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Background
Drugs used in psychotic disorders, commonly referred to as 
‘antipsychotics’ or by the older term ‘neuroleptics’, first became 
available in the 1950s with the introduction of chlorpromazine 
(McPherson, 2007). Throughout the next 30 years, new com-
pounds were developed and brought to market. Almost all of the 
drugs which entered clinical use for psychotic disorders in this 
era were strong or moderate dopamine D2 receptor antagonists, 
and a seminal paper (Seeman and Lee, 1975) illustrated that their 
potency was linked to affinity for this receptor. However, clozap-
ine, first made available in the 1960s, appeared to differ from the 
rest in both its mechanism (as it had only weak affinity for the 
dopamine D2 receptor) and its superior efficacy in treatment-
resistant schizophrenia (Remington et al., 2016). Although clo-
zapine was initially withdrawn due to concerns about 
agranulocytosis (only to return later with strict requirements for 
haematological monitoring), the observation of its enhanced effi-
cacy was a catalyst for the development of many new drugs.

Until recently, classification of drugs used in psychosis was 
piecemeal, relying on a combination of grouping by chemical 
structure (e.g. phenothiazines, butyrophenones) and by epoch of 
introduction (e.g. first generation vs second generation), with lim-
ited reference to pharmacological mechanisms. Some acknowl-
edgement of the desire to classify by mechanism is present through 
the distinction between the terms ‘conventional’ antipsychotics, 

whose action was thought to be mainly dependent on dopamine D2 
antagonism, versus ‘atypical’ antipsychotics, which were under-
stood to have a broader range of mechanisms. However, several 
‘atypicals’ such as risperidone, lurasidone and asenapine still have 
strong affinity for the D2 receptor, while many ‘conventional’ 
drugs have appreciable affinity for other non-dopaminergic recep-
tors (e.g. loxapine for 5HT2A, 5HT2C and histamine H1 recep-
tors). Thus, the ‘conventional versus atypical’ distinction offers 
only limited insight into putative antipsychotic treatment mecha-
nisms. The problem may stem from the fact that the original devel-
opment of drugs for psychosis predates an understanding of the 
mechanisms involved. There was a gap of more than 20 years 
between the approval of the first agents and Seeman’s elucidation 
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of the role of the dopamine D2 receptor. A further 20 years elapsed 
before the technology was widely available to ascertain affinities 
for many of the other receptor systems that may be related or even 
integral to drug action. These receptors include serotonin 5HT2A 
and 5HT2C receptors, alpha 2 adrenoceptors, histamine H1 recep-
tors and cholinergic M1 and M4 receptors.

We will briefly discuss some of the functions of these receptors. 
The 5HT2A receptor is implicated in modulation of dopamine 
transmission and blockade leads to decreased dopamine transmis-
sion in the mesolimbic system (Aringhieri et al., 2018). 5HT2C 
has a role in inhibition of dopamine transmission and modulating 
acetylcholine transmission (Zhelyazkova-Savova et al., 1999). 
Alpha 2 adrenergic receptor antagonism has a role in treatment of 
negative and cognitive symptoms of schizophrenia through actions 
on cortical noradrenaline release, dopaminergic mesocorticolimbic 
circuitry and direct or indirect facilitation of central serotonergic 
neurotransmission (Svensson, 2003). The histamine H1 receptor is 
involved in wakefulness (among other functions), and medications 
which are antihistaminergic are generally quite sedating. 
Acetylcholine M1 receptors have a role in executive function and 
episodic memory (López-Álvarez et al., 2019). M4 receptors regu-
late the levels of acetylcholine (López-Álvarez et al, 2019). 
Blockade of M1 and M4 receptors mediates anticholinergic side 
effects and helps offset extrapyramidal side effects produced by 
D2 receptor blockade. M1 and M4 receptors may constitute a ther-
apeutic target in schizophrenia and other psychotic disorders as 
they have been proposed to contribute to an imbalance between 
central cholinergic and dopaminergic systems (Yohn and Conn, 
2018). Each receptor listed above has more functions than outlined 
here. Several other receptors that may have a role in drug action 
were not included in this paper due to limited space, although we 
noted the putative importance of the dopamine D3 receptor in the 
action of cariprazine, a D3 partial agonist (Girgis et al., 2016), 
whose mechanism is still being explored.

