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Abstract
Phenytoin is an anti-epileptic drug that has been evaluated in a clinical setting for 80 years, and results show it has therapeutic potential beyond reduction of 
seizures. Research has identified neurological, psychiatric and non-CNS indications, such as wound healing, which are supported by pilot studies for phenytoin. 
Wound healing and aggression are the indications most frequently explored, and preliminary studies with phenytoin demonstrated reduced aggressive outbursts and 
aggression. We argue that aggression has great potential as an area for phenytoin repurposing, since the unmet need in aggression therapy is very high. Furthermore, 
especially ‘dirty drugs’ such as phenytoin, which have promiscuous targets and important physiological relevance seem to hold great promise for repositioning. 
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Drug repurposing and drug repositioning
Drug repurposing was defined for the first time in 2004 as: ‘‘the 

process of finding new uses outside the scope of the original medical 
indication for existing drugs is also known as redirecting, repurposing, 
repositioning, re-tasking and reprofiling” [1]. We would first like to 
point out that this definition is in need of some adaptation. Repurposing 
is only possible after a drug has fulfilled its purpose, which occurs 
after it has received its market authorization for a certain indication 
from the authorities. This is a prerequisite for any new ‘purpose’ of 
the drug. The drug must have been authorized and be available for 
prescription and use in patients. An example of such repurposing can 
be seen in amitriptyline, which was first registered as an antidepressant 
and subsequently ‘repurposed’ as an analgesic for neuropathic pain. 
Drugs in the research or development phase cannot be repurposed, 
but they can be repositioned, re-tasked or re-profiled. Repositioning is 
therefore the broader, more encompassing concept. Many drugs in the 
period before registration have been repositioned. Some of those drugs 
reached the market, after being registered for a new indication, other 
drugs failed to do so, and the repositioning did not lead to the drug 
entering the market in a new, different indication to the original one. 

The aim of our paper is to add new perspectives to the theoretical 
body of knowledge of this field. We will focus on an old drug that 
has been repurposed numerous times, phenytoin, first used as an 
anticonvulsant in 1937 [2,3]. It is our belief that drugs characterized 
by ‘dirty pharmacology’, i.e. based on a promiscuous receptor profile, 
hold promise for the treatment of many other indications than those 
for which they were originally approved. Given the increasing failure 
rates of recent leads, the topic of repositioning needs more attention, 
as it may revitalize the slowing drug discovery pipeline [4]. We will 
present the promiscuous target profile of phenytoin and in addition 
discuss some other profiles of other ‘dirty’ drugs which are used widely 
in off-label indications.

It will be mandatory for the field that additional incentives will 
be developed by governments for non-orphan indications. Drug 
repurposing has recently been stimulated in universities and by 
government bodies. Many lists have appeared on putative indications 

for old drugs. By mentioning a new indication of this type, prior art is 
created and no-one will ever patent the indication again. So scientists 
eager to list all putative repurposing indications of old molecules 
should be aware of this phenomenon, and are advised to analyze the 
patentability of a new indication prior to publication, because, to date, 
either an orphan indication, or a patent on formulation or a use patent 
will create an adequate intellectual property platform for developing 
such an indication. Without a clear and secured economic incentive, 
such development will not take place.

To date there is a paucity of repurposing analyses based on 
previous literature and clinical studies published in the past, and such 
analysis supports the repositioning of phenytoin as an anti-aggression 
drug. Old-fashioned closely reading and evaluating papers and data 
generated in the past, can lead to the recognition of relevant patterns 
for predicting success for an old drug in a new indication. Importantly, 
hand in hand with such exploration, we need to evaluate drug and 
research development shortcomings and limitations of the past, 
because, in most papers, often only the polished science is reported, 
and we need to improve our ‘reading between the lines’, for instance to 
identify patterns of moving targets [5-8].

