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While the scientific community has long acknowledged the significant role of serendipity in shaping the field of contemporary
psychopharmacology, its impact has not undergone a comprehensive analysis using operational methodologies. Serendipity,
originally defined as discoveries stemming from a blend of luck and astuteness by Walpole, has been operationalized by our
research group. Our definition builds upon Walpole’s notion of fortuitous accidents and keen insight leading to the unexpected
revelation of something unintended. We have discerned four unique serendipitous attributability patterns. In this paper, we
delve into the historical aspect of how serendipity has played a role in the discovery and advancement of drugs approved for
addressing different stages of bipolar disorder. The revelation of valproate’s antimanic properties aligns with the pure
serendipitous pattern (type I). Conversely, the discovery of lithium’s antimanic effects corresponds to the mixed type II
pattern, where the initial serendipitous observation of sedation in research animals, prompted by adding lithium salts to
enhance uric acid solubility, led to the planned discovery of its calming impact on manic patients. On the contrary, the
recognition of the mood-stabilizing attributes of lamotrigine aligns with the type III archetype. This particular pattern is
defined by serendipity emerging as a consequence of a discovery that was initially nonserendipitous, as mood-stabilizing
efficacy was incidentally observed during the treatment of epileptic patients for whom the drug was originally developed.
Finally, carbamazepine and, notably, atypical antipsychotics fall within the type IV pattern. In this category, serendipity is
entirely absent, as the antimanic use of carbamazepine was a straightforward extension of the use of other antiepileptic drugs.
Atypical antipsychotics were introduced into bipolar disorder therapy through a deliberate and targeted design process, seeking
drugs capable of acting on specific biological targets.
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1. Introduction

Although bipolar disorder is a mental disorder known since
antiquity (“mania,” “manic-depressive psychosis,” and “psy-
chotic excitement”) [1], until recently, it has not received
adequate attention from science, and its etiopathogenesis is
still largely unknown. Therefore, some authors contend that,
in the context of current scientific research, bipolar disorder
is regarded as a developing medical condition [2]. It is a
severe, chronic affective disorder characterised by alternat-
ing episodes of mania or hypomania with euthymia and
depressive episodes [3]. From an epidemiological point of
view, this disorder has a high morbidity/mortality rate [4],
with a lifetime prevalence estimated at 1-2% of the popula-
tion over the age of 20 [5]. However, if we were to take the
so-called “bipolar spectrum” into consideration, which
includes the classic type I, type II, and cyclothymic disor-
ders, giving this pathology a much wider scope, we could
estimate rates of prevalence at between 2.8 and 6.5% of the
population [4, 6-8].

Similarly, the history of the pharmacological approach to
bipolar disorder is not a long one, as the only effective ther-
apeutic tool for these patients was lithium salts, until the
effectiveness of valproate in treating manic episodes was val-
idated in the mid-1990s. The unearthing of lithium’s effec-
tiveness in treating mania, made by the Australian
psychiatrist John F.K. Cade in the late 1940s, was a signifi-
cant revelation [9] During the period known as the “modern
psychopharmacology era,” which became well-established in
the 1950s with the clinical introduction of the extensive
groups of pharmaceutical agents still employed today,
including the conventional neuroleptics and antipsychotics,
the traditional tricyclic antidepressants, and the benzodiaze-
pine anxiolytics [10], this is what is commonly referred to as
the “psychopharmacology revolution,” as it not only pro-
vided the first specifically effective agents for managing psy-
chiatric disorders, which drastically changed psychiatric
care, but also allowed the neurobiological basis of mental ill-
nesses to be understood.

In the specific case of bipolar disorder, until the antima-
nic effect of lithium was discovered, the therapeutic agents
that had been used in clinical practice showed very low effi-
cacy [10], with sedatives being the most commonly used
drugs to manage manic patients. Opium and morphine were
commonly used in the later part of the 19th century, along
with alkaloids obtained from plants of the Solanaceae family,
such as hyoscyamine and hyoscine or scopolamine [1].
Later, chloral hydrate was used, which made it possible to
treat manic patients at home [11], as were bromides [12],
and then barbiturates in the 20th century. Barbital was the
first drug in this family and was introduced into clinical
practice in 1903. It had already been shown to be capable
of calming manic patients, among other properties, although
the most widely used in these conditions was phenobarbital,
marketed in 1912, thanks to its more prolonged pharmaco-
logical action. Even highly excited manic patients were given
so-called “sleep cures” based on barbiturates and other com-
pounds, which induced an extended and profound state of
sleep, lasting for at least 6-7 days [13].
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The efficacy of lithium salts in managing manic episodes
became apparent during the 1950s. Nonetheless, it was not
until the latter part of the 1960s that it was confirmed that
lithium also possessed effectiveness in averting manic-
depressive episodes in individuals diagnosed with bipolar
disorder [14, 15]. However, the drug’s authorization for anti-
manic use by the US Food and Drug Administration (FDA)
was delayed until 1970 [16]. Valproic acid was approved in
1995 by the FDA for antimanic use, and in 2004, carbamaz-
epine was also approved, thereby giving classic anticonvul-
sants the status of established antimanic drugs. Finally,
since 2000, the FDA and the European Medicines Agency
(EMA) have authorized different atypical antipsychotic
drugs (AADs) for antimanic use (olanzapine, risperidone,
quetiapine, ziprasidone, aripiprazole, asenapine, and cari-
prazine) or antidepressant use (quetiapine, olanzapine, lura-
sidone, lumateperone, and cariprazine), and lamotrigine,
which belongs to the class of contemporary antiepileptic
drugs, is used for the prevention of depressive episodes in
individuals with bipolar disorder (see Table 1; Figure 1). In
any event, it should be noted that polypharmacy with drugs
from different therapeutic groups is a prevalent approach in
the treatment of individuals with bipolar disorder [17].