Faced with overlapping and sometimes conflicting layers of 
classification, there have been calls for improved categorization 
of drugs used in psychotic disorders (Nutt, 2009; Zohar et al., 
2014). Many experts believe that categorization should be primar-
ily based on pharmacological mechanism. Mechanism-based cat-
egorization such as NBN-2R (Zohar et al., 2019) would allow 
prescribers and users to better identify which drugs may share 
common pharmacological effects, both in terms of efficacy and 
side effect profiles. A further benefit of mechanism-based classifi-
cation is guidance towards more logical drug groupings for those 
undertaking systematic reviews and meta-analyses. For example, 
a system of classification paying close attention to drug mecha-
nisms may more intuitively allow analyses of the efficacy of all 
drugs that share a specific property (e.g. high affinity for a certain 
receptor). Nutt (2017) has attempted to produce a visual charac-
terization of drug actions, including most commonly prescribed 
agents used for psychotic disorders through the visualizing psy-
chotropic medicine (VPM) library project (https://www.vpmli-
brary.com/Browser/Show). This body of work allows the 
mechanisms of individual drugs to be viewed according to a pre-
defined schema of actions on receptors, transporters, ion channels 
and enzymes and can be seen as constituting the building blocks 
of information on which categorization by mechanism might rely.

In this paper, we set out to design a graphical representation of 
antipsychotic drugs in the style of a ‘subway map’ or a ‘tube map’ 
(Garland, 1994) as we have previously designed for drugs that 

treat depression (Davies et al., 2014). Unlike the case with VPM, 
which dedicates a separate slide to each drug included, we 
attempted to represent the majority of drugs used to treat psy-
chotic disorders together on a single slide. The aim was to produce 
a map that would allow categorization by (a) molecular structure, 
(b) epoch of introduction, (c) detailed pharmacological mecha-
nisms to be visualized and (d) acknowledges other existing non 
mechanism-based (or loosely mechanism based) categorizations.

Methods
We selected 32 drugs recognized for the treatment of psychotic 
disorders to construct a map representing a visual representation 
of classification. In all, 27 are currently available for this indica-
tion and a further five are no longer used in most jurisdictions but 
were included due to historical or mechanistic interest. Some 
drugs have never been marketed in key regions of the world (e.g. 
amisulpride was never approved in the United States or Canada 
but is commonly used in Europe, and blonanserin is marketed in 
Japan and Korea but is not available in Europe or North America).

Map design

Table 1 provides a reference guide for the design principles of the 
simplified (Figure 1) and full (Figure 2) versions of the map. The 
principles determining drug locations on the east–west and 
north–south axes, colours, groupings (into zones corresponding 
to first-generation (conventional), second-generation (atypical) 
and third-generation (dopamine D2 partial agonist) agents; Virani 
et al., 2012), connections between drugs and additional mecha-
nistic information are described. As described in Table 1, the 
position of each drug on the map’s east–west axis was established 
by the year in which they were first brought to market (in any 
country as recorded in McPherson (2007) or else from other 
sources such as regulatory approval documentation) ranging 
from the oldest which appeared in the 1950s to those which have 
arrived only in the last decade.

Acquisition of receptor affinity data

The position of drugs on the north–south axis was determined by 
the affinity for the dopamine D2 receptor which is inversely propor-
tional to the inhibition constant (Ki), that is, lower affinity at the top 
of the page. Ki values were sourced from human studies of D2 
receptor affinity listed in the Psychoactive Drug Screening Project 
(PDSP) database (Roth and Driscoll, 1999-present: https://pdsp.
unc.edu/databases/pdsp.php, Roth et al., 2000), taking the median 
value where more than one human study was recorded. Since PDSP 
lists numerous similarly named receptors, we used only those stud-
ies listed in PDSP as relating to the ‘dopamine D2 receptor’ with 
receptor ID number = 20. In any instances where a drug was not 
listed in PDSP, we sought alternative sources from published litera-
ture to establish Ki values for the dopamine D2 receptor.

