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Abstract
Parkinson's disease (PD) is a chronic and progressive brain disease associated primarily with dopamine neurons
degeneration of substantia nigra. More than 10 millions of people worldwide are affected by this disease
manifested by combination of hypokinesia and rigidity, shaking, and postural instability. The high prevalence of
disease has determined the aim of the study: to develop a methodology for expansion of anti-Parkinson drug
product range. The information analysis methods were used for unbiased evaluation of novel anti-Parkinson drugs
creation prospects.
A systemic analysis of active pharmaceutical ingredients (AFIs) used in anti-Parkinson drug products allowed for
discovery of most widely used, levodopa being the top one. A comparative assessment of dosage forms used in
Parkinson’s disease treatment showed that they are represented primarily by intestinal gels, tablets, dispersible
tablets, capsules, and modified release capsules.
The authors conclude, that the novel anti-Parkinson drug product should contain levodopa in form of an endonasal
spray which provides optimal bioavailability due to necessary excipients (triglycerides, sodium monohydrogen
phosphate, volatile and fatty oils, herbal extracts, stabilizers, and flavouring agents).
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INTRODUCTION
Parkinson's disease (PD) is a chronic progressive
brain disease associated primarily with dopamine neurons
degeneration of substantia nigra and manifested by
combination of the following symptoms: hypokinesia,
rigidity, shaking, and postural instability. PD is one of the
most prevalent neurological disease in elderly patients; the
symptoms usually begin to develop at the age of 60, and the
progression is slow and lengthy. [1, 2, 3, 4] The outcome is
relatively unfavorable: the self-care of untreated patients is
usually becomes challenging in 8 years after the onset of
PD, and in 10 years the patients become bedridden. [1] The
patients with adequate treatment are becoming dependent
on their caregivers in 15 years at the average. [1] The
motion activity is more affected if the onset of the disease
was rather early, whereas mental disorders are dominating
if the PD begins to develop at the age 70 or older. [5]
Currently, PD is diagnosed even in younger patients. An
increase in incidence is associated with several factors,
including environmental pollution with neurotoxical
xenobiotics, and also with an increase of life expectancy in
economically developed countries since PD is found mostly
in older patients. [6, 7] About 15% of patients with
Parkinson have family history of this disease, however,
genes responsible for it has not been identified yet. Some
other factors responsible for Parkinson-like manifestations
include viral infections, tumors, mechanical trauma of
substantia nigra neurons, environmental factors (pesticides,
herbicides, salts of heavy metals), chronic cerebrovascular
insufficiency, and some drug products causing

extrapyramidal side effects: phenothiazine neuroleptics,
butyrophenone or thioxanthene derivatives, calcium
channel blockers and others . [6, 8]
Taking aforementioned into account, the aim of
the study was to develop scientific methodology for
expansion of anti-Parkinson drug product range.
MATERIALS AND METHODS
Development of an unbiased evaluation of novel
anti-Parkinson drugs creation prospects was performed
using information analysis methods. It involved systemic
analysis of active pharmaceutical ingredients (AFIs) used
in drug products for PD treatment, followed by
comparative assessment of dosage forms in which these
drug products are available.
RESULTS
Currently, PD is considered incurable and all
existing treatment methods are aimed at alleviation of
symptoms. The main drug products used for reducing of
movement disorders severity are [9, 10, 11, 12, 13]:
- dopamine precursors (levodopa, a levorotatory
dioxyphenylalanine (L-DOPA) and levodopa with
peripheral DOPA decarboxylase inhibitor);
- D2 dopamine receptors agonists (bromocriptine – an
ergoline derivative);
- MAO-B inhibitors (selegiline, a substituted
phenethylamine);
- other dopaminergic agents (entacapone, a selective
catechol-O-methyl transferase inhibitor);
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-

glutamate antagonists (amantadine);
anticholinergic agents (trihexyphenidyl, biperiden, and
diphenyltropine)/
Levodopa, being one of the most effective antiParkinson drug products [14, 15], is a levorotatory
dioxyphenylalanine isomer which is turned into dopamine
by DOPA decarboxylase replenishing its deficiency.
Levodopa guarantees positive effect in more than 95% of
PD patients [6]; treatment with this drug product is an
example of substitution therapy. [1, 16, 17] It was shown,
that levodopa is effective against three main symptoms of
PD: hypokinesia, tremor, and rigidity. [1, 17, 18] Levodopa
products are prescribed to the majority of PD patients due
to its high efficacy at all stages of Parkinson's.
Levodopa is an aminoacid, a direct dopamine
precursor, which, unlike dopamine, can cross the bloodbrain barrier and compensate for dopamine brain
deficiency, that causes many clinical manifestations of PD.
The drug is absorbed in the proximal part of the small
intestine and is captured by the remaining dopaminergic
nigrostriatal neurons. After decarboxylation is is turned into
dopamine which is released into synaptic cleft supporting
adequate function of striate body and other basal ganglia.
[1, 17, 19] Dopamine-production efficiency and
bioavailability of levodopa is much higher than of other
dopamine precursors, phenylalanine and tyrosine. The fact,
that therapeutic doses of levodopa do not interfere with
endogenic dopamine synthesis is yet another advantage of
this drug. [1] Its therapeutic effect remains almost the same
throughout treatment time. [6]
For effective and safe treatment of Parkinson's
with levodopa the decarboxilation process should occur
after the drug has reached central nervous system (CNS)
and not in peripheral organs, i.e. intestine, liver, kidneys.
Peripherally-formed dopamine not only lowers levodopa’s
therapeutic effect, but also causes adverse reactions,
primarily in heart and vascular system. It can cause
arrhythmia, ischemic heart pain, peripheral vascular spasm,
and hypotension. Therefore, levodopa is usually combined
with peripheral DOPA decarboxylase inhibitors, such as
carbidopa or benserazide. Only about 1% of absorber
levodopa
can
reach
brain
without
peripheral
decarboxylation inhibition. [16]
During early stages of levodopa treatment the
most common adverse reactions include nausea (about 80%
of patients), vomiting, and heat flashing over. The rate of
these reactions can be reduced by taking levodopa strictly
after meals and using combination drug products (levodopa
plus peripheral DOPA decarboxylase inhibitors): for
example, the rate of nausea is reduced to 15% or less.
Usage of short (less than 10 days) courses of small doses of
domperidone or metoclopramide to adapt the patients to
levodopa is also possible. Stomach-irritating and ulerogenic
effects of levodopa are rather rare. The next group of
adverse reactions is connected with CNS: headache,
vertigo, confusion, psychosis, and hallucinations. They are
typical in elderly patients. Psychotic symptoms caused by
stimulation of dopaminergic processes in CNS can be
neutralized by atypical neuroleptic clozapine, a central
dopamine receptors blocker, which binds to D4 receptors