In order to analyze the many intricacies of drug repositioning, 
we used PubMed indexed papers on phenytoin as our working 
material. We conducted a search, based on the combination of the 
keyword ‘phenytoin’, together with the filter ‘Clinical Trial’. We 
excluded all non-randomized studies, as well as all studies of disorders 
related to convulsions (epilepsy, eclampsia), case collections and/
or studies indexed only because phenytoin was mentioned in the 
body of the abstract. We selected randomized, controlled studies 
evaluating phenytoin in clinical indications (e.g. bipolar disorder, 
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schizophrenia, pain), or states related to clinical indications 
(aggression, irritability, anxiety). 

Phenytoin: a multi-purpose drug?
In total, 883 papers were indexed in PubMed, based on the 

combined keyword search ‘phenytoin’, together with the filter ‘Clinical 
Trial’. The distribution of the papers is shown in figure 1. 

In total, 43 PubMed studies met the selection criteria and are 
included in this analysis (table 1). 

Certainly, the (off-label) indications listed in table 1 support 
the thesis that phenytoin is a potential multi-purpose drug. Two 
indications are frequently mentioned: aggression and wound healing. 
We will explore aggression as an example of phenytoin’s repurposing 
potential, as this is currently an area with high unmet treatment needs. 
Wound healing will be discussed in a separate paper to be published 
elsewhere. 

Aggression and phenytoin’ mechanism of action: a 
good match?

As aggression and irritability are symptoms, and symptoms are 
perhaps more closely linked to a defined pathogenesis compared 
with syndromes (depression, schizophrenia), we feel we also need to 
address such a shift from disease or syndrome to symptom clusters 
when considering drug repurposing. Aggression is an example of 
this. No drug has been approved yet by the European EMA or U.S. 
Food and Drug Administration for such use. It might very well be 
that the pathogenesis of symptoms like aggression and irritability 
are much more closely linked to biochemical targets than syndromes 
or indications such as bipolar disorder or schizophrenia. In the case 
of aggression, we will outline the relevance of especially the sodium 
channels in the pathogenesis, which is clearly the target of phenytoin. 

In 2009, it was pointed out that treatment studies on impulsive 
aggression using anticonvulsants have supported the role of the sodium 
channel blockers as well as GABA-related agonists [50]. Conventional 
anticonvulsants are seen as particularly effective in treating “impulsive 
aggressive” behavior [51]. Relevant literature characterizing 
phenytoin’s full potential as an ion-channel blocking compound is not 
easy to find, as most physiological and pharmacological studies of this 
old compound were conducted in the period before the recognition 
of the existence of an entire family of sodium channels [3]. There are, 
however, a number of papers in this field and the data presented in those 
papers support phenytoin as an unspecific and broad acting sodium 
channel blocker [3]. This is of great relevance for its putative action 
as an anti-aggression compound, as phenytoin reduces the amplitude 
of the sodium dependent action potential through its enhancement of 

steady-state inactivation. It is generally accepted that anticonvulsants 
such as phenytoin might reduce aggression by acting on the central 
nervous system and reducing neuronal hyper-excitability associated 
with aggression [52].

In the 1970s, phenytoin was already described as having GABA-
ergic effects [53]. During excited states, such as in neuronal models 
stimulated via picrotoxin, a GABAA antagonist like phenytoin has a 
strong suppressive effect on the spontaneous hyper-exciting excitatory 
postsynaptic currents [54]. The responses of neurons to GABA can 
also be potentiated by phenytoin [55,56]. The affinity of phenytoin 
to the GABAA receptor is in the nanomolar range [57]. Furthermore, 
sodium channels, calcium channels, serotonin and glutamate are 
often mentioned as factors that play a role in the pathogenesis of 
aggression [58-61]. Phenytoin has been also documented as inhibiting 
calcium channels, glutamate release and, acting as an anti-aggressive 
compound in a low serotonin aggression animal model [62]. Recently 
elevations of plasma inflammatory markers have been reported 
in Intermittent Explosive Disorder compared with control [63]. 
Compounds without anti-inflammatory mechanisms of action, such as 
fluoxetine nor divalproex tested versus placebo did not influence the 
aggression [64]. Interestingly, neuro-inflammation is increasingly seen 
as a pathogenic factor in aggression-lined disorders, such as bipolar 
disorders [65-66]. Phenytoin seems to inhibit overactive glia and has 
such anti-inflammatory activity [67]. Phenytoin clearly is a drug with 
promiscuity for a great number of target: sodium channels and L-type 
calcium channel, with gaba-ergic and anti-inflammatory activity 
and especially this may support the repositioning of phenytoin in 
indications such as aggression and wound-healing.  A coherent theory 
can therefore be conceptualized as to why phenytoin would act as an 
aggression-inhibitor based on the pathogenesis of aggression and the 
mechanisms of action of phenytoin. This would lead to more clarity 
than the usual relationship sought between aggression as a part of a 
disease entity and the mechanism of action of the drug (Outstanding 
Questions).

