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ABSTRACTABSTRACTABSTRACTABSTRACT    
    

The abundance of serotonin (5-HT) in the central nervous system can explain its involvement in the 

modulation of several cognitive processes, such as sleep, feeding, sexual behavior, emotion, and pain. 

Moreover, 5-HT localized in cognitive pathways with hippocampal formation (HF) and frontal cortex as the 

main target structures, has an important role in learning and memory processes. Various types and subtypes of 

receptors, differentially associated to cognitive mechanisms, were recently discovered. Many data reveal that 

the administration of 5-HT2A/2C and 5-HT4 receptor agonists, or 5-HT1A, 5-HT3 and 5-HT1B antagonists 

improves memory and has a facilitatory effect on learning in situations involving a high cognitive demand.   

On the contrary 5-HT2A/2C and 5-HT4 receptors antagonists, or 5-HT1A, 5-HT3 and 5-HT1B receptors agonists 

have opposite effects. Although these results are contradictory, it is important to take into account the effect of 

global, and unspecific, stimulation of serotonergic receptors and the activation of other neurotransmission 

systems, together with the type of task used, the way of administration, and the ligand affinity.  

Aim of this review is to highlight the involvement of the recently discovered 5-HT7 type receptor in the 

modulation of learning and memory processes, thus providing a basis to obtain new therapeutic agents and 

strategies for the treatment of learning and memory disorders. 
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1.  1.  1.  1.  INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    
    

he monoaminergic neurotransmitter se-

rotonin (5-HT) was discovered more than 

50 years ago and several studies evidenced its role 

in the modulation of cognitive functions. The wide 

range of 5-HT actions can be explained not only by 

its wide localization in the central nervous system 

(CNS), but also by the high number of families (from 

5-HT1 to 5-HT7) and subtype receptors (more than 

14 subtypes) (Hoyer et al, 2002; Raymond et al, 

2001; Thomas and Hagan, 2004). Furthermore,              

5-HT is known to interact with other neurotransmitter 

systems, particularly with cholinergic and dopa-

minergic systems (Buhot et al, 2000; González-

Burgos and Feria-Velasco, 2008; Meneses, 2002; 

2003; Olvera-Cortés et al, 2008). The differences in 

the roles of some 5-HT receptors, related to the 

numerous subtypes with action depending of their 

brain localization, have already been outlined 

(Müller and Huston, 2006). The cerebral 5-HT 

systems regulate many different physiological pro-

cesses, such as learning and memory (Aghajanian et 

al, 2002; González-Burgos and Feria-Velasco, 

2008; Olvera-Cortés et al, 2008)), fear, aggressive 

behavior, motivation (Barros et al, 2002; Barros and 

Tomaz, 2002; Thomas and Hagan, 2004) circadian 

rhythms (Hedlund and Suteliffe, 2004; Thomas and 

Hagan, 2004), stress (Yau et al, 2001), sleep 

(Guscott et al, 2003; Hagan et al, 2000; Hedlund 

et al, 2003; Markov and Goldman, 2006; Monti 

and Jantos, 2006; Thomas et al, 2003), arousal 

(Abramas et al, 2005; Canli et al, 2005; Haller et 

al, 2005; Oberlander et al, 2007; Sanger et al, 

2007; Scholes et al, 2007), feeding behavior 

(Ashraf et al, 2007; Halford and Blundell, 2000; 

Somerville et al, 2007; Vickers et al, 2001; 

Yokoyama et al, 2007), reward and reinforcement 

(Müller and Huston, 2006), pain (Butkevich et al, 

2005; Djaldetti et al, 2007; Martikainen et al, 

2007), thermoregulation, anxiety, neuropsychiatric 

disorders (Bonaventure et al, 2007; Guscott et al, 

2005; Hedlund et al, 2004; 2005; Thomas and 

Hagan, 2004; Wesolowska et al, 2006; Yau et al, 

2001), and cardiovascular responses (Faure et al, 

2006; Varghese and Brown, 2001). Moreover, they 

are also involved in major pathologies, such as 

Down syndrome, Alzheimer’s disease, and epilepsy 

(Sodhi and Sunders-Bush, 2004), and several new 

therapeutic agents are available since the 5-HT 

discovery (Jones and Blachburn, 2002). The 5-HT 

reuptake inhibitors (SSRIs) are among the most 

widely prescribed drugs for the treatment of 

depression (Nandam et al, 2007) and other 

disorders, including anxiety, schizophrenia, and 

panic disorders. Furthermore, within minutes hypers-

timulation of the cerebral 5-HT system results in a 

behavioral pattern, indicated as “5-HT syndrome”. 

In rodents it includes hindlimb abduction, forepaw 

treading, lateral head weaving, resting tremor, 

hindlimb rigidity, Straub tail, outstretched or 

flattened body posture, hyperreactivity, hyperloco-

motion, intense salivation, backward walk and 

piloerection (Müller et al, 2007).  