For the 27 currently available drugs, receptor Ki was deter-
mined for six further receptors. Where possible data were 
obtained from human studies listed in the PDSP database (Roth 
and Driscoll, 1999-present; Roth et al., 2000), taking the median 
value where data from more than one study was described. The 
receptor ID numbers used in PDSP were as follows: serotonin 
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5HT2A = 9, serotonin 5HT2C = 11, histamine H1 = 31, adrena-
line alpha 2 = 25, acetylcholine M1 = 50 and acetylcholine 
M4 = 73. Final median Ki values were represented by triangular 
symbols with size depending on the range (strong: 0–19.99 nM, 
medium: 20–99.9 nM and weak: 100–999.9 nM) in which they 
fell. Where the Ki was ⩾1000 nM, indicating very little affinity 
for a given drug at the receptor, instead of a triangle a ‘zero’ 
symbol was used. Where no human data were available in PDSP 
but animal data were listed, we took the median value from the 
animal studies and used adapted map symbols (e.g. hollow trian-
gles or a rotated ‘zero’ containing a vertical line) to represent the 
affinity value. Inverse agonists were denoted by rectangular 
symbols. For reasons of space, we did not provide any additional 
mechanistic data for the five drugs which are no longer available 
in most markets.

Results
The final map providing a visual representation of 32 drugs used in 
treatment of psychotic disorders is presented in Figure 1. Data 

relating to dopamine D2 receptor affinity were available in the 
PDSP database for 27 of the drugs selected (Table 2). Four (blo-
nanserin, clopenthixol/zuclopenthixol and pimavanserin) did not 
have any data for Ki for dopamine D2 from human receptor studies 
referenced in PDSP. The alternative sources used to ascertain D2 
affinity values for these compounds are listed in Table 2 
(Christensen et al., 1984; Kitten et al., 2018; Tenjin et al., 2013). 
Brexpiprazole had data in PDSP referring to a dopamine D2L 
receptor but on consulting the source (Maeda et al., 2014), this was 
judged to be an acceptable proxy for D2. By design, drugs high on 
the vertical axis (e.g. clozapine and olanzapine) have the highest 
Ki and lowest affinity for the dopamine D2 receptor, while con-
versely, those lowest on the vertical axis (e.g. droperidol and blo-
nanserin) have the highest affinity for dopamine D2 and the lowest 
Ki. The horizontal axis allows the reader to visualize the order in 
which the drugs came to market ranging from the earliest, chlor-
promazine, to the most recent, pimavanserin and cariprazine.

The map illustrates connections between drugs both in terms 
of the early classifications based on chemical structure and the 
later terminology which divides drugs into first-generation 

Table 1. Map design principles.

The following principles determined drug locations, colours, groupings, connections and additional mechanistic information for the simplified 
(Figure 1) and full (Figure 2) versions of the map. All symbols described in this table are illustrated in the figure legends.
Drug locations and colours
•  Drugs were represented by coloured discs (akin to a ‘station’ of a subway map), with disc colour determined by the chemical structure. Five 

drugs no longer available in most or all markets were distinguished by their discs having a white centre and appear in italic script.
• Position on the east–west axis was established by the year first brought to market.
•  Position on the north–south axis was determined by the affinity for the dopamine D2 receptor, inversely proportional to the inhibition 

constant (Ki) – that is, lower affinity at the top of the page. Ki values were sourced from human studies of D2 receptor affinity listed in the 
Psychoactive Drug Screening Project (PDSP) database or if not listed in PDSP from published literature.

Drug groupings: zones and interconnections between drugs
•  Drugs were grouped into zones corresponding to (1) first-generation (conventional), (2) second-generation (atypical) and (3) third-generation 

(dopamine D2 partial agonist) agents.
• Solid coloured lines were employed to indicate commonly used groupings irrespective of their basis.