Dirty drugs: drugs with enriched pharmacology for re-
positioning

There are two main factors contributing to increasing the chances 
for drugs to be repositioned: the drug’s pharmacological profile at the 
receptor level and the impact of the excitated or inhibited biological 
system by the drug on key physiological functions. Of course the 
influence of both factors on the pathogenesis of diseases is not 
always easy to dissect. Phenytoin was identified by a lay person, the 
Wall street icon Jack Dreyfus (1913-2009), as a multipurpose drug 
after he successfully used the drug in the late 50s of last century for 
the treatment of depression. In the section above we discussed its 
‘dirty’ pharmacological profile, influencing a great number of ion-
channels (various sodium and calcium channels), the gabaergic and 
glutaminergic systems and inflammation pathways. It is clear that the 
many off-label indications for phenytoin, as listed in table 1, cannot 
be explained by one mechanism only, for instance its blocking effect 
of the NaV 1.7 sodium channel. The fact that phenytoin influences a 
number of physiological systems via its promiscuous profile explains 
its tentative efficacy in a great variety of indications, from aggression 
and bipolar disorders to wound healing. There are many examples 
of promiscuous compounds with a very broad activity profile. 
Palmitoylethanolamide is an autacoid with high affinity for the PPAR-
alpha receptor, and influencing many down-stream targets [68]. This 
compound was initially positioned as flu prophylaxis and treatment (in 
the 70s of last century), later as a mast-cell inhibitor (since the 90s), 

Figure 1. First studies based on the keyword phenytoin and the filter ‘clinical trial’ were 
published in 1966 (6 papers); the last study was an RCT on phenytoin in optic neuritis, 
published in 2016. The years 1985 and 1999 are highlighted as years with low respectively 
high output of papers, to illustrate the fluctuations in this figure.
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Indication Year Design N=
Optic neuritis [9] 2016 RCT, placebo 86

Mucositis [10] 2015 RCT, placebo 16
Wound healing [11] 2015 RCT, comparator 60

Memory impairment [12] 2013 RCT, placebo, crossover 17
Wound healing [13] 2011 RCT, placebo 65

Vitiligo [14] 2011 RCT, placebo 20
Wound healing [15] 2007 RCT, placebo 28

Depression [16] 2006 RCT, placebo 25
Depression [17] 2005 RCT, comparator 33
Aggression [18] 2005 RCT, placebo 29

Wound healing [19] 2004 RCT, placebo 45
Wound healing [20] 2004 RCT, placebo, comparator 172
Bipolar disorder [21] 2003 RCT, crossover 23
Wound healing [22] 2003 RCT, comparator 102
Wound healing [23] 2001 RCT, placebo 57

Impulsivity [24] 2001 RCT, placebo 46
Bipolar disorder [25] 2000 RCT, placebo 39

Pain [26] 1998 RCT, placebo 12
Aggression [27] 1997 RCT, placebo, crossover 60

Cocaine abuse [28] 1996 RCT, placebo 44
Cholesterol [29] 1995 RCT, placebo 41

Rheumatoid arthritis [30] 1995 RCT, placebo 130
Dystrophic epidermolysis bullosa [31] 1992 RCT, placebo, crossover 22

