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Summary

“Atypical” antipsychotics are antagonists at serotonin 5-HT2A and dopamine d2 receptors. However, their 
effects on negative symptoms and cognitive deficits remain modest and they disrupt metabolic function. 
Recent drugs, such as aripiprazole, perospirone, bifeprunox, lurasidone and cariprazine act as D2 recep-
tor antagonists (or partial agonists) combined with 5-HT1A receptor activation. The latter prevents extrapy-
ramidal symptoms, favors prefrontal cortex dopaminergic neurotransmission, has a beneficial influence on 
mood and opposes cognitive deficits. Further, recent drugs exhibit little interaction at sites associated with 
side-effects such as metabolic disorders or autonomic disturbance. However, these drugs differ in their bal-
ance of 5-HT1A/D2 receptor properties and this is likely to translate to distinct therapeutic profiles. 

5-HT1A receptors/ d2 receptors/ antipsychotic/ schizophrenia 

INTROdUCTION

Schizophrenia and psychotic disorders con-
stitute a serious mental health problem and a 
substantial burden on health care [1]. Although 
a variety of pharmacological mechanisms have 
been proposed to underlie antipsychotic activity, 
dopamine (DA) D2 receptor antagonism remains 
the cornerstone of the activity of current antipsy-
chotic drugs. Indeed, the “first generation” an-
tipsychotic, haloperidol, exhibits control of posi-
tive symptoms of schizophrenia by opposing the 
excessive stimulation of D2 receptors resulting 
from hyperactivity of mesolimbic dopaminer-
gic projections. However, it fails to alleviate the 

hypoactivity of mesocortical dopaminergic neu-
rons (i.e., “hypofrontality”), thought to under-
lie negative symptoms such as social withdraw-
al and flattened affect, and cognitive deficits in-
cluding working memory impairment and loss 
of cognitive flexibility [2]. Further, selective DA 
D2 receptor antagonists also block nigrostriatal 
dopaminergic activity, leading to extrapyrami-
dal symptoms (EPS), and pituitary D2 receptors 
that control prolactin release, leading to hyper-
prolactinemia [3]. To overcome these limitations, 
a variety of “second generation” or “atypical” 
antipsychotics have been developed that act at 
other receptors as well as antagonising D2 recep-
tors. The “gold standard” among these antipsy-
chotics is clozapine, which is considered to pos-
sess superior therapeutic efficacy whilst induc-
ing negligible EPS. Molecular targets of clozap-
ine’s activity have been extensively investigated, 
with a particular focus on blockade of seroton-
in 5-HT2A/2C receptors and of DA D3 and D4 
receptors. Whilst selective ligands at these re-
ceptors have not been shown to produce antip-
sychotic activity in clinical trials, combinations 
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of these pharmacological activities diminish 
EPS liability and improve negative and cogni-
tive symptoms. Indeed 5-HT2A receptor antag-
onism favors dopaminergic neurotransmission 
when associated with D2 receptor antagonism. 
Increasing cortical DA release is expected to alle-
viate hypofrontality in schizophrenic patients [4, 
5] and a variety of “atypical” antipsychotics that 
combine 5-HT2A receptor antagonism with D2 
receptor antagonism have therefore been devel-
oped (e.g., risperidone, olanzapine and ziprasi-
done) [6]. Nevertheless, the ability of these drugs 
to control negative symptoms and cognitive def-
icits remains modest and serious problems of 
metabolic dysfunction are elicited by olanzap-
ine and clozapine, likely via antagonism of his-
tamine H1 (H1R) and 5-HT2C receptors. Further, 
antagonism of muscarinic M1 receptors can im-
pair cognitive function.

A pharmacological cocktail strategy for improved 
antipsychotics: focus on 5-HT1A receptor agonism

In this context, attention has increasingly fo-
cused on identifying a “pharmacological cock-
tail” of receptor interactions that accentuate ben-
eficial properties and avoid undesirable side ef-
fects [7]. Tab. 1 illustrates this principle with 
reference to dopaminergic, serotonergic and no-
radrenergic receptors. Thus, improved antipsy-
chotic effects may be obtained fromcompounds 
that possess antagonism of mesolimbic D2 recep-