Several studies have evidenced the                       

5-HT role on the modulation of cognitive func-          

tions, including learning and memory processes 

(Aghajanian et al, 2002; Hedlund and Sutcliffe, 

2007; Jovanovska and Prosser, 2002; Kandel, 

2001; Luna-Munguia et al, 2005; Mahgoub et al, 

2005; Manuel-Apolinar and Meneses, 2004; 

Meneses, 2004; 2007; Pérez-Garcìa et al, 2006; 

Roberts et al, 2004). In the rat, the administration of 

8-OH-DPAT, a high-affinity 5-HT1A and 5-HT7 

agonist, impairs the acquisition of radial-arm-maze 

task, while the activation of 5-HT1B receptors through 

by the specific agonist CP 93129 preferentially 

impairs reference memory (Buhot et al, 2000). These 

opposite results underline the numerous functional 

properties of the two receptors, in particular their 

specific cellular and subcellular locations in the HF. 

Moreover, significant differences in the responses 

induced are known and are mediated by distinct 5-

HT1A receptor mechanisms (Barros et al, 2002; 

Barros and Tomaz, 2002; Griebel et al, 2000). 

Post-training bilateral infusion of 5-HT2 antagonist 

ketanserine in the rat striatum induces a dose-

dependent retention deficit in an inhibitory 

T 
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avoidance task (Prado-Alcalà et al, 2003), which 

could be due to blockade of HT2 heteroreceptors, 

located in cortico- and/or pallido-striatal afferent 

axons, mediating inhibition of dopamine release 

within the striatum (Busber et al, 2001).  

The involvement of 5-HT3 receptors in the 

modulation of learning and memory has been 

reported; for example, the 5-HT3 receptor 

antagonists have been shown to induce learning and 

memory improvement or to reverse the effects of 

anticholinergic ligand or age-induced memory loss 

in rodents and primates (Barnes and Sharp, 1999).  

The presence of 5-HT4 receptors in the 

limbic system emphasizes their role in cognition: in 

fact, it has been found that the number of these 

receptors is reduced in AD patients; in addition, their 

stimulation may increase the release of acetylcholine 

in the frontal cortex and the extracellular level of 5-

HT in the HF (Lai et al, 2005; Lanctot et al, 2007; 

Pritchard et al, 2007). Similarly, the selective 5-HT6 

antagonist Ro 04-6790 induces an improvement of 

both acetylcholine neurotransmission and spatial 

memory (Meneses, 2001). These data show the 

important action of 5-HT6 receptor in the regulation 

of central cholinergic function, indicating that it can 

represent a putative target for the treatment of 

cholinergic defects in cognitive dysfunctions, such          

as AD. 

The aim of this review is to clarify the 

involvement of the recently discovered 5-HT7 type 

receptor in the modulation of learning and memory 

processes, thus providing a basis for the possibility to 

obtain new therapeutic agents and strategies for the 

treatment of learning and memory disorders. 

 

2.2.2.2.        5555----HTHTHTHT7777    RECEPTORS LOCALRECEPTORS LOCALRECEPTORS LOCALRECEPTORS LOCALIZATION AND IZATION AND IZATION AND IZATION AND 
MEMORY CONSOLIDATIONMEMORY CONSOLIDATIONMEMORY CONSOLIDATIONMEMORY CONSOLIDATION    

    
A great deal of evidence has underlined the 

involvement of 5-HT7 receptors on mnemonic 

mechanisms, given also its large distribution in brain 

areas that are important for learning and memory, 

even though contradictory evidence regarding the 

role of the serotonergic system in normal and 

impaired memory in mammals has been reported 

(Meneses, 2004; Pérez-Garcìa et al, 2006; Pérez-

Garcìa and Meneses, 2005; Roberts et al, 2004; 

Roth et al, 2004; Sarnyai et al, 2000; Schechter et 

al, 2002; Woolley et al, 2004). These discrepancies 

could be explained by taking into account 

differences in the type and concentration of drug 

administered, timing and site (systemic or central) of 

administration, type of behavioral test, interaction 

with other neurotransmission systems (Meneses, 

2001; 2003; Meneses et al, 2004). 

Nevertheless, although the role of the 5-HT7 

receptors is yet to be clarified, the interest in its 

action derives mainly from the possibility that they 

can play a relevant role in normal or impaired 

memory (Meneses, 2004; Pérez-Garcìa et al, 2006; 

Roberts et al, 2004). 

In several species, both the mRNA 

expression and binding studies display a similar 

distribution of the 5-HT7 receptors in cerebral areas, 

containing relatively high expression in the thalamus, 

hypothalamus, HF, and generally lower expression in 

cerebral cortex and amygdala (Hedlund and 

Sutcliffe, 2004; Thomas and Hagan, 2004). This 

was confirmed by findings showing elevated 5-HT7 

receptors mRNA expression of vehicle-treated rats in 

raphe HF, which was attenuated when AS 19, a 

potent 5-HT7 receptor agonist, was administered to 

autoshaping-trained animals (Pérez-Garcìa et al, 

2006). Moreover, the autoradiographic analysis              

of [3H]-SB-269970 and the whole hemisphere 

cryosections of the human brain showed that high 

densities of 5-HT7 receptors are localized in the 

anterior thalamus and hippocampal dentate gyrus 

(Varnas et al, 2004); intermediate levels of 5-HT7 

receptors are localized in other regions, including 

the hypothalamus, anterior cingulate gyrus, HF, 

amygdala and certain brainstem nuclei (Slassi et al, 

2004), which represent brain areas involved in 

learning and memory processes (Meneses, 2003, 

2004). These results are supported by the discovery 

of high affinity and selective ligand variety, which 
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allowed to demonstrate that the mRNA expression of 

5-HT7 receptors in prefrontal cortex, HF, and raphe 

nuclei is modulated by selective stimulation or 

blockade of these receptors during memory 

processes (Luna-Munguia, 2005). The above 

mentioned studies suggest that the 5-HT7 receptor 

exerts a role inside the HF, which is consistent with 

its identification in this brain region evidenced by in 

situ hybridization, immunohistochemistry and 

radioligand binding studies (Leopoldo et al, 2004). 

