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A B S T R A C T  

Parkinson's disease (PD) is a disorder that destroys neurons in the extrapyramidal 

dopaminergic pathway in the brain. In the world, the number of patients with PD is 10 million 

now and PD is a disease whose incidence increases with age. In particular, genetic and 

environmental factors are believed to cause PD. Rigidity in striated muscles, characteristic 

tremors and posture disorder are specified as main clinical symptoms of PD. Although radical 

treatment of PD is not possible today, some drugs that slow the progression of it and effective 

on its symptoms are used successfully in the clinic. Among them, the essential drug is 

levodopa. However, an important disadvantage in the drug treatment of PD is that the 

beneficial effects of the drugs decrease over time in long-term use. Moreover, the use of them 

is associated with serious side effects. Therefore, it is important to develop new treatment 

strategies in the treatment of PD. When a great effort continues to discover new drugs having 

different action mechanisms, it is expected that developed nanotechnology-based drugs for 

PD therapy become important, additionally.
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1. Introduction 

With Parkinson's disease (PD) is the second most common 

neurodegenerative disease in the world [1], and destroys 

neurons in the extrapyramidal dopaminergic pathway in the 

nigrostriatal region of the basal ganglia in the brain [2]. It 

was first described clinically by James Parkinson, and the 

most important symptoms seen in patients with PD are 

tremor and stiffness in muscles, bradykinesia and loss of 

balance[3] . PD is characterized by the presence of Lewy 

bodies in the midbrain and the loss of activity of 

dopaminergic neurons, especially in the substantia nigra[2] . 

It may take many years for the identified neuromotor 

symptoms of PD to appear so the onset of PD may indicate a 

long prodromal period. In patients with prodromal period of 

PD, the most common symptoms are constipation, loss or 

decrease in sense of smell, and REM (Rapid eye movement) 

sleep disorder, which are not related to motor movements[4] 

. However, it has been reported that patients with PD also 

show non-motor symptoms which is the most important one 

is pain.  And the underlying mechanism of pain is not 

understood. Some studies have shown evidence that it is 

related to motor symptoms [5, 6]. 

PD is generally known as a progressive neurodegenerative 

disorder that is seen 2 to 3% of the global population aged 

>65 years and older and much less frequently in young 

people. PD prevalence is estimated to rise double in 2030[2] 

. The incidence of PD varies between 40 and 1900 cases per 

100000 and the possibility of its incidence increases with 

age. Even though the onset of PD symptoms is between 60 

and 70 years, the incidence peak of the disease is in the 70-

79 age range. Men are more affected by PD than women [7]. 

However, limited data are available on patients with 

advanced PD prevalence. According to some 

epidemiological studies, it has been determined that 

approximately 10% of all PD patients have an advanced PD 

prevalence [8] . PD creates a huge burden on the population 

and economy all over the world and this situation is expected 

to worsen in the future. Today, there is estimated seven to 

ten million PD patients around the world [1]. The number of 

patients with PD in Turkey is approximately 150000 [2].  

2. Causes of PD 

PD are believed to be related to exposure to environmental 

toxins and the normal aging process. Familial history is an 

important risk factor. However, the exposure environment 

may be a more determining factor than genetic 

predisposition [9] .   

The most important pathological distinguishing features of 

PD in the brain are the specific loss of dopaminergic (DA) 

neurons in the substantia nigra pars compacta and the 

identification of intracellular inclusions called Lewy bodies 

in surviving DA neurons [10]. Damage or any loss of DA 

neurons causes motor symptoms such as tremor, rigidity, 

postural instability, joint,  and muscle stiffness and 

bradykinesia [11].  

One of the symptoms of PD, tremors occur in the fingers, 

hands, and arms in about 60% of patients at rest and 

sometimes when standing, and 30% of patients have slowed 

movements and limb movements. A dull expression may 

sometimes occur on a patient’s face. Especially in young 

patients, the first symptom of PD is dystonia, an involuntary 

contraction of an inward-facing foot or a downward 

curvature of the toes. In almost all patients, symptoms occur 

in one half of the body, and over time, it indicates itself in 

the opposite body half, becoming lighter. PD usually begins 

insidiously and its symptoms progress extremely slowly but 

gradually over the years, so PD patients often cannot 

pinpoint the date of onset of the disease. What should be 

emphasized here is that PD is the only disease that responds 

well to medications and surgical treatments among the 

diseases that develop as a result of cell loss process in the 

brain [1]. 

ACH: Acetylcholine 

D: Dopamine 

 

 

Figure 1 Activity status of basal ganglia-thalamus-cortex connections in 
normal condition and in PD (A). Comparison of acetylcholine and dopamine 

levels in individuals with normal and PD syndrome (B). The metabolic 

pathways of levodopa (C). 

The majority of affected individuals have idiopathic PD, 

possibly caused by the interaction of environmental and 

genetic susceptibility factors. However, a direct genetic 

predisposition can be determined in 5-10% of patients. 

According to the findings obtained from genome studies, it 

was determined that there are 26 gene loci associated with 
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the possibility of PD [12]. Mutations in genes (SNCA, 

LRRK2, EIF4G1, VPS35, PRKN, DJ1, PINK1, and 

ATP13A2) in 8 of these loci have been shown to cause 

familial PD [13]. In addition to these genes, variations in 

SNCA (α-Synuclein), MAPT (Microtubule Associated 

Protein Tau) and LRRK2 (Leucine-Rich Repeat Kinase 2) 

genes have also been found to create a risk for PD. Normally, 

when the activity in the direct and indirect pathways is in 

balance, as a result of degeneration in the nigrostriatal 

pathways (the pathways from SNc to putaman), the activity 

in the direct pathway decreases and the indirect pathway 

increases. As shown in Figure 1, the clear effect of this

 change is the increase in suppressive signals from the basal 

ganglia to the thalamus [14]. 

The genetics of PD have been extensively studied in the last 

20 years[2]. A recent genome-wide association study 

(GWAS) identified 90 independent risk variants that account 

for less than 50% of the inheritance of PD. In addition, this 

study suggest that other, unknown, common and rare genetic 

variants affect PD risk. A novel p.Y314S variant encoding 

the ubiquinol-cytochrome c reductase core protein 

(UQCRC1) in UQCRC1 was recently identified in 5 

Taiwanese family members with Parkinsonism by complete 

exome sequencing [15]. UQCRC1 is part of a mitochondrial 

protein and respiratory chain III complex that may play a role 

in mitochondrial respiration [15–17].  

There are several toxins associated with PD risk. Among 

these toxins, heavy metals, especially pesticides, and 

compounds that have a stimulating effect on the central 

nervous system (CNS) can be counted. Toxic metal ions such 

as mercury and manganese, organophosphates, 

organochlorines, 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP), Rotenone, Agent Orange (2,4,5-

trichlorophenoxyacetic acid) cause PD [18]. MPP+ (1-

methyl-4-phenylpyridinium), the MPTP metabolite formed 

by the effect of monoamine oxidase B enzyme (MAO B), 

kills dopaminergic nerve cells and causes nigrostriatal 

degeneration and PD [19]. This reaction is shown in Figure 

2. Additionally, there are data that acetic acid also cause PD 

[18]. 

 

Figure 2 Conversion of MPTP to toxic metabolite MPP+ via MAO B 

enzyme.   

The corpus striatum where acetylcholine and dopamine that 

play the role in impulse transcension at synapses are stored 

controls the normal tone and contraction of the striated 

muscles. As shown in Figure 1.A and Figure 1.B, thes

e neuromediators have opposite effects on neurons in the 

striatum and dopamine provides inhibition of striatal 

neurons, while acetylcholine provides excitation. 

