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ABSTRACT: A tetrahydroisoquinoleine identified in Mucuna pruriens ((1R,3S)‐6,7‐dihydroxy‐1‐methyl‐1,2,3,4‐tetrahy‐
droisoquinoline‐1,3‐dicarboxylic acid, compound 4) was synthesized and assessed for its in vitro and in vivo pharma-
cological profile on two animal models of Parkinson’s disease. Compound 4 inhibits catechol-O-methyltransferase 
(COMT) with no affinity for the dopaminergic receptors or the dopamine transporters. It restores dopamine-mediated 
motor behavior when it is co-administered with L-DOPA to C. elegans animals with MPP+ damaged dopaminergic path-
way. In a 6-OHDA rat model of Parkinson’s disease, its co-administration at 30 mg/kg with L-DOPA enhances the effect 
of L-DOPA with an intensity similar to tolcapone 1 at 30 mg/kg but for a shorter duration. The effect is not dose-de-
pendant. Compound 4 seems not to cross blood-brain barrier and thus acts as a peripheral COMT inhibitor. The COMT 
inhibition showed by compound 4 further validates the traditional use of M. pruriens for the treatment of Parkinson’s 
disease, and compound 4 can thus be considered as a promising drug candidate for the development of safe, peripheral 
COMT inhibitors. 

 

KEYWORDS: Parkinson’s disease; catechol-O-methyltransferase; Mucuna pruriens; Caenorhabditis elegans; dopamin-
ergic pathway; animal models. 

 



 

INTRODUCTION 

Parkinson’s disease (PD) is a neurodegenerative 
disorder characterized by the extenuation of dopaminer-
gic neurons in the substantia nigra pars compacta (SNc) 
associated with a loss of striatal dopamine. The resulting 
disruption of neurotransmitter signaling is responsible 
for most symptoms of PD. Levodopa (L-DOPA), the natu-
ral dopamine precursor, was introduced in the late 
1960s as drug treatment and since then, has remained 
the most efficient chemotherapy for PD, in co-admin-
istration with a peripheral aromatic amino acid decar-
boxylase inhibitor (AADCI) aimed at blocking the periph-
eral formation of dopamine (Figure 1). Nevertheless, 
long-term use of L-DOPA/AADCI can end up with the ad-
ministration of up to 8 g/day of L-DOPA and after some 
years of stable benefits, it consistently leads to wearing-
off, where the clinical response diminishes and new side-
effects develop, including dyskinesia and on-off periods1. 
Several hypotheses tend to explain this phenomenon, in 
which L-DOPA and its metabolites play a key role1,2,3,4. 
Besides being transformed into dopamine by AADC, L-
DOPA can also be metabolized by COMT into 3-OMD (Fig-
ure 1). 3-OMD has been shown to induce several delete-
rious effects suggesting its role in the side effects of long-
term L-DOPA treatment5. Thus, the combination of a 
COMT inhibitor (COMTI) with the L-DOPA/AADCI ther-
apy is a common clinical practice to reduce the adminis-
tered doses of L-DOPA, extend its serum concentration 
and decrease its side effects, hence a longer and better 
clinical response. 

Potent and selective COMTIs bearing a nitrocat-
echol (= 3-nitrobenzene-1,2-diol) subunit, i.e., tolcapone 
(1), entacapone (2), and opicapone (3) (Figure 2), are 
used in clinical practice in association with L-
DOPA/AADCI therapy. Their pharmacokinetic proper-
ties are quite different from each other and several stud-
ies have shown that after systemic administration, tolca-
pone 1 penetrates into the brain and that the central 
COMT inhibition observed with 2 is lower and obtained 
at higher doses, while 3 is only peripherally active6,7. 
Thus, tolcapone 1 became rapidly the gold standard for 
COMT inhibition but its high hepatotoxicity led to its 
withdrawal between 1998 and 2004. It is used today un-
der strict liver enzyme monitoring. The search for new, 
less toxic COMTIs for PD therapy is of particular interest. 

 

Figure 1. Dopaminergic metabolism. 



 

 

Figure 2. COMTIs currently on the market. 

 

 The nematode Caenorhabditis elegans, is a non-
parasitic soil-dwelling nematode possessing a relatively 
simple integrated neuronal system8,9. Its neuronal sys-
tem contains most of the known cellular and molecular 
components of mammalian brains and constitutes a use-
ful experimental model to study various neurobiological 
processes10,11. Synaptic communications involving sev-
eral mammalian neurotransmitters like GABA, acetyl-
choline, serotonin, dopamine, and glutamate are present 
in the nematode12. The dopaminergic neuronal system of 
C. elegans composed of eight neurons is described to play 
a role in various behaviors like egg-laying, defecation, 
motor activity, food sensing, and habituation to the 
touch13,14. This organism has emerged as a valuable in 
vivo model for understanding the basic neurobiological 
process involved in many human neurological disorders 
like Alzheimer’s disease, PD, Huntington’s disease, and 
prions diseases15,16,17,18,19,20,21. Environmental or experi-
mental neurotoxins exposure like 6-OHDA (6-hy-
droxydopamine) and MPP+ (1-methyl-4-phenylpyri-
dinium), are largely described to induce specific dopa-
minergic neurodegeneration and is used to develop 
pharmacological experimental models to study some 
features of PD22,23,24. These neurotoxins were also used in 
C. elegans to establish pharmacological models to study 
PD-related neuronal degeneration25,26.  
In our research projects towards PD treatments, we be-
came interested in the known Mucuna pruriens seeds. 
Used in the ayurvedic medicine for centuries to treat PD 
among other ailments, M. pruriens seeds have been 
partly studied. Besides many constituents mentioned in 
the literature in a recurrent manner but without any 
sound scientific evidence (serotonin27,28, nicotine27, N,N-
dimethyltryptamine, N,N- dimethyltryptamine-N-oxide, 
bufotenine, 5-methoxy-dimethyltryptamine, 6-hydroxy-
1-methyl β-carboline), phytochemical studies have 
demonstrated the presence of L-DOPA (up to 7%, 