  For first-generation agents (zone 1), this was based on long-established structure-based categories, for example, phenothiazines (subdivid-
ed into aliphatic phenothiazines (maroon) connected by dashed lines to the related piperidine (pink) and piperidine (purple) phenothiazine 
types), butyrophenones (light green), thioxanthenes (red), benzamides (silver) and diphenylbutylpiperidines (brown).

  Clozapine and most drugs brought to market after 1985 are commonly grouped together in a ‘second-generation’ or an ‘atypical’ (zone 2) 
category and were connected by pale blue solid lines. As classification by structure is possible (but rarely used), we denoted second-gener-
ation drugs as benzisoxazoles/benzisothiazoles (green), benzamides (silver) and phenylindoles (dark blue), while some second-generation 
drugs and the first-generation drug loxapine can be described as having a tricyclic structure (black). Here, drugs sharing similar chemical 
structures were connected to each other with the weaker dashed lines.

  Dopamine D2 partial agonist drugs, ‘third-generation’ drugs, were depicted in orange (also representing the rarely used structural descrip-
tion of phenylpiperazines/quinolinones) and form the map’s zone 3.

  Pimavanserin, a serotonin-receptor modulator which does not belong to any of the three drugs groups described, was placed in an inset box 
at the top of the map due to negligible affinity for the dopamine D2 receptor.

•  Pairs of closely related drugs differing only by stereoisomer content or by one being an active metabolite of another were connected by double 
lines to emphasize their close connections.

Additional mechanistic information
•  D2 partial agonists (aripiprazole and related ‘third-generation’ drugs) were marked with a star symbol on the station disc to emphasize the dif-

ference in their mechanism from D2 antagonist first-generation and second-generation drugs (both figures).
•  Symbols adjacent to each drug name provide additional information on drug mechanisms (Figure 2 only, with exception of cariprazine’s D3 af-

finity as a partial agonist being illustrated on both figures by an inverted triangle).
•  For six further receptors of interest (5HT2A, 5HT2C, H1, alpha 2 and M1/M4 cholinoceptors), additional symbols adjacent to the drug name 

were added (Figure 2 only). The final median Ki value from PDSP was represented by a solid triangle; large, medium or small size depending on 
affinity (strong: 0–19.99 nM, medium: 20–99.9 nM and weak: 100–999.9 nM). Where the Ki was ⩾1000 nM, a small circle containing an oblique 
line similar to a ‘zero’ was used.

•  Where no human data were available in PDSP but animal data were listed, hollow triangles of comparable size to those described above or for 
Ki ⩾ 1000 nM a small circle containing a vertical line were used to represent affinities.

•  Inverse agonist properties were denoted by a rectangle.



1010 Journal of Psychopharmacology 36(9)

Fi
gu

re
 1

. 
M

ap
 o

f 
32

 d
ru

gs
 u

se
d 

in
 t

re
at

m
en

t 
of

 p
sy

ch
os

is
 (

si
m

pl
if

ie
d 

ve
rs

io
n)

. 
As

 d
es

cr
ib

ed
 in

 T
ab

le
 1

, 
dr

ug
 lo

ca
ti

on
s 

ar
e 

de
te

rm
in

ed
 b

y 
af

fi
ni

ty
 f

or
 t

he
 d

op
am

in
e 

D2
 r

ec
ep

to
r 

(v
er

ti
ca

l)
 a

nd
 y

ea
r 

fi
rs

t 
ca

m
e 

to
 m

ar
ke

t 
(h

or
iz

on
ta

l)
. 
Dr

ug
s 

ar
e 

gr
ou

pe
d 

by
 z

on
e 

(‘c
on

ve
nt

io
na

l’/
fi

rs
t 

ge
ne

ra
ti

on
 v

s 
‘a

ty
pi

ca
l’/

se
co

nd
 g

en
er

at
io

n 
vs

 D
2 

re
ce

pt
or

 p
ar

ti
al

 a
go

ni
st

s/
th

ird
 g

en
er

at
io

n)
. 
So

lid
 c

on
ne

ct
in

g 
lin

es
 r

ep
re

se
nt

 
gr

ou
pi

ng
 b

y 
ch

em
ic

al
 s

tr
uc

tu
re

 (
fi

rs
t-

ge
ne

ra
ti

on
 d

ru
gs

) 
ve

rs
us

 s
ec

on
d 

or
 t

hi
rd

 g
en

er
at

io
n.