Investigations revealed that the amount of dopamine in the 

corpus striatum is severely reduced, so the balance between 

cholinergic and dopaminergic systems is disrupted in favor 

of the cholinergic system in PD patients. The dopamine level 

in the striatum must decrease by more than 80% for the 

symptoms of the disease to appear. Two mechanisms are 

effective in the pre-clinical phase of PD: the first is a 

presynaptic mechanism and occurs as a result of a 30% 

decrease in dopamine level so dopamine metabolisation and 

homovanilic acid / dopamine ratio increases in dopaminergic 

nerve endings. The second mechanism is effective when the 

dopamine level decreases over 80% in this way, there is an 

increase in the frequency of postsynaptic dopamine receptors 

in the striatum. Eventually, sensitivity to dopamine develops 

in the postsynaptic membrane [20]. 

3. Symptoms of PD 

Loss of dopamine neurotransmission primarily causes the 

loss of fine motor control, especially when the muscles are 

at rest. The main symptoms of PD are: 

 Rigidity in striated muscles, 

 Characteristic tremors that occur at rest, 

 Posture disorder. 

The external view of the individual with PD are shown in 

Figure 3. Muscle stiffness slows down movement as the 

disease progresses (bradykinesia) and can lead to balance 

and coordination difficulties. Additionally, perception and 

mood disorders may also occur [20]. 

 

Figure 3 External appearance of a patient with PD. 

4. Therapy 

Radical therapy for PD is not possible, today. Current PD 

therapy focuses on relieving the severe motor symptoms of 

the disease, and no approved therapy can slow the 

progression of the disease. Another important point in the 

treatment of PD is to start the treatment as early as possible 

[8] . 

Dopamine receptors found in the human body are G-protein 

linked receptors. D1 and D2 receptors are expressed in 

different regions of the brain. D1 receptors are expressed in 

the striatum, nucleus, olfactory tubercle, cerebral cortex, 

amygdala, and subthalamic nucleus, while D2 receptors are 

mainly expressed in the striatum, nucleus accumbens, 



124 International Journal of Innovative Research and Reviews 6(2) 121-131  

 

 

olfactory tubercle and additionally in the substantia nigra 

pars compacta and ventral tegmental area. These receptors 

likely act as autoreceptors. On the other hand, D3 receptors 

are localized in the forebrain limbic areas and their 

expressions are low in the striatum [9, 21]. 

Most pharmacotherapies focus on dopamine D1 (D1R) and 

D2 (D2R) type receptors in the striatum. The stimuli on the 

dopamine D3 receptor (D3R) play an important role during 

the origin and development of PD [22, 23]. The effectiveness 

of dopamine agonist drugs used in treatment of PD depends 

on the activation of postsynaptic D2R receptors. The 

simultaneously activation of postsynaptic D1R receptors 

enhances the activity through D2R receptors. D3R, on the 

other hand, can both provide a biomarker for early stage 

pathological changes and set a target for the development of 

new therapeutics [23]. 

Until the late 1970s, dopamine receptors were considered to 

belong to two pharmacological families [24]. It has been 

determined that there are five different genes encoding 

dopamine receptors (D1-D5) involved in mammalian 

metabolism, each with a different expression pattern. 

Dopamine D1 and D5 receptors which are linked to the 

stimulation of adenylate cyclase and having high affinity for 

the SCH23390 gene are often referred to as "D1-like" 

receptors. On the other hand, the D2, D3 and D4 receptors 

are referred to as "D2-like" receptors and show preference 

for butyrophenone (e.g. spiperone) and benzamide (e.g. 

sulpyrid) ligands. These are associated with many different 

signaling systems including inhibition of adenylate cyclase, 

opening of K+ ion channels, and effects on Na+ ion currents 

[25–27].  

5. Drugs Used for PD 

Drugs used to treat PD can be classified as follows: 

 Dopamine replacement therapy 

 MAO inhibitors 

 Catechol-O-methyl transferase (COMT) inhibitors 

 Dopamine receptor agonists 

 Adenosine A2A receptor (A2AR) antagonists  

 Antimuscarinic and antihistaminic adjunctive therapy 

[9] . 

6. Dopamine Replacement Therapy 

As shown in Figure 4, dopamine is a neuromediator that is 

endogenously synthesized in the body from tyrosine. It is not 

possible to treat PD with dopamine directly, because 

dopamine cannot cross the blood brain barrier. Therefore, 

PD treatment is required by using dopamine precursor that 

can cross the blood brain barrier. The dopamine precursor 

used to increase the insufficient dopamine level in the 

treatment of PD is levodopa that can cross the blood brain 

barrier.  

 

Figure 4 Formation of dopamine from tyrosine in the body.  

The metabolic pathways of levodopa are given in Figure 1.C.

 With the rapid onset of levodopa therapy, an increase in 

survival has been shown as well as relief of symptoms [28]. 

Optimal treatment requires constant dopamine levels 

equivalent to the physiological one [29]. However, 

progression of PD requires gradual increases in levodopa 

dosage for adequate motor control, leading to the 

development of motor complications such as motor 

fluctuations and dyskinesia [1]. As shown in Figure 5, 

levodopa is converted to dopamine by dopa decarboxylase 

enzyme.  

 

Figure 5 Conversion of levodopa to dopamine by decarboxylation in the 

CNS. 

Approximately 90% of orally taken levodopa is converted 

into dopamine with 9% of the serum and peripheral 

dopamine able to pass into the CNS. With combined use of 

the dopa decarboxylase inhibitors, carbidopa or benserazide 

as shown in Figure 6, the passing of levodopa to the CNS can 

be increased up to 10%. Levodopa, as an amino acid, crosses 

the blood-brain barrier by active transport. It is well absorbed 

after oral administration and its bioavailability is between 

70-75% in rapid release formulations then, is excreted in the 

urine as homovalinic acid and dihydroxyphenyl acetic acid 8 

hours later [28]. 

 

Figure 6 The chemical structures of dopa decarboxylase inhibitors used in 

PD.   

7. MAO Inhibitors 

MAO is an external mitochondrial membrane enzyme that 

catalyzes the oxidative deamination of neurotransmitters. 

There are two isoforms of this enzyme in the human brain, 

MAO A and MAO B. Of these, MAO A deaminates 

serotonin and norepinephrine, while MAO B deaminates 

phenylethylamine and benzylamine [30, 31], so MAO B is 

an isoform involved in dopamine metabolism. Selegiline and 

rasagiline are the selective MAO B inhibitors used in PD 

therapy and their chemical structures are shown in Figure 7. 

Nonselective MAO inhibitors (Phenelzine, tranylcypromine) 

are not used in PD treatment, as they can cause hypertensive 

crisis when administered with levodopa. Selegiline and 

rasagiline contain a N-propargylamine group that is the 

structural component for inhibiting MAO B enzyme. This 

functional group binds to the structure of MAO B covalently, 

causing irreversible inhibition of the enzyme. For PD 

treatment, acidic salts of selegiline and rasagiline can be 

administered orally are used. Selegiline is also formulated as 

a 24-hour transdermal patch in free base form. Some side 

effects may occur with the use of these drugs such as 

hypertension, some reactions in application site (selegiline 
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transdermal patch) and suicidal ideation (selegiline) in young 

adults [9, 32]. 

 

Figure 7 The chemical formulas of selective MAO B inhibitors used in PD.  

8. COMT Inhibitors 

In mammals, the COMT gene exists in two different forms, 

membrane-bound and soluble, generally situated in the brain 

and other organs. The COMT gene polymorphism found in 

humans has been showed to occur through methylation of the 

amino acid residue rs4680 (Val180Met in soluble COMT 

form). A break occurs in this section, and the isoform formed 

as a result of the polymorphism is less stable. It was 

determined that Val/Val homozygotes in the COMT enzyme 

structure had 38% higher activity than Met/Met 

homozygotes [33–36]. Furthermore, a COMT homologue 

named TOMT or COMT2 has been identified and purified in 

human and rodent species. This enzyme found in the inner 

ear of mice has been determined to methylate noradrenaline 

[37]. Dopamine is metabolized by methylation mediated by 

the COMT enzyme in the prefrontal cortex of the brain. 

