested different cognitive
processes (Table I and Table IT). The oldest study
selected that reported the connection between the
central cholinergic systems and learning and memory
was published in 1985. In this article, Haroutunian et
al. [23] concluded that administration of cholinergic
agonists (such as arecoline) potentiated the retention
phase of memory in rats. However, the agonist dosage
had been reported to influence the effect on cognition
[20]. These results have been duplicated by Haroutunian
etal.[23],
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Figure 5.
The main tests used in animals to determine the

effects of nicotine on memory
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Table I

Studies using animal subjects (sorted by the tests used)

Author, Year | Subjects | Tests utilised| Evaluated Chemical compounds Comments
Parameter
Perio, 1989 |Wistar rats - Retroactive | Physostigmine salicylate, Arecoline|  Cholinomimetic drugs
facilitation hydrobromide, RS86, Nicotine facilitate social memory
sulfate, Strychnine sulfate,
Scopolamine hydrobromide,
Scopolamine methylbromide
Kroker, 2011 |Wistar rats - Hippocampal TC-1827 and SSR180711 SSR180711 showed
long-term enhancing effects on both
potentiation early and late LTP
Mundy, 1988 | Sprague | 8-arm radial Working Nicotine, Scopolamine Nicotine impairs memory
Dawley maze memory, acquisition
rats Reference
memory
Baraldi, 2013 Mice Barnes maze | Spatial memory - Nicotinic system improves
memory
Liu, 2004 |Wistar rats| Delayed non- | Spatial memory Nicotine, Atropine Muscarinic receptors had a
matching-to- memory-enhancing effect if
position task the nicotinic ones were
desensitised
Stolerman, Hooded | Five-choice Memory, Nicotine bitartrate, Mecamylamine produced a
2000 rats serial reaction attention Mecamylamine, Scopolamine modest deficit in reaction
time task time
Yildirim, 2015 Mice Five-choice Fear ABT-107, ABT-1089, disolved in| Only ABT-1089 reverses
serial reaction | conditioning saline nicotine withdrawal-induced
time task deficits
Brioni, 1993 Mice Inhibitory Memory Nicotine, Cytisine, Lobeline Nicotine agonists facilitate
avoidance retention memory acquisition
response
Ballesta, 2012 |Wistar rats| Inhibitory Memory - Reduction a4p2 nAChRs
avoidance task retention determines cognitive
dysfunction
Blake, 2012 Mice Inhibitory Memory Scopolamine hydrochloride, Choline reverses
avoidance task retention scopolamine methyl-bromide and scopolamine's effects
choline bitartrate
Blake, 2013 Mice Inhibitory Memory Choline Nicotinic system improves
avoidance task retention memory
Morris, 2010 | Fischer- Inhibitory Memory Methyllycaconitine citrate salt
344 rats |avoidance task retention hydrate and Dihydro-b-
erythroidine hydrobromide
Guo, 2011 |Wistar rats| Morris water | Spatial learning Scutellarin Scutellarin has protective
maze and memory effects on rats with memory
deficits
Muthuraju, | Sprague | Morris water | Spatial memory Acetylcholine iodide, Nicotinic system improves
2011 Dawley maze Physostigmine, Galantamine memory
rats
Sadigh- Mice Morris water | Working and PHA-543613 a7 nAChR activation has
Eteghad, 2015 maze reference neuroprotective effects in
memory Alzheimer's disease
Socci, 1995 | Sprague | Morris water Memory Nicotine The results suggest that
Dawley maze retention, nicotine can treat memory
rats attention deficits in Alzheimer's disease
Zhou, 2004 Rats Morris water | Spatial memory Nicotine Nicotinic agonist treatments
maze can ameliorate learning and
memory impairments
Falsafi, 2012 Mice Multiple T- | Spatial learning Scopolamine Muscarinic receptors and
maze and memory NMDA are involved in
memory formation
Subramaniyan,| Mice Multiple T- | Spatial learning - There was a correlation
2014 maze and memory between histaminergic and