Furthermore, stress has been shown to induce the 

upregulation of 5-HT7 receptor mRNA in the HF, a 

brain region important in contextual learning 

(Roberts et al, 2004). 

A recent study, utilizing an autoshaping task 

and autoradiographic analysis of [3H] 8-OH-DPAT 

followed by the analysis of  5-HT1A and 5-HT7 

receptors (Luna-Munguia et al, 2005), has reported 

that pharmacological naïve autoshaping-trained, 

compared to untrained animals, selectively showed 

increases in several brain areas, such as amygdala, 

lateral septal nucleus, parietal cortex, temporal 

cortex and raphe nuclei and decreases in 

hippocampal CA1 area, frontal cortex areas, 

occipital cortex and cingulate cortex areas, while no 

changes were shown in dentate gyrus, hippocampal 

CA3 area, frontal cortex and entorhinal cortex. 

These data clearly highlight that increase, decrease 

or no change (i.e., modulation) in 5-HT receptor 

expression mediate memory consolidation. Animals 

trained in Pavlovian/instrumental autoshaping task 

and treated with selective 5-HT1A/7 receptor agonist 

8-OH-DPAT at a low dose showed facilitated 

memory consolidation and increased cortical and 

hippocampal cAMP production (Meneses et al, 

2004); both effects were modulated, at least in part, 

by selective 5-HT1A or 5-HT7 receptor antagonists 

(Manuel-Apolinar and Meneses, 2004). It was 

hypothesized that the effect on enhancing memory 

consolidation of 5-HT1A and/or 5-HT7 receptors 

would exert a cortical and hippocampal “tonic” 

influence on cAMP formation (Manuel-Apolinar and 

Meneses, 2004), behaviorally observable when 

these receptors are stimulated or in case of amnesia.  

 
3.3.3.3. 5555----HTHTHTHT7 7 7 7 RECEPTORS AND LEARNING AND RECEPTORS AND LEARNING AND RECEPTORS AND LEARNING AND RECEPTORS AND LEARNING AND 

MEMORY: MOLECULAR BASIS AND MEMORY: MOLECULAR BASIS AND MEMORY: MOLECULAR BASIS AND MEMORY: MOLECULAR BASIS AND 
BEHAVIORAL EFFECTSBEHAVIORAL EFFECTSBEHAVIORAL EFFECTSBEHAVIORAL EFFECTS    

    
In situ hybridization and ligand binding 

approaches have mapped the distribution of 5-HT7 

receptors in the CNS (Vanhoenacker et al, 2000) 

indicating the greatest abundance in the thalamus, 

hypothalamus and HF with lower levels in the 

cerebral cortex and amygdala. 

Enhanced memory consolidation and cAMP 

increases are reported in Aplysia (Kandel, 2001), 

where stimulation of 5-HT receptors improves cAMP 

production, activates cascade of signaling pathways/ 

transcription factors and facilitates memory. 

Involvement of cAMP signaling, PKA, and/or 

cAMP response element-binding (CREB) protein in 

long-term memory formation, depending on 

transcription and translation of proteins or mRNA, 

have been confirmed in several species (molluscs, 

flies, rats, mice) during behavioral learning tasks 

(Kandel, 2001; Manuel-Apolinar and Meneses, 

2004). Links between mRNA translation and 

structural plasticity have been shown by studies on 

mammalian species focused on memory formation 

and synaptic plasticity have shown (Izquierdo et al, 

2004; Meneses, 2007). It is important to note that 

autoshaped long-term memory formation requires 

synthesis of proteins (Meneses, 2007), 5-HT7 

receptors mRNA, 5-HT1A and 5-HT7 receptors 

expression (Luna-Munguia et al, 2005). Modulation 

of memory consolidation and phase-shift in the 

suprachiasmatic nucleus, both induced by 8-OH-

DPAT, require transcription and translation of 

proteins (Jovanovska and Prosser, 2002; Meneses, 

2007; Pérez-Garcìa and Meneses, 2005), and are 

likely mediated by 5-HT1A and 5-HT7 receptors. The 

interaction between neuromodulators and neuronal 
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activity could be linearly additive, that is the 

outcome in gene expression could be dependent on 

the negative or positive effect of the two stimuli on 

different targets within the signal transduction 

pathway; alternatively, the two extrinsic stimuli could 

have a more complex non-linear interaction. In 

absence of neural activity, stimulation of both the 

hippocampal 5-HT1A and 5-HT7 receptors results in 

increased CREB phosphorylation (Mahgoub et al, 

2005). Such findings were rather unexpected, 

considering that 5-HT1A receptors couple with Gi to 

inhibit the cAMP pathway, while 5-HT7 receptors 

couple with Gs to stimulate the cAMP pathway in cell 

lines overexpressing these receptor subtypes 

(Mahgoub et al, 2005). Therefore, in vivo, the 

coupling of these receptor subtypes in central 

neurons may be more complex compared to their 

properties in heterologous expression systems. 

Interestingly, the activation of both the 5-HT1A and 

5-HT7 receptors has been suggested to stimulate 

CREB phosphorylation (Mahgoub et al, 2005).  

