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Abstract: Parkinson’s disease (PD) is the second most chronic neurodegenerative disorder 
worldwide. Deficit of monoamines, particularly dopamine, causes an individually varying 
compilation of motor and non-motor features. Constraint of presynaptic uptake extends 
monoamine stay in the synaptic cleft. This review discusses possible benefits of dopamine 
reuptake inhibition for the treatment of PD. Translation of this pharmacologic principle into 
positive clinical study results failed to date. Past clinical trial designs did not consider 
a mandatory, concomitant stable inhibition of glial monoamine turnover, i.e. with mono-
amine oxidase B inhibitors. These studies focused on improvement of motor behavior and 
levodopa associated motor complications, which are fluctuations of motor and non-motor 
behavior. Future clinical investigations in early, levodopa- and dopamine agonist naïve 
patients shall also aim on alleviation of non-motor symptoms, like fatigue, apathy or 
cognitive slowing. Oral levodopa/dopa decarboxylase inhibitor application is inevitably 
necessary with advance of PD. Monoamine reuptake (MRT) inhibition improves the efficacy 
of levodopa, the blood brain barrier crossing metabolic precursor of dopamine. The pulsatile 
brain delivery pattern of orally administered levodopa containing formulations results in 
synaptic dopamine variability. Ups and downs of dopamine counteract the physiologic 
principle of continuous neurotransmission, particularly in nigrostriatal, respectively meso-
corticolimbic pathways, both of which regulate motor respectively non-motor behavior. Thus 
synaptic dopamine pulsatility overwhelms the existing buffering capacity. Onset of motor 
and non-motor complications occurs. Future MRT inhibitor studies shall focus on 
a stabilizing and preventive effect on levodopa related fluctuations of motor and non-motor 
behavior. Their long-term study designs in advanced levodopa treated patients shall allow 
a cautious adaptation of oral l-dopa therapy combined with a mandatory inhibition of glial 
monoamine turnover. Then the evidence for a preventive and beneficial, symptomatic effect 
of MRT inhibition on motor and non-motor complications will become more likely. 
Keywords: dopamine reuptake, monoamines, monoamine reuptake inhibition, Parkinson’s 
disease; PD

Plain Language Summary
Dopamine reuptake inhibition extends the stay of dopamine in the synaptic left. This 
pharmacologic principle may improve dopamine substitution in patients with Parkinson’s 
disease (PD). Experimental researchers described promising positive outcomes on the effi-
cacy of inhibition of dopamine-, respectively monoamine reuptake (MRT). The translation of 
these findings into corresponding clinical study results for the treatment of patients with PD 
failed in the past. Further clinical development of MRT inhibition was suspended. One of 
several reasons was the missing clinical research focus on the effects of MRT inhibition on 
non-motor symptoms, like fatigue or apathy. Mandatory inhibition of glial inhibition of 
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monoamine metabolism is a hypothetical but essential precondi-
tion for the efficacy of MRT inhibitors. Aforementioned reflec-
tions shall be considered, if the efficacy of the MRT inhibitor is 
again investigated in patients with PD. Resurgence of clinical 
research is warranted on the efficacy of MRT inhibition as 
a promising therapy approach for patients with PD.