nicotinic receptors
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Author, Year | Subjects | Tests utilised| Evaluated Chemical compounds Comments
Parameter
Vandesquille, Mice Multiple T- Working S 38232 042 agonists restores working
2013 maze memory memory in aged mice
Lange- Mice Novel object | Recognition Varenicline Nicotinic system improves
Asschenfeldt, recognition memory memory
2016
Sadigh- Mice Novel object | Recognition PHA-543613, galantamine and | Nicotinic system improves
Eteghad, 2015 recognition memory and methyllycaconitine memory
neurovascular
coupling
Werkheiser, Mice Novel object | Recognition AZD0328 Nicotinic system improves
2011 recognition memory memory
Karamihalev, Mice Object Spatial memory | MK-801, donepezil and PHA | Nicotinic system improves
2014 location task 568487 memory, alongside the
NMDA receptor
Puma, 1999 |Wistar rats Object Working Nicotine Nicotine improves memory
recognition memory retention
task
Rushforth, Rats Odour span Olfactory Metanicotine, Compound A Both receptor subtypes
2010 task working enhance olfactory working
memory memory
Eidi, 2003 |Wistar rats Passive Memory Histamine dihydrochloride, Nicotinic system improves
avoidance task retention Pyrilamine maleate, Cimetidine, memory
Acetylcholine dihydrochloride,
Scopolamine, Nicotine
Smith, 1996 | Sprague Passive- Memory Arecoline, Nicotine, Pilocarpine, | Nicotinic agonists improve
Dawley avoidance retention Oxotremorine, E2020, Tacrine, memory retention
rats response Mecamylamine, Atropine and
Scopolamine
Welzl, 1988 | Sprague | Radial and |Locomotion and Nicotine hydrogen nicotine treatment consistently
Dawley hexagonal exploratory increased locomotion
rats maze behaviour
Shanmugasun | Sprague | Radial arm Working - The nicotinic system forms
daram,2015 | Dawley maze memory receptor complexes with
rats other systems
Alzoubi, 2013 |Wistar rats| Radial arm Learning and | Methyllycaconitine, Dihydro-b- | The a7-nAChRs are involved
water maze memory erythroidine hydrobromide in the neuroprotective effect
performance of nicotine
Addy, 2002 | Sprague | Radial-Arm Working Haloperidol, Nicotine, Nicotine enhances memory
Dawley Maze memory Risperidone, Clozapine performance
rats performance
Addy, 2003 | Sprague | Radial-Arm Working Methyllycaconitine, Dihydro-b- | Nicotine improves working
Dawley Maze memory erythroidine hydrobromide memory
rats
Bettany, 2001 | Sprague | Radial-Arm Working Nicotine, Mecamylamine, Nicotinic system enhances
Dawley Maze memory Dihydro-b-erythroidine, memory
rats Methyllycaconitine
Levin, 1992 | Sprague | Radial-arm Learning and Nicotine The nicotinic system
Dawley maze memory improves memory formation
rats performance
Levin, 1995 | Sprague | Radial-arm Working Nicotine Acute administration
Dawley maze memory improved memory, while
rats performance chronic use reduced it
Levin, 1996 | Sprague | Radial-arm Working Nicotine, Cytisine Acute administration
Dawley maze memory improved memory, while
rats performance chronic use reduced it
Levin, 1996 | Sprague | Radial-arm Working Nicotine Nicotinic system improves
Dawley maze memory memory
rats performance
Levin, 1996 | Sprague | Radial-Arm | Spatial working Nicotine, Mecamylamine, Acetylcholinesystems have
Dawley Maze memory Scopolamine, Quinpirole. been shown to be important
rats for memory
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Author, Year | Subjects | Tests utilised| Evaluated Chemical compounds Comments
Parameter
Uzum, 2004 |Wistar rats| Step-through | Learning and Nicotine Acute and chronic nicotine
passive memory use enhances memory
avoidance task| performance
Rojsanga, Mice Water maze | Spatial learning Crebanine Administration of crebanine
2012 test and memory significantly improved the
cognitive deficits
Hidaka, 2013 |Wistar rats| Y-maze test Short-term ABT-418, physostigmine, 042 agonist prevented
working anabasine deficits in spontaneous
memory alternation behaviour
Arendash, Sprague | Lashley III Memory GTS-21, DMAB The chronic administration
1995 Dawley | maze testing, acquisition of nicotine enhances
rats one-way active cognitive functions
avoidance
testing
Arendash, Sprague | Lashley III Working Nicotine Nicotine pre-treatment
1995 Dawley |Maze, I7-Arm memory enhanced learning and
rats radial maze, reference memory, but not
one-way active working memory
avoidance
Nikiforuk, Sprague | Novel object | Recognition CCMI, PNU-120596, Nicotinic system improves
2015 Dawley | recognition, memory galantamine, recognition memory
rats attentional set-
shifting task,
Five-choice
serial reaction
time task
Camarasa, Long Object Spatial and non- Memantine (MEM) MEM prevents cognitive
2010 Evans rats | recognition | spatial learning deficits
test, Morris memory
water maze
Kong, 2014 Rats  |Open-field test,| Spatial learning GTS-21 Nicotinic system improves
Morris water | and memory memory
maze test
Hefco, 2003 |Wistar rats Passive Long and short- Scopolamine, Nicotine Nicotinic acetylcholine
avoidance term memory receptors, improved short-
task, Y-maze term memory
Levin, 1997 | Sprague | Radial arm Working Nicotine, Mecamylamine. Nicotine induces receptor
Dawley |maze, T-maze memory binding, thus enhancing
rats memory
Table IT
Studies using human subjects
Author, Year Study type Subjects Medication
Lieberman, 2013 | Randomized Exploratory Trial Patients with schizophrenia TC-5619
Okada, 2013 - Patients with Alzheimer disease F-2FA-85380
Lorenz, 2014 - Patients with idiopathic Parkinson’s disease -