tors (to achieve efficacy against positive symp-
toms) whilst antagonizing 5-HT2A, alpha2 and 
D3/D4 receptors (to achieve efficacy against neg-
ative and cognitive symptoms). Improved toler-
ance may be achieved by reducing affinity for 
sites associated with side effects, such as H1R 
and muscarinic M1, as mentioned above, as well 
as 5-HT2C, alpha1 and ion channels implicated 
in cardiac function [8]. Some side effects, such as 
hyperprolactinemia and EPS can be reduced by 
using drugs that possess partial agonist proper-
ties at pituitary and nigrostriatal D2 receptors, 
respectively, thus ensuring that a modest amount 
of signaling is maintained at these sites. Indeed, 
partial agonism at D2 receptors is an attractive 
means of reducing several troubling side-effects, 
including EPS, hyperprolactinemia and antipsy-
chotic-induced cognitive dysfunction [9]. How-
ever, the precise extent of partial agonism that 
is desirable is unclear. For most of the drugs de-
scribed (e.g., aripiprazole, cariprazine and PF-
217830; see below and Tab. 2), partial agonism 
at D2 receptors is generally modest, although 
for bifeprunox it is sufficient to have substan-
tial electrophysiological and behavioural effects 
[10]. However, bifeprunox failed to show suf-
ficient antipsychotic efficacy in clinical trials to 
achieve regulatory approval from the U.S. Food 
and Drug Administration (FDA), illustrating the 
necessity to ensure that partial agonist levels at 
D2 receptors remain sufficiently low to maintain 
adequate antipsychotic efficacy.

Table 1. Desirable and undesirable effects of antipsychotics, some physiological mechanisms and strategies for identifying im-
proved antipsychotic drugs.

Antipsychotic activity Physiological mechanisms Strategies for novel antipsychotics
Efficacy against positive  symptoms Antagonism of mesolimbic  

dopamine d2 receptors
Reinforce D2 receptor affinity 
decrease d2 receptor agonism

Efficacy against negative symptoms Increase frontal cortex  
monoamine neurotransmission  
(particularlydopamine release)

5-HT2A receptor antagonism;  
5-HT1A receptor agonism; 
Alpha2 receptor antagonism; 
d3 and d4 receptor antagonism

Efficacy against cognitive deficits Increase frontal cortex monoamine  
neurotransmission (particularly  
dopamine release)

5-HT2A receptor antagonism;  
5-HT1A receptor agonism; 
Alpha2 receptor antagonism; 
decrease d2 receptor agonism 
d3 and d4 receptor antagonism

(table continued on next page)



 Mechanism of “atypicality” of novel antipsychotics  7

Archives of Psychiatry and Psychotherapy, 2010; 4 : 5–11

Undesirable effects Physiological mechanisms Strategies for novel antipsychotics
Extrapyramidal symptoms Antagonism of nigrostriatal  

dopamine d2 receptors
decrease d2 receptor affinity 
d2 receptor partial agonism;  
5-HT2A receptor antagonism;  
5-HT1A receptor agonism

Antipsychotic-induced  
sedation and weight gain

Histamine H1r antagonism;  
Serotonin 5-HT2c receptor antagonism

Avoid H1R receptor affinity 
Avoid 5-HT2c antagonism

cardiovascular impact Noradrenergic Alpha1 receptor antagonism 
Interaction at cardiacion  
channels (e.g. hERG)

Avoid alpha1 receptor affinity; 
Avoid interaction at “off target” sites.

Antipsychotic-induced memory  
impairment

Muscarinic M1 receptor  
antagonism;  
Antagonism of mesocortical dopamine D2  
receptors

Avoid M1 receptor affinity;  
d2 receptor partial agonism

Hyperprolactinemia Antagonism of pituitary dopamine D2  
receptors

d2 receptor partial agonism

Considerable attention has increasingly been 
given to agonism at serotonin 5-HT1A receptors 
[11] in view of compelling evidence that activat-
ing these receptors should improve negative and 
cognitive symptoms of schizophrenia. Indeed, 
microdialysis experiments have shown that 
5-HT1A receptor activation increases dopamine 
release in frontal cortex [2, 12, 13], suggesting 
that activation of 5-HT1A receptors alleviates a 
deficiency in dopaminergic neurotransmission 
in frontocortical regions of the schizophrenic 
brain.

Second, 5-HT1A receptors are up-regulated in 
schizophrenics, as determined by post-mortem 
investigations of receptor expression in frontal 
cortex and other brain regions [14, 15]. 5-HT1A 
receptor expression may increase as a compen-
sation mechanism subsequent to insufficient ac-
tivation of this site: a deficiency that could be 
remedied by administration of 5-HT1A recep-
tor agonists. Further, 5-HT1A receptors are ex-
pressed on glutamatergic neurons in the frontal 
cortex [16] and the non-competitive NMDA an-
tagonist, dizocilpine (MK-801), rapidly upregu-
lates 5-HT1A receptors [17]. This suggests that 
5-HT1A receptor activation may modulate dys-
functional glutamatergic activity in schizophren-
ic patients. Accordingly, 5-HT1A receptor activa-
tion opposes the increase in glutamate release 
induced by NMDA receptor blockade [18].