Introduction
Parkinson’s disease (PD), the world's second most chronic 
neurodegenerative disorder, is characterized by a decline of 
mainly nigrostriatal dopamine concentrations.1 Dopamine 
exerts its effects through different pathways in the brain 
under physiological conditions. The nigrostriatal one sends 
axons from the substantia nigra to the striatum and regulates 
movement. The mesocortical one originates from ventral teg-
mental brain regions, dominates the prefrontal cortex and is 
involved in learning, memory and executive function.2,3 The 
mesolimbic one projects from the ventral tegmental area of the 
midbrain and influences the ventral striatum, olfactory tubercle 
and parts of the limbic system. This route is associated with 
reward, emotion, and memory. The tubular infundibular path-
way starts from the arcuate nucleus of the hypothalamus and 
projects to the median eminence of the hypothalamus. This 
one is involved in neuroendocrine regulation and wake-sleep 
cycle generation. Dopamine deficiency in PD mainly concerns 
the nigrostriatal route.4,5 It is responsible for the slowly evol-
ving manifestation of disturbed motor behavior. The dopamine 
decline of other brain regions contributes to the onset of non- 
motor properties in PD.1–3 Therefore, dopamine substitution 
not only ameliorates the main motor symptoms akinesia, 
rigidity and tremor but also non-motor features of PD. This 
treatment concept was inaugurated in the early 1960s with the 
application of the blood brain barrier trespassing dopamine 
precursor l-3,4-dihydroxyphenylalanine (l-dopa) in PD 
patients.6–8 L-dopa is looked upon as the most efficacious 
and best tolerated PD drug. Oral l-dopa/dopa decarboxylase 
inhibitor (DDC-I) application is inevitably necessary with 
advance of PD. In the long term, chronic administration of 
oral l-dopa formulations in a fixed combination with inhibitors 
of the main metabolizing l-dopa enzymes results in onset of 
so-called motor complications.9 When the disease progresses, 
the duration of l-dopa response shortens in addition to the short 
plasma l-dopa half life. Fluctuations of plasma l-dopa plasma 
levels and of associated dopamine brain levels are not buffered 
any more within the dopaminergic nigrostriatal system. One 
consequence is onset of initial predictable “OFF”-periods. 
They are related to the intake of oral l-dopa formulations and 
characterized by reappearance of motor symptoms due to less 

intense stimulation of postsynaptic nigrostriatal neurons with 
dopamine.9 Dysregulation of gastrointestinal l-dopa transport 
further complicates oral l-dopa therapy. L-dopa is absorbed in 
the duodenal tract. The transfer of oral l-dopa formulations 
from the stomach to the duodenal tract depends on dopamine 
dependent negative feedback mechanisms. Too high l-dopa- 
and accordingly dopamine concentrations in the duodenal tract 
reduce the gastrointestinal motility.10–12 Transport of oral 
l-dopa containing formulations becomes more and more irre-
gular and independent of previous intake particularly during 
higher and more frequent oral l-dopa dosing.13 The resulting 
erratic and delayed gastric emptying of oral l-dopa formula-
tions in combination with further advance of PD causes unpre-
dictability of “OFF”-intervals.10–12 At this stage, “OFF”- 
periods appear more sudden and independent of previous 
L-dopa intake. “OFF”-times are often compensated by addi-
tional intakes of soluble or inhaled l-dopa formulations or by 
an increase of l-dopa applications.9 Both strategies elevate the 
likelihood of transient too high dopamine levels in the synaptic 
cleft. As a result, an over stimulation of postsynaptic dopamine 
receptors occurs and results in appearance of involuntary 
movements, termed as dyskinesia. These long-term side 
effects complicate the efficiency of oral l-dopa therapy. 
Nowadays, oral l-dopa formulations are administered with 
preponderant peripheral acting blockers (I) of peripheral 
dopa decarboxylase (DDC) and/or catechol- 
O-methyltransferase (COMT). DDC-I and COMT-I prolong 
the half life, decrease plasma fluctuations and thus improve the 
efficacy of l-dopa.9,14 Inhibition of the dopamine metabolizing 
monoamine oxidase B (MAO-B) enzyme activity in the brain 
also counteracts motor impairment in PD patients. All these 
therapeutic concepts help to spare oral l-dopa dosing.15,16 The 
future availability of subcutaneous l-dopa/DDC-I pump sys-
tems will noticeably reduce the issue of l-dopa associated 
fluctuations with related disturbances of motor- and non- 
motor behavior in PD.9,17 However, chronic L-dopa therapy 
has further still under recognized metabolic drawbacks. Only 
DDC constraint decreases the physiologic methylation poten-
tial, since L-dopa is consequently metabolized via COMT 
mainly. This reaction consumes methyl groups. This enzy-
matic process impairs the methyl group dependent detoxifica-
tion potential and methyltransferases related processes. Both 
of them are important for many metabolic processes in 
humans, such as adequate gene function (Figure 1). 
Therefore supplementation with methyl group donating vita-
mins, i.e., B6, B12, folic acid, may be beneficial during long- 
term l-dopa application.18,19 A further drawback is the 
decrease of central free radical scavenging capacity due to 
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neuronal dopamine turnover. One pathway is uptake and 
degradation by MAO and COMT in glial cells. Another 
route for dopamine released into the synapse is reuptake for 
reuse and store in presynaptic neuronal vesicles with dopa-
mine transporter system (DAT). Dopamine out of these storage 
vesicles can easily undergo auto-oxidation via neuronal MAO- 
B. This process is associated with PD pathogenesis in terms of 
dopamine metabolism related oxidative stress generation and 
iron deposition.9,15 Iron accumulates in affected neurons, as 
iron plays a vital role in various physiological functions 
including DNA synthesis, mitochondrial respiration, and oxy-
gen transport. Iron as the most abundant metal in the brain also 
acts as a cofactor for tyrosine hydroxylase (TH). This enzyme 
is the rate-limiting step in the synthesis of dopamine. Iron is 
also necessary for dopamine oxidation in neurons and micro-
glia in the substantia nigra of PD patients.20 Increase of iron 
deposition accelerates neuronal dopamine turnover, but gen-
erates synthesis of reactive oxygen species. This so-called 
“oxidative stress” promotes the aggregation and misfolding 
of proteins, particularly α-synuclein. This process plays an 
eminent role in the pathophysiology of chronic neurodegen-
eration in PD.21–23 In summary, these possible metabolic con-
sequences of too high l-dopa dosing, respectively dopamine 
overflow, may accelerate progression of PD, the general age-
ing process and facilitate onset of dementia and neuropathy.9 