Some behavioral studies evaluated the role 

of 5-HT7 receptors in learning and memory. For 

example, data derived from our recent research 

(Gasbarri et al., 2008) led to the assessment of the 

role of 5-HT7 receptors antagonist SB-269970 on 

learning and memory in radial arm maze task. Rats 

trained to resolve the task and not submitted to any 

drug treatment exhibit a high degree of choice 

accuracy in the standard maze task. Therefore, the 

possibility of observing drug-induced improvement in 

choice accuracy was optimized by employing a two-

phase procedure, separated by a delay of varying 

duration to increase the difficulty of the task. In our 

study, a two phase procedure allowed to evaluate 

two forms of memory: working memory and 

reference memory; in particular, the acquisition 

phase was conducted to assess working memory, 

while the test phase assessed reference memory. 

Our research has demonstrated that 5-HT7 receptors 

antagonist SB-269970 improves memory, 

decreasing the number of errors in test phase, and 

then affecting reference memory, while no effects 

were observed in working memory.  

Another study, using 5-HT7 receptor 

knockout mice to evaluate action in behavioral and 

learning tasks (Thomas and Hagan, 2004), reported 

that knockout mice exhibited a specific impairment 

in contextual fear conditioning. In this task, the 

animals learn to associate the environment (context) 

with an aversive stimulus. This task, such as other 

types of place learning, is HF-dependent. However, 

in a Barnes maze test, in which the animal must 

learn how to escape from an open area by locating 

a chamber using environmental cues, no difference 

between the behavior of wild-type and knockout 

mice was reported (Thomas and Hagan, 2004). 

Moreover, no difference in three HF-independent 

learning tasks, including cued fear conditioning, 

operant food conditioning and motor learning 

(rotarod) was shown (Thomas and Hagan, 2004). 

The impairment observed in contextual fear 

conditioning was not due to alterations in motor 

skills, visual acuity or anxiety level (Thomas and 

Hagan, 2004). 

 
4.4.4.4. 5555----HTHTHTHT7777    RECEPTORS AND THEIR ROLE IN RECEPTORS AND THEIR ROLE IN RECEPTORS AND THEIR ROLE IN RECEPTORS AND THEIR ROLE IN 

AMNESIA AND RECOVERY FROM AMNESIA AND RECOVERY FROM AMNESIA AND RECOVERY FROM AMNESIA AND RECOVERY FROM 
AMNESIAAMNESIAAMNESIAAMNESIA....    
    

Some evidence suggest an association 

among 5-HT7 receptors mRNA expression, memory 

consolidation, amnesia and recovery from amnesia. 

An active role of pre- and post-synaptic 5-HT7 

receptors was suggested by autoradiography of [3H] 

8-OH-DPAT studies (Luna-Munguia et al, 2005). 

Moreover, a null expression of these receptors under 

amnesia induced by scopolamine or dizocilpine 

treatment was observed, and this condition was 

reversed by the 5-HT7 receptor agonist AS 19, likely 

due to its re-establishing mRNA expression or 

reversing down-regulation (Pérez-Garcìa et al, 

2006). 

It was suggested that learning processes 

enhances mRNA expression of 5-HT7 receptors, 

while the 5-HT7 receptor agonist AS 19 facilitates 
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memory consolidation by attenuating this expression, 

likely by desensitivity mechanisms (Pérez-Garcìa et 

al, 2006). Therefore, future work should be aimed 

at determining whether endogenous 5-HT might 

activate some of its receptors and/or whether certain 

5-HT receptors are essentially activated during 

memory processes. In addition, animals trained in 

an autoshaping task strongly expressed 5-HT1A, 5-

HT4, 5-HT6 or 5-HT7 receptors, involving 5-HT itself 

and/or other neurotransmitters; such effect was not 

observed in untrained or control groups (Pérez-

Garcìa et al, 2006). Nevertheless, the results 

revealing the aforementioned anti-amnesic effects of 

5-HT7 receptor agonist AS 19 (as well as those of 8-

OH-DPAT) may appear inconsistent with previous 

data, showing that the 5-HT7 antagonists SB-

269970 and DR4004 reversed memory deficits, 

therefore indicating that these antagonists had no 

effects, when tested alone during memory formation 

(Meneses, 2004). For example, in the autoshaping 

learning task, post-training systemic injection of 

LY215840 (a 5-HT2/7 antagonist) or WAY 100635 

(a 5-HT1A antagonist) had no effect on memory 

consolidation (Lamprecht and LeDoux, 2004), 

whereas both drugs abolished the facilitatory effect 

of 8-OH-DPAT (a 5-HT1A/7 receptor agonist), with 

LY215840 being slightly more effective in this 

respect. Notably, the 8-OH-DPAT facilitatory effect 

was induced by low doses, and prevented by 5-HT 

depletion or synthesis inhibition, suggesting a 

participation of presynaptic 5-HT1A receptors and 

also an additional mechanism, most likely involving 

5-HT7 receptors (Lamprecht and LeDoux, 2004). If 

drugs are administered before training, it is 

extremely difficult to determine whether they act on 

memory or on other processes that indirectly affect 

learning and retention (e.g. attention, motivation, 

motor activity, etc.) (McGaugh and Izquierdo, 

2000).  