Val108Met polymorphism has been evaluated as an 

important risk factor causing psychiatric disorders, 

especially schizophrenia, and many studies have been 

conducted on it. Although no definitive evidence can be 

obtained as a result of these studies, it has been determined 

that it is effective on some behaviors, including estrogen 

[38]. Another important function of COMT is related to the 

pain process in the nervous system. Additionally, COMT has 

been determined to play a major role in the regulation of 

natriuresis in kidney tissue [39, 40].  

COMT enzyme has been found in higher levels in all tissues, 

human liver, brain, kidneys, adrenals and lungs. After 

COMT enzyme has been purifying and characterizing from 

different sources, several classes of COMT inhibitors have 

been identified and many of them contain catechol or some 

related bioisosteric structures such as gallic acid, caffeic 

acid, 2-hydroxyestrogens U-0521, quercetin and rutin. 

Additionally, various other non-catecholic compounds such 

as ascorbic acid, tropolons, 8-hydroxyquinoline derivatives, 

and 3-hydroxylated pyrons and pyridones have been 

identified as COMT inhibitors [36, 40, 41]. 

Potent and selective COMT inhibitors was discovered in the 

late 1980s. These compounds obtained by the addition of the 

nitro group in catechol structure are called as second 

generation inhibitors. The most used scaffold is 3,5-

dinitrocatechol. Although it showed potent COMT inhibitory 

activity in vitro, its use as a drug was limited due to toxicity 

concerns in vivo. Studies have shown that by modifying this 

structure, compounds with low toxicity can be obtained [42–

45]. This class of inhibitors are characterized as reversible 

tight-binding inhibitors of COMT [9, 46] and tolcapone, 

entacapone, opicapone are in this group. Their chemical 

formulas are shown in Figure 8.  

 

Figure 8 COMT inhibitors used in PD treatment.  

Today, entacapone and tolcapone in combination with 

levodopa and a dopa decarboxylase inhibitor are widely used 

in the treatment of PD disease [40, 45, 47, 48]. Since 

tolcapone can cross the blood brain barrier, it inhibits the 

COMT enzyme both in the CNS and in the periphery, while 

entacapone is especially effective in the periphery. The 

catechol core carried by these drugs allows the inhibitor to 

recognize the enzyme, and the adjacent nitro group is 

required for inhibition. Different side chains of COMT 

inhibitors affect the enzyme affinity. These drugs can cause 

side effects such as diarrhea, postural hypotension, nausea, 

anorexia, dyskinesia, hallucinations, and sleep disturbances. 

Furthermore, tolcapone has hepatotoxicity so the liver 

enzyme levels should be monitored during the treatment 

[49–51]. 

Opicapone, the newest third-generation COMT inhibitor, 

acts reversibly in the periphery. In June 2016, it was first 

approved by the European Commission for use in the 

treatment of PD as a potent COMT inhibitor, and then by the 

U. S. Food and Drug Administration (FDA) in 2020. 

Opicapone has a long duration of action exceeding 24 hours, 

so it can be used once-daily. Furthermore, it shows the lowest 

cytotoxicity risk than the other COMT inhibitors. However, 

constipation, dry mouth, difficulty falling asleep or staying 

asleep, dizziness, weight loss, unusual or uncontrolled body 

movements can be occurred in therapy with opicapone. 

Moreover, it can cause serious side effects such as 

hallucinations, delusions, aggressive behavior and fainting.     

9. Dopamine Receptor Agonists 

These drugs were developed in 1970 to reduce the 

occurrence, frequency and severity of complications in 

motor behavior due to long-term PD treatment with 

levodopa. Bromocriptine is the first dopamine receptor 

agonist used against complications in motor behaviors of PD 

clinically [52]. Another dopamine receptor agonist, 

pergolide has been used in the treatment of advanced PD. 

Dopamine receptor agonists were recommended as 

monotherapy in the first-line treatment of PD patients, not 

only in advanced treatment stages, in later PD treatment. 

After the studies with newer dopamine receptor agonists 

such as ropinirole, pramipexole and rotigotine had shown 

better results in the treatment of PD patients in clinical trials, 

these drugs were widely used as monotherapy. The 

theoretical data indicated that the use of dopamine receptor 

agonists could be used instead of levodopa in the early stages 

of PD. Moreover, these drugs act directly on dopamine 

receptors without the need for a carrier and do not generate 

free radicals or other toxic metabolites in metabolism. And 
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also, they produce dopamine receptor stimulation with a 

longer half-life than levodopa [53, 54].   

Dopamine receptor agonists commonly used are divided into 

two main groups: 

(a) Ergolines, which are derivatives of ergot alkaloids and 

include bromocriptine, pergolide, lisuride, 

alphadihydroergocriptine and cabergoline.  

(b) Non-ergolines such as apomorphine, piribedil, ropinirole, 

pramipexole and rotigotine. 

Ergolines are referred to as first generation dopamine 

receptor agonists. Almost all non-ergolines except 

apomorphine have been developed recently. Although they 

have different chemical structures and physical properties, 

their activity is probably due to their molecular structure 

similar to dopamine and these drugs can directly stimulate 

dopamine receptors. Older agents for example 

bromocriptine, lisuride, pergolide bind with high affinity to 

dopamine D2 receptors. New agents, on the contrary, are 

more specific agonists for D2 and D3 receptors and have 

high affinity [55]. 

The dopamine agonists used in PD therapy target D2 

receptors and need a cationic amine group for interaction. 

For best compatibility with target receptors, these drugs 

should have an extended trans conformation between the 

aromatic residue and the cationic amine nitrogen in their 

structures. They bind to functional receptors in the substantia 

nigra (black body), replacing endogenous dopamine, which 

can no longer be produced in disrupted nerve endings [56]. 

As shown in Figure 9, bromocriptine, partial D2 agonist, is a 

semi-synthetic ergot alkaloid containing lysergic acid 

derivative and increases the effect of dopamine released 

from nerve endings or activates D2 receptors. The bromine 

atom in its structure makes it possible to show strong affinity 

for D2 receptors. It is used alone as an alternative to levodopa 

in cases where it is inconvenient to use it or in patients who 

do not respond to this drug [57]. Thus, bromocriptine 

provides motor control of dopaminergic neurons in the 

extrapyramidal system and regulation of tuber infundibular 

pituitary prolactin secretion. Increased secretion of prolactin 

hormone causes disorders and some of the endocrinological 

effects of bromocriptine cause the suppression of 

somatotropin hormone secretion, while it increases in 

healthy individuals, temporarily. Other side effects occurred 

in treatment with bromocriptine are hypotension, vomiting, 

nausea, hallucinations and heart rhythm disturbance [58, 59].  

Apomorphine, which is a non-ergot dopamine agonist, 

activates both D1 and D2 receptors. It is used to treat “off” 

episodes in advanced PD and the chemical formula of 

apomorphine is shown in Figure 9 [9, 60].

Pramipexole, a non-ergot derivative dopamine receptor 

agonist, has greater affinity for D3 receptors, which are more 

concentrated in the mesolimbic area than D2 receptors and 

its formula is shown in Figure 9. It can be used both as a

 single drug and in combination with levodopa in PD 

treatment and is available in tablet and extended release 

tablet forms. It is metabolized by N-dealkylation, C7 

hydroxylation, deamination/oxidation to carboxylic acid, 

glucuronidation. Studies show that pramipexole is an 

effective and safe drug in PD treatment in terms of improving 

motor functions and daily life activities. Treatment with 

pramipexole may result in some psychotic and hypomanic 

cases [9, 60, 61]. It is also used in the treatment of depression 

that occurs in PD, and in the treatment of resistant depression 

[62, 63].  