preventing their use as food or feed),29,30,31,28 two dihy-
droxylated tetrahydroisoquinoline  (diOH-THIQ) deriva-
tives,32,33,34,35 along with amino acids,34,36,37 lipids,38 flavo-
noids (but no genistein or genistin28) and triterpenes39. 
After performing in our laboratories a separation and 
purification of the seed extract of M. pruriens, we charac-
terized a new compound, (1R,3S)‐6,7‐dihydroxy‐1‐me‐
thyl‐1,2,3,4‐ 

tetrahydroisoquinoline‐1,3‐dicarboxylic acid (4), which 
shows a dihydroxylated tetrahydroisoquinoline moiety 
flanked by two carboxylic functions in a cis relationship 
at the 1 and 3 positions and a methyl substituent at posi-
tion 1. 

 Given that 4 could derive from L-DOPA after a 
Pictet-Spengler reaction with pyruvic acid, we synthe-
sized compound 4 and assessed its pharmacological im-
pact on the dopaminergic system and especially the 
COMT enzyme. 

 

RESULTS 

Extraction and isolation of compound 4 from M. pru-
riens 

Seed powder of Mucuna pruriens was obtained commer-
cially from Banyan Botanicals, Albuquerque, USA with an 
authenticity certificate from the manufacturer. It has 
been furthermore identified following the Indian Phar-
macopoeia as M. pruriens seed powder. Seed powder was 
extracted by a water-ethanol mixture. Compound 4 iso-
lated by silica gel and reverse phase chromatography 
and its structure established using HRESIMS, 1D and 2D 
1H-NMR and 13C-NMR spectroscopy and polarimetry. 

Synthesis of 4. After optimization, we found out that 
mixing neat L-DOPA and pyruvic acid with trifluoroace-
tic acid and heating up to 70°C, led to a mixture of two 
diastereomers in 2:1 ratio (4:4’). Overnight recrystalli-
zation over isopropanol led to the isolation of predomi-
nant cis isomer 4 with a 94:6 diastereomeric purity in 
28% yield (Figure 3). 

 

Figure 3. Synthesis of 4 

 

In vitro studies. We tested compound 4 in a set of in-
house enzymatic assays40 using cellular lysates, which 
assessed inhibition of AADC, MAO-B, and COMT, using 
known inhibitors as controls. Results (see SI) showed 
that 4 presented a COMT inhibitory activity in the same 
order of magnitude as tolcapone 1, together with a neg-
ligible inhibitory effect on AADC and MAO-B and low cy-
totoxicity (See SI). 



 

Compound 4 was also tested for its agonist activity on 
human D1 and D2L receptors as well as dopamine up-
take. At 10 µM, agonist response of 4 was 0.1 % and 
- 6.6 % of dopamine response, respectively, with EC50 of 
dopamine being of 71 nM for D1 receptor and 6.7 nM for 
D2L receptor. The activity of 4 at 10 µM on dopamine up-
take inhibition was - 4.2 % of control (GBR12909) value, 
the latter showing an IC50 of 3.6 nM (See SI). These data 
show that compound 4 does not compete with dopamine 
on dopaminergic receptors and dopamine uptake. This 
suggests a satisfactory selectivity of 4 for COMT, allow-
ing us to further explore the in vivo significance of this 
effect. 

 

In vivo studies: C. elegans model. Wild-type animals N2 
strain were used to generate a transgenic line (controlGFP 
line) expressing the gfp transgene under the monoamine 
transporter regulatory sequence (dat-1p). As previously 
described41,26 dat-1p drove GFP reporter expression in 
the eight dopaminergic neurons (See SI, Fig. 1A). To gen-
erate a C. elegans model of dopaminergic injuries, ani-
mals were chronically incubated in liquid media with 
MPP+ toxin (1 mM). The deleterious effects of the neuro-
toxin were evaluated by observation under an epifluo-
rescence microscope of the four anterior dopaminergic 
neurons class (CEPs) and their associated dendrites (See 
SI, Fig. 1B). After treatment with MPP+ for three days, we 
observed a significant loss of 41 % of the CEPs neurons 
and 58 % of their connected dendrites in comparison 
with the untreated animals (See SI, Fig. 1B, bottom 
panel). To study the functional impact of the MPP+ on do-
paminergic neuronal functionality, we used a specific 
phenotypical test by counting motionless animals in 
solid media after a short swimming period42. The positive 
control to validate the behavioral test was a dopamine-
defective CB1112 line (cat-2, e1112) carrying a mutation 
in the ortholog gene of tyrosine hydroxylase43. We meas-
ured an increase of 186 % of motionless animals among 
MPP+ treated animals in comparison with the untreated 
animals (See SI, Fig. 1C). 