Certain researches have demonstrated that serendipity
may have significantly contributed to the uncovering of
mood-stabilizing properties in some of the medications
presently employed in bipolar disorder treatment (basically
lithium salts and classic antiepileptic drugs), as it did with
other drugs discovered at the beginning of the “era of mod-
ern psychopharmacology” [18, 19]. Nevertheless, a signifi-
cant degree of dispute exists within the scientific literature
regarding this matter, perhaps stemming from the absence
of agreement on the conceptual delineation of this phenom-
enon. This disparity is noticeable even though there is a his-
torical association between the 18th-century English writer,
politician, and historian Horace Walpole and the British
diplomat Sir Horace Mann. Their discussions revolved
around the ancient Persian tale The Three Princes of Seren-
dip, which initially referred to the two essential elements that
would define “serendipity”: accident and sagacity [18], it
gradually evolved until it was considered a synonym for
chance or random phenomenon and lost the component of
sagacity.

Sagacity has now been recognised once again, along with
unexpected observation, as a key element of serendipity.
However, our group has argued that, when it comes to ser-
endipitous discoveries, sagacity is subsequent to the acciden-
tal observation, i.e., we would be addressing the uncovering
of something unintended, irrespective of the steps that led
to the fortunate observation [18, 20]. Following this
approach, the incorporation of numerous psychotropic
drugs discovered during the 1950s into clinical practice
would be in line with the influence of serendipity. In this
regard, Hargrave-Thomas et al. [21] postulate that a quarter
of all existing drugs benefited from the phenomenon of ser-
endipity at some point in their development, particularly
psychotropic drugs.

Nevertheless, the extent of serendipity’s involvement in
these endeavors has traditionally been conveyed subjectively
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FIGURE 1: Historical process of the discovery of mood stabilizer drugs. Original figure created and designed by the authors.

by the scientists who made these discoveries. To tackle this
matter, we have formulated a precise characterization of ser-
endipity based on four specific patterns of attributability [18,
22]. This framework enables us to objectively discern the
actual contribution of serendipity to the drug discovery pro-
cess. In this paper, we will use this methodology to analyze
the influence of serendipity in the discovery of the mood-
stabilizing characteristics of drugs authorized for managing
bipolar disorder.

2. Materials and Methods

In earlier studies, we have introduced a functional character-
ization of serendipity [18, 22] which relies on identifying
four distinct patterns of attributing serendipity within the
process of discovering drugs (Figure 2).

Pattern I: this includes purely serendipitous discoveries.

Pattern II: this is a modification of the preceding pattern,
which outlines the initial chance findings leading to subse-
quent planned discoveries that lack serendipitous origins.

Pattern III: discoveries without serendipity that subse-
quently pave the way for serendipitous findings.

Pattern IV: this corresponds to purely nonserendipitous
discoveries, outside the realm of chance or unintended acci-
dent. This last pattern includes all those discoveries of phar-
macological drugs that fall within rational and systematic
research programmes specifically designed to obtain agents
with very specific effects on a given pathology.

While pattern I is exceptionally uncommon, mixed dis-
coveries (patterns II and IIT) were prevalent during the ini-
tial era of modern psychopharmacology, with pattern II
being most common, characterised by initial serendipitous
discoveries, often observed in the laboratory during the pro-
cess of animal research, which subsequently led to planned
observations in the clinical setting.

Before applying the attributability criteria, we sourced
the original manuscripts containing the initial pharmacolog-

ical and clinical information on presently approved mood-
stabilizing drugs from the subsequent website:

(1) The primary databases in the biomedical field (Med-
line, Embase, and Scopus)

(2) The documentation resources provided by the phar-
maceutical companies that distributed the mood-
stabilizing medications

(3) The documentation accessible through the Interna-
tional Network for the History of Neuropsychophar-
macology (INHN), under the guidance of Thomas A.
Ban (Vanderbilt University).

(4) David Healy’s The Psychopharmacologists series of
interviews de (Arnold-Oxford University Press).