 

 

Figure 9 The chemical structures of dopamine receptor agonists.  

As shown in Figure 9, ropinirole has high affinity for D2-like

 receptors (D2, D3, D4), while it has no affinity for 

benzodiazepine or Gamma-aminobutyric acid (GABA) 

receptors at D1-like receptors. The high affinity of ropinirole 

on D3 receptors results in some neuropsychiatric effects. 

Moreover, the cardiovascular effects caused by ropinirole 

are explained by the affinity of this drug on α2 adrenoceptors 

and these effects are blocked via domperidone. Although 

ropinirole has also been found to bind to lactotrophs in the 

anterior pituitary, its significance in the treatment of PD is 

minimal [9, 64–66].  

Rotigotine, as shown in Figure 9, preferentially binds to D3

 receptors [21] however, animal experiments and cell culture 

studies have shown that it can bind to all dopamine receptors. 

(D1-D5). This drug is metabolized through N-dealkylation 

of propyl and conjugation of phenol group by glucuronide 

and sulfate. Rotigotine is used as a transdermal patch and 

may cause reactions in the application area [9, 67]. 

9.1. A2AR Antagonists 

A2AR antagonists act through a non-dopaminergic 

mechanism. In preclinical studies, it has been shown that 

A2AR antagonists prevent PD-induced neuronal loss. A2AR 

antagonists in the striatum increase GABA innervation to 

compensate for dopamine-mediated loss of GABA release. 

They are used in the treatment of PD in combination with 

levodopa or dopamine agonist drugs so that motor symptoms 

are affected and can reverse them. It has been determined 

that A2AR antagonists improve motor function and even 

prevent the onset of involuntary movements without causing 

involuntary movements that can be occurred during PD 

therapy. This group includes amantadine, originally an 

antiviral drug and its chemical formula is shown in Figure 10 

[68, 69]. In immune reactions involved in mitogen-induced 

T cell activation, it has been determined that a cytokine 

interleukin-2 (IL-2) is higher than those treated with 

amantadine [70, 71]. Long-term treatments with amantadine 

affect the immunological system in two ways: first 

lymphocytes and antigen presenting cells and second 

ensuring long-term protection of the elderly from viral 

infections. It has been claimed that amantadine has an 
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inhibitory effect on antigen-presenting cells, and inhibits 

polyclonal T cell and B cell activation in vitro. Some studies 

showed that amantadine improves the immune system by 

protecting PD patients against viral infections. Amantadine 

is available as tablet, capsule, and syrup that can be taken 

orally. Although treatment with amantadine may cause 

anticholinergic effects such as blurred vision and arrhythmia, 

these side effects are rarely seen at recommended doses [72]. 

 
Figure 10 Chemical formula of A2AR antagonist amantadine. 

9.2. Antimuscarinic and antihistaminic adjunctive 

therapy 

These drugs increase the effect of levodopa with a 

synergistic effect in idiopathic PD so they can be used in 

combination with levodopa. Initially, PD patients with 

tremor can be treated with antimuscarinic and antihistaminic 

adjunctive therapy which correct the central cholinergic 

excess. These drugs contain tertiary or secondary amine 

whose central effects are stronger than their peripheral 

effects. With long-term use, tolerance develops to their 

actions. Due to few side effects, they are the first-line drugs 

used in initial mild cases. However, anticholinergic side 

effects such as sedation, blurred vision, urinary retention, 

constipation, and cardiac arrhythmia limit the therapeutic 

efficacy of them. According to their chemical structures, 

these drugs can be classified into two groups: tertiary 

alcohol, derivatives, as shown in Figure 11, and benzhydryl 

ethers as shown in Figure 12 [73, 74]. 

 

Figure 11 Chemical structures of tertiary alcohol derivatives. 

 

Figure 12 Chemical formulas of benzhydryl ether derivatives.  

9.3. Tertiary alcohol derivatives 

Trihexyphenidyl (Benzhexol), which competitively inhibits 

cholinergic transmission at muscarinic receptors, is the most 

preferred centrally acting anticholinergic drug due to few 

undesirable effects [73]. It inhibits intrastriatal cholinergic 

activity, thus improves brain functions and symptoms of PD. 

This drug may cause some negative mental effects [73, 75, 

76].  

Procyclidine, a non-selective and competitive inhibitor of 

cholinergic muscarinic receptors, is the first synthetic 

centrally acting antimuscarinic drug used in the treatment of 

PD. Furthermore, it has also N-methyl-D-aspartic acid 

(NMDA) receptor antagonist properties and can be 

administered orally, intramuscularly and intravenously. The 

most important side effect in the use of NMDA antagonists 

in the treatment of PD patients is the induction of 

psychomimetic reactions. In vivo studies on rats have been 

found to cause behavioral disorders and pathological damage 

to cerebrocortical neurons [77, 78]. However, it has been 

proven that some agents prevent the negative effects caused 

by NMDA antagonists so they may be used as antidotes [79]. 

Biperiden has been found to be four times more effective 

than other drugs known such as atropine or trihexyphenidyl 

to have antinicotinic effect. It has positive effects on the 

motor functions in PD patients. Constipation and mydriasis 

caused by biperiden as side effects were found to be 

equivalent to those caused by trihexyphenidyl. Moreover, it 

has also been reported to have side effects related to vision 

[80, 81].  

9.4. Benzhydryl ether derivatives 

Orphenadrine, having antihistamine effect also, inhibits 

dopamine reuptake from the nerve ending, so it is used to 

ameliorate tremors caused by PD [82].  

Benzatropine methanesulfonate (Benztropine) is a drug that 

competitively inhibits cholinergic excess at muscarinic 

receptors and the reuptake of dopamine from nerve ending 

[74]. 

10. Nanotechnology and Nanomedicine 

With the production and characterization of nano-sized 

atoms, compounds and molecules, it has found wide 

application in different sciences such as physics, chemistry, 

biology, computer, electrical - electronics, medicine and 

pharmacy. In particular, their transforming of bulk form to 

nano form increased their superior strength, resistance and 

changed their electrical-optical properties. In addition, their 

ability to react at nanoscale has increased their usage [83]. 

Studies have shown that nano-based ones are most effective 

in drug delivery and release systems. In studies using nano-

systems in PD disease, it is aimed that drugs could pass the 

blood-brain barrier and that could release into the brain 

depending on time [84–87].  

Another factor that promotes the progression of PD is 

thought to be the SNCA protein that accumulates in the brain 

cells. Knowing the effective reaction mechanism between 

nanoparticles (NPs) and SNCA protein will make it possible 

to fight irregular Lewy bodies (clusters).  In some studies, it 

has been reported that NPs have the ability to inhibit SNCA 

protein. Another advantage of drug delivery systems with 

NPs is to reduce toxicity by regulating continuous drug 

release [88, 89]. 
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We can classify nanoparticle-based drug delivery systems as 

NPs, nanocapsules and nanospheres. These structures have 

large surface areas and sizes range from 10 to 1000 nm, so 

they have a high drug loading capacity. Nano-based 

polymeric systems and capsules prevent the degradation of 

drug during transport and thus, ensure the drug to reach its 

target without any problems. They are stable in nature and 

can be modified to escape from macrophages [89, 90]. 

Nanospheres are polymeric structures in which the drug is 

dispersed and synthesized to contain a core in which the drug 

is entrapped there. Nanocapsules, on the other hand, contain 

the drug molecule encapsulated within the lipid surrounded 

by a polymeric layer. Nanogels are cross-linked polymer 

networks that usually combine ionic and nonionic polymeric 

chains and are prepared using an emulsification solvent 

evaporation approach [91]. Nanogels are capable of swelling 

in water and can retain deoxyribonucleic acid (DNA), 

protein, small interfering ribonucleic acid (siRNA) and drugs 

inside and their drug retaining capacity are between 40% and 

60%. Some studies have shown that nanogel systems that 

allow the drug to cross the blood-brain barrier and reach the 

brain successfully perform the task of transporting the cross-

linked drug. The most important advantages of synthesized 

nanogels are high drug loading capacity, ease of synthesis, 

success in penetrating the CNS and applicability to many 

different drugs [91–95]. 