Third, numerous laboratories have demon-
strated anti-cataleptic properties of 5-HT1A ag-
onists in rodents, indicating that activation of 

5-HT1A receptors should reduce EPS induced 
by dopamine D2 receptor blockade [19, 20]. The 
extent to which 5-HT1A agonists are able to re-
verse neuroleptic-induced catalepsy is depend-
ent on the agonist efficacy of the ligand: rela-
tively high efficacy activation, for example by 
the prototypical agonist, 8-OH-DPAT, is neces-
sary to completely abolish neuroleptic-induced 
catalepsy [20, 21].

Fourth, clozapine exhibits clearly measura-
ble 5-HT1A receptor agonism in various in vitro 
models of receptor transduction [22, 23]. 5-HT1A 
receptor activation is also involved in clozapine-
mediated elevation of DA release in frontal cor-
tex and inhibition of haloperidol-induced cata-
lepsy [13, 20, 24].

Finally, pharmacological data indicate that an-
tipsychotics possessing 5-HT1A receptor ago-
nism oppose NMDA receptor hypofunction-in-
duced cognitive deficits [25, 26, 27] and explor-
atory clinical trials have shown that buspirone 
and tandospirone, which act as partial agonists 
at 5-HT1A receptors, substantially ameliorate 
cognitive and negative symptoms scores and re-
duce the incidence of extrapyramidal symptoms 
in schizophrenic patients concurrently treated 
with first generation antipsychotics such as ha-
loperidol (for Review see [28]).

Taken together, these observations provide a 
solid rationale to include 5-HT1A receptor ag-
onism as an ingredient in the “pharmacological 
cocktail” of novel antipsychotics.
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5-HT1A / d2 antipsychotics: the search for the right 
“balance”

In view of the above considerations, a variety 
of “third generation” antipsychotics that com-
bine partial agonism at 5-HT1A receptors with 
antagonism (or partial agonism) at D2 recep-
tors have been described. Drugs that have been 
clinically evaluated include aripiprazole, peros-
pirone, bifeprunox, lurasidone, cariprazine and 
PF-217830 [11]. Other compounds have been 
extensively characterised on a pharmacological 
level, including adoprazine (SLV313), SSR181507 
and F15063 [10, 11].

Overall, novel “third generation” antipsychot-
ics are expected to provide therapeutic benefits 
against a broader range of symptoms of schiz-
ophrenia (with particular reference to negative 
symptoms and cognitive impairment), to be es-
sentially free of EPS and exhibit little or no in-
teraction at sites potentially involved in side-ef-
fects such as weight gain, metabolic disorders or 
autonomic disturbance (see Tab. 2).

However, whilst all these compounds share the 
general property of interacting at both 5-HT1A 
and D2 receptors, the “balance” of activity at 
these sites profoundly influences their phar-
macological profile [11, 29]. Thus, insufficient 
5-HT1A agonism would yield an antipsychotic 
that induces EPS and is likely to be less effective 
against negative and cognitive symptoms (cf. ha-
loperidol). In contrast, insufficient D2 antago-
nism and excessive 5-HT1A receptor activation 
would yield a compound that lacks robust an-
tipsychotic action. In the case of the compounds 
mentioned above, aripiprazole, bifeprunox, car-
iprazine, PF-217830 and SSR-181507 exhibit var-
ying levels of partial agonism at dopamine D2 
receptors [11, 30]. As mentioned, the precise lev-
el of partial agonism that is desirable or neces-
sary is unclear but is likely to be very low, in or-
der to avoid compromising antipsychotic effi-
cacy [10, 31].

Recent antipsychotics also exhibit a variety of 
levels of agonism at 5-HT1A receptors: aripipra-
zole has modest partial agonist activity at this 

Table 2. Therapeutic and side-effects profiles of principal antipsychotics.

The table shows the generic and trade names of principal antipsychotics, their origin (pharmaceutical company), year of com-
mercialisation or development phase, and a qualitative indication of their effectiveness against different symptoms of schizo-
phrenia, based on clinical and pharmacological studies. An indication of side-effect liability is also shown. First generation antip-
sychotics are D2 receptor antagonists, are generally ineffective against negative and cognitive symptoms and produce substan-
tial EPS. Second generation antipsychotics have the common characteristic of antagonising both 5-HT2A and D2 receptors. 
They are considered to show modest efficacy against negative symptoms and cognitive impairment, whilst exhibiting less EPS 
but, in some cases, substantial weight gain. “Third generation” antipsychotics generally display greater activity in tests of nega-
tive symptoms and cognitive dysfunction and improved tolerance profiles.
Key: 0 = no effect; 0/+ = weak effects; + or ++ = moderate to substantial effects; ? = uncertainty.