 D
as

he
d 

co
nn

ec
ti

ng
 li

ne
s 

re
pr

es
en

t 
po

te
nt

ia
l (

bu
t 

ra
re

ly
 u

se
d)

 g
ro

up
in

g 
by

 c
he

m
ic

al
 s

tr
uc

tu
re

 f
or

 s
ec

on
d-

ge
ne

ra
ti

on
 d

ru
gs

. 
Do

ub
le

 li
ne

s 
co

nn
ec

t 
dr

ug
s 

cl
os

el
y 

re
la

te
d 

th
ro

ug
h 

ch
ira

lit
y 

or
 m

et
ab

ol
is

m
.



Zhou et al. 1011

Fi
gu

re
 2

. 
M

ap
 o

f 
32

 d
ru

gs
 u

se
d 

in
 t

re
at

m
en

t 
of

 p
sy

ch
os

is
 (

fu
ll 

ve
rs

io
n)

. 
Th

is
 f

ig
ur

e 
co

nt
ai

ns
 a

ll 
of

 t
he

 in
fo

rm
at

io
n 

de
sc

ri
be

d 
fo

r 
Fi

gu
re

 1
. 

In
 a

dd
it

io
n,

 f
or

 2
7 

dr
ug

s 
re

m
ai

ni
ng

 in
 c

om
m

on
 u

se
 (

ex
cl

ud
in

g 
th

e 
fi

ve
 s

ho
w

n 
in

 it
al

ic
s)

, 
af

fi
ni

ti
es

 f
or

 s
ix

 a
dd

it
io

na
l r

ec
ep

to
rs

: 
5H

T2
A 

an
d 

5H
T2

C 
re

ce
pt

or
s,

 a
lp

ha
 2

 a
dr

en
oc

ep
to

r, 
hi

st
am

in
e 

H
1 

re
ce

pt
or

 a
nd

 a
ce

ty
l c

ho
lin

e 
M

4/
M

1 
re

ce
pt

or
s 

ar
e 

ill
us

tr
at

ed
 b

y 
th

e 
ap

pr
op

ria
te

 s
ym

bo
ls

.



1012 Journal of Psychopharmacology 36(9)

(conventional), second-generation (atypical), third-generation 
(Dopamine D2 partial agonist) agents as well as pimavanserin 
which belongs to none of these categories. For the 16 ‘conven-
tional’ agents depicted in zone 1, the map reveals the traditional 
subdivision by chemical structure. Eight are known as pheno-
thiazines, further divided into aliphatic, piperidine and pipera-
zine groups and the remaining eight belong to six additional 
structure-based categories. Meanwhile, the 12 agents making 
up zone 2 are most commonly referred to merely as ‘atypical’ 
drugs, without further categorization, despite their wide-rang-
ing mechanistic differences. Classification by chemical struc-
ture would be possible for almost all of these second-generation 
drugs, with five being benzisoxazoles/benzisothiazoles, one a 
benzamide (in common with the first-generation drug sulpiride) 
and one a phenylindole. A further four second-generation drugs 
are best described as having a tricylic structure, as is the first-
generation drug loxapine, although this term is used with the 
caveat that it is non-specific and may be used to refer to numer-
ous other psychotropic drugs that possess a similar three-ringed 
structure. However, with interest in structure-based classifica-
tion waning by the time these drugs were introduced, these 
terms are very rarely employed for categorization. Three dopa-
mine D2 partial agonists (third-generation drugs) make up zone 
3. As anticipated, all three share a common phenylpiperazines/
quinolinone structure, meaning that the dopamine D2 partial 
agonists and phenylpiperazines/quinolinones are rare examples 

of the mechanism (at least with regard to the dopamine D2 
receptor) and the chemical structure being uniform within a 
drug group. As anticipated, the final medication, pimavanserin, 
appears in an insert box in the top right corner of the map since 
it has negligible affinity for the dopamine D2 receptor and its 
approval by the United States Food and Drug Administration 
came as recently as 2016.