Magnetic Fe3O4 NPs and Au NPs are the most used nano 

metals in vitro and in vivo due to their superior physical and 

chemical properties. In particular, nanomaterials loaded with 

drugs are used to improve the damage caused due to their 

orientation properties. In addition, the most used NPs in PD 

treatment are 47-50. In a study carried out the 6-

hydroxydopamine (6-OHDA) rat model, the neuroprotective 

ability of magnetic Fe3O4 NPs was investigated and it was 

determined that mitochondrial function and lesion volume 

increased in control groups compared to the PD group [96, 

97]. 

It was found that Au NPs inhibit SNCA accumulation and 

fibrillation, additionally increase cell survival in PD lesion 

cell model [98]. It has been determined that Au nanoclusters 

defend dopaminergic neurons and decrease the mental 

problems of model mice with PD. The findings have created 

a new option to develop anti-PD drugs and show that Au 

nanoclusters lead a different path in medical applications 

[99, 100]. 

Quantum dots (QDs) are zero-dimensional nanostructures 

that have received considerable attention in the delivery of 

drugs because of their outstanding electrical and optical 

properties. New evidence has shown that PD pathogenesis is 

highly associated with the transmission and accumulation of 

SNCA protein in the midbrain. So far, no clinical 

antiaggregation strategy for the treatment of PD has been 

known [101, 102]. However, more recently, it was shown 

that graphene at QDs (GQDs) could inhibit SNCA 

fertilization and GQDs directly interfere with mature fibrils 

to enable their dispersal. Furthermore, it was determined that 

GQDs penetrate the blood-brain barrier and protect against 

the loss of dopamine neurons caused by fibrils, behavioral 

deficiencies, and Lewy neuritis pathology produced by 

SNCA in vivo [101, 103]. 

Due to the unique property of cerium oxide (CeO2) NPs in 

the field of biology and medicine, it has received great 

attention in recent years [104]. The specific effects of CeO2 

NPs have recently been indicated in some neurodegenerative 

syndromes. It was shown that CeO2 NPs reduce the dose-

dependent toxic effects of SNCA and overcome SNCA-

induced mitochondrial dysfunction and minimize yeast cell 

growth of reactive oxygen species (ROS) because SNCA 

was adsorbed on the surface of CeO2 NPs. Thus,  NPs can be 

evaluated as a potent SNCA toxicity inhibitor (or as a radical 

scavenger through a direct SNCA interaction) [105, 106]. 

11. Conclusion 

In conclusion, PD is a progressive neurological condition 

and causes some problems in patients’ brain and their daily 

life. Although, there is currently no effective neuroprotective 

therapy that will stop the progression of PD and cure it 

completely, different pharmacotherapeutic approaches are 

available for the management of the disease. Early diagnosis 

and onset of the treatment have important also. Progressive 

physical and mental difficulties of PD create the most 

challenging pharmacological treatment process, especially in 

the later stages. Nanotechnology-based drug delivery 

systems, which are developing day by day, are promising 

developments for PD therapy by ensuring that drugs reach 

the CNS and release them in a controlled and long-term 

manner.  

Author Contributions 

Hayrunnisa Nadaroglu: Writing - original draft, literature 

research.  

Kaan Kucukoglu: Writing - original draft, literature research. 

Funding 

No specific funding was received from any bodies 

commercial to write this article.  

Abbreviations 

PD : Parkinson’s disease 

REM : Rapid eye movement 

DA : Dopaminergic 

SNCA : α-Synuclein 

MAPT : Microtubule Associated Protein Tau 

LRRK2 : Leucine-Rich Repeat Kinase 2 

ACH : Acetylcholine 

D : Dopamine 

GWAS : Genome-wide association study 

UQCRC1 : Ubiquinol-cytochrome c reductase core protein 

CNS : Central nervous system 

MPTP : 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

MPP+ : 1-methyl-4-phenylpyridinium 

MAO : Monoamine oxidase enzyme 

D1R : Dopamine D1 receptor 

D2R : Dopamin D2 receptor 

D3R : Dopamin D3 receptor 

COMT : Catechol-O-methyl transferase 



 
Küçükoğlu and Nadaroğlu / Parkinson's Disease, Therapy with Drugs and Nanotechnology 129 

 

 

 

A2AR : Adenosine A2A receptor 

FDA : U. S. Food and Drug Administration 

GABA : Gamma-aminobutyric acid 

NMDA : N-methyl-D-aspartic acid 

NP : Nanoparticle 

DNA : Deoxyribonucleic acid 

siRNA : Small interfering ribonucleic acid 

6-OHDA : 6-hydroxydopamine 

QDs : Quantum dots 

GQDs : Graphene at QDs 

ROS : Reactive oxygen species 

Declaration of Conflict of Interest 

Authors declare that they have no conflict of interest with 

any person, institution, or company. 

References 

[1] Olanow CW, Schapira AHV. Therapeutic prospects for Parkinson 

disease. Annals of Neurology (2013) 74(3):337–347. 

[2] Bandres-Ciga S, Diez-Fairen M, Kim JJ, Singleton AB. Genetics of 
Parkinson’s disease: An introspection of its journey towards 

precision medicine. Neurobiology of Disease (2020) 137:104782. 

[3] Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, 
Volkmann J, et al. Parkinson disease. Nature Reviews Disease 

Primers (2017) 3(1):17013. 

[4] Heinzel S, Berg D, Gasser T, Chen H, Yao C, Postuma RB. Update 

of the MDS research criteria for prodromal Parkinson’s disease. 

Movement Disorders (2019) 34(10):1464–1470. 

[5] Beiske AG, Loge JH, Rønningen A, Svensson E. Pain in Parkinson’s 
disease: Prevalence and characteristics. Pain (2009) 141(1):173–

177. 

[6] Li J, Mi T-M, Zhu B, Ma J-H, Han C, Li Y, et al. High-frequency 
repetitive transcranial magnetic stimulation over the primary motor 

cortex relieves musculoskeletal pain in patients with Parkinson’s 
disease: A randomized controlled trial. Parkinsonism & Related 

Disorders (2020) 80:113–119. 

[7] Schrag A, Quinn N. Dyskinesias and motor fluctuations in 
Parkinson’s disease. Brain (2000) 123(11):2297–2305. 

[8] Muangpaisan W, Mathews A, Hori H, Seidel D. A systematic 

review of the worldwide prevalence and incidence of Parkinson’s 
disease. Journal of the Medical Association of Thailand = 

Chotmaihet thangphaet (2011) 94(6):749–755. 

[9] Roche VF, Zito SW, Lemke TL, Williams DA. Foye’s principles of 
medicinal chemistry:1626. 

[10] Corti O, Lesage S, Brice A. What Genetics Tells us About the 

Causes and Mechanisms of Parkinson’s Disease. Physiological 
Reviews (2011) 91(4):1161–1218. 

[11] Jankovic J. Current approaches to the treatment of 

Parkinson&rsquo;s disease. Neuropsychiatric Disease and 
Treatment (2008):743. 

[12] Rajput AH, Birdi S. Epidemiology of Parkinson’s disease. 

Parkinsonism & Related Disorders (1997) 3(4):175–186. 
[13] Kurman Y. Parkinson Hastalığı ve İlişkili Olduğu Genler. Düzce 

Üniversitesi Bilim ve Teknoloji Dergisi (2018) 6(1):231–239. 

[14] Tysnes O-B, Storstein A. Epidemiology of Parkinson’s disease. 
Journal of Neural Transmission (2017) 124(8):901–905. 