A significant improvement of dopaminergic 
functionality behavior test was observed with treatment 
with L-DOPA (from 1 up to 3 mM) (Fig. 4A), tolcapone 1 
(from 1 up to 1.5 mM) (Fig. 4B), and with compound 4 at 
solely 1.5 mM (Fig. 4C). These observations suggest that 
compound 4 may be able to inhibit COMT in C. elegans. 
None of the treatment, however, was able to fully restore 
motor activity of worms. 

 
Figure 4.  Dysfunctional dopaminergic system induced by MPP+ 
treatment is restored by L-DOPA, tolcapone 1 and 4. 
Synchronized L1 stage larvae were incubated in liquid media 
with MPP+ (1 mM) during three days at 20 °C and in presence 
of various concentration of (A) L-DOPA (0.5, 1, 2 and 3 mM), 
(B) tolcapone 1 (0.5, 1 and 1.5 mM) and (C) compound 4 (0.5, 
1 and 1.5 mM). Locomotion activities after swimming were 
evaluated with movies analysis produced with a macroscope at 
low magnification. Data are means ± s.e.m. of three independ-
ent experiments, n = 150 animals per experiment and experi-
mental condition. Statistical significance was calculated with a 
one-way ANOVA followed by a Dunnett’s multiple comparisons 
test for the only MPP+ treated condition versus all the others 
experimental conditions; **p < 0.01; ***p < 0.001 and ****p < 
0.0001; n.s., not significant. 
 

During the chronical incubation of MPP+, animals 

were co-treated with L-DOPA (1 mM) and a COMTI (tolca-

pone 1 or compound 4, at 1 mM). L-Dopa + tolcapone 1 in-

duced a significant increase (+ 50 %) of the motility of the 

animals in comparison with the tolcapone 1 untreated L-

DOPA condition (Fig. 5A). L-DOPA + 4 induced a signifi-

cant reduction of 55.5 % of motionless animals in compari-

son with L-DOPA alone (Fig. 5B). These results suggest that 

4 improves the neurobiological dopaminergic restoration ob-

served with L-DOPA in the animals presenting dopaminer-

gic injuries. 

 



 

 
 
Figure 5. Dopaminergic behavioral effect of L-DOPA admin-
istration is enhanced by tolcapone 1 and 4. 
Synchronized L1 stage larvae of controlGFP line were chroni-
cally incubated in liquid media with MPP+ (1 mM) and in pres-
ence of L-DOPA (1 mM) during three days at 20 °C. Percentage 
of motionless animals after a treatment with (A) tolcapone 1 
(1 mM) or (B) 4 (1 mM). Data are means ± s.e.m. of three inde-
pendent experiments, n = 150 animals per experiment and ex-
perimental condition. Statistical significance was calculated 
with a one-way ANOVA followed by a Dunnett’s multiple com‐
parisons test for the only MPP+ treated condition versus all the 
others experimental conditions; ***p < 0.001 and 
****p < 0.0001. 

 

In vivo study: 6-OHDA rat model. We assessed the ef-
fect of 4 on a 6-OHDA lesioned rat model, characterized 
by a unilateral lesion of ascending neurons from the mes-
encephalon to the striatum. Compound 4 (30 and 
100 mg/kg) was compared to (i) saline plus vehicle, (ii) 
L-DOPA (6 mg/kg) and (iii) L-DOPA (6 mg/kg) plus tol-
capone 1 (30 mg/kg) (Figure 6). Over eighteen lesioned 
rats, six were not further submitted to treatments as they 
would not display limb hypokinesia. Among the twelve 
rats submitted to treatments, two were discarded as they 
would not show any contralateral rotation upon L-DOPA 
administration. All the ten remaining rats received treat-
ments following a Latin square allocation and a wash-out 
period of at least three days. Treatments were adminis-
tered intraperitoneally, so absorption bias did not im-
pact the results. 

As expected, L-DOPA induced contralateral rotations, alt-
hough when L-DOPA was administered alone, its enzy-
matic degradation limited the intensity of the effect, 
which was not statistically significant neither on total 
count nor on the peak intensity of rotations (Figure 6, B 
and C). When administered along with L-DOPA, tolca-
pone 1 significantly increased L-DOPA effect, which was 
of higher intensity and longer duration (Figure 6, A to C). 
This is due to both the inhibition of plasmatic COMT, 
which allows more L-DOPA to enter the brain, and the 
inhibition of central COMT, which allows more L-DOPA 

to be transformed into dopamine (See Figure 1). When 
administered along with L-DOPA, 4 at 30 mg had a simi-
lar effect as tolcapone 1, albeit of a clearly shorter dura-
tion (Figure 6, A to C). Also, a 100 mg dose of 4 led to a 
lower effect than the one observed at 30 mg and was 
characterized by a wider interindividual variation. This 
could be rationalized by competition with L-DOPA for its 
transportation into the brain. 