Two pairs of drugs were found to be very closely related; 
zuclopenthixol/clopenthixol which contain the same cis iso-
mers but differ in the presence or ratio of the trans-isomer, and 
risperidone/paliperidone – the latter being a hydroxy metabolite 
of the former.

The map provides information for the 27 more widely avail-
able drugs on additional serotonergic, alpha-adrenergic, hista-
minergic and cholinergic receptor affinities by virtue of the 
symbols adjacent to each station disc. Where data exist in PDSP 
(or additional sources as described in the Methods), affinity 
stronger than a Ki threshold of 1000 nM is indicated by triangles 
of increasing size depending on the magnitude of affinity. There 
were a small number of examples of inverse agonists: cariprazine 
at the 5HT2C receptor and potentially pimavanserin at both 
5HT2A and 5HT2C receptors. We chose to highlight the D3 par-
tial agonist action of cariprazine with a distinctive symbol as the 
10-fold greater affinity of the D3 receptor over the D2 is unique 
to this drug and may be essential understanding its therapeutic 
action (Girgis et al., 2016).

Table 2. Receptors and ligands searched in PDSP and where necessary from other sources as specified.

Receptors* Ligands where Ki for dopamine D2 receptor listed 
in PDSP

Ligands where alternative sources were required for 
Ki for dopamine D2 receptor

Dopamine D2
Serotonin 5-HT2A
Serotonin 5-HT2C
Alpha 2 adrenoceptor
Histamine H1
Acetyl choline M1
Acetyl choline M4
*Dopamine D3 receptor was considered 
for cariprazine only

Amisulpride
Aripiprazole
Asenapine (listed as ORG-5222)
Cariprazine
Chlorpromazine
Clozapine
Droperidol†
Flupenthixol, CIS
Fluphenazine
Haloperidol
Iloperidone†
Levomepromazine (methotrimeprazine)
Loxapine
Lurasidone (also listed as SM-13496)
Olanzapine
9-OH-risperidone (Paliperidone)
Perphenazine
Pimozide
Prochlorperazine
Propericiazine (pericyazine)
Quetiapine
Risperidone
Sertindole†
Sulpiride
Thioridazine†
Trifluoperazine
Ziprasidone

Blonanserin (Tenjin et al., 2013)
Brexpiprazole (PDSP listed data for a ‘D2L’ receptor 
which was included in place of D2 after consulting 
the source (Maeda et al., 2014)
Clopenthixol† (extrapolated from Christensen et al. 
(1984))
Pimavanserin (Kitten et al., 2018)
Zuclopenthixol (Christensen et al., 1984)

†For drugs of historical interest which are no longer available in most markets (clopenthixol, droperidol, iloperidone, sertindole and thioridazine) only dopamine D2 was 
searched.
PDSP: Psychoactive Drug Screening Project.
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We encountered a small number of situations whereby the evo-
lution of receptor nomenclature generated issues in ascertaining 
the data on receptor affinities. For levomepromazine and zuclo-
penthixol, data listed as relating to ‘5HT2’ were assumed to relate 
to 5HT2A as the modern nomenclature of 5HT2A, 5HT2C and 
other 5HT2 subtypes (Saxena, 1995) had not yet been adopted at 
the time of publication of papers providing affinity data, the 
‘5HT2’ receptors described in that era subsequently being rela-
belled ‘5HT2A’. For aripiprazole, brexpiprazole and lurasidone, no 
data for alpha 2 adrenoceptor affinity were listed in the PDSP data-
base. For each drug, however, there were several studies yielding 
data for one or more related receptor subtypes, that is, alpha 2A, 
2B and/or 2C receptors. We therefore took the median value of Ki 
values across all three of these receptor subtypes to ascertain the 
value for alpha 2 for aripiprazole, and across the alpha 2A and 2C 
values available for lurasidone, while for brexpiprazole we used 
the value for alpha 2C receptors which was the only receptor sub-
type which had data available in PDSP. We noted a small disparity 
between PDSP data listed for lurasidone and the original data in the 
corresponding cited publication (Ishibashi et al., 2010) for 5HT2A 
and H1 affinities, and chose to use the source data from the paper.