Post-training administration of scopolamine 

(a centrally acting anticholinergic agent) or 

dizocilpine (a non-competitive NMDA receptor 

antagonist) significantly decreased the conditioned 

responses percentage in a Pavlovian/instrumental 

autoshaping learning task (Pérez-Garcìa et al, 

2006). When either scopolamine or dizocilpine were 

injected immediately after autoshaping training 

session, followed by the administration of  SB-

269970 or DR 4004 antagonists, their amnesic 

effects were reversed. The most important finding of 

this work is that selective 5-HT1A and 5-HT7 receptor 

antagonists had no effect on memory processes, 

when tested alone, but significantly inhibited the 

facilitatory 8-OH-DPAT effect, in agreement with the 

involvement of 5-HT1A/7 receptors in this 8-OH-

DPAT effect. It is not clear whether in amnesic, AD 

or schizophrenic patients deregulation of 5-HT7 

receptors is a pathological condition or a 

compensatory mechanism. It is important to note 

that, during aging or AD, 5-HT7 receptors seem to 

decline in raphe complex (Pérez-Garcìa et al, 2006). 

In conclusion, although the role of 5-HT7 

receptors on learning nd memory processes is yet to 

be clarified, the interest in its action is derived from 

the possibility that these receptors can improve 

memory, thus playing a role in normal or impaired 

memory (Meneses, 2004; Pérez-Garcìa et al, 2006; 

Roberts et al, 2004). Furthermore, even though high 

affinity selective agonists and antagonists are still to 

be developed, the research conducted so far, and 

reported in this paper, suggests an important 

participation of 5-HT7 receptors on learning and 

memory. Further findings can lead to understanding 

the action mechanism of serotonergic system on 

cognitive functions, general behaviour, treatment of 

some cognitive disorders, considering the ability of 

antipsychotic and antidepressant drugs to interact 
with the 5-HT7 receptor. 

 
ACKNOWLEDGEMACKNOWLEDGEMACKNOWLEDGEMACKNOWLEDGEMENTSENTSENTSENTS    

 
We thank Dr. Liliana Ercole for language 

assistance. 

    
    
RRRREFERENCESEFERENCESEFERENCESEFERENCES    
    
    
 [1] Hoyer D, Hannon PJ, Martin RG. Molecular, 

pharmacological and functional diversity of 5-

HT receptors. Pharmacol Biochem Behav 

2002; 71:533-554. 



________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.    

 131131131131

[2] Raymond JR, Mukhin YV, Gelasco A, Turner J, 

Collinsworth G, Gettys TW, Grewal JS, 

Garnovskaya MN. Multiplicity of mechanisms 

of serotonin receptor signal transduction. 

Pharmacol Ther 2001; 92:179–212. 

[3] Thomas DR, Hagan JJ. 5-HT7 receptors. Curr 

Drug Targets CNS Neurol Disord 2004; 

3:81–90. 

[4] Buhot MC, Martin S, Segu L. Role of serotonin 

in memory impairment. Ann Med 2000; 

32:210-221. 

[5] González-Burgos I, Feria-Velasco A. 

Serotonin/dopamine interaction in memory 

formation. Prog Brain Res. 2008;172:603-

23. 

[6] Meneses A. Involvement of 5-HT2A/2B/2C 

receptors on memory formation: simple 

agonism, antagonism, or inverse agonism? 

Cell Mol Neurobiol 2002;22:675–688. 

[7] Meneses A. A pharmacological analysis of an 

associative learning task: function of 5-HT1 to 

5-HT7 receptor subtypes on a 

Pavlovian/instrumental autoshaped memory. 

Learn Mem 2003;10:363–372. 

[8] Olvera-Cortés ME, Anguiano-Rodríguez P, 

López-Vázquez MA, Alfaro JM. 

Serotonin/dopamine interaction in learning. 

Prog Brain Res. 2008;172:567-602. 

[9] Müller CP, Huston JP. Determining the 

region-specific contributions of 5-HT receptors 

to the psychostimulant effects of cocaine. 

Trends Pharmacol Sc 2006;27: 105-112. 

[10] Aghajanian GK, Sanders-Bush E. Serotonin. 

In: Davis KL, Charney D, Coyle JT, Nemeroff 

CB, editors. Neuropsychopharmacology: the 

Fifth Generation of Progress. Philadelphia: 

Lippincott-Williams & Wilkins 2002, pp. 15-

34. 

[11] Barros M, De Souza Silva MA, Huston JP, 

Tomaz C. Anxiolytic-like effects of substance P 

fragment (SP1–7) in non-human primates 

(Callithrix penicillata). Peptides 2002; 

23:967–973. 

[12] Barros M, Tomaz C. Non-human primate 

models for investigating fear and anxiety. 

Neurosci Biobehav Rev 2002; 26:187–201. 

[13] Hedlund PB, Sutcliffe JG. Functional, 

molecular and pharmacological advances in 

5-HT7 receptor research. Trends Pharmacol 

Sci 2004;25:481-486. 

[14] Yau JLW, Noble J, Seckl JR. Acute restraint 

stress increases 5-HT7 receptor mRNA 

expression in the rat hippocampus. Neurosci 

Lett 2001;309:141-144. 

[15] Guscott MR, Egan E, Cook GP, Stanton JA, 

Beer MS, Rosahl TW, Hartmann S, Kulagowski 

J, McAllister G, Fone KC, Hutson PH. The 

hypothermic effect of 5-CT in mice is 

mediated through the 5-HT7 receptor. 