Not only have the doses influenced the results, but
the treatment duration as well. Studies have tried to
make a comparison between acute and chronic
administration of nicotine. In the case of acute
nicotine administration studies, this compound had
a significant positive effect on working memory.
Moreover, its effect was reversed by administration
of nicotinic antagonists [35]. In his study, Levin et
al. concluded as well that chronic nicotine treatment
determined an overall reduction in memory. On the
other hand, Welzl ef al. [61] determined that long-
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term nicotine treatment had little to no effect on
cognition.

As above mentioned, the neuronal nicotinic receptors
contribute to many cognitive functions, but not only.
Most studies we encountered evaluate the effects of
a7 stimulation, with the help of receptor agonists.
Galantamine, PHAA-543613, GTS-21 and choline
are only some of these chemical compounds studied
over the years. Moreover, GTS-21, a selective a7
agonist, apart from its cognitive role, has been proven
to have neuroprotective effects [29].
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Stimulating the dorsal hippocampal o7 nicotinic
receptors, agonists could facilitate both memory
consolidation, as well as reconsolidation shortly after
accessing pieces of information [10]. Blake ez al. [12]
duplicated these results in a study performed later,
when the authors highlighted as well the possibility
to render new therapies for people recovering from
amnesia.

When speaking about memory deficits developed
under specific situations, it was assumed that the
cholinergic system was involved as well. For example,
in the case of hypoxia, a down-regulation of many
receptors, including the a7-nicotinic receptor, has
been observed [44]. This study concluded that the
cognitive difficulties are determined by cholinergic
dysfunctions.

Apart from this, it is well established that stress induces
memory impairment. Alzoubi et al. [4] tried to
determine if the nicotinic transmission had any effects
in this particular condition. They used antagonists
for different nicotinic receptor subtypes, which led
to the conclusion that blocking the a7 receptors
determined faster memory deterioration.

042 nicotinic receptors have recently been connected
with normal cognitive functions [8, 25, 30]. However,
even though Kroker et al. reported the two subtypes
having similar functions, they emphasized the fact
that the a7 receptors had a higher efficacy than the
042 subtype. We also found publications that denied
the a4p2 receptors having any effect on memory [4,
42].

Being localised not only in the hippocampus, but in
the prefrontal cortex as well, the 0432 were intimately
linked to the working memory and attentional processes.
Guillem et al. [21] determined this by observing an
attention deficit in mice lacking the gene for the 2
subunit. The same results were obtained by other
studies as well [36, 51, 60].

Specific roles of the a4B2 nicotinic receptor have
been studied. By using a4p2 partial agonists (e.g.,
ABT-1089), it resulted that this receptor subtype
modulated memory impairment following nicotine
withdrawal [63]. This finding might lead to new
therapies for addiction. Even more, it is well known
that in Parkinon’s disease, not only the locomotion
is affected but memory as well. The mechanisms of
cognitive deficits have not been fully understood, but
the cholinergic system has been connected to this
condition, via the a4P2 nicotinic receptors, but not
the a7 subtype [41].