All these drawbacks of l-dopa therapy caused research on 
treatment alternatives for dopamine substitution. One concept 
was the development of dopamine agonists. They directly 
stimulate postsynaptic dopamine receptors more continuously 
in the brain and show a better affinity for the presynaptic 
located dopamine autoreceptor at the membrane of dopamine 
synthesizing neurons.24 Their side effect profile is inferior to 

l-dopa due to more frequent occurrence of nausea, dizziness, 
and edema. The neurotransmission of dopamine is also 
enhanced by decreased presynaptic release of glutamate with 
the MAO-B inhibitor safinamide. An alternative is the post-
synaptic antagonism of glutamate receptors, located at post-
synaptic dopaminergic neurons. This is most popular mode of 
action of amantadine. This compound also acts as a dopamine 
reuptake inhibitor (DRT-I).25,26 This review aims to discuss 
possible benefits of DRT-I’s for PD patients and putative 
research clinical research misconceptions of the past.

Methods
A systematic literature research was executed with the 
terms dopamine, reuptake, inhibitor and PD in the 
“Pubmed” database. A structured selection of references 
or studies was not performed.

Regulation of Dopamine 
Neurotransmission
The neuronal and glial mechanisms involved in dopamine 
transmission suggest, that an increase of the interval spent by 
dopamine in the synaptic cleft compensates the dopamine 
deficit in PD patients. This effect is achieved by neuronal and 
glial MAO-B- and mainly glial COMT-inhibition.15,27 Both 
modes of actions generate higher levels and longer presence of 
dopamine in the synaptic cleft due to the declined glial dopa-
mine turnover (Figure 2). A further strategy is blocking of the 
presynaptic located dopamine autoreceptor activity, which acts 
as a sensor for neurotransmission under physiological 
conditions.5 This system modulates the activity of dopamine 
synthesizing neurons and controls dopamine synthesis, its 
release to the synaptic cleft and its reuptake. The presynaptic 

Figure 1 Simplified schematic illustration of peripheral l-dopa metabolic pathways in association with peripheral metabolic and pharmacokinetics effects.

Journal of Experimental Pharmacology 2021:13                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
399

Dovepress                                                                                                                                                                 Müller

http://www.dovepress.com
http://www.dovepress.com


located dopamine transporter is the decisive protein for the 
dopamine transport within the cell following reuptake from the 
synaptic cleft. Too high synaptic dopamine levels cause a down 
regulation of presynaptic dopamine synthesis (Figure 2). It 
depends on the presynaptic dopamine generating enzyme 
activities.5 TH converts tyrosine to l-dopa. DDC metabolizes 
l-dopa to dopamine. Prolonged autoreceptor activation causes 
a down-regulation of TH following and leads to reduced filling 
of pre-synaptic dopamine vesicles.24,28 Additionally DAT 
activity, which is responsible for removal of dopamine from 
the synaptic cleft, goes up.5 The driving force for dopamine 
transporter mediated dopamine reuptake is the ion concentra-
tion gradient generated by the plasma membrane 
Na+K+ATPase. Too low dopamine concentrations enhance 
presynaptic dopamine generation and down regulate intracel-
lular DAT activity. Accordingly, lack of dopamine reuptake 
induces an increase of extracellular dopamine levels.5