[15] Lin C-H, Chen P-L, Tai C-H, Lin H-I, Chen C-S, Chen M-L, et al. A 

clinical and genetic study of early-onset and familial parkinsonism 
in taiwan: An integrated approach combining gene dosage analysis 

and next-generation sequencing. Movement Disorders (2019) 

34(4):506–515. 

[16] Shan W, Li J, Xu W, Li H, Zuo Z. Critical role of UQCRC1 in 

embryo survival brain ischemic tolerance and normal cognition in 

mice. Cellular and molecular life sciences CMLS (2019) 
76(7):1381–1396. 

[17] Hoffman GG, Lee S, Christiano AM, Chung-Honet LC, Cheng W, 

Katchman S, et al. Complete coding sequence intron/exon 
organization and chromosomal location of the gene for the core I 

protein of human ubiquinol-cytochrome c reductase. The Journal of 
biological chemistry (1993) 268(28):21113–21119. 

[18] McKnight S, Hack N. Toxin-Induced Parkinsonism. Neurologic 

Clinics (2020) 38(4):853–865. 
[19] Quinn LP, Crook B, Hows ME, Vidgeon-Hart M, Chapman H, 

Upton N, et al. The PPARγ agonist pioglitazone is effective in the 

MPTP mouse model of Parkinson’s disease through inhibition of 
monoamine oxidase B. British Journal of Pharmacology (2008) 

154(1):226–233. 
[20] Clapp P, Bhave SV, Hoffman PL. How adaptation of the brain to 

alcohol leads to dependence: a pharmacological perspective. Alcohol 

research & health the journal of the National Institute on Alcohol 
Abuse and Alcoholism (2008) 31(4):310–339. 

[21] Guigoni C, Aubert I, Li Q, Gurevich VV, Benovic JL, Ferry S, et al. 

Pathogenesis of levodopa-induced dyskinesia: focus on D1 and D3 
dopamine receptors. Parkinsonism & Related Disorders (2005) 

11:S25–S29. 

[22] Moore TJ, Glenmullen J, Mattison DR. Reports of Pathological 

Gambling Hypersexuality and Compulsive Shopping Associated 

With Dopamine Receptor Agonist Drugs. JAMA Internal Medicine 

(2014) 174(12):1930. 
[23] Yang P, Perlmutter JS, Benzinger TL, Morris JC, Xu J. Dopamine 

D3 receptor: A neglected participant in Parkinson Disease 

pathogenesis and treatment? Ageing Research Reviews (2020) 
57:100994. 

[24] Garau L, Govoni S, Stefanini E, Trabucchi M, Spano PF. Dopamine 

receptors: Pharmacological and anatomical evidences indicate that 
two distinct dopamine receptor populations are present in rat 

striatum. Life Sciences (1978) 23(17–18):1745–1750. 

[25] Surmeier DJ, Kitai ST. Chapter 20 D1 and D2 dopamine receptor 
modulation of sodium and potassium currents in rat neostriatal 

neurons. In: (1993). p. 309–324. 

[26] Lewis M, Huang X, Nichols D, Mailman R. D1 and Functionally 
Selective Dopamine Agonists as Neuroprotective Agents in 

Parkinsons Disease. CNS & Neurological Disorders - Drug Targets 

(2008) 5(3):345–353. 
[27] Einhorn LC, Oxford GS. Guanine nucleotide binding proteins 

mediate D2 dopamine receptor activation of a potassium channel in 

rat lactotrophs. The Journal of Physiology (1993) 462(1):563–578. 
[28] Shiraishi T, Nishikawa N, Mukai Y, Takahashi Y. High levodopa 

plasma concentration after oral administration predicts levodopa-

induced dyskinesia in Parkinson’s disease. Parkinsonism & Related 
Disorders (2020) 75:80–84. 

[29] Rodriguez-Oroz MC, López-Azcárate J, Garcia-Garcia D, Alegre M, 

Toledo J, Valencia M, et al. Involvement of the subthalamic nucleus 
in impulse control disorders associated with Parkinson’s disease. 

Brain (2011) 134(1):36–49. 

[30] Magyar K, Szende B. (-)-Deprenyl A Selective MAO-B Inhibitor 
with Apoptotic and Anti-apoptotic Properties. NeuroToxicology 

(2004) 25(1–2):233–242. 

[31] O’Brien EM, Tipton KF, Meroni M, Dostert P. Inhibition of 
monoamine oxidase by clorgyline analogues. In: Amine Oxidases: 

Function and Dysfunction. Vienna: Springer Vienna (1994). p. 295–

305. 
[32] Larit F, Elokely KM, Chaurasiya ND, Benyahia S, Nael MA, León 

F, et al. Inhibition of human monoamine oxidase A and B by 

flavonoids isolated from two Algerian medicinal plants. 
Phytomedicine (2018) 40:27–36. 

[33] Ulmanen I, Lundstrom K. Cell-free synthesis of rat and human 

catechol O-methyltransferase. Insertion of the membrane-bound 
form into microsomal membranes in vitro. European Journal of 

Biochemistry (1991) 202(3):1013–1020. 
[34] Tenhunen J, Salminen M, Lundstrom K, Kiviluoto T, Savolainen R, 

Ulmanen I. Genomic organization of the human catechol O-

methyltransferase gene and its expression from two distinct 
promoters. European Journal of Biochemistry (1994) 223(3):1049–

1059. 

[35] Myöhänen TT, Schendzielorz N, Männistö PT. Distribution of 
catechol-O-methyltransferase (COMT) proteins and enzymatic 

activities in wild-type and soluble COMT deficient mice. Journal of 

Neurochemistry (2010):no-no. 
[36] Chen J, Lipska BK, Halim N, Ma QD, Matsumoto M, Melhem S, et 

al. Functional Analysis of Genetic Variation in Catechol-O-

Methyltransferase (COMT): Effects on mRNA Protein and Enzyme 
Activity in Postmortem Human Brain. The American Journal of 

Human Genetics (2004) 75(5):807–821. 



130 International Journal of Innovative Research and Reviews 6(2) 121-131  

 

 

[37] Du X, Schwander M, Moresco EMY, Viviani P, Haller C, 
Hildebrand MS, et al. A catechol-O-methyltransferase that is 

essential for auditory function in mice and humans. Proceedings of 

the National Academy of Sciences (2008) 105(38):14609–14614. 
[38] Hosák L. Role of the COMT gene Val158Met polymorphism in 

mental disorders: A review. European Psychiatry (2007) 22(5):276–

281. 
[39] Kambur O, Männistö PT. Catechol-O-Methyltransferase and Pain. 

In: (2010). p. 227–279. 

[40] Bonifácio MJ, Palma PN, Almeida L, Soares-da-Silva P. Catechol-
O-methyltransferase and Its Inhibitors in Parkinson’s Disease. CNS 

Drug Reviews (2007) 13(3):352–379. 

[41] Reches A, Fahn S. Catechol-O-methyltransferase and Parkinson’s 
disease. Advances in neurology (1984) 40:171–179. 

[42] Lotta T, Vidgren J, Tilgmann C, Ulmanen I, Melén K, Julkunen I, et 

al. Kinetics of human soluble and membrane-bound catechol O-
methyltransferase: a revised mechanism and description of the 

thermolabile variant of the enzyme. Biochemistry (1995) 

34(13):4202–4210. 

[43] Borgulya J, Da Prada M, Dingemanse J, Scherschlicht R, B. S, G. Z. 

CatecholO-methyltransferase (COMT) inhibitor. Drugs Future 

(1991) Ro 40-7592(16):719–721. 
[44] Backstrom R, Honkanen E, Pippuri A, Kairisalo P, Pystynen J, 

Heinola K, et al. Synthesis of some novel potent and selective 

catechol O-methyltransferase inhibitors. Journal of Medicinal 
Chemistry (1989) 32(4):841–846. 