(5) The history of psychopharmacology collection of the
International College of Neuropsychopharmacology
(CINP) (Collegium Internationale Neuro-Psycho-
pharmacologicum), coordinated by Thomas A. Ban,
David Healy and Edward Shorter and published by
Animula

(6) Prof. Lopez-Munoz’s collection of documents on the
history of psychopharmacology

3. Results

3.1. The Uncovering of Lithium Salts’ Antimanic
Characteristics. Lithium is an alkali metal that was first iso-
lated by the Swedes Johann A. Arfwedson and Jons J. Berze-
lius in 1817. In the mid-19th century, lithium was
introduced therapeutically to treat gout, rheumatism, and
kidney stones, as a chance result of the so-called “uric acid
diathesis” theory [23], according to which lithium salts were
able to dissolve urate deposits. In this regard, it was also
hypothesised that mental disorders could be related to high
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FiGure 2: Illustration depicting the four attributability patterns in the discovery of pharmaceutical agents and their application to mood
stabilizer drugs. 'Typically, although not invariably, these findings are associated with outcomes observed in experimental animals;
*discoveries concerning clinical effectiveness. Figure adapted from the original created by the authors [18].

urate levels, referred to as “gout that affects the head” and
“gouty mania” [24], for which lithium treatments were also
recommended. However, excluding this anecdotal use, the
actual introduction of lithium salts into psychiatric thera-
peutics took place in 1949, due to the remarkable foresight
of the Australian psychiatrist John F.K. Cade, superinten-
dent of the Bundoora Repatriation Mental Hospital (Victo-
rian Department of Mental Hygiene of Australia) [1, 22, 25].

Cade’s keen observational skills allowed him to observe
how patients with thyroid pathologies showed a symptom-
atology very similar to that experienced by patients with
manic-depressive disorder. Therefore, patients with hyper-
thyroidism manifested some symptoms very similar to those
presented by patients in the manic phase; conversely, the
symptoms of hypothyroid patients resembled those of
patients in the depressive phase [26]. This astute observation
led Cade to think that manic-depressive illness might be
related to endocrine dysfunction and that there might be
some sort of toxin in these patients that could be eliminated
in the urine. To test this hypothesis, Cade designed an inter-
esting and unusual experimental animal study; several
guinea pigs were subjected to intraperitoneal injections of
varying concentrations of urine collected from individuals
experiencing manic and melancholic states and individuals
who were in a normal, healthy state. He noticed that those
treated with high doses of urine, particularly from manic
patients, exhibited convulsions, prolonged unconsciousness,
and eventually succumbed. These outcomes prompted Cade
to consider that urea in the urine of manic patients might be
responsible for the observed toxic effects in guinea pigs.

However, he soon realized that the levels of urea and creat-
inine in the urine of manic individuals were similar to those
of other patients. Therefore, he shifted his focus to uric acid
to validate his hypothesis. He administered a solution con-
taining urea and various concentrations of uric acid to the
laboratory animals. Nevertheless, due to the limited solubil-
ity of uric acid, he turned to lithium carbonate, a signifi-
cantly more soluble compound. By chance, he noticed that
the administration of this salt at a concentration of 0.5% in
an 8% urea solution prevented the occurrence of the previ-
ously observed convulsive symptoms, and all the animals
survived [27]. In light of these findings, Cade decided to
assess the effects of exclusively administering lithium car-
bonate to guinea pigs and observed that after 2 hours, the
animals suffered a state of lethargy, which reverted 2 hours
later [25, 28].

After analysing these experimental results, Cade consid-
ered the possible therapeutic effects of lithium salts on psy-
chotically excited and manic patients and opted to provide
a 54-year-old individual with 1200 mg of lithium citrate,
thrice daily. The patient was diagnosed with manic excite-
ment and had a 5-year history of manic episodes. The
patient started to improve 5 days after starting treatment,
and 4 months later, upon his discharge from the hospital,
he received an outpatient treatment consisting of 300 mg of
lithium carbonate daily, administered in two doses. This
choice was made due to the reduced likelihood of nausea
compared to citrate. The patient’s remarkable improvement
was such that he managed to resume his prehospitalization
job. Cade achieved comparable outcomes with nine
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TABLE 2: Assigning serendipity’s role in the finding of mood-stabilizing drugs.

. Date of discovery Effect/primary  Effect/secondary  Pattern of
Group/family Drug (psychiatric introduction) properties® properties” discovery
Salts Lithium 1817 (1949) S NS II
Classic antiepileptics Carbamazepine 1961 (1971) NS NS v

Valproate/divalproex sodium 1881 (1966) S S I

New anticonvulsants Lamotrigine 1981 (2002) NS S 11T
Aripiprazole 1988 (2002) NS NS v

Asenapine 1990 (2009) NS NS v

Cariprazine 2008 (2015) NS NS v

Lumateperone 2007 (2019) NS NS v

Atypical antipsychotics Lurasidone 2003 (2010) NS NS v
Olanzapine 1991 (1996) NS NS v

Quetiapine 1985 (1997) NS NS v

Risperidone 1988 (1993) NS NS v

Ziprasidone 1987 (2001) NS NS v

*Usually, but not always, they correspond to discoveries in laboratory animals; “discoveries related to clinical efficacy; NS: nonserendipitous discovery;

S: serendipitous discovery.

additional patients diagnosed with mania or psychosis,
observing the most favorable responses in highly agitated
individuals. These findings were subsequently published in
1949 in The Medical Journal of Australia [8], in an article
that is considered to be the start of the so-called “revolution
in psychiatric pharmacology” [1].