Altered Motor- and Non-Motor Behavior 
in PD
PD patients suffer from a slowly increasing, unbalanced 
neurotransmission as consequence of chronic neurodegen-
erative processes. Not only dopamine deficiency but also 
deficits of other biogenic amines support manifestation of 
motor and associated non-motor symptoms.1 Typical early, 
non-motor PD signs are onset of apathy, anxiety, depres-
sion, concentration deficits, slowness of thinking and reac-
tion, anhedonia, deterioration of cognitive abilities, sleep 

disturbances, fatigue and unspecific dull pain syndromes. 
All of them are not PD specific and may at least partially 
even occur before the initial transient onset of motor 
symptoms. They mainly reflect monoamine deficiencies 
in the nigrostriatal and mesocorticolimbic system.1 This 
early, so-called “prodromal” phase is an under recognized 
phenomenon of a slowly evolving chronic neurodegenera-
tive process in the brain. It is also characterized by 
a probable compensatory decline of DAT activity.29–31 

Diagnosis of PD is mostly made with the onset of motor 
symptoms. At this stage 70% of dopaminergic nigrostriatal 
neurons are already gone.1 The compensation capacity of 
the human brain, the so-called “neuroplasticity” phenom-
enon, is overwhelmed by the individual different neuro-
transmitter deficiencies and results in a heterogeneous 
onset of symptoms.1 Treatment with MAO-B inhibitors 
is mostly initiated at this stage particularly in PD patients 
with high life expectancy.15 They counteract the deficiency 
of biogenic amines. Hypothetically, inhibitors of MRT 
may complement this therapeutic approach. As a next 
step, dopamine substitution is initiated and adapted to the 
neurodegenerative process, i.e., with dopamine agonists. 
Long half life and affinity to postsynaptic dopamine recep-
tors are the essential determinants of their efficacy. The 
affinity of dopamine agonists to the presynaptic dopami-
nergic autoreceptor is stronger than to the postsynaptic 
one.24 Dopamine agonists are also involved to a varying 
extent in stimulation of norepinephrine and serotonergic 

Figure 2 Simplified schematic drawing of consumption- and regulation mechanisms of dopamine in the synaptic cleft. 
Abbreviations: MAO, monamine oxidase; COMT, catechol-O-methyltransferase.
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autoreceptors and postsynaptic receptors, i.e., piribedil or 
pramipexole.32,33 As consequence, the endogenous presy-
naptic synthesis of biogenic amines is down regulated. 
Thus it is rather unlikely to demonstrate clinical mean-
ingful benefits on motor- and non-motor behavior in only 
treated dopamine agonist treated PD patients with inhibi-
tion of DAT or with MRT. Sooner or later with advance of 
PD, l-dopa has to be initiated and added to an already 
existing dopamine substitution regimen. L-dopa is the 
most efficacious and best tolerated compound for PD 
treatment. The risk for an at least transient, too much 
elevated dopaminergic neurotransmission goes up as 
a result of the fluctuating brain delivery of orally adminis-
tered l-dopa. Onset of L-dopa dosing dependent motor 
complications is sometimes observed within months.34 

This elevation of dopamine substitution with l-dopa may 
support manifestation of dopamine dysregulation syn-
dromes, particularly in patients with certain preexisting 
and predisposing personality features.35,36 The most pop-
ular one is an increased susceptibility to addictive beha-
vior, i.e. repeat l-dopa intake, punding, shopping, etc. 
Particularly, the dopaminergic pathways of the mesocorti-
colimbic system are looked upon as addiction generating 
reward centers. Thus, too high dopaminergic stimulation 
not only supports onset of dyskinesia in the motor system, 
it may also induce specific neuropsychiatric 
phenomena.35,36 Their intensity and frequency goes up 
with advance of PD, which is characterized by 
a diminishing dopamine buffering capacity and loss of 
autoreceptor function.24 Fluctuating l-dopa levels aggra-
vate these interplay between motor- and non-motor symp-
toms in PD.24,37 Advanced PD patients better tolerate 
dyskinesia and associated non-motor features, i.e. irritabil-
ity, mania or psychosis. They dislike dopamine deficiency 
associated with impaired motor behavior and features like 
depression, apathy and cognitive deficits.1 Therefore they 
ask for higher dosing of dopamine substituting compounds 
for alleviation of OFF-periods. Mostly they perform addi-
tional l-dopa/DDC-I intakes.38–40 Endogenous regulation 
of monoamine neurotransmission more and more looses its 
compensating and buffering capacity.5 Due to temporary, 
treatment related overflow of l-dopa and dopamine, l-dopa 
is also converted in serotonin generating neurons.5,41 