Neuropharmacology 2003;44:1031-1037. 

[16] Hagan JJ, Price GW, Jeffrey P, Deeks NJ, 

Stean T, Piper D, Smith MI, Upton N, 

Medhurst AD, Middlemiss DN, Riley GJ, Lovell 

PJ, Bromidge SM, Thomas DR. 

Characterization of SB-269970-A, a selective 

5-HT7 receptor antagonist. Br J Pharmacol 

2000;130:539–548. 

[17] Hedlund PB, Danielson PE, Thomas EA, 

Slanina K, Carson MJ, Sutcliffe JG. No 

hypothermic response to serotonin in 5-HT7 

receptor knockout mice. Proc Natl Acad Sci 

U.S.A. 2003;100:1375-1380. 

[18] Markov D, Goldman M. Normal sleep and 

circadian rhythms: neurobiologic mechanisms 

underlying sleep and wakefulness. Psychiatr 

Clin North Am 2006;29:  841-853. 

[19] Monti JM, Jantos H. Effects of the 5-HT7 

receptor antagonist SB-269970 microinjected 

into the dorsal raphe nucleus on REM sleep in 

the rat. Behav. Brain Res 2006; 167:245–

250. 



NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________ 

132132132132    

[20] Thomas DR, Melotto S, Massagrande M, 

Gribble AD, Jeffrey P, Stevens AJ, Deeks NJ, 

Eddershaw PJ, Fenwick SH, Riley G, Stean T, 

Scott CM, Hill MJ, Middlemiss DN, Hagan JJ, 

Price GW, Forbes IT. SB-656104-A, a novel 

selective 5-HT7 receptor antagonist, 

modulates REM sleep in rats. Br J Pharmacol 

2003; 139:105–114. 

[21] Abrams JK, Johnson PL, Hay-Schmidt A, 

Mikkelsen JD, Shekhar A, Lowry CA. 

Serotonergic systems associated with arousal 

and vigilance behaviors following adminis-

tration of anxiogenic drugs. Neuroscience 

2005; 133:983-997. 

[22] Canli T, Omura K, Haas BW, Fallgatter A, 

Constable RT, Lesch KP. Beyond affect: a role 

for genetic variation of the serotonin 

transporter in neural activation during a 

cognitive attention task. Proc Natl Acad Sci U 

S A 2005; 102:12224-12229. 

[23] Haller J, Tóth M, Halász J. The activation of 

raphe serotonergic neurons in normal and 

hypoarousal-driven aggression: a double 

labeling study in rats. Behav Brain Res 2005; 

161:88-94. 

[24] Oberlander TF, Reebye P, Misri S, Papsdorf 

M, Kim J, Grunau RE. Externalizing and 

attentional behaviors in children of depressed 

mothers treated with a selective serotonin 

reuptake inhibitor antidepressant during 

pregnancy. Arch Pediatr Adolesc Med 2007; 

161:22-29. 

[25] Sanger DJ, Soubrane C, Scatton B. New 

perspectives for the treatment of disorders of 

sleep and arousal. Ann Pharm Fr 2007; 

65:268-274. 

[26] Scholes KE, Harrison BJ, O'Neill BV, Leung S, 

Croft RJ, Pipingas A, Phan KL, Nathan PJ. 

Acute serotonin and dopamine depletion 

improves attentional control: findings from the 

stroop task. Neuropsychopharmacology 

2007; 32:1600-1610. 

[27] Ashraf MZ, Reddy MK, Hussain ME,             

Podrez EA, Fahim M. Contribution of EDRF 

and EDHF to restoration of endothelial 

function following dietary restrictions in 

hypercholesterolemic rats. Indian J Exp Biol 

2007; 45:505-514. 

[28] Halford JCG, Blundell JE. Pharmacology of 

appetite suppression. Prog Drug Res 2000; 

54:25– 58. 

[29] Somerville EM, Horwood JM, Lee MD, 

Kennett GA, Clifton PG. 5-HT(2C) receptor 

activation inhibits appetitive and consum-

matory components of feeding and increases 

brain c-fos immunoreactivity in mice. Eur J 

Neurosci 2007; 25:3115-3124. 

[30] Vickers SP, Dourish CT, Kennett GA. Evidence 

that hypophagia induced by d-fenfluramine 

and d-norfenfluramine in the rat is mediated 

by 5-HT2C receptors. Neuropharmacology 

2001; 41:200-209. 

[31] Yokoyama F, Onozawa K, Kakui N, Imanishi 

T. The selective serotonin reuptake inhibitor 

fluvoxamine suppresses post-feeding 

hyperactivity induced by food restriction in 

rats. Pharmacol Biochem Behav 2007; 

87:98-103. 

[32] Butkevich IP, Mikhailenko VA, Leont'eva MN. 

Sequelae of prenatal serotonin depletion and 

stress on pain sensitivity in rats. Neurosci 

Behav Physiol 2005; 35:925-30. 

[33] Djaldetti R, Yust-Katz S, Kolianov V, Melamed 

E, Dabby R. The effect of duloxetine on 

primary pain symptoms in Parkinson disease. 

Clin Neuropharmacol 2007; 30:201-205. 