[45] Kaakkola S, Gordin A, Männistö PT. General properties and clinical 

possibilities of new selective inhibitors of catechol O-
methyltransferase. General Pharmacology: The Vascular System 

(1994) 25(5):813–824. 

[46] Borges N, Vieira-Coelho MA, Parada A, Soares-da-Silva P. Studies 
on the tight-binding nature of tolcapone inhibition of soluble and 

membrane-bound rat brain catechol-O-methyltransferase. The 

Journal of pharmacology and experimental therapeutics (1997) 
282(2):812–817. 

[47] Almeida L, Soares-da-Silva P. Pharmacokinetics and 

Pharmacodynamics of BIA 3-202 a Novel COMT Inhibitor during 

First Administration to Humans. Drugs in R & D (2003) 4(4):207–

217. 
[48] Ferreira JJ, Almeida L, Cunha L, Ticmeanu M, Rosa MM, Januário 

C, et al. Effects of Nebicapone on Levodopa Pharmacokinetics 

Catechol-O-methyltransferase Activity and Motor Fluctuations in 
Patients with Parkinson Disease. Clinical Neuropharmacology 

(2008) 31(1):2–18. 

[49] Hamaue N, Ogata A, Terado M, Tsuchida S, Yabe I, Sasaki H, et al. 
Entacapone a catechol-O-methyltransferase inhibitor improves the 

motor activity and dopamine content of basal ganglia in a rat model 

of Parkinson’s disease induced by Japanese encephalitis virus. Brain 
Research (2010) 1309:110–115. 

[50] Grünig D, Felser A, Bouitbir J, Krähenbühl S. The catechol-O-

methyltransferase inhibitors tolcapone and entacapone uncouple and 
inhibit the mitochondrial respiratory chain in HepaRG cells. 

Toxicology in Vitro (2017) 42:337–347. 

[51] Ebersbach G, Storch A. Tolcapone in elderly patients with 

Parkinson’s disease: A prospective open-label multicenter non-

interventional trial. Archives of Gerontology and Geriatrics (2009) 

49(1):e40–e44. 
[52] Calne DB, Leigh PN, Teychenne PF, Bamji AN, Greenacre JK. 

TREATMENT OF PARKINSONISM WITH BROMOCRIPTINE. 

The Lancet (1974) 304(7893):1355–1356. 
[53] Goetz CG, Poewe W, Rascol O, Sampaio C. Evidence-based 

medical review update: Pharmacological and surgical treatments of 

Parkinson’s disease: 2001 to 2004. Movement Disorders (2005) 
20(5):523–539. 

[54] Ahlskog JE, Muenter MD. Pergolide: Long-Term Use in 

Parkinson’s Disease. Mayo Clinic Proceedings (1988) 63(10):979–
987. 

[55] Horowski R. A history of dopamine agonists. From the physiology 

and pharmacology of dopamine to therapies for prolactinomas and 
Parkinson’s disease – a subjective view. Journal of Neural 

Transmission (2007) 114(1):127–134. 

[56] Bonuccelli U, Del Dotto P, Rascol O. Role of dopamine receptor 
agonists in the treatment of early Parkinson’s disease. Parkinsonism 

& Related Disorders (2009) 15:S44–S53. 

[57] Cedarbaum JM. Clinical Pharmacokinetics of Anti-Parkinsonian 
Drugs. Clinical Pharmacokinetics (1987) 13(3):141–178. 

[58] Tan BK, Hutchinson JS. Blood pressure, plasma and pituitary 

prolactin responses to bromocriptine in New Zealand genetically 
hypertensive and normotensive rats. Clinical and experimental 

pharmacology & physiology (1989) 16(1):13–18. 

[59] Sánchez-Criado JE, van der Schoot P. Effect of bromocriptine and 
progesterone on the length of the ovarian cycle in 4- and 5-day 

estrous cyclic rats. Revista espanola de fisiologia (1989) 45(3):235–

238. 
[60] Friedman JH. Parkinson’s disease psychosis 2010: A review article. 

Parkinsonism & Related Disorders (2010) 16(9):553–560. 

[61] Bennett JP, Piercey MF. Pramipexole — a new dopamine agonist 
for the treatment of Parkinson’s disease. Journal of the Neurological 

Sciences (1999) 163(1):25–31. 

[62] Meric C, Pirdogan E, Gunday Toker O, Tekin A, Bakim B, Celik S. 
Depending on the use of pramipexole in Parkinson’s disease mania 

with psychotic features: a case report. Turkish Journal of Psychiatry 

(2013) 24. 
[63] Bhatia K, Brooks DJ, Burn DJ, Clarke CE, Playfer J, Sawle GV, et 

al. Guidelines for the management of Parkinson’s disease. The 

Parkinson’s Disease Consensus Working Group. Hospital medicine 
(London, England 1998) (1998) 59(6):469–480. 

[64] Eden RJ, Wallduck MS, Patel B, Owen DA. Autonomic and 

haemodynamic responses to SK&F 101468 (ropinirole) a DA2 

agonist in anaesthetised cats. European Journal of Pharmacology 

(1990) 175(3):333–340. 

[65] Mey C, Enterling D, Meineke I, Yeulet S. Interactions between 
domperidone and ropinirole a novel dopamine D2- receptor agonist. 

British Journal of Clinical Pharmacology (1991) 32(4):483–488. 

[66] Eden RJ, Costall B, Domeney AM, Gerrard PA, Harvey CA, Kelly 
ME, et al. Preclinical pharmacology of ropinirole (SK&F 101468-A) 

a novel dopamine D2 agonist. Pharmacology Biochemistry and 

Behavior (1991) 38(1):147–154. 
[67] Sohya K, O’Hashi K, Kunugi H. Linking rotigotine Parkinson’s 

disease and brain-derived neurotrophic factor. In: Genetics, 

Neurology, Behavior, and Diet in Parkinson’s Disease: Elsevier 
(2020). p. 221–232. 

[68] Jenner P. An Overview of Adenosine A2A Receptor Antagonists in 

Parkinson’s Disease. In: (2014). p. 71–86. 
[69] Armentero MT, Pinna A, Ferré S, Lanciego JL, Müller CE, Franco 

R. Past present and future of A2A adenosine receptor antagonists in 

the therapy of Parkinson’s disease. Pharmacology & Therapeutics 

(2011) 132(3):280–299. 

[70] Klüter H, Vieregge P, Stolze H, Kirchner H. Defective production of 
interleukin-2 in patients with idiopathic Parkinson’s disease. Journal 

of the Neurological Sciences (1995) 133(1–2):134–139. 

[71] Wandinger KP, Hagenah JM, Klüter H, Rothermundt M, Peters M, 
Vieregge P. Effects of amantadine treatment on in vitro production 

of interleukin-2 in de-novo patients with idiopathic Parkinson’s 

disease. Journal of Neuroimmunology (1999) 98(2):214–220. 
[72] Clark C, Woodson MM, Winge VB, Nagasawa HT. The antiviral 

drug amantadine has a direct inhibitory effect on T-lymphocytes. 

Immunopharmacology (1989) 18(3):195–204. 
[73] Takahashi S, Tohgi H, Yonezawa H, Obara S, Yamazaki E. The 

effect of trihexyphenidyl an anticholinergic agent on regional 

cerebral blood flow and oxygen metabolism in patients with 
Parkinson’s disease. Journal of the Neurological Sciences (1999) 

167(1):56–61. 

[74] Corea N. Benztropine. In: xPharm: The Comprehensive 

Pharmacology Reference: Elsevier (2007). p. 1–4. 

[75] Nishiyama K, Mizuno T, Sakuta M, Kurisaki H. Chronic dementia 

in Parkinson’s disease treated by anticholinergic agents. 
Neuropsychological and neuroradiological examination. Advances in 

neurology (1993) 60:479–483. 