Particular, neuronal dopamine reuptake- and intracellular 
dopamine transporter activity becomes irregular.5 

Hypothetically, inhibitors of MRT may have a stabilizing 
and thus beneficial effect.5 Particularly, combination with 
novel extended release oral L-dopa capsules, such as 

Rytary® (formerly known as IPX066), may hypothetically 
provide a more continuous brain delivery of l-dopa.42,43 In 
conclusion, these considerations suggest that use and effi-
cacy of DRT-I depend on specific stages of PD with their 
associated heterogeneous expression of motor and non- 
motor symptoms and the pharmacology of further dopa-
mine substituting compounds.

Experimental and Clinical Research 
with DRT-I
Experimental PD models may mirror this complex interplay. 
They mainly focus on the loss of dopamine synthesizing 
nigral neurons. PD models with toxins, i.e., 6-OH- 
dopamine, rotenone or 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP), induce PD like syndromes. The 
6-OHDA acute model, although it is not progressive, has 
been successfully used to mimic the early versus late dopa-
mine depletion stages in site specific brain regions. It was 
able to identify brain region specific neurobiological 
mechanisms that might be responsible for the complexity of 
symptom manifestation in PD. It may also suitable for 
a better future understanding of l-dopa-induced motor com-
plications, such as dyskinesia.44–46 MPTP-, α-synuclein- and 
Parkin animal models recapitulate the progressive loss of 
dopamine neurons, the involvement of cortical and subcor-
tical regions and other aspects of disease progression, even 
those involving the mesocorticolimbic system.47–49 These 
employed in vitro and in vivo PD models may mirror the 
slow progression of neuronal dying, which asks for contin-
uous adaptation of dopamine substitution in the clinical 
practice of the maintenance of PD patients. Nevertheless 
translation of promising positive experimental research out-
comes with DRT-I was complex, as i.e. co-administration of 
the various available PD drugs, i.e. MAO-B inhibitors, was 
only partially considered. This might have been one addi-
tional reason for the high failure risk in previous clinical trials 
with the various types of biogenic amine reuptake inhibitors.

Selective DRT-I
GBR-12,909 (vanoxerine; 1-[2-[bis-(4-fluorophenyl)meth-
oxy]ethyl]-4-(3-phenylpropyl)piperazine dihydrochloride) 
and SEP-22,8791 have only been investigated in the 
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridin (MPTP)- 
lesioned monkey PD model. Acute application of GBR- 
12,909 improved motor behavior in monotherapy in the 
MPTP-lesioned common marmoset. No dyskinesia were 
observed (Table 1).28,50
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Constraint of Dopamine and 
Norepinephrine Uptake
The DRT-I brasofensine, bupropion, methylphenidate, and 
nomifensine additionally inhibit norepinephrine reuptake 
(NRT) activity. Brasofensine improved PD like motor 
symptoms in monotherapy and in combination with 
l-dopa. Under both conditions, dyskinesia onset was not 
observed.51 Nomifensine as monotherapy ameliorated 
motor behavior, whereas bupropion had no effect in the 
MPTP model on motor symptoms (Table 1).28

Clinical Trials
Dual DRT/NRT-I’s were tested in clinical PD studies. In 
a small trial, Brasofensine did not improve the effects of 
l-dopa on motor impairment. It ameliorated motor symp-
toms in early PD patients for a short interval. This positive 
effect did not last and was gone after 14 days.52,53 

Bupropion improved PD symptoms. It may even exacer-
bate onset of dyskinesia as result of its dopamine neuro-
transmission enhancing efficacy.54–56 To date, it was 
repeatedly recommended as treatment of choice for 
depression in PD patients.57–59 Monotherapy with 

nomifensine showed positive effects in l-dopa naïve PD 
patients. Combination of nomifensine with l-dopa pro-
vided controversial outcomes.60–63 Methylphenidate was 
efficacious in combination with l-dopa. It was suggested as 
a treatment possibility for apathy and fatigue in PD 
patients (Table 1).4,64–67