Two hours after the last administration, rats were eu-
thanized and striata were collected for quantification of 
neuroamines. Neurochemistry has been monitored for 
dopamine, DOPAC, HVA, 3-OMD, 3-MT, 5-HIAA, and 5-HT 
on the striatum of each brain hemisphere. Data are in ac-
cordance with the model of the mechanism of action of 
L-DOPA, i.e. a crossing of BBB by L-DOPA, which is then 
down-processed into dopamine and further metabolites. 
Although this model can be discussed3, the following 
data interpretation can be made. On the basal healthy 
striatum, the enzymes of the dopamine pathway (tyro-
sine hydroxylase, AADC, COMT, and MAO-B) are func-
tioning and a basal, endogenous concentration of L-
DOPA, dopamine, DOPAC, HVA, 3-OMD, 3-MT, and NA is 
observed (See SI, Figure 2). On the basal lesioned stria-
tum, in which dopaminergic neurons have been mostly 
destroyed, dopamine is very low, as are the concentra-
tions of its metabolites DOPAC, HVA, 3-MT, and NA (See 
SI, Figure 2). The tyrosine hydroxylase from other neu-
rons (e.g., noradrenergic neurons) remains active3, and 
produces small amounts of L-DOPA, which is not down-
processed by dopaminergic neurons, resulting in a con-
centration of L-DOPA higher in the lesioned striatum 
than the one in the healthy striatum. As a result, a slight, 
non-significant increase of 3-OMD is also seen when 
compared to healthy striatum, as a result of the remain-
ing activity of COMT (See SI, Figure 2). 

Administration of L-DOPA with tolcapone 1 increases 
the amount of L-DOPA in both healthy and lesioned stri-
atum (Figure 7), suggesting that the central uptake of L-
DOPA is efficient but that its central down processing is 
impaired, either by inhibition of COMT by tolcapone 1 in 
the healthy striatum or by the lack of dopaminergic neu-
rons in the lesioned striatum. Administration of L-DOPA 
in combination of  4 does not lead to an increased 
amount of L-DOPA in the healthy striatum, suggesting 
that exogenous L-DOPA is down-processed either by 
AADC and COMT from dopaminergic neurons and that 4 
does not inhibit central COMT. In the lesioned striatum, 
dopaminergic neurons are mostly absent and down-pro-
cessing L-DOPA is impaired. 

 



 

 
Figure 6. Effect of vehicle, 4 (30 and 100 mg/kg, i.p.) or 
tolcapone 1 (30 mg/kg, i.p.) in combination with L-DOPA 
or saline administration on contralateral rotations over 
360 min, n = 10 rats. A) Rotations in 5 minutes time bin 
over the duration of the experiment (mean). B) Total ro-
tations over the duration of the experiment (mean). C) 
Peak number of rotations in any 5 minutes time bin. Bars 
represent the group mean + 95 % CI; dots represent the 
individual animal values. Data were analysed by paired t 
test.  * p < 0.05, vs Vehicle + L-DOPA. ## p < 0.05, L-DOPA 
vs vehicle + saline. 

 

 

Figure 7: L-DOPA concentration in healthy and lesioned stri-
ata after the treatment by tolcapone 1 (30 mg/kg, i.p.) or 4 
(30 mg/kg, i.p.) in combination with L-DOPA. Bars represent 
the group mean; dots represent individual animal values. The 
data were analysed with a two-way ANOVA (‘group’ and ‘hem‐
isphere’ were given as factors) followed by Sidak’s multiple 
comparisons. **** p < 0.0001 vs control. #### p < 0.0001 vs 
group L-DOPA + tolcapone 1. 

As tolcapone 1 increases the entry of L-DOPA in the 
brain, a subsequent increase of the products of AADC and 
MAO-B, namely dopamine and DOPAC, can be seen in the 
healthy striatum (Figure 8, A and D). The non-significant 
increase of NA in this case (Figure 8F) suggests a satura-
tion of the noradrenaline pathway already at the basal 
level. But as central COMT in the healthy hemisphere is 
inhibited by tolcapone 1, HVA, 3-OMD, and 3-MT are not 
produced as these metabolites imply one step of metab-
olization by COMT (Figure 8B,C,E). On the lesioned stria-
tum, L-DOPA and tolcapone 1 do not increase the metab-
olites of L-DOPA, namely dopamine, HVA, 3-OMD, DOPAC 
or 3-MT (Figure 8A to E). As dopamine is not increased, 
noradrenaline is not increased either (Figure 8F). 

When 4 is administered in combination with L-DOPA, 
most data strongly suggest that 4 is a peripheral COMT 
inhibitor, but not a central COMT inhibitor, as the follow-
ing analysis shows: if not inhibited, COMT from dopa-
minergic neurons in the healthy hemisphere quickly me-
tabolizes L-DOPA, massively supplied from the blood, 
into high amounts of 3-OMD (Figure 8C). AADC also me-
tabolizes L-DOPA into dopamine, but as COMT is rather 
a competing pathway, the increase in dopamine is 
weaker than the one observed with L-DOPA plus tolca-
pone 1 (Figure 8A). Dopamine is metabolized by COMT 
into 3-MT, which is consequently increased as well (Fig-
ure 8E). Dopamine is also metabolized by MAO-B into 
DOPAC which is slightly increased when compared to ba-
sal level (Figure 8D), and which is then metabolized by 
COMT into HVA, also increased compared to basal levels 
(Figure 8B). 