However, lithium salts were not officially approved to
treat mania until 1970 (Table 1; Figure 1), due to a number
of circumstances that adversely affected their clinical devel-
opment. These include lithium’s poor reputation due to the
high number of fatal poisonings in the USA in the late
1940s after lithium chloride was marketed as an alternative
to sodium chloride or table salt for patients suffering from
heart disease [29] and the subsequent rise of neuroleptic
drugs from 1952 onwards, which led to scientific interest
in lithium being abandoned [25].

The identification of the antimanic effects of lithium
salts serves as a prime illustration of a serendipitous discov-
ery (inducing a lethargic state in laboratory animals after
adding these salts to improve the solubility of uric acid).
Subsequently, this serendipitous discovery transformed into
an intentional and nonaccidental finding, particularly the
calming effect observed in manic patients. In this way, the
antimanic effect of lithium salts could be classified as fitting
our type II pattern of serendipitous attributability criteria, as
outlined in Table 2. Nevertheless, this dual nature, a com-
mon feature in the discoveries of various psychotropic drugs
in this period, has spurred debates concerning the actual
influence of serendipity in these research and development
procedures.

3.2. Valproic Acid and Valproate as Mood-Stabilizing Drugs.
Valproic acid was synthesised in 1881 by the American
chemist Beverly S. Burton as an organic solvent analogue
of valeric acid [30], becoming a very popular diluent in the
mid-20th century, particularly in the pharmaceutical indus-

try [31]. In 1963, Georg Carraz, a researcher at Laboratoire
Berthier in Grenoble, conducted an assessment of the exper-
imental anticonvulsant properties of several khellin com-
pounds [32]. As was customary at that time, he employed
valproic acid as a diluent. Employing the pentylenetetrazol
convulsion model [33], Carraz et al. serendipitously discov-
ered that every solution containing valproic acid exhibited
anticonvulsant properties, irrespective of the specific khellin
compound being tested. He also determined that valproic
acid was the substance responsible for this effect [34].
Following this breakthrough, Carraz synthesised valpro-
mide, a derivative of valproic acid designed to have increased
lipid solubility and improved permeability through the
blood-brain barrier in theory [31]. To evaluate its potential
for human use, Carraz collaborated with Sergio Borselli, a
psychiatrist who had received training under Pierre A. Lam-
bert at the Hopital Psychiatrique de Bassens in Rhone-Alpes.
This collaboration paved the way for a series of clinical trials
involving epilepsy patients [35, 36]. Initially, Borselli and
Lambert observed that valpromide exhibited a sedative
effect, especially when administered alongside other anticon-
vulsant drugs available at that time, such as phenobarbital.
In any case, when valpromide and valproate were adminis-
tered independently, these researches also appreciated, by
chance, in 1966, that patients experienced a stabilisation of
their mood, as well as an improvement in their neurological
condition [36]. That same year, these researchers published,
for the first time, in patients with bipolar disorder, the
mood-stabilizing effects of valproate, such as an improve-
ment in impulsivity, irritability, and emotional lability [37]
(Figure 1). Nevertheless, valproate would not be licensed as
an antimanic drug in the USA until 1995 (Table 1), after
the publication of a series of clinical trials supported by
Abbott Laboratories (Illinois, USA), the company that owns
the patent for the divalproex sodium. The studies showed
that both divalproex and lithium were significantly more
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effective than placebo in reducing the symptoms of acute
mania and that divalproex had antimanic efficacy similar
to that of lithium [38].

Both the revelation of valproic acid’s anticonvulsant prop-
erties and the discovery of valproate’s mood-stabilizing effects
serve as remarkable instances of unplanned scientific observa-
tions, exemplifying pure serendipity (Table 2).

3.3. The Finding of the Mood-Stabilizing Effects of
Carbamazepine. Carbamazepine is a tricyclic anticonvulsant
compound that was formulated in the laboratories of J.R.
Geigy, situated in Basel, Switzerland, during the latter part
of the 1950s [39]. The anticonvulsant characteristics of car-
bamazepine were elucidated in 1963 by Walter Theobald
and H. A. Kunz [40]. However, its initial introduction to
treat manic patients in Japan was due to the concurrence
of several factors, such as the lack of availability of lithium
on the Japanese market in the early 1970s [41] and the pre-
ponderance of psychiatry over neurology in Japan [42],
which resulted in the widespread use of this drug agent in
Japanese hospitals after being marketed as an antiepileptic
drug during the 1960s [41]. Furthermore, anticonvulsant
drugs had been evaluated as mood stabilizers since the early
1970s, based on the hypothesis that epilepsy and bipolar dis-
order might share similar underlying properties, such as kin-
dling [43].

In this setting, Japanese psychiatrists began to use carba-
mazepine on manic patients due to its sedative properties,
rather than other less well-tolerated drugs such as barbitu-
rates, particularly after learning that valpromide was being
used for manic patients [31]. In 1971, Haruhiko Takezaki
and Masanori Hanaoka, in Tottori, published the first clini-
cal data on manic-depressive patients treated with carba-
mazepine [41] (Figure 1). It was an open study in which
20 patients were evaluated for periods between one and
eleven months, with an improvement of “symptomatic
manic-depressive” symptoms in 85% of them, although the
authors did not mention whether the patients were treated
previously with lithium. However, although controlled stud-
ies between carbamazepine and lithium showed similar effi-
cacy [44], this input was not taken up in the West [45],
where carbamazepine was not licensed by the FDA for this
indication until 2004 (Table 1), with the introduction of an
extended-release galenic formulation.

The identification of carbamazepine’s antimanic proper-
ties aligns with our type IV attributability pattern, as seren-
dipity played no part in its introduction into the
management of bipolar disorder, which was merely an
extrapolation concerning the application of different antiep-
ileptic medications, like valproate (Table 2).

Although serendipity actively participated in the intro-
duction of classical antiepileptic agents in terms of observing
the clinical improvement of manic patients, the pharmaco-
logical actions that justified them took many more years to
begin to be discovered. And also, coincidentally, it was found
that many of them were shared with lithium, such as the
enhancement of gabaergic neurotransmission, the decrease
in dopamine turnover, the decrease in the release of nor-
adrenaline, or the increase in synaptic levels of serotonin.

However, despite the advances made in recent years, the
mechanism of antimanic action of anticonvulsant drugs is
not yet well determined, and there is no evidence of whether
or not it coincides with their antiepileptic mechanism of
action [1].

3.4. Lamotrigine and Its Efficacy in Preventing Depressive
Episodes in Bipolar Disorder. Lamotrigine, a phenyltriazine
compound, was synthesised in the early 1980s at Wellcome
Research Laboratories in Beckenham, Kent, England. This
development was part of an initiative to create novel antiep-
ileptic drugs that offered improved tolerability compared to
existing options during that period [46]. This initiative was
founded based on the assumption developed in the mid-
1960s concerning the potential proconvulsant properties of
folates whereby antiepileptic drugs would exert an antago-
nistic action on folic acid [47]. A number of phenyltriazines
were synthesised taking pyrimethamine, a substance devel-
oped in 1950 as a malaria agent, as a reference, including
BW288U, a compound exhibiting strong anticonvulsant effi-
cacy while displaying limited antifolate properties. Attempts
were made to optimise this compound, resulting in lamotri-
gine [48]. Phase I clinical trials were quickly initiated and it
demonstrated excellent pharmacological properties. It was
finally approved as an antiepileptic drug in Ireland in 1990
and by the FDA in 1994. In addition, it had an improved
profile in terms of side effects compared to classical antiepi-
leptic drugs, despite the problematic but rare Stevens-
Johnson syndrome.

During the first clinical studies on epileptic patients with
the new substance, Smith et al. [49] observed its positive
impact on the emotional state and communication abilities
of the individuals undergoing treatment with it, which made
it possible to test it on bipolar patients in a psychiatric set-
ting. The initial researcher to present scientific evidence
regarding the effectiveness of lamotrigine in the context of
bipolar disorder was Weisler et al., affiliated with the Univer-
sity of North Carolina Chapel Hill School of Medicine in
Chapel Hill, NC, USA, who, as he himself acknowledged
[46], knew about this molecule before it was authorized in
the USA, due to the fact that he had attended several inter-
national congresses. Following the importation of the medi-
cation from Europe and the submission of an application to
the FDA for compassionate use authorization, in 1993, he
employed this drug in combination with other treatments
to manage two patients who had been grappling with bipolar
disorders for an extended duration, who were resistant to all
of the pharmacological treatments available at the time [1].
A marked clinical improvement was confirmed in both
patients within several weeks. Weisler’s group presented
their results at the 1994 Annual Meeting of the American
Psychiatric Association (APA) in Philadelphia [50] and
defended its use based on the molecule’s mechanism of
action (a strong antikindling effect, inhibition of sodium
channels, and suppression of glutamatergic activity).

Following the publication of several other clinical cases,
GlaxoSmithKline launched an ambitious programme of clin-
ical trials using lamotrigine on bipolar disorder between
1996 and 2001. A total of 2,400 patients from 4 continents
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were enrolled in this phase III, controlled, double-blind trials
[46]. Unlike classic antiepileptic drugs, which are more effec-
tive in controlling mania than depression, lamotrigine was
shown to be particularly effective in patients with predomi-
nantly depressive phases. Lamotrigine yielded its most favor-
able outcomes in studies focused on preventing relapses in
individuals with bipolar disorder, demonstrating its superior-
ity over lithium and a placebo [51, 52], which led to its autho-
risation by the FDA for this indication in 2003 (Table 1;
Figure 1). These findings corroborated lamotrigine’s primarily
antidepressant characteristics as a mood stabilizer, in compar-
ison with the agents available up to that time.