In addition to the cases described above where no data for the 
affinity of certain drugs for dopamine D2 receptors were listed in 
PDSP, there were also instances where no data were available in 
the PDSP database for other drug/receptor combinations from 
binding affinity studies in either humans or animal studies. In such 
instances, we did not attempt to undertake any further searches 
beyond PDSP. The one exception was that for the drugs where D2 
affinities were not listed in PDSP, we included any data on affinity 
for other receptors presented in the same papers as those which 
provided our sources for D2 affinity (Table 2). Overall, the num-
ber of missing data points was 34, 17.5% of the 194 drug–receptor 
pairs (e.g. haloperidol-5HT2A) examined. M1 and M4 receptor 
affinities accounted for 24 instances of missing data. We have 
tabulated all instances where data were lacking in Table 3.

Discussion
We have constructed a schematic map of 32 drugs currently or 
previously used in treatment of psychotic disorders according to 
the principles outlined above. This map allows simultaneous 
visualization both of historical classification systems (e.g. those 
relying on chemical structure, those related to some aspect of the 
pharmacological mechanism and those describing the era in 
which drugs came to market) and of more robust mechanism-
based classifications that may be potentially used in the future. 
The map clearly illustrates how the original drugs were classified 
only by their chemical structure, but once the means existed to 
appraise newly developed compounds by their biological mecha-
nisms, drug categorization has been increasingly influenced by 
pharmacology, initially informally with the introduction of terms 
such as ‘atypical’ and then more specifically with aripiprazole 
and similar agents being described as ‘dopamine D2 partial ago-
nists’. However, we have still provided structural information for 
more recently introduced medications as well as the more com-
monly used structure-based groupings for first-generation drugs. 
Knowledge of which drugs have related structures may be of 
value in anticipating that drugs may share propensity to hyper-
sensitivity-based reactions which are commonly linked to chemi-
cal structure. This might allow prescribers to decrease the 
likelihood of further such reactions after hypersensitivity to a 
drug with a specific structure has occurred or to reduce the risk of 
cross-reactivity between co-prescribed drugs.

Whether the ideal mechanism-based classification should be 
predominantly based on the affinity and type of action (e.g. 
antagonism vs partial agonism) at dopamine D2 receptors or 
should take account of interactions with other receptor systems 
(e.g. 5HT2A, 5HT2C and alpha 2) is not currently clear. However, 
both the NBN-2R system (Zohar et al., 2019) and VPM (Nutt,  
2017) attempt to incorporate information on receptor systems 
beyond dopamine D2. While interactions with certain receptors 

Table 3. Missing data for drug/receptor pairs from PDSP Ki database or alternative sources referenced in Table 2, illustrated by dark grey rectangles.

5HT2A 5HT2C H1 Alpha 2 M4 M1

Blonanserin  

Brexpiprazole  

Cariprazine  

Flupenthixol  

Levomepromazine  

Lurasidone  

Pericyazine  

Perphenazine  

Pimavanserin  

Pimozide  

Prochlorperazine  

Sulpiride  

Trifluoperazine  

Zuclopenthixol  
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(e.g. histamine H1) may not be central to drugs’ efficacy in treat-
ing psychosis, these actions may contribute indirectly to the over-
all therapeutic effect and/or side effects (e.g. H1 antagonism and 
sedation or weight gain).