On the lesioned striatum, the COMT from remaining do-
paminergic neurons is still able to produce 3-OMD (Fig-
ure 8C), but all the other pathways based on the other 
dopaminergic enzymes are not functional, and there is 
no increase of dopamine, HVA, DOPAC, 3-MT or nora-
drenaline (Figure 8A, B, D, E, F) compared to basal state. 
Data on 5-HT pathway show no effect of 4 on this neuro-
chemical pathway (data not shown). 



 

 

Figure 8. Concentration of L-DOPA metabolites in healthy and le-

sioned hemisphere after administration of treatments. Data were 

analyzed with a two-way ANOVA followed by Sidak’s multiple 

comparisons. **** p < 0.0001, ** p <0.01 vs control. 

#### p < 0.0001 vs group L- DOPA + tolcapone 1 (30 mg/kg).  

DISCUSSION 
These assays on experimental models of PD al-

low us to validate the in vivo effect of COMT inhibitor 
compound 4 and denote its cooperative molecular im-
pact with L-DOPA to enhance the related dopamine be-
havior and dopamine concentration. 

On the C. elegans model, compound 4 showed a 
significant synergic effect with L-DOPA at an ineffective 
concentration when alone (1 mM) with a cellular mech-
anism that remains unclear. Major C. elegans behavioral 
tests used to study the functionality of the dopaminergic 
neuronal system frequently involve additional neuro-
transmitters, e.g. serotonin implicated for example in the 
slowing basal response or egg-laying behavior tests 13. 
Thus, in the behavioral test that we used42, the implica-
tion of dopamine in motor activity is not an assay involv-
ing stricto sensu specifically the dopaminergic system. 
Nevertheless, we obtained a significant response with 
the dopamine defective mutant cat-2 and tolcapone 1, 
suggesting that the dopamine system is involved and 
predominant in the behavioral test used in this study. 
The neurotoxin MPP+ is largely used in vitro and in vivo 
to generate pharmacological models of PD44,45 including 
in the C. elegans organism25. In contrary of the observa-
tion described by  Braungart and his collaborators25, our 
data showed an improvement of the MPP+-impaired do-
paminergic system by L-DOPA treatment at 1 mM. These 
observations can be explained by the different experi-
mental setup, including behavioral test and drug admin-
istration mode. It also showed that an administration of 
L-DOPA at 5 mM may induce motionless phenotype with 
a muscle peripherical effect46. In our assays, we did not 
exceed the concentration of 3 mM of L-DOPA in our ex-
perimental condition to avoid these non-neuronal ef-
fects. 

COMT inhibition of 4, observed in the C. elegans 
MPP+ neurotoxicity model, remains to be more clearly 
elucidated. Indeed, five orthologs of the human COMTD1 
are present in C. elegans47 and we cannot exclude a diver-
gent affinity of 4 with these various isoforms. In addition, 
various COMT isoforms present heterogeneity in tissue 
expression and we focused our investigations only in the 
dopaminergic system to evaluate the effects of the tested 
compounds. Yet the reference in-vivo rat PD model used 
in this study corroborates the findings on C. elegans, and 
supports the opinion that the nematode MPP+ dopamin-
ergic neuronal loss model can be used for large-scale 
drug screening approaches in order to identify new ac-
tive molecular therapeutical compounds, while meeting 
3Rs rules pertaining to species replacement25. 

The in-vivo rat study and associated neurochem-
istry data strongly suggest that compound 4 does not en-
ter the brain and only inhibits peripheral COMT. Tolca-
pone 1 is the gold-standard peripheral and central COMT 
potent inhibitor, with a half-life in rats of 2.9 hours6 (1-3 
hours in humans48). The intensity of the effect of 4 is sim-
ilar to tolcapone 1, with no dose-effect relationship and 
with a duration equal to half of duration of the effect 
shown by tolcapone 1. Several hypotheses can be drawn 
from these data. The intensity of the effect may be limited 



 

to the saturation of enzymatic or transport systems, be-
ing either COMT peripheral concentration or L-DOPA 
BBB transporters, for instance, suggesting that efficient 
dose determination can only be empirical. Duration of 
the effect may be related to serum half-life (half-life of 4 
is not known at this stage), but also to the peripheral of 
central nature of the COMT inhibition. Tolcapone 1 being 
a reversible inhibitor with a IC50 of around 0.8 µM49, de-
termination of inhibition constant of 4 with a validated 
enzymatic assay is warranted. 