The discovery of lamotrigine’s mood-stabilizing attri-
butes could align with the criteria for type III serendipitous
attributability in our framework, characterised by the pres-
ence of serendipity secondary to a nonserendipitous discov-
ery (Table 2), as it was developed specifically as an
antiepileptic agent, but the discovery of its mood-
stabilizing efficacy was serendipitous in the context of its
use in the treatment of epileptic patients. However, at the
time of this discovery, the antimanic effects of the classic
anticonvulsant drugs, valproate, and carbamazepine, were
already known.

3.5. Atypical Antipsychotics and their Role in Managing the
Bipolar Spectrum. Chlorpromazine stands as the sole classic
neuroleptic drug licensed by the FDA for the treatment of
manic episodes in bipolar disorder, a designation granted
in 1973. This authorisation was justified by the results of sev-
eral clinical trials that confirmed their efficacy in acute
mania [53] and their hypothetical faster action than classic
mood regulators [54]. However, their use was very limited
due to their high incidence of adverse effects and, above
all, to the clinical introduction of the new, much better-
tolerated AAD:s.

Olanzapine was the first among the atypical antipsy-
chotics to receive authorization for the treatment of acute
mania. Eli Lilly (Indianapolis, USA) initiated a series of clin-
ical trials that were published from 1999 to 2003. These trials
assessed the effectiveness of olanzapine in comparison to
placebo, divalproex, and haloperidol in the treatment of
acute mania or mixed episodes. Later, the efficacy of olanza-
pine in acute mania was confirmed, with better results than
valproate and lithium [55]. As a result, in the year 2000,
olanzapine achieved the distinction of being the inaugural
AAD to receive approval from the US FDA for the treatment
of manic episodes in bipolar disorder (Table 1).

Subsequent to these developments, the effectiveness of
AADs in the management of manic conditions was estab-
lished through randomized, placebo-controlled studies [3,
56-60]. These studies indicated a class-wide efficacy among
AADs in the treatment of mania. Consequently, one by
one, nearly all AADs obtained approval for the treatment
of mania; risperidone and quetiapine in 2003, ziprasidone
and aripiprazole in 2004, asenapine in 2009, and cariprazine
in 2015 were granted FDA approval as antimanic drugs for
use in monotherapy (Table 1). In this sense, their indications
were broadened to encompass the management of all three
clinical phases of bipolar disorder. Certain medications were
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authorized for the purpose of averting the recurrence of
manic episodes in patients with bipolar disorder who had
previously exhibited a positive response to treatment with
these antipsychotic drugs (Table 1), while others were sanc-
tioned for the treatment of depressive episodes. This
included olanzapine (in combination with fluoxetine) in
2003, quetiapine in 2006, lurasidone in 2013, cariprazine in
2019, and more recently, lumateperone in 2021. Currently,
AADs constitute the frontline treatment for manic
phases [61].

The particular neurochemical properties of AADs, nota-
bly their ability to inhibit dopamine receptors, as well as
other elements of their drug receptor profiles and their influ-
ence on various neurotransmitter systems [62], prompted
considerations of their potential efficacy in treating mania
[63]. Neurobiological studies confirmed that AADs, in addi-
tion to antagonizing dopamine D, receptors, also exhibited
antagonism towards serotonin 5-HT, receptors, particularly
5-HT,, and 5-HT,. Additionally, some AADs, such as ari-
piprazole, ziprasidone, and asenapine, acted as partial ago-
nists of the 5-HT,, receptor [62]. These mechanisms
collectively led to heightened noradrenergic and dopaminer-
gic neurotransmission [64]. Nevertheless, the precise mech-
anisms by which AADs exert their influence on mania
remain undisclosed. It is important to highlight that these
substances exhibit a unique antimanic impact, regardless of
the presence of concurrent psychosis or the degree of seda-
tion induced by the medication [43].

Bipolar depression is more difficult to treat than manic
episodes, and different pharmacologic approaches are
required for unipolar depression [65]. Quetiapine became
the initial AAD to secure FDA authorization for the standa-
lone treatment of bipolar depression. This achievement was
realized through a clinical trial initiative initiated by Astra-
Zeneca (London, UK). In these studies, quetiapine demon-
strated markedly superior and more rapid response and
remission rates in cases of acute bipolar depression com-
pared to placebos, with discernible benefits evident as early
as the first or second week [66, 67] and significantly better
clinical improvement than lithium [68] and the antidepres-
sant paroxetine [69]. From a neurobiological perspective,
the active metabolite of quetiapine, norquetiapine, facilitates
the transmission of serotonin by behaving as a partial ago-
nist of 5-HT, , receptors, and also strongly inhibits the nor-
adrenaline transporter, leading to heightened functionality
of the noradrenergic system [70, 71].