Therapeutic properties Side-effects
Positive 

symptoms
Negative

symptoms
cognitive
deficits

EPS Arrhythmia 
(QT)

Weight
gain

First Generation Antipsychotics: d2 antagonism
chlorpromazine Thorazine (rhonePoulenc) 1955 ++ - - ++ + +
Haloperidol Haldol (Janssen) 1967 ++ - - ++ ++ -

Second Generation Antipsychotics: 5-HT2A & d2 antagonism
clozapine Clozaril (Novartis) 1975 ++ + + 0/+ + ++
risperidone Risperdal (J&J) 1993 ++ + 0/+ + + 0/+
Paliperidone Invega (J&J) 2009 ++ + 0/+ + + 0/+
Olanzapine Zyprexa (Eli Lilly) 1996 ++ + 0/+ + + ++
Sertindole Serdolect (Lundbeck) 1996 ++ + + 0/+ ++ 0/+
Quetiapine Seroquel (AstraZeneca) 1997 ++ + 0/+ 0/+ + +

(table continued on next page)
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Ziprasidone Geodon (Pfizer) 2001 ++ + ? 0/+ ++ 0/+
Iloperidone Fanapt (Vanda) 2009 ++ + 0/+ 0/+ + 0/+
Asenapine Saphris (Shering-Plough) 2009 ++ + 0/+ + 0/+ 0/+

Third Generation Antipsychotics: 5-HT1A agonism & d2 antagonism or partial agonism
Perospirone Lullan (dainippon Sumitomo) 2001 ++ + + 0 0/+ 0
Aripiprazole Abilify (Otsuka / bMS) 2002 ++? + + 0/+ 0/+ 0
Lurasidone Latuda (dainippon Sumitomo) 2010 ++ + + 0 0 0
Bifeprunox (Solvay) FdA: non approvable +? + ? 0 0 0
cariprazine (richter / Forest) Ph.III ++? 0 0? 0
PF-00217830 (Pfizer) Ph.II ++ 0
Adoprazine (Solvay) Ph.I disc. ++ + + 0
SSR-181507 (Sanofi-Aventis) Ph.I disc. ++ + + 0
F15063 (Pierre Fabre) pre-clinical ++ + + 0

site whereas bifeprunox, adoprazine, SSR181507 
and F15063 have higher efficacy [23]. It is inter-
esting that adoprazine produces signs of “se-
rotonin behavioural syndrome” in rats where-
as F15063 does not [32]. This illustrates the fact 
that the “balance” of 5-HT1A and D2 receptor 
properties has functional consequences in be-
havioural models. In neurochemical tests (rat 
microdialysis studies), the 5-HT1A partial ag-
onism of aripiprazole was insufficient to over-
come its D2 partial agonism and elicit increas-
es in frontal cortex DA release [12]. In contrast, 
adoprazine and F15063, which have a differ-
ent balance of 5-HT1A and D2 properties (com-
plete antagonism of D2 receptors and efficacious 
5-HT1A agonism), did increase DA release [12, 
33]. In contrast, in a rodent model of social with-
drawal induced by treatment with the non-com-
petitive NMDA receptor antagonist, phencyclid-
ine (PCP), the 5-HT1A agonist properties of arip-
iprazole mediated a pro-socialising activity [30, 
34] whereas other novel antipsychotics, such as 
adoprazine or bifeprunox, did not show activity, 
reinforcing the notion that a specific balance of 
activity at 5-HT1A and D2 receptors is necessary 
to achieve optimal therapeutic benefit.

CONCLUSIONS

Accumulating evidence from molecular, neu-
rochemical, rodent behavioural and clinical 
studies has provided compelling evidence that 
compounds possessing a balanced combination 

of 5-HT1A receptor agonism together with D2 
antagonism (or weak partial agonism) yield ro-
bust activity in a broad range of rodent phar-
macological models and have a lower propen-
sity to elicit adverse side effects such as EPS or 
metabolic dysfunction. These observations sug-
gest that such compounds may be effective in 
treating a broader range of symptoms of schiz-
ophrenia and be better tolerated than existing 
antipsychotics. Accordingly, a variety of novel 
compounds are undergoing pharmacological 
and clinical evaluation and will likely provide 
new therapeutic options for the management of 
schizophrenia. Nevertheless, these compounds 
exhibit widely differing agonist or antagonist 
properties at 5-HT1A and D2 receptors. These 
differences translate to clearly divergent profiles 
in pharmacological tests and may be reflected 
in differing clinical efficacy. It is therefore nec-
essary, when testing novel antipsychotic candi-
dates, to consider their balance of 5-HT1A and 
D2 properties.
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