[76] Sadeh M, Braham J, Modan M. Effects of Anticholinergic Drugs on 
Memory in Parkinson’s Disease. Archives of Neurology (1982) 

39(10):666–667. 

[77] Krystal JH. Subanesthetic Effects of the Noncompetitive NMDA 
Antagonist Ketamine in Humans. Archives of General Psychiatry 

(1994) 51(3):199. 

[78] Zarnowski T, Kleinrok Z, Turski WA, Czuczwar SJ. The NMDA 
antagonist procyclidine but not ifenprodil enhances the protective 

efficacy of common antiepileptics against maximal electroshock-

induced seizures in mice. Journal of Neural Transmission (1994) 
97(1):1–12. 

[79] Olney J, Labruyere J, Wang G, Wozniak D, Price M, Sesma M. 

NMDA antagonist neurotoxicity: mechanism and prevention. 
Science (1991) 254(5037):1515–1518. 

[80] Timberlake WH, Schwab RS, England AC. Biperiden (Akineton) in 

Parkinsonism. Archives of Neurology (1961) 5(5):560–564. 
[81] Fleischhacker WW, Barnas C, Günther V, Meise U, Stuppäck C, 

Unterweger B. Mood-altering effects of biperiden in healthy 

volunteers. Journal of Affective Disorders (1987) 12(2):153–157. 
[82] Strang RR. Orphenadrine In The Treatment of Parkinson’s Disease. 

Current medicine and drugs (1964) 5(1):24–31. 



 
Küçükoğlu and Nadaroğlu / Parkinson's Disease, Therapy with Drugs and Nanotechnology 131 

 

 

 

[83] Bhushan B. Introduction to Nanotechnology. In: (2017). p. 1–19. 
[84] Nalci OB, Nadaroglu H, Genc S, Hacimuftuoglu A, Alayli A. The 

effects of MgS nanoparticles-Cisplatin-bio-conjugate on SH-SY5Y 

neuroblastoma cell line. Molecular Biology Reports (2020). 
[85] Chen C, Duan Z, Yuan Y, Li R, Pang L, Liang J, et al. Peptide-22 

and Cyclic RGD Functionalized Liposomes for Glioma Targeting 

Drug Delivery Overcoming BBB and BBTB. ACS Applied Materials 
& Interfaces (2017) 9(7):5864–5873. 

[86] Ebrahimi AK, Barani M, Sheikhshoaie I. Fabrication of a new 
superparamagnetic metal-organic framework with core-shell 

nanocomposite structures: Characterization biocompatibility and 

drug release study. Materials Science and Engineering: C (2018) 
92:349–355. 

[87] Ertugrul MS, Nadaroglu H, Nalci OB, Hacimuftuoglu A, Alayli A. 

Preparation of CoS nanoparticles-cisplatin bio-conjugates and 
investigation of their effects on SH-SY5Y neuroblastoma cell line. 

Cytotechnology (2020) 72(6):885–896. 

[88] Senthilkumar T, Zhou L, Gu Q, Liu L, Lv F, Wang S. Conjugated 

Polymer Nanoparticles with Appended Photo‐Responsive Units for 

Controlled Drug Delivery Release and Imaging. Angewandte 

Chemie International Edition (2018) 57(40):13114–13119. 
[89] Müller RH, Keck CM. Drug Delivery to the Brain – Realization by 

Novel Drug Carriers. Journal of Nanoscience and Nanotechnology 

(2004) 4(5):471–483. 
[90] Jayaraj RL, Chandramohan V, Namasivayam E. Nanomedicines for 

parkinson disease: Current status and future perspective. 

International Journal of Pharma and Bio Sciences (2013) 4(1):692–
704. 

[91] Kabanov AV, Vinogradov SV. Nanogels as Pharmaceutical Carriers: 

Finite Networks of Infinite Capabilities. Angewandte Chemie 
International Edition (2009) 48(30):5418–5429. 

[92] Bronich TK, Bontha S, Shlyakhtenko LS, Bromberg L, Alan Hatton 

T, Kabanov AV. Template-assisted synthesis of nanogels from 
Pluronic-modified poly(acrylic acid). Journal of Drug Targeting 

(2006) 14(6):357–366. 

[93] Vingradov S, Zeman A, Batrakova E, Kabanov A. Polyplex Nanogel 
formulations for drug delivery of cytotoxic nucleoside analogs. 

Journal of Controlled Release (2005) 107(1):143–157. 

[94] Raemdonck K, Demeester J, Smedt S de. Advanced nanogel 
engineering for drug delivery. Soft Matter (2009) 5(4):707–715. 

[95] Kreuter J, Shamenkov D, Petrov V, Ramge P, Cychutek K, Koch-

Brandt C, et al. Apolipoprotein-mediated Transport of Nanoparticle-
bound Drugs Across the Blood-Brain Barrier. Journal of Drug 

Targeting (2002) 10(4):317–325. 

[96] Ghazy E, Rahdar A, Barani M, Kyzas GZ. Nanomaterials for 
Parkinson disease: Recent progress. Journal of Molecular Structure 

(2020):129698. 

[97] Hu K, Chen X, Chen W, Zhang L, Li J, Ye J, et al. Neuroprotective 
effect of gold nanoparticles composites in Parkinson’s disease 

model. Nanomedicine: Nanotechnology, Biology, and Medicine 

(2018) 14(4):1123–1136. 
[98] Gao G, Gong D, Zhang M, Sun T. Chiral Gold Nanoclusters: A New 

Near-Infrared Fluorescent Probe. Acta Chimica Sinica (2016) 

74(4):363. 
[99] Xu W, Tan L, Yu J-T. The link between the SNCA gene and 

parkinsonism. Neurobiology of Aging (2015) 36(3):1505–1518. 

[100] Lasagna-Reeves C, Gonzalez-Romero D, Barria MA, Olmedo I, 
Clos A, Sadagopa Ramanujam VM, et al. Bioaccumulation and 

toxicity of gold nanoparticles after repeated administration in mice. 

Biochemical and Biophysical Research Communications (2010) 
393(4):649–655. 

[101] Kim D, Yoo JM, Hwang H, Lee J, Lee SH, Yun SP, et al. Graphene 
quantum dots prevent α-synucleinopathy in Parkinson’s disease. 

Nature Nanotechnology (2018) 13(9):812–818. 

[102] Luk KC, Kehm V, Carroll J, Zhang B, O’Brien P, Trojanowski JQ, 
et al. Pathological -Synuclein Transmission Initiates Parkinson-like 

Neurodegeneration in Nontransgenic Mice. Science (2012) 

338(6109):949–953. 
[103] Spillantini MG, Schmidt ML, Lee VM-Y, Trojanowski JQ, Jakes R, 

Goedert M. α-Synuclein in Lewy bodies. Nature (1997) 

388(6645):839–840. 
[104] Hegazy MAE, Maklad HM, Abd Elmonsif DA, Elnozhy FY, 

Alqubiea MA, Alenezi FA, et al. The possible role of cerium oxide 

(CeO 2 ) nanoparticles in prevention of neurobehavioral and 
neurochemical changes in 6-hydroxydopamine-induced 

parkinsonian disease. Alexandria Journal of Medicine (2017) 

53(4):351–360. 

[105] Ruotolo R, Giorgio G de, Minato I, Bianchi M, Bussolati O, 
Marmiroli N. Cerium Oxide Nanoparticles Rescue α-Synuclein-

Induced Toxicity in a Yeast Model of Parkinson’s Disease. 

Nanomaterials (2020) 10(2):235. 
[106] Heckert EG, Karakoti AS, Seal S, Self WT. The role of cerium 

redox state in the SOD mimetic activity of nanoceria. Biomaterials 

(2008) 29(18):2705–2709. 

 