Meanwhile, lurasidone was the first AAD to be tested in
bipolar disorder, although its efficacy was only analyzed in
the treatment of the depressive phase. This decision was
influenced by three major factors [72]: its special pharmaco-
logical profile with receptor affinity (primarily its 5-HT, ,
receptor and 5-HT, receptor agonist and antagonist activity,
respectively) [73], its efficacy in animal models of acute and
chronic depression [74], and the results obtained in previous
efficacy studies on schizophrenia [75], which found that
patients treated with lurasidone showed a significantly
greater reduction in scores on scales of depression than
patients in the control group. Consequently, starting in
2009, Sunovion Pharmaceuticals, Inc. (Marlborough,
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Massachusetts, USA) devised a series of clinical trials aimed
at evaluating the effectiveness and safety of lurasidone. These
trials encompassed both standalone use and combined treat-
ment with lithium or valproate in adult patients grappling
with bipolar depression [72, 76]. The favorable outcomes
from these trials culminated in the FDA granting approval
for this medication in June 2013 to treat depressive episodes
in bipolar type I patients. The trail of lurasidone was
followed by lumateperone, developed by IntraCellular Ther-
apies (under licence from Bristol-Myers Squibb) and
licensed only to treat the depressive phase of bipolar disor-
der, possibly due to its moderate selective serotonin trans-
porter reuptake inhibition and simultaneous modulation of
dopamine and glutamate [77].

The antidepressant effects of some AADs can be
explained by their modulating properties of the three mono-
aminergic systems (noradrenergic, serotonergic, and dopa-
minergic) related to the etiopathogenesis of depression [78].

The clinical introduction of AADs in bipolar disorder
did not involve either chance or sagacity, implying that the
uncovering of their antimanic and antidepressant character-
istics aligns with the Type IV pattern in our framework for
serendipitous attributability criteria (Table 2). This family
of drugs was introduced into the therapy of bipolar disorder
following a rational and targeted design procedure, i.e., fol-
lowing a preplanned strategy, in which drugs capable of act-
ing on specific loci of action were sought.

4. Discussion

Many scientific contributions have tangentially commented
that serendipity played a prominent part in the identification
of the initial psychotropic drugs during the mid-20th cen-
tury’s golden era. However, the true role of serendipity has
not been studied sufficiently from the perspective of scien-
tific methodology. This is partly because the very concept
of serendipity has not been defined precisely [79], often
assimilating it to the involvement of luck or chance (happy
discoveries), without valuing the key role of the sagacity of
researchers and clinicians. This led to our group developing
operational criteria for serendipitous attributability in line
with the original approach to the term, where sagacity shares
preponderance with the accidental discovery of something
not intentionally sought [22]. This is very much in line with
Louis Pasteur’s postulate: “In the field of scientific observa-
tion, chance favours only the prepared mind” [80].
Following our approach and contrary to what many
authors propose, we can affirm that purely serendipitous dis-
coveries in the field of psychopharmacology do not occur very
often and that discoveries characterised by a mixed pattern are
much more common. Other researchers have categorized
these findings, denoted as type II and type III in our opera-
tional criteria, namely “pseudoserendipity” (accidental discov-
eries of ways to achieve an end sought for) [81] or findings that
can be likened to “serendipity analogs” [82]. In both cases, the
discovery of the antibiotic effect of penicillin is always used as
a characteristic example, in addition to many others outside of
pharmacology and medicine, such as the process of vulcaniza-
tion of rubber by Charles Goodyear, after many years of hard

work [81]. But even other authors only highlight the role of
luck or chance in making these discoveries, deeming the end
result of the process to be a formal continuity of previous ser-
endipitous discoveries, rather than the occurrence of two
clearly distinct events.

The most common pattern in these mixed serendipitous
discoveries is usually an initial serendipitous observation that
ends with a rational and intentional discovery that does not
involve accident. This is what we have termed the type II pat-
tern, which includes one of the most important contributions
in the history of psychopharmacology in the field of mood-
regulating agents: the identification of lithium salts’ antimanic
properties, particularly the widely held belief that it was a
result of pure serendipity, has been a subject of discussion
among authors. However, Cade contended that his incidental
observation of the sedative impact of lithium on guinea pigs
was not inherently linked to the subsequent verification of
the agent’s antimanic effectiveness in humans [27]. This type
IT pattern, characterised by initial serendipitous findings, fre-
quently in laboratory animals, that subsequently lead to
planned and nonserendipitous findings, includes a multitude
of additional revelations in the field of psychotropic medica-
tions throughout the 1950s. This includes the discovery of
imipramine and iproniazid, which served as prototypes for
the first two classes of antidepressant drugs, tricyclic antide-
pressants and monoamine oxidase inhibitors. It also involves
the unearthing of the antipsychotic effects of chlorpromazine
and clozapine, along with the accidental discovery of mepro-
bamate’s experimental tranquilizing properties and the subse-
quent confirmation of its distinct anxiolytic effects.

On the contrary, there are also, within the framework of
our type III pattern, mixed discoveries that were initially non-
serendipitous and that later caused serendipitous discoveries.
In the case of current drugs approved to treat bipolar disorder,
the only available example is lamotrigine, which was initially
developed as an antiepileptic agent. This subsequently led to
the serendipitous discovery of its mood-stabilizing and pre-
ventive effects on bipolar depressive episodes. Other historical
examples of this pattern can be found in barbiturates [13].