A classification system with more information on drug mech-
anisms offers potential to perform better targeted systematic 
reviews or meta-analysis. For instance, once ‘second-generation’ 
drugs for psychosis became established in prescribing practice, 
numerous meta-analyses were performed to examine differences 
in efficacy and side effect profile between second-generation and 
first-generation drugs. As discussed previously, the first-genera-
tion versus second-generation divide is based to some extent on 
affinities for the D2 receptor, but is not entirely representative. A 
more targeted approach would be to group together drugs sharing 
specific mechanisms based on affinities for one or more receptor 
system (e.g. a meta-analysis comparing various medications 
based on high–intermediate–low affinity for 5HT2A for efficacy 
on a specific symptom or incidence of a specific side effect). The 
map will facilitate mechanism-based approaches to drug catego-
rization such as these.

As we have found with our previous mechanism-based map 
of antidepressants, the map may also have a utility in clinical 
and educational settings. It may assist prescribers in explaining 
to patients and learners the similarities and difference between 
the various drugs depicted and how a proposed medication’s 
pharmacology may differ from or resemble that of drugs already 
trialled. One example of a scenario we encountered clinically 
where the map proved to be valuable was the case of a consulta-
tion with an elderly patient who had experienced a brief psy-
chotic episode many years earlier which had resolved on taking 
trifluoperazine. She continued to take a small dose of this medi-
cation as a prophylaxis and was concerned at reports of the pos-
sibility that it might cease to be available at some point in the 
future. She therefore asked for our recommendations as to which 
of the newer (and more readily available) medications would be 
an alternative if access to trifluoperazine became problematic. 
Inspection of the map revealed the pharmacological similarities 
between trifluoperazine and risperidone, with their comparable 
affinities for dopamine D2 and 5HT2A receptors, while risperi-
done has slightly greater affinities for 5HT2C and histamine H1 
receptors. Asenapine, paliperidone and ziprasidone might be 
other alternatives with some affinities in common. Certain other 
second-generation drugs such as quetiapine and amisulpride 
appear to have few similarities to trifluoperazine in terms of 
receptor affinities and accounting for the impact of the higher 
dose ranges usually employed, these drugs would be less logical 
choices to be its direct replacement. To facilitate both education 
opportunities and clinical discussion, we will aim to incorporate 
this work into a web or smartphone-based app format.

There are a number of limitations to this work. First, and as dis-
cussed earlier, for some drugs, affinities for certain receptors have 
yet to be studied or have only been studied in animals rather than in 
humans. Second, receptor affinity allows us to understand the 
degree to which drugs may bind to a receptor at numerically com-
parable doses, but disparities between drugs may be offset when 
they are typically given at markedly differing doses, while pharma-
cokinetic factors also need to be considered. Third, receptor binding 
(based on the affinities illustrated) is not always correlated with 

clinical effects. Fourth, while we selected seven receptors to include 
on this map, a number of others (e.g. dopamine D3, histamine H3, 
acetyl choline M2 and M3, and alpha 1) were judged to be less 
important in terms of impact on clinical efficacy and side effects. 
These were omitted from the map in the interest of clarity, except to 
emphasize the importance of the D3 receptor in the mechanism of 
cariprazine. Finally, while the third-generation dopamine D2 partial 
agonists (aripiprazole, brexpiprazole and cariprazine) are shown in 
the same plane as the remaining drugs which are D2 antagonists, 
the reader should be aware that equivalent D2 affinities may be 
associated with biological effects which differ systematically 
between the former and latter groups as suggested by the symbols 
demarcating the third-generation drugs.

Conclusions
This map allows simultaneous visualization of different means to 
conceptualize drugs developed for the treatment of psychosis. 
The map illustrates the historical development of the drugs and 
the classification of earlier compounds by their chemical struc-
ture. As newer drugs have been developed along with the tech-
nology to understand and quantify affinities for key receptors, the 
focus has begun to shift to classification by mechanism. The pre-
sent map provides an easily accessible schema for receptor bind-
ing properties and affinities for the drugs included, offering 
prescribers and users a simultaneously quicker and more detailed 
method to appreciate similarities and differences between medi-
cations compared to existing classification systems. This schema 
may also have utility in allowing drugs which share specific 
pharmacological properties to be grouped together more logi-
cally in a systematic review or in a meta-analysis.
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