[34] Martikainen IK, Hirvonen J, Kajander J, 

Hagelberg N, Mansikka H, Någren K, Hietala 

J, Pertovaara A. Correlation of human cold 

pressor pain responses with 5-HT(1A) receptor 



________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.    

 133133133133

binding in the brain. Brain Res 2007; 

1172:21-31. 

[35] Bonaventure P, Kelly L, Aluisio L, Shelton J, 

Lord B, Galici R, Miller K, Atack J, Lovenberg 

TW, Dugovic C. Selective blockade of                  

5-hydroxytryptamine (5-HT)7 receptors 

enhances 5-HT transmission, antidepressant-

like behaviour, and rapid eye movement sleep 

suppression induced by citalopram in rodents. 

J Pharmacol Exp Ther 2007; 321:690-698. 

[36] Guscott M, Bristow LJ, Hadingham K, Rosahl 

TW, Beer MS, Stanton JA, Bromidge F, 

Owens AP, Huscroft I, Myers J, Rupniak NM, 

Patel S, Whiting PJ, Hutson PH, Fone KC, 

Biello SM, Kulagowski JJ, McAllister G. 

Genetic knockout and pharmacological 

blockade studies of the 5-HT7 receptor 

suggest therapeutic potential in depression. 

Neuropharmacology 2005; 48:492-502. 

[37] Hedlund PB, Huitron-Resendiz S, Henriksen 

SJ, Sutcliffe JG. 5-HT7 receptor inhibition and 

inactivation induce antidepressant-like 

behavior and sleep pattern. Biol Psych 

2005;58:831–837. 

[38] Wesolowska A, Nikiforuk A, Stachowicz K, 

Tatarczynska E. Effect of the selective 5-HT(7) 

receptor antagonist SB 269970 in animal 

models of anxiety and depression. 

Neuropharmacology 2006;51:578–586. 

[39] Faure C, Mnie-Filali O, Scarna H, Debonnel 

G, Haddjeri N. Effects of the 5-HT7 receptor 

antagonist SB-269970 on rat hormonal and 

temperature responses to the 5-HT1A/7 

receptor agonist 8-OH-DPAT. Neurosci Lett 

2006;404:122–126. 

[40] Varghese FP, Brown ES. The hypothalamic–

pituitary–adrenal axis in major depressive 

disorder: a brief primer for primary care 

physicians. Prim Care Companion J Clin 

Psychiatry 2001; 3:151–155. 

[41] Sodhi MS, Sanders-Bush E. Serotonin and 

brain development. Int Rev Neurobiol 2004; 

59:111-174. 

[42] Jones BJ, Blackburn TP. The medical benefit 

of 5-HT research. Pharmacol Biochem Beh 

2002;71:555–568. 

[43] Nandam LS, Jhaveri D, Bartlett P. 5-HT7, 

neurogenesis and antidepressants: a 

promising therapeutic axis treating 

depression. Clin Exp Physiol 2007; 34:546-

551. 

[44] Müller CP, Carey RJ, Huston JP, De Souza 

Silva MA. Serotonin and psychostimulant 

addiction: Focus on 5-HT1A-receptors. Progr 

Neurobiol 2007; 81:133–178. 

[45] Jovanovska A, Prosser RA. Translational and 

transcriptional inhibitors block serotonergic 

phase advances of the suprachiasmatic 

nucleus circadian pacemaker in vitro. J Biol 

Rhythms 2002; 17:137–146. 

[46] Kandel ER. The molecular biology of memory 

storage: a dialogue between genes and 

synapses. Science 2001; 294:1030–1038. 

[47] Luna-Munguia H, Manuel-Apolinar L, Rocha 

L, Meneses A. 5-HT1A receptor expression 

during memory formation. Psychophar-

macology 2005; 181:309–318. 

[48] Mahgoub MA, Sara Y, Kavalali ET, 

Monteggia LM. Reciprocal interaction of 5-HT 

and neuronal activity in regulation of CRE-

dependent gene expression. J Pharmacol Exp 

Ther 2005; 163:820-823. 

[49] Manuel-Apolinar L, Meneses A. 8-OH-DPAT 

facilitated memory consolidation and 

increased hippocampal and cortical cAMP 

production. Behav Brain Res 2004; 148: 

179–84. 

[50] Meneses A. Effects of the 5-HT7 receptor 

antagonists SB-269970 and DR 4004 in 



NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________ 

134134134134    

autoshaping Pavlovian/instrumental learning 

task. Behav Brain Res 2004; 155:275-282. 

[51] Pérez-Garcìa G, Gonzales-Espinosa C, 

Meneses A. An m-Rna expression analysis of 

stimulation and blockade of 5-Ht7 receptors 

during memory consolidation. Behav Brain 

Res 2006; 169:83-92. 

[52] Roberts AJ, Krucker T, Levy CL, Slanina KA, 

Sutcliffe JG, Hedlund PB. Mice lacking 5-HT7 

receptors show specific impairments in 

contextual learning. Eur J Neurosci 

2004;19:1913–1922. 

[53] Griebel G, Rodgers RJ, Perrault G, Sanger 

DJ. The effects of compounds varying in 

selectivity as 5-HT (1A) receptor antagonists  

in three rat models of anxiety. 

Neuropharmacology 2000; 39:1848– 1857. 

[54] Prado-Alcalà RA, Solana-Figueroa R, Galindo 

LE, Medina AC, Quirarte GL. Blockade of 

striatal 5-HT2 receptors produces retrograde 

amnesia in rats. Life Sc 2003; 74:481–488. 