Similarly, in the history of psychopharmacology, there
have also been instances of purely serendipitous discoveries,
as exemplified by our type I pattern. These include the
chance of uncovering the anticonvulsant effects of valproic
acid, the antimanic properties of valproate, and the psycho-
tropic attributes of lysergic acid diethylamide (LSD).
Conversely, during the initial years of the modern psycho-
pharmacology era, there were discoveries where serendipity
played no role whatsoever, aligning with our type IV pattern.
A notable example is the revelation of the anxiolytic effect of
the first benzodiazepine, chlordiazepoxide [83], or the anti-
psychotic effect of haloperidol and reserpine [84, 85]. How-
ever, it should be noted that this pattern was consolidated
from the 1970s onwards, as a consequence of the implemen-
tation of rational design processes for pharmacological
drugs, particularly aimed at their interaction with specific
biological targets, such as specific receptors, related to the
aetiopathogenesis of mental disorders [86].

Tables 1 and 2 show all of the drugs approved by the
FDA and the EMA to treat patients with bipolar disorder.
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While 11 drugs have been approved as antimanic drugs, only
5 have received approval to treat depressive episodes of
bipolar disorder, including olanzapine, which has to be pre-
scribed together with fluoxetine. Similarly, 7 drugs have been
licensed for the maintenance treatment and prevention of
any types of episodes of this disorder, including quetiapine
and ziprasidone, which have to be administered together
with lithium salts or divalproex. And only two drugs, olanza-
pine and quetiapine, include all three phases of bipolar dis-
order among their indications. Currently, including
chlorpromazine, despite its anecdotal use, the therapeutic
arsenal for treating bipolar disorder consists of 14 drugs,
with only AADs having been added in the last 20 years. It
is clear that the process that John Cade started with the dis-
covery of the antimanic effect of lithium salts 73 years ago is
still far from complete, not least because of the limited
knowledge of the neurobiological basis underlying this
pathology, and that we are a long way from having the ideal
mood-stabilizing agent.

We do not know what the role of serendipity will be in
the future of research on mood-stabilizing agents, although
it is clear that, over recent decades, the influence of seren-
dipity is decreasing in the progress of psychopharmacology
[87], which has evolved, like other areas of pharmacology,
towards much more planned and rational developments
[85]. Some authors have claimed the role of serendipity in
the scientific research process today. Klein [88] attributes,
in part, the relative lack of innovation in the specific field
of psychopharmacology during the last 40 years to the
absence of serendipity and defends its promotion through
an adequate structuring of the environments of the pro-
cesses of investigation. Our group has also identified vari-
ous “antiserendipity” factors [89] that could explain this
phenomenon pointed out by Klein, such as the decrease
in the time available to researchers to observe and follow
up on their patients, the imposition of the “double-blind”
methodology in the design of clinical trials, which limits
the possibility of identifying individual markers of response
to drugs, or the use, in mental health, of evaluation scales to
measure the effects of drugs, instead of longitudinal clinical
observation. Two other relevant factors would be the scien-
tific turn of pharmacology towards a rational drug design
based on translational research, which has put an end to
specific observations of the effects of drugs on the behav-
iour of animals or humans, and the change in the structure
of the pharmaceutical industry, which is closely linked to
the phenomenon of lack of innovation in the field of psy-
chopharmacology. The result of this change has been the
continuous clinical introduction of multiple drugs that are
practically equivalent in mechanism of action and effective-
ness, the so-called “me too” drugs, whose final profitability
would exceed the innovative and novel agents. The restric-
tion on the diversity of compounds selected for clinical tri-
als, which is inherent in this reductionist approach,
minimizes the possible role of serendipity in this process
and its importance in the discovery of new drugs.

In any case, there is no doubt that currently available
psychopharmacological agents have many limitations and
that current knowledge of the aetiology of psychiatric disor-
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ders is still quite limited. All this suggests that serendipitous
discoveries can still take place in this new technical environ-
ment of the 21* century [19]. However, it is indisputable
that serendipity played a significant role in the advancement
of modern psychopharmacology throughout the latter half
of the 20th century. In one of David Healy’s interviews with
one of the pioneers of the “psychopharmacology revolution,”
Jean Thuillier, this influence is clear: “Healy: How did it all
start? /Thuillier: It was by chance” [90]. In any case, the out-
comes of this research underscore the notion that serendip-
ity ought to be regarded as a legitimate scientific concept
rather than a mere literary curiosity.

Acronyms

5-HT: 5-Hydroxytryptamine or serotonin
AAD: Atypical antipsychotic drug

APA: American Psychiatric Association
ATC: Anatomical therapeutic chemical
CINP: Collegium Internationale Neuro-

Psychopharmacologicum-International College
of Neuropsychopharmacology

EMA: European Medicines Agency

FDA: Food and Drugs Administration

INHN:

International Network for the History of
Neuropsychopharmacology

LSD: Lysergic acid diethylamide (from German
Lysergsdure-diethylamid)

NS: Nonserendipitous discovery

S: Serendipitous discovery

UK: United Kingdom

Us: United States

WHOCC: World Health Organization Collaborating Cen-
tre for Drugs Statistics Methodology.
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