Dual Inhibition of Dopamine and 
Serotonin Uptake
UWA-101 [2-(1,3-benzodioxol-5-yl)-1-cyclopropyl-N-methy 
lethanamine], UWA-121 and S-3,4-methylenedioxy 
methamphetamine (MDMA) not only constrain DRT, but 
also the 5-hydroxytryptamine (serotonin, 5-HT) reuptake 
(SRT).68–70 To date, they were examined only in experimental 
PD models. They showed mild positive effects, such as exten-
sion of “ON”-time in PD patients with motor complications 
(Table 1).68–70

Triple Blocking of DRT, NRT, and SRT
BTS-74,398 [1-([1-(3,4-dichlorophenyl)cyclobutyl]- 
2-(3-diaminethylaminopropylthio)ethanone] and tesofen-
sine are nonselective monoamine transporter inhibitors. 
BTS-74,398 was positive in the MPTP model. This drug 
did not further enhance the effects of l-dopa co- 
administration. Tesofensine was only applied in clinical 
trials to date. Sustained effects were not reported in mono-
therapy following an initial improvement of PD symp-
toms. There were mild effects in more advanced PD 
patients (Table 1).71,72

DRT-I in PD: Current Situation
Following the more or less disappointing clinical 
results,41,52,53,71–73 research on the concept of MRT inhibition 
in PD did not go on. Moreover the effects of brasofensine and 
tesofensine in monotherapy seemed to fade over time. This 
effect further scrutinized the potential use of these agents in 
PD patients.53,62,71,73 To date, the main focus of DRT-I 
research was to demonstrate an improved motor behavior 
similar to the findings with the MPTP model. Researchers 
also aimed to develop DRT-I as dyskinesia preventing or - 
ameliorating therapies in conjunction with chronic oral l-dopa/ 
DDC-I application. One did not consider the following 
hypothesis. Blocking of MRT activity in presynaptic neurons 
with subsequent longer maintenance of monoamines in the 
synaptic cleft may be compensated by an enzymatic up reg-
ulation of glial monoamine turnover via MAO and COMT in 
glial cells (Figure 2).5,15 This theory is in line with the clinical 

Table 1 Dopamine Substitution Enhancing Effects of Various 
Kinds of Uptake Inhibitors

MPTP Model 
(Monotherapy)

MPTP Model 
(Plus l-Dopa)

Clinical 
Study

Inhibition of dopamine reuptake

SEP-22,8791 +

Vanoxerine +

Inhibition of dopamine and norepinephrine reuptake

Brasofensine + +

Bupropion +

Nomofensine + +

Methylphenidate – – +

Inhibition of dopamine and serotonin reuptake

MDMA +

UWA-101 +

UWA-121 +

Monoamine uptake inhibitors

BTS-74,398 +

Tesofensine ±

SMe1EC2M3

Notes: +, positive response as dopamine substituting compound; –, negative 
response as dopamine transmission enhancing drug; empty field, no study was 
performed.
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observation of the fading symptomatic effect of brasofensine 
and tesofensine in monotherapy in PD patients (Table 1).

Use of DRT-I: Future Aspects in Early PD 
Patients
The former clinical research concept for the DRT-I use 
should be reconsidered in PD patients. These compounds 
may probably only add an additional benefit combined 
with a mandatory MAO-B inhibitor application in early, 
l-dopa- and dopamine agonist naïve PD patients. These 
clinical trials should also aim on alleviation of non-motor 
symptoms like depression, fatigue, apathy or deterioration 
of cognitive abilities in the prodromal or early phase of 
PD.2,3,74 Since cognitive deficits manifest in the early 
phases of PD with impaired DAT activity, dopamine neu-
rotransmission enhancing agents may particularly improve 
these non-motor PD symptoms. Another therapeutic con-
cept of a dopamine neurotransmission enhancing effect is 
provided by central glial COMT inhibition of dopamine 
turnover, i.e., with tolcapone. Prior pilot trial outcomes 
demonstrated beneficial effects of tolcapone on 
depression.75,76 Small clinical studies also described an 
improved cognition and cortical information processing 
following tolcapone application in patients and healthy 
volunteers. Dopamine increase via central COMT inhibi-
tion relative selectively improved prefrontal physiologic 
efficiency and thus cognitive behaviour, in particularly 
apathy and motivation.77–79 Central COMT inhibition is 
more regionally restricted in contrast to the effects of 
biogenic amine stimulants, such as amphetamine, which 
enhance transmission of dopamine, norepinephrine and 
5-HT in widespread regions of the brain.77–79 Findings 
from experimental human studies report an improvement 
of in particular apathy and related features similar to fMRI 
findings obtained from healthy volunteers.77–79 Therefore 
a triple combination with a centrally acting COMT- 
inhibitor would complement the aforementioned concept 
for early l-dopa- and dopamine agonist naïve patients. Aim 
is to maximize the effects of endogenous available mono-
amines, particularly dopamine. However the already tested 
dual combination of the MAO-B inhibitor selegiline and 
the central active COMT-inhibitor tolcapone did not pro-
vide a relevant symptomatic effect in previously untreated 
PD patients. One may hypothesize, that a hypothetical up 
regulation of DRT activity was responsible for this nega-
tive outcome.80 Use of the currently only available central 
COMT-I tolcapone is restricted worldwide due to rare 