Cholesterol [32] 1992 RCT, placebo 35
Suxamethonium-induced myalgia [33] 1992 RCT, comparator 60

Cancer pain [34] 1992 RCT, comparator 75
Aggression [35] 1991 RCT, crossover 19

Motion sickness [36] 1990 RCT, crossover 7
Enuresis nocturna [37] 1989 RCT 100

IBS [38] 1983 RCT, crossover ?
Mountain sickness [39] 1986 RCT, placebo 21

Diabetic neuropathy [40] 1978 RCT ?
Diabetic neuropathy [41] 1977 RCT, placebo 10

Arrhythmia [32] 1975 RCT, comparator 81
Binge eating [43] 1975 RCT, placebo 20

Angina pectoris [44] 1974 RCT, crossover, placebo 16
Schizophrenia [45] 1974 RCT, placebo 66

Anxiety, hostility [46] 1973 RCT, placebo 42
IBS [47] 1973 RCT, crossover 14

Psychoneurotism [48] 1972 RCT, comparator 80
Anxiety, anger, irritability [49] 1970 RCT, crossover 15

Table 1. All clinical trials of phenytoin in non-convulsion indications that comply with the inclusion criteria.

but has been found to be effective in many chronic pain states, such 
as neuropathic pain, menstrual pain and central neuropathic pain 
in multiple sclerosis, in chronic dermatitis and glaucoma. It has also 
found to be effective in a great variety of models: Alzheimer, Parkinson, 
depression, anxiety, renal inflammation, inflammatory bowel disorders 
and pelvic syndrome. [68] This is the reason why the molecule has been 
characterized as a ‘promiscuous’ anti-inflammatory and analgesic 
molecule’. [69]

In figure 2 the two principles are depicted, giving rise to off-label 
use and defining the drug’s repositioning potential.

Phenytoin in clinical trials: proof of its anti-aggressive 
action?

Observations related to phenytoin’s calming effect on mood, irritability, 
agitation and aggression can be found in the early history of phenytoin 
[70-71]. The following studies were all placebo-controlled and randomized 
but, in all studies, the method of analysis was in the completers only. 

Figure 2. Compounds with a high potential for repositioning are either ‘dirty’, characterized 
by enriched pharmacology, such as phenytoin, or influence a key physiological system, 
such as the autacoid palmitoylethanolamide. 
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Twenty-four violent male patients were included in the first study 
and sequential analysis was employed in a double-blind discontinuation 
study, so that all patients could be treated with phenytoin. Results 
indicated that phenytoin was markedly superior to the placebo 
reducing aggressive outbursts [72]. 

In 1991, Barratt et al reported the first dose-finding, randomized, 
placebo-controlled, crossover design in 13 inmates suffering from 
impulsive-aggressive behavior [35]. Volunteers were treated with a 
placebo, 100 mg and 300 mg phenytoin daily for four weeks, with a 
washout period of one week. Plasma levels during the 100 mg treatment 
period were around 1.1 microg/ml, and 300 mg phenytoin resulted in 
a level of 4.7 microg/ml. 300 mg phenytoin resulted in a significant 
reduction in the profile of mood state (POMS) scores for tension 
anxiety and depression-dejection, while it also reduced the frequency 
of aggressive acts.

In 1997, these findings were replicated in a double-blind, placebo-
controlled crossover study in 60 inmates, who were administered 
300 mg phenytoin daily or a placebo for six weeks, with a one-week 
washout period [27]. Aggression was measured using the Overt 
Aggression Scale (OAS) and via the POMS. Impulsive aggression was 
significantly reduced by phenytoin. Phenytoin levels of below 4 mg/
ml did not seem to reduce aggression, while a higher level, 5 mg/ml, 
did (based on frequency and intensity of aggressive acts). A surrogate 
endpoint, the P300 wave, also normalized under phenytoin treatment, 
as did tension-anxiety scores of the POMS.