[55] Bubser M, Backstrom JR, Sanders-Bush E, 

Roth BL, Deutch AY. Distribution of serotonin 

5-HT (2A) receptors in afferents of the rat 

striatum. Synapse 2001; 39: 297–304. 

[56] Barnes NM, Sharp T. A review of central 5-HT 

receptors and their function. Neurophar-

macology 1999; 38:1083-1152. 

[57] Lai MK, Tsang SW, Alder JT, Keene J, Hope 

T, Esiri MM, Francis PT, Chen CP. Loss of 

serotonin 5-HT2A receptors in the 

postmortem temporal cortex correlates with 

rate of cognitive decline in Alzheimer's 

disease. Psychopharmacology (Berl) 2005; 

179:673-677. 

[58] Lanctôt KL, Hussey DF, Herrmann N, Black 

SE, Rusjan PM, Wilson AA, Houle S, Kozloff 

N, Verhoeff NP, Kapur S. A Positron Emission 

Tomography Study of 5-Hydroxytryptamine-1A 

Receptors in Alzheimer Disease. Am J Geriatr 

Psychiatry 2007; 15:888-898. 

[59] Pritchard AL, Pritchard CW, Bentham P, 

Lendon CL. Role of serotonin transporter 

polymorphisms in the behavioural and 

psychological symptoms in probable 

Alzheimer disease patients. Dement Geriatr 

Cogn Disord 2007; 24:201-206. 

[60] Meneses A. Effects of the 5-HT6 receptor 

antagonist Ro 04-6790 on learning 

consolidation. Behav Brain Res 2001; 

118:107–110. 

[61] Pérez-Garcìa GS, Meneses A. Effects of the 

potential 5-HT7 receptor agonist AS 19 in an 

autoshaping learning task. Behav Brain Res 

2005; 163:136–140. 

[62] Roth BL, Hanizavareh SM, Blum AE. Serotonin 

receptors represent highly favorable molecular 

targets for cognitive enhancement in 

schizophrenia and other disorders. 

Psychopharmacology 2004; 174:17-24. 

[63] Sarnyai, Sibille EL, Pavlides C, Fenster RJ, 

McEwen BS, Toth M. Impaired hippocampal-

dependent learning and functional 

abnormalities in the hippocampus in mice 

lacking serotonin1A receptors. Proc Natl Acad 

Sci USA 2000; 97:14731–14736. 

[64] Schechter LE, Dawson LA, Harder JA. The 

potential utility of 5-HT1A receptor 

antagonists in the treatment of cognitive 

dysfunction associated with Alzheimer’s 

disease. Curr Pharm Des 2002;8:139-145. 

[65] Woolley ML, Marsden CA, Fone KCF. 5-HT6 

receptors. Curr Drug Targets CNS Neurol Dis 

2004;3:81–90. 

[66] Varnas K, Thomas DR, Tupala E, Tiihonen J, 

Hall H. Distribution of 5-HT7 receptors in the 

human brain: a preliminary autoradiographic 

study using [3H]-SB-269970. Neurosci Lett 

2004;367:313–316. 



________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.Gasbarri, A.; et al.    

 135135135135

[67] Slassi A, Isaac M, Xin T. Recent progress in 5-

HT7 receptors: potential treatment of central 

and peripheral nervous system diseases. 

Expert Opin Ther Pat 2004;14:1009–1027. 

[68] Leopoldo M, Berardi F, Colabufo NA, 

Contino M, Lacivita E, Perrone R, Tortorella V. 

Studies on 1-arylpiperazine derivatives with 

affinity for rat 5-HT7 and 5-HT1A receptors. J. 

Pharm. Pharmacol 2004; 56:247–255. 

[69] Meneses A, Manuel-Apolinar L, Rocha L, 

Castello E, Castello C. Expression of the 5-HT 

receptors in rat brain during memory 

consolidation. Behavioural Brain Research 

2004; 152:425-436. 

[70] Vanhoenacker P, Haegeman G, Leysen JE. 5-

HT7 receptors current knowledge and future 

prospects. TIPS 2000; 21:70–77. 

[71] Izquierdo I, Cammarota M, Medina JH, 

Bevilaqua LR. Pharmacological findings on 

the biochemical bases of memory processes: 

a general view. Neural Plast 2004; 11: 159–

189. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[72] Meneses A. Do serotonin (1-7) receptors 

modulate short and long-term memory? 

Neurobiol Learn Mem 2007; 87:561-572. 

[73] Gasbarri A, Cifariello A, Pompili A, Meneses 

A. Effect of 5-HT7 antagonist SB-269970 in 

the modulation of working and reference 

memory in the rat. Behav Brain Res. 2008, 

195:164-70. 

[74] Thomas DR, Hagan JJ, 5-HT7 receptors. Curr 

Drug Targets CNS Neurol Disord. 2004, 

3:81-90. 

[75] Lamprecht R, LeDoux J. Structural plasticity 

and memory. Nat Rev Neurosci 2004; 5: 45–

54. 

[76] McGaugh JL, Izquierdo I. The contribution of 

pharmacology to research on the mechanisms 

of memory formation. Trends Pharmacol Sci 

2000; 21:208-210. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________NEUROBIOLOGIA,  72 (4)  out./dez.,  2009__________________________________________________________ 

136136136136    

 

 

 

 

 

 

 

 

 

 

 

 

 

 