onset of fatal hepatic failures in a dosage of 200 mg t.i.d. 
However, tolcapone application with a lower dose, i.e., 
200 mg o.i.d., may be enough for central COMT-I.81,82 

Thus, such a triple concept may be tested with available 
PD compounds, such as combination of 200 mg tolcapone 
plus rasagiline 1 mg and retarded release amantadine, i.e., 
one 193-mg tablet.83 Amantadine is mainly looked upon as 
a NMDA antagonist as the most popular mode of action, 
but it also has dopamine reuptake inhibiting properties.83 

Resembling concepts were already proposed in PD 
patients with early PD onset, to delay application of 
L-dopa and dopamine agonists.84,85 Reasons were the 
quality of life limiting side effect profile of dopamine 
agonists, which cause nausea, edema and dizziness, and 
the still ongoing neurotoxicity debate on early l-dopa use 
in PD patients with long life expectancy.86–90 The 
Levodopa in EArly Parkinson’s disease (LEAP) study 
recently again showed that L-dopa/DDC-I facilitates pro-
gression of PD. Patients with longer L-dopa/carbidopa 
exposure showed a faster rate of change in their Unified 
Parkinson’s Disease Rating Scale scores in the second 
study phase compared those with a later initiation of 
300 mg L-dopa/carbidopa daily intake.91 This controver-
sially discussed trial is worthy of criticism. 39% of the 
delayed start patients earlier changed to the early start 
l-dopa cohort, but the exact moments and concomitant 
dopamine replacement therapies with dopamine agonists 
or amantadine were not described, respectively analyzed in 
detail.9,90,92

DRT-I in l-Dopa Treated PD Patients
Application of oral l-dopa/DDC-I formulations causes 
l-dopa plasma fluctuations and pulsatile l-dopa brain bioa-
vailability following the blood barrier transfer. Peripheral 
COMT-inhibition reduces these ups and downs of l-dopa 
in plasma to a certain extent. Pulsatility of l-dopa counter-
acts the physiologic principle of continuous dopaminergic 
stimulation. Too high l-dopa levels are metabolized to 
dopamine by abundant enzymatic decarboxylation in pre-
synaptic dopamine and serotonin generating neurons. This 
mechanism is mandatory for further existing buffering 
strategies, which are dopamine reuptake from the synaptic 
cleft or neuronal and glial MAO-B - and glial COMT 
mediated dopamine turnover. The interplay between these 
various buffering strategies is overwhelmed by repeat pul-
satile l-dopa delivery. Long-term and repeat l-dopa over-
use facilitates generation of oxidative stress via the 
neuronal MAO-B metabolism pathway of dopamine, 

Journal of Experimental Pharmacology 2021:13                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
403

Dovepress                                                                                                                                                                 Müller

http://www.dovepress.com
http://www.dovepress.com


which is known to accelerate progression of PD in addi-
tion to aggravation of motor complications.15,16 To date, 
clinical trials with MRT inhibitors (MRT-I) only focused 
on symptomatic benefits in l-dopa treated PD within rela-
tive short study durations. However, introduction of oral 
L-dopa therapy in conjunction with stable inhibition of 
COMT, MAO-B and MRT may provide less pulsatile 
l-dopa delivery and allow a stable, individually adapted 
and reduced l-dopa dosing. This triple combination may 
prevent or delay onset of motor complications. 
A resembling concept was investigated in the failed 
STRIDE (STalevo Reduction In Dyskinesia Evaluation) 
STRIDE-PD study. This trial aimed to demonstrate 
a later onset of dyskinesia, in PD patients with a need 
for oral l-dopa/DDC-I therapy as an adjunct to their exist-
ing dopamine substitution therapy. L-dopa initiation was 
performed with l-dopa/carbidopa/entacapone or with 
l-dopa/carbidopa.93–95 This study was negative due to 
design failures, i.e. a standardized and mandatory up titra-
tion of the l-dopa containing formulations.