 
CONCLUSIONS 

The relevance of COMTIs in PD remains timely, 
as they appear as an efficient treatment of end-of-dose 
motor fluctuations associated to long-term L-DOPA 
treatment. The latest marketed COMTI is opicapone 3, a 
peripheral, reversible inhibitor whose main interest is to 
be administered once daily: its half-life is similar to tol-
capone 1 but its binding affinity (Kd) is subpicomolar, 
which translates into a slow complex dissociation rate 
constant and long duration of action50. Tolcapone 1 is the 
only COMTI that has a central effect. It is still used by pa-
tients not responding to peripheral COMTI, despite its 
significant hepatic toxicity, suggesting the need in the 
clinic of a safe COMTI acting at the central level. The al-
leged neurotoxicity of 3-OMD, the L-DOPA metabolite by 
COMT, also incites to the finding of central COMTIs. But 
the complexity of the transport of compounds acting on 
the dopaminergic pathway across the BBB is still to be 
tamed. The hypothesis of compound 4 being a competi-
tive substrate of COMT, being methylated upon its bind-
ing, is still to be explored. The assessment of the toxicity 
of methylated metabolites of 4 may be of relevance, alt-
hough the traditional use of M. pruriens, which is further 
validated by this study, has not been associated to spe-
cific side-effects. This traditional treatment of PD clearly 
requires further exploration beyond its significant con-
tent in L-DOPA. Nonetheless, at this point, compound 4 
can be considered as a promising drug candidate for the 
development of safe, peripheral COMT inhibitors, useful 
in the treatment of PD and Lewy bodies disorders. 
 
EXPERIMENTAL SECTION 

Extraction and isolation of compound 4 

Seed powder of Mucuna pruriens was obtained commer-
cially from Banyan Botanicals, Albuquerque, USA with an 
authenticity certificate from the manufacturer. It has 
been furthermore identified following the Indian Phar-
macopoeia as M. pruriens seed powder. The powder 
(435g) was defatted with acetone (500 ml) by shaking 
and sonicating for 6 h at room temperature. Defatted ma-
terial was extracted twice with water-ethanol (1L, 1:1) 
by shaking and sonicating for 6h. After filtration on pa-
per, filtrate was concentrated (38 g). Crude extract (28 
g) was subjected to silica gel column chromatography us-
ing solvent systems of increasing polarity: Isopropa-
nol:ethyl acetate (20:19), isopropanol:ethyl acetate:wa-
ter:acetic acid (20:19:10:1, 20:19:12:1, 20:19:15:1), iso-
propanol:water:methanol:triethylamine (20:70:5:5). 

Fractions were subjected to purification by preparative 
RP-HPLC using gradient elution with MeOH / 0.2 % TFA 
in water, from 2 to 25% of MeOH in 25 min.  Compound 
4 was isolated as a pale greenish amorphous solid. Mo-
lecular formula was deduced to be C17H17NO6 from 
HRESIMS data (m/z 332.113 [M + H]+ (calculated m/z for 
C17H18NO6: 332.1134). &D and 2D 1H-NMR and 13C-NMR 
spectra indicated that compound 4 is a 3-carboxy-1-ben-
zyl-3’,4’,6, 7-tetrahydroxy-1,2,3,4-tetrahydroisoquino-
line. The relative configuration of C-1 and C-3 was estab-
lished by NOESY correlations to be cis for the methyl in 
position 1 and the proton in position 3. []𝐷

25value of - 44 

(c = 0,25) suggested that absolute configuration of 4 was 

(1S, 3S) as in other tetrahydroisoquinolines isolated pre-
viously from M. pruriens. 

Synthesis of 4. L-DOPA (5 g, 25.3 mmol), pyruvic acid (7 
mL, 101.2 mmol) and TFA (2.7 mL, 35.4 mmol) were trit-
urated in a flask and the mixture was heated to 70 °C for 
about 5 min. High vacuum was then applied to the reac-
tion flask, removing volatiles and forming a homogenous 
foam, which solidified upon drying. The resulting solid 
was dissolved with hot iPrOH (100 mL), and the solution 
was cooled down overnight to room temperature. White 
crystals were collected by filtration, washed with cold 
50:50 mixture of iPrOH:CH2Cl2, then washed with Et2O. 
After a drying step, compound 4 was isolated as a white 
powder (2.67 g, 28 %, 4:4’ = 94:6). Further concentra-
tion of the mother liquor followed by precipitation with 
Et2O afforded a mixture of compound 4 and 4’ (2.31g, 
24%, 4:4’ = 63.5:36.5). [α]D

24 = –44 (c = 0.25, MeOH). 1H 
NMR (300 MHz, methanol-d4) δ 7.13 (s, 1H), 6.62 (s, 1H), 
4.10 (dd, J = 12.0, 5.3 Hz, 1H), 3.19 (dd, J = 16.5, 5.3 Hz, 
2H), 3.10 (dd, J = 16.5, 12.0 Hz, 1H), 1.87 (s, 3H). 13C NMR 
(75 MHz, methanol-d4) δ 173.84, 172.07, 146.95, 146.02, 
125.69, 123.37, 115.98, 113.72, 66.09, 53.82, 48.43, 
29.94, 24.74. HRMS (ESI-): calcd m/z for [M-H]- 
C12H12NO6: 266.0665, found: 266.0661. 

 

(1R,3S)‐6,7‐dihydroxy‐1‐methyl‐1,2,3,4‐tetrahydroiso‐
quinoline‐1,3‐dicarboxylic acid (4) 
 

C. elegans strains, cultures and synchronization of 
worms. Animals were generally maintained in Petri 
dishes on solid nematode growth medium (NGM) seeded 
with OP50 strain of Escherichia coli as previously de-
scribed 51,52. Mutant cat-2 (e1112) strain was obtained 
from the Caenorhabditis Genetics Center (University of 
Minnesota, St. Paul, MN-USA) and dopaminergic neurons 
GFP tagged line (dat-1p::gfp; NB50) 53 was generated by 
transgenesis technique 54. For liquid culture media, after 
hatching, larval stage L1 animals were incubated at 20 °C 
in liquid S-medium enriched with heat-killed prepara-
tion of E. coli OP50 strain as a food source. Synchronized 
animals were prepared by standard bleach method 52. 