more actively, than to D2 receptors. Prolonged treatment
with levodopa can cause different dyskinesias, such as mild
choreiform movements (especially of the face muscles) or
severe dystonic movements. Rare adverse reactions include
vision disorders, hemolytic anemia, leukopenia, and even
agranulocytosis. Alopecia and allergic reactions are
possible, but they are also rather rare. In order to facilitate
transfer from levodopa to combined drug products and
prevent intensification of adverse effects it is necessary to
stop taking levodopa for al least 12 hours and take
combined drugs in small doses. Besides combinations of
levodopa and peripheral DOPA decarboxylase inhibitors
the inhibitors of catechol-o-methyl transferase can also be
used to alleviate adverse reactions. Entacapone prevents LDOPA and dopamine destruction, and destruction of other
catecholamines as well, so it is recommended to combine
levodopa with this drug. It is also rational to combine
levodopa and midantane, since it makes possible to lower
levodopa dosage. However, MAO inhibitors and levodopa
are incompatible; this combination leads to high dopamine
concentrations in the brain and high blood pressure levels.
[16, 20, 21, 22, 23, 24, 25]
The following dosage forms of levodopa are
currently in use: intestinal gel, tablets, dispersed tablets,
capsules and capsules with modified release. Intestinal gel
is injected into intestines (duodenum, small intestine,
ileum, colon) by means of a special device, so minimally
invasive surgery is required to install the pump. Oral
dosage forms have several adverse reactions which were
described above. [9, 10]
DISCUSSION
It is well recognized that levodopa products
currently are the most effective medications for PD
symptomatic treatment – a “gold standard” for this
neurodegenerative disease. [26] Despite its efficacy the
optimal duration of therapy is still highly debated. [15, 27]
One of the possible ways of neutralizing the
aforementioned drawbacks of levodopa drug products,
alleviating possible adverse effects, enhancing efficacy
along with the metabolic optimization is the use of optimal
dosage form, which will help to lower the dose necessary to
achieve the desired effect by means of controlled release
and optimized bioavailability.
It was shown, that liposomes can be used to
protect L-DOPA from enzymatic destruction [28, 29] and
prospectivity of utilizing nanosomal DOPA to treat
Parkinson’s. [30] Among disadvantages of this approach is
the high price of the phospholipids, and their low stability
during storage.
The use of biocompatible, biodegradable
polymers, for example, co-polymers of glycolic and lactic
acids, is an alternative to liposomal preparations. [31] A
way [32] of production of L-DOPA based preparation is
known; polyvinyl alcohol is used in the preparation for
emulsion stabilization. The particles are formed using
double emulsion method.
Inclusion of DOPA and dopamine in polyamide
microspheres was assessed in some studies, [33] However,
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in vitro release kinetics studies have shown lack of
prospects for this approach.
It was demonstrated, that noninvasive drug
delivery from the nasal cavity to the brain makes it possible
to use lower concentrations of AFIs due to reflex neuroand vasoactive action on the stuctures and receptors of the
nasal mucosa. This way of delivery modifies permeability
of the blood-brain barrier membrane structures,
predominantly in the hypothalamic area, allowing different
substances to reach the brain.
It should be taken into account, that endonasal
drug products should contain substances that protect nasal
mucosa, and customer performance, e.g., triglycerides,
sodium monohydrogen phosphate, volatile and fatty oils,
herbal extracts, and flavouring agents. Because enonosal
drugs are nonstable products they should include
stabilizers,
e.g.,
benzoic
acid
or
its
salts,
ethylenediaminetetraacetic acid or its salts, and others.
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CONCLUSION
The results of the study suggest that current PD
treatment with levodopa should also be viable in the future.
In order to minimize adverse reactions rate it is reasonable
to develop novel dosage forms of this drug, the most
promising is an endonasal dosage form. The disadvantages
of this way of AFI delivery can be mitