Considerations about PD Treatment
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The treatment of PD starts when motor signs are developed. Current treatments include pharmacologic therapy, physical
therapy, rehabilitating therapy and surgery. Physical therapy and exercise are beneficial in PD patients for both motor and
non-motor symptoms. The activities include speech therapy, nutrition, physiotherapy, and support groups.
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| 1. Levodopa and Carbidopa

Levodopa is a prodrug of dopamine that was discovered in 1961 and is considered a replacement treatment of dopamine
[, Levodopa facilitates central nervous system (CNS) penetration and brain dopamine delivery. Levodopa is still the most
potent pharmacologic compound for treating PD [, Although dopamine is a great potent compound, it presents a low oral
bioavailability, and only 1% of levodopa reaches the brain. In addition, the peripheral release of dopamine negatively
affects different peripheral body functions such as decrease intestinal motility, insulin production, and vasodilation. So, co-
administration with carbidopa is crucial to decrease the peripheral breakdown of levodopa and avoid side-effects.
Carbidopa is an inhibitor of aromatic L-amino acid decarboxylase [&. These compounds do not pass blood—brain barrier
(BBB) which contributes to a higher therapeutic efficacy of levodopa in the brain and decrease peripheral side-effects [El4
(B, still, chronic long-term treatment cause motor complications such as dyskinesia.

| 2. Dopamine Agonists
2.1. Apomorphine

Apomorphine is used in PD due the capacity to activate D1 like and D2 like receptors and its lipophilicity proprieties
enables crossing the BBB. Unfortunately, apomorphine presents a short half-life (33 min), which necessitates
administration through subcutaneous injections several times a day. The administration of this therapy is usually applied in
the advance stage of PD to reduce off-time and dimmish motor fluctuations from levodopa treatment [EILZ(E],

2.2. Pramipexole

In 1997, pramipexole—a novel non-ergolinic dopamine agonist—was approved to treat PD. Pramipexole is an
aminobenzothiazole with the full stimulation of the D2 subfamily dopamine receptor. After oral administration, it can reach
90% bioavailability and have protein binding of less than 15%, and an increase half-life (8—=12 h) however can cause
severe side-effects such as nausea, vomiting, hypotension, impulsive control disorder, and hallucinations (1oL

2.3. Ropinirole

Ropinirole is a non-ergoline selective dopamine D2 agonist, and it can be administered through all stages of PD. The
beneficial outcomes of this therapy in the early stages of PD include a delay of the development of dyskinesias and a
great efficacy to decrease motor symptoms and improve non-motor symptoms (sleep disturbances). In addition, this
compound is administered through a silicone-based transdermal patch for a period of 24 h, at which point the systemic
circulation results in a low protein binding and good half-life. Still, some adverse effects such as nausea, dizziness,
somnolence, headache, vomiting, fatigue, and pain can occur £2123],

2.4. Rotigotine

Another option for PD treatment is the use of rotigotine, which is a non-ergolinic dopamine agonist of dopamine receptor
families D3, D2, and D1 that uses a transdermal system. This compound can be used as monotherapy in early stage of
PD and adjunctive therapy with levodopa in advanced PD. Some adverse effects are consistent with the over-stimulation



of peripheral dopamine receptors, and they include nausea, somnolence, and application site reactions [221141[15]

| 3. MAO-B Inhibitors

Another current strategy chosen to treat PD is the use of MAO-B inhibitors. MAO-B is an enzyme responsible for
dopamine degradation. Thus, by inhibiting dopamine degradation, the levels of dopamine increase. Some examples of
MAO-B inhibitors are rasagiline and selegiline. Even though MAO-B inhibitors present less effects, they also have less
side-effects compared to treatments. Furthermore, several studies have demonstrated that another possible key feature of
these compounds is their ability to act as neuroprotectants from oxidative stress L8IL7],

| 4. Catechol O-Methyltransferase Inhibitors

Catechol o-methyltransferase (COMT) is responsible for the conversion of different catechols (like dopamine and
epinephrine) and is another PD target therapy with the inhibition of this dopamine metabolization. Levodopa can be
metabolized by decarboxylase in the peripheral system, and the co-administration of carbidopa will inhibit this process;
however, once the system is occupied, levodopa is also metabolized by COMT in the periphery. Thus, the use of COMT
inhibitors can prevent peripheral metabolization and allow for more levodopa to reach the brain. For instance, COMT
inhibitors can extend the half-life of levodopa by 85% and increase absolute bioavailability. Some examples of these
compounds include entacapone and tolcapone (oral formulation). Both of these compounds have been used as adjunctive
therapy to control motor fluctuations acquired by patients from chronic levodopa treatment [18119120],

| 5. Anticholinergic
5.1. Trihexyphenidyl

Trihexyphenidyl is an oral anticholinergic agent used to treat motor symptoms of PD and movement disorders.
Trihexyphenidyl blocks central cholinergic receptors allowing maintenance of cholinergic transmission in the basal ganglia
inhibiting the reuptake and storage of dopamine. This compound is usually used as adjunctive therapy with levodopa in
early stage of PD. Trihexyphenidyl is available in tablets form (2 mg and 5 mg) and elixir form. The side-effects are
nervousness, confusion, drowsiness, tachycardia, constipation and nausea (211,

5.2. Benztropine

Another anticholinergic agent used in PD treatment as adjunctive therapy is benztropine. Benztropine belongs to
muscarinic receptor antagonists’ class. Mechanisms of action includes reduction of the central cholinergic effect with the
inhibition of muscarinic receptors (that inhibit the reuptake and storage of dopamine). This compound is not chosen often
due to its several contraindications [22],

| 6. Amantadine

Amantadine is a hon-competitive NMDA-receptor antagonist and was first used in 1960 as antiviral drug but soon showed
a reduction of dyskinesias in PD patients. Thus, researchers found that an imbalance of dopamine levels is associated
with an increased concentration of extracellular glutamate, which increase the expression and activity of NMDA-type
glutamate receptors. By acting on this mechanism, amantadine is able to control glutamate concentrations and reduce the
motor fluctuations present in PD. Still, this compound response is different between patients, and even though it has a
half-life of 17 h, a two- or three-times daily dose is required [231124],

| 7. Neurosurgical Treatments

The surgical approach is used when pharmaceutical therapy is no more beneficial to the patient, as in cases of severe
motor fluctuations, dyskinesia, hallucinations, and intractable tremors. Deep brain stimulation is usually conducted at an
advanced stage of PD and is characterized by the insertion of electrodes into the target area of the brain. After levodopa
treatment, surgical intervention is the second most effective therapeutic showing benefits for up to five years. Although
some disadvantages have to be taken in account when performing this type of treatment. Neurosurgical treatment do not
improve speech or swallow issues, can have complications (infection, stroke, and seizures) and some patients reported
cognitive decline [231126],
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