As we have already mentioned, the entire cholinergic
system is involved in memory development. Even
though they have minimal effects, the muscarinic
receptors participate as well in this cognitive process
[28]. Liu et al. [40] determined that after blocking
the nicotinic receptors, their function is taken by the
muscarinic receptors. This study brought evidence

944

that the muscarinic receptors are also involved in
facilitating the spatial memory determined by nicotine.
All types of nicotinic receptors are known to form
complexes with one another in order to potentiate
their functions. These receptors form complexes with
a large number of other receptors, for example
dopaminergic or serotoninergic. These complexes are
proven to influence memory retrieval and consequently
the working memory [24, 38, 54].

The most studied complexes that the nicotinic receptors
form are the ones with the dopaminergic receptors.
During different studies, it was observed that the
cholinergic system stimulated the release of dopamine
[1, 35]. Acetylcholine interacts especially with the D,
receptors, thus potentiating the effect of nicotine on
working memory. Using partial nicotinic agonists, such
as varenicline, might have the same results on memory,
but without leading to addiction [15]. Other authors
have studied the participation of both D; and D,
dopaminergic receptors. The administration of
dopaminergic antagonists (for example cis-flupenthixol,
which binds similarly to both D and D, dopaminergic
receptors) inhibits the stimulating effects that nicotinic
agonists have on memory [13]. Kim et al. [28]
determined that the interaction between nicotinic and
dopaminergic systems influenced cognitive processes.

The cholinergic-serotoninergic systems interaction has
been extensively studied as well. Some studies
concluded that overexpression of receptor complexes
formed by the nicotinic receptors and 5-HT) 5 receptor
modulated memory deficits [58]. Moreover, Cristofor
et al. [16] concluded that administration of paroxetine
improved short-term spatial memory. Glutamate,
through its receptors (AMPA and NMDA), has been
strongly linked to the cholinergic system. A genetic
abnormality in the AMPA receptors has been observed
to determine a working memory impairment [54].
More importantly, the NMDA receptors have been
connected to information acquisition [14, 54].

Apart from these, the H; and H, histamine receptors
have been connected as well with cholinergic receptors.
However, in this case, these two had conflicting
effects. It was concluded that histamine inhibits the
stimulating effect of the cholinergic system [18] on
memory.

Either physiological (during the aging process) or
pathological (precipitated by certain factors) neuro-
degeneration is an increasingly frequent issue in the
general population. However, a well-established fact
is that cognitive stimulation via the cholinergic system
can prevent the degenerating process [8].

In the case of Alzheimer’s disease (AD), several
molecular markers have been detected. Blake et al.
[11] observed that the density of 04P2 nicotinic
receptors is decreased by 30 - 40%. Okada et al. [47]
studied the involvement of these receptor subtypes
in non-smoking patients with Alzheimer’s disease,
coming to the same conclusion as previous studies.
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However, the number of a7 receptors is not significantly
modified. The same findings were observed in the
case of cognitive deficits determined by chronic renal
disease [7]. On the contrary, some studies concluded
that a7 stimulation improved memory deficits existent
in AD through a neurovascular mechanism [50, 53, 62].
The aectiology of the cognitive dysfunctions in
schizophrenia has been studied in a number of clinical
trials. For example, Lierberman et al. [39] observed
the positive effects certain a7 agonists (as an example,
TC-5619) had in this situation. Speaking about
Parkinson’s disease, there were similar findings.
Samnick et al. [41] used imaging techniques to
determine the role of nicotinic receptors in memory
impairment. Their results were consistent with previous
studies and showed the involvement of nicotinic
receptors in the cognitive processes in Parkinson’s
disease.

Following all knowledge, treatments with nicotinic
agonists have been considered for improving cognitive
deficits in neurodegenerative diseases, but not only
[53, 62]. However, treatments for such complex diseases
might necessitate the administration of multiple
substances. That is why further studies need to be
performed and clinical trials should establish treatment
protocols.

Conclusions

Memory formation is a complex process, with a large
number of steps, each mediated via neurotransmitter
systems. The most important contribution is brought by
cholinergic receptors, which enhance both information
acquisition and memory consolidation. They frequently
form receptor complexes with the dopaminergic,
serotoninergic, histaminergic and NMDA receptors.
In conclusion, memory in pathologic conditions such
as neurodegenerative diseases, stress induced cognitive
deficits, chronic renal disease and nicotine withdrawal
can be improved by the cholinergic transmission via
nicotinic receptors alongside other receptors such as
the dopaminergic, the serotoninergic and NMDA
receptors.
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