In 2001, Matthew S. Stanford et al published the results of a 
placebo-controlled, crossover study in which the primary outcome 
measures were the OAS and the POMS [24]. An analysis was carried 
out on 23 completers suffering from an axis II disorder and scoring 
eight or more on the Irritability subscale of the Buss-Durkee Hostility 
Inventory. Treatment was carried out for six weeks with either a 
placebo or 100 mg phenytoin t.i.d. Aggressive behavior (outbursts) was 
reduced from 1.4/week to 1 with the placebo and 0.6 with phenytoin 
treatment (p<0.1). 

In 2005, Stanford and colleagues published the results of an eight-
week double-blind, randomized, placebo-controlled, parallel groups 
design in 29 patients in which they compared a placebo to phenytoin, 
valproate and carbamazepine [51]. The primary efficacy parameter was 
the OAS. Baseline scores were around 4-5. All anticonvulsants reduced 
aggression significantly, but phenytoin seemed quicker in the onset of 
action and had a more consistent response.

In 2006, Houston and Stanford published the results of a 16-week, 
double-blind, placebo-controlled crossover design in 17 completers 
who underwent six weeks of treatment with phenytoin 300 mg/day (100 
mg t.i.d.) or a placebo and a two-week washout phase. Unfortunately, 
the results were reported in a way that was difficult to understand, 
completers (17) versus non-completers (11) and responders (7) versus 
non-responders (10). 

In 2011, all studies discussed above were implemented in a meta-
analysis [73]. This analysis included all studies in the field evaluating 
anticonvulsants in aggression; a total of 10 studies were analyzed: 
four on phenytoin (although Barratt 1991 was not included), two 
on carbamazepine, two on valproate, one on lithium and one on 
leviracetam. The overall data supported the use of anticonvulsants 
in aggression, although the leviracetam study was negative, as was 
one valproate study. Phenytoin clearly scored the best out of all four 
anticonvulsants. 

Concluding comments and future perspectives 
Drug repositioning and repurposing will increase in importance 

and become an important inroad to expanding our therapeutic 
armamentarium. The case of phenytoin demonstrates the value of 
an old ‘dirty’ drug in modern times. We have demonstrated a great 
number of putative off-label indications for phenytoin since its first use 
in the clinic as an antiepileptic drug in 1937. There is a long tradition 
of observations and clinical pilot studies in aggression as a symptom, 
effectively treated by phenytoin. All observations and results of the 
pilot studies point in the same direction. Phenytoin in a low dose range 
(50% of its normal anticonvulsive dose), and supported by subclinical 
concentrations of phenytoin in the blood, consistently reduced the 
number of aggressive outbursts and aggressive scores on measurement 
scales. One meta-analysis and six controlled studies all documented 
the value and safety of phenytoin for this indication. Scoring scales 
were used to document aggressive behavior and, as we pointed out 
in the Outstanding Question Box, classical ethological approaches 
might lead to greater sensitivity and less variability and should be 
developed in the 21st century. A key question will be whether those 
data are reproducible. Professor Ioannidis’ group recently published ‘A 
manifesto for reproducible science’ [74]. The authors list a number of 
threats to reproducible science, and some seem to apply to the papers 
discussed above such as low statistical power, analytical flexibility and 
data dredging. 

Phenytoin has been evaluated in a clinical setting for 80 years and 
has an impressive track record of drug repurposing, as can be seen in 
Table 1. Innovations in the field of phenytoin and other old drugs with 
‘dirty pharmacology and promiscuous receptor profiles’ are possible 
and need to be explored more intensely. As ‘dirty’ and ‘promiscuous’ 
are terms with a negative connotation. It might be recommendable to 
use instead the term ‘drugs with enriched pharmacology’. Such class 
of drugs might have a great potential for repurposing. It has been a 
telling story that compounds with enriched pharmacology, such as 
haloperidol and clozapine have never been surpassed in efficacy by 
highly selective drugs. 
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