Conclusion
Experimental pharmacology showed some evidence that 
inhibition of dopamine reuptake may be beneficial for the 
balance of the dopamine deficit in PD models.73 The 
translation of these positive experimental results into 
corresponding clinical trial outcomes in PD patients 
failed or study programs were stopped due to probable 
missing commercial prospects of success.73 Approval as 
a PD drug was and is still mostly related to a benefit on 
motor behavior or reduction of “OFF-intervals” or dyski-
nesia. Therefore, a detailed evaluation of putative positive 
responses on specific non-motor symptoms, i.e., apathy in 
early PD patients, is rarely performed to date.37 Clinical 
MRT-I trial designs did not consider the complex inter-
play between enzymatic inhibition of MAO-B and 
COMT in association with constraint of MRT in PD.73 

Instead, the main objective was to ameliorate motor 
symptoms in monotherapy or to improve l-dopa asso-
ciated motor complications in advanced PD patients.73 

MRT-I studies in l-dopa treated PD patients only focused 
on central actions in the brain. Possible peripheral modes 
of actions related with dopamine reuptake inhibition were 
not investigated. As an example, one is the feedback 
mechanism of gastric emptying velocity, which is regu-
lated by l-dopa, respectively dopamine. It contributes to 
delayed and erratic duodenal l-dopa absorption and thus 
to the unpredictability of motor complications.11 As 

aforementioned, stimulation of the dopamine autoreceptor 
as sensor for too high dopamine concentrations in the 
synaptic cleft reduces endogenous synthesis of 
dopamine.5 It also supports dopamine removal and trans-
port via the neuronal DAT.5 A resembling dopamine 
receptor mediated pattern exists for regulation of gastro-
intestinal velocity. Thus, high duodenal l-dopa respec-
tively dopamine concentrations delay gastric emptying.96 

Accordingly, the transport of oral l-dopa/DDC-I formula-
tions to the duodenal main gastrointestinal absorption site 
of l-dopa slows down.11 It warrants further research, 
whether DRT-I have an effect on gastric emptying velo-
city similar to the peripheral dopamine receptor antago-
nist domperidone.13,97,98 Aforementioned reflections shall 
be considered, if study designs on the efficacy of 
SMe1EC2M3, a novel MRT-I with dopamine reuptake 
inhibiting properties, are planned in PD patients.99 

A future approval of SMe1EC2M3 is very likely, when 
this drug demonstrates symptomatic, motor symptoms 
enhancing effects in PD as initial step of the clinical 
development. Then as a second step, one may consider 
to perform long-term trials with a combination of DRT-I 
plus MAO-B inhibitor plus dopamine oxidation inhibi-
tors, such as potent iron chelators, as promising future 
therapeutic concept to slow down progression of PD.20 

One may perform a concomitant assessment with DAT 
function imaging techniques for intra individual compar-
isons at different disease stages, such as the early, pro-
dromal diagnostic -, early drug naïve – and advanced one 
with and without freezing of gait, similar to older 
investigations.34,100–102 Such a design is supported by 
experimental findings with DRT-I use. They showed the 
DRI efficacy in α-synucleinopathy models with DAT 
trafficking.103–106 In this regard it is noteworthy, that α- 
synuclein/DAT complexes occurred in postmortem PD 
brains and experimental PD models including 
primates.100,102,103,107 The pathological α-synuclein inter-
play with its synaptic partner synapsin III selectively 
boosted the locomotor activity in a α-synuclein PD 
model, while this effect was lost upon synapsin III gene 
silencing with co-administration of the MRT-I 
methylphenidate.108,109 In conclusion, a resurgence of 
clinical research on the efficacy of MRT-I for the treat-
ment of PD patients will be an interesting option for the 
future drug development in PD.
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