 

 

Nematode culture and MPP+ treatment. Larval stage 
L1 after hatching were grown in liquid medium during 
three days at 20 °C under agitation (70 rpm) 52. For MPP+ 
administration, the neurotoxin was solubilised in water 
to constitute a 10 mM stock solution and added in culture 
media at a final concentration of 1 mM. 

 

COMTI and L-DOPA incubation in C. elegans. At L4 
stage the nematodes were washed off MPP+ and culture 
medium and were incubated for 2 hours with the COMTI 
(tolcapone 1 and compound 4, 1 mM) diluted in water 
containing DMSO 1%. Controls were incubated in the 
same conditions without COMTI. For L-DOPA treat-
ments, L4 nematodes, after having been washed off MPP+ 
and culture medium, were incubated in S-Basal medium 
with 1 mM of L-DOPA during 3 hours at 20 °C. For co-
administration of L-DOPA and COMTI, worms were incu-
bated during 1 hour at 20 °C with the COMTI, washed 
with S-basal and treated with L-DOPA during 2 hours at 
20 °C. 

 

Neuronal loss assay. Young adult animals expressing 
the GFP in dopaminergic neuronal system were fixed in 
PBS 4 % during 15 min at 20 °C and were mounted on 
fresh 2 % agarose pad slides. The number of CEP (GFP 
tagged) anterior dopaminergic neurons and their associ-
ated dendrites were quantified under an epifluorescence 
microscope (Zeiss Apotome.2 imaging system) using x63 
magnification lens (n = 50 animals per experiment and 
experimental condition with three independent experi-
ments). 

 

Dopaminergic behavioural analysis. To evaluate be-
haviour, we used a method previously described55. Be-
havioural test was preceded by an incubation of 2 hours 
in S-basal medium without food source at 20 °C without 
MPP+ in presence or absence of L-DOPA (1 mM) and 
COMTI. To motivate the movement of the worms, assay 
plates containing bacteria were prepared by spreading a 
drop of OP50 E. coli in the middle of the plates followed 
by incubation at 30 °C overnight. A drop of 5 µl of about 
10 worms was placed on the assay plate and the assays 
began 5 min after the drop was absorbed by the agar, i.e. 
at a time where the worms were able to escape and start 
crawling (recordings were done for 5 min on a dry zone). 
We performed movies during 1 min (7 fps, Nikon 
AZ100M microscope) on a total of n = 50 worms in trip-
licate per condition for each experiment (three inde-
pendent experiments). Crawling velocity was analysed 
by tracking the centroid of animals by video using the 
wrMTrck plugin of ImageJ software 56. Statistical analysis 
was performed using GraphPad Prism 6 (GraphPad Soft-
ware, La Jolla, CA). Statistical significances of the data 
were performed using a one-way analysis of variance 
ANOVA. Multiple corrections were made using post-hoc 
a Dunnett’s test whenever required. P < 0.05 was 

considered significant. Error bars in figures represent er-
ror of the mean (s.e.m). 

 

6-OHDA rat model. To produce neurodegeneration of 
dopaminergic neurons, 18 male Sprague-Dawley rats re-
ceived a unilateral intracerebral injection of 6-OHDA by 
stereotactic delivery. Thirty minutes prior to surgery, an-
imals were given Metacam® (1 mg/kg; s.c) as an analge-
sic and the noradrenaline uptake inhibitor desipramine 
(25 mg/kg; i.p.) to protect noradrenergic neurons. Each 
animal was placed in an anaesthetic chamber supplied 
with a continuous flow of oxygen (1.5 l/min) and 5% 
isoflurane. Following loss of consciousness, the animals 
were installed in a stereotactic frame (Kopf) and main-
tained under isoflurane during intracerebral injections. 
Using a glass pipette, each animal was injected 2.5 μl of 
6-OHDA solution (5 mg/mL dissolved in sterile water 
with 0.1 % ascorbic acid) into the right medial forebrain 
bundle (MFB). The injection site was located according 
to the following coordinates relative to bregma: - 3.6 mm 
rostral, 1.6 mm lateral and from -7.5 to -6.5 mm below 
the dura (Paxinos and Watson, 2007). Twelve animals 
were selected according to the result of the stepping test 
performed 3 weeks following the lesion. Only animals 
displaying limb hypokinesia contralateral to the lesion 
were used in the efficacy part of the study. Stepping ad-
justments were measured as described by (Olsson, Nik-
khah et al. 1995). Forelimb akinesia was assessed as fol-
lows. Briefly, the experimenter takes the rat with one 
hand holding both hindlimbs and the other hand holding 
one of the forelimbs. The free paw is placed in contact 
with a flat surface. The experimenter then moves the an-
imal slowly sideways in forehand and backhand direc-
tions. The number of adjusting steps is counted for both 
paws in the backhand and forehand directions.  

The effect of 4 followed a within-subject Latin square de-
sign (T1 to T4), while tolcapone 1 treatment (T5) was 
not randomised. The washout period was at least 3 days.   

Assessment of rotation was performed as follows. Rota-
tions (i.e. net contralateral to the lesion) were assessed 
for 360 min (0-6 hrs) immediately 30 min after the test 
item administration using automated rotometers. Rota-
tions were cumulated into successive 5-minute time 
bins. The following parameters were measured:  

- Total rotation was measured by counting the total num-
ber of rotations for the duration of the experiment.  

- The intensity of rotation was taken as the peak number 
of contralateral rotations in any 5 minutes time bin.  

- The on-time was defined as the sum of 5-minute time 
bins in which were recorded at least 10 rotations.  

 For the neurochemistry part, 2 hours after drugs admin-
istration, animals were humanely euthanized by anes-
thetic overdose of Exagon (200 mg/kg) plus Lurocaine 
(20 mg/kg). Rats unselected for behavioral test after 6-
OHDA treatment were euthanized as well. The time of 
the last compound administration and the exact time of 
euthanasia were recorded. The brains were quickly re-
moved, placed in an ice-cold glass dish and rapidly 



 

dissected on ice. Both striata were macro-dissected, 
placed in an Eppendorf tube, frozen on dry ice and stored 
at <-70 °C awaiting HPLC analysis. The extent of striatal 
dopamine depletion as well as the reactivity to the differ-
ent treatments was assessed by measuring tissue levels 
of dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC), 
homovanillic acid (HVA), L-DOPA, 3-O-methyldopa (3-
OMD) and 3-methoxytyramine (3-MT) in the striatum, 
using high-pressure liquid chromatography (HPLC, see 
below) with an electrochemical detection system. One 
rat received by mistake compound 4 at 120 mg/kg in-
stead of 30 mg/kg and was not included in the analysis. 
The day of the biochemical analysis tissues were homog-
enized in 200 μl of 0.1N HClO4, sonicated, and centri-
fuged at 13,000 rpm for 30 min at 4°C. Aliquots (50 μl) of 

the supernatants were diluted in HClO4 (1:4 v/v) before 
the injection into the HPLC system.  
 
HPLC analysis and electrochemical detection. The tis-
sue concentrations of monoamines were measured by 
HPLC coupled to the coulometric detection system. The 
mobile phase of the HPLC system was composed of meth-
anol (7%), NaH2PO4 (70 mM), triethylamine (100 μl/l), 
EDTA (0.1 mM), sodium octyl sulphate (100 mg/l) di-
luted in deionized water (pH 4.2, adjusted with ortho-
phosphoric acid). It was filtered (0.22 μm) before its in-
stallation in the system. The mobile phase was delivered 
through the HPLC column (Hypersil, C18, 150 ´ 4.6 mm, 
particle size 5 μm, C.I.L.) at a flow rate of 1.2 mL/min us-
ing an HPLC pump (LC10Ad Vp, Schimadzu, France). The 
column was protected by a Brownlee-Newgard precol-
umn (RP-8, 15 ´ 3.2 mm, 7 μm; C.I.L.). The injection of the 
samples (10 μL) was carried out by a manual injection 
valve (Rheodyne, model 7725i, C.I.L.) equipped with a 
loop of 20 μl. The monoamines exit the column at differ-
ent retention times and passed into the coulometric de-
tection cell (Cell 5014, ESA, Paris, France) equipped with 
two electrodes. The potential of these two electrodes 
was fixed via the coulometric detector (CoulochemII, 
ESA, Paris, France) at +350 mV (oxidation) and -270 m 
(reduction), respectively. The coulometric detector was 
connected to a computer through an interface (Ulyss, 
Azur system, Toulouse, France).  

The calibration curves were performed once the peaks in 
a standard solution (1 ng/10 μl) were well separated in 
the chromatogram. Calibrations curves were performed 
using three concentrations of DA, DOPAC, L-DOPA, 3-MT, 
3-OMD, and HVA injected three times each with an ac-
ceptable r = 0.99. Standard solutions were used before 
each series of 10/12 samples to verify the good corre-
spondence of the chromatographic conditions to both 
the elution time and quantities calculated from the cali-
bration curves. Similarly, the quantities of monoamines 
in the standards varied according to the brain region in-
vestigated. The overall sensitivity for the compounds 
ranged from 2 pg/10 μl for DA to 30 pg/10 μl for 3-MT 
with a signal/noise ratio of 3:1. The tissue levels of DA, 
DOPAC, HVA, L-DOPA, 3-OMD and 3-MT are expressed in 
pg/mg of tissue. 

For behavioral part, statistical analysis was performed 
using a Paired t-test between Vehicle + Saline (T1) and 
Vehicle + L-DOPA (T2) treatment. All groups which re-
ceived L-DOPA were then analyzed with one-way 
ANOVA followed by Dunnett’s post hoc test to establish 
the effect of the compound. For the neurochemistry part, 
statistical analysis was performed using a Two-way 
ANOVA (‘Group’ and ‘hemisphere’ as given factors) fol‐
lowed by Sidak’s multiple comparisons test. All data 
analysis was performed with GraphPad Prism 8 

(GraphPad Software, La Jolla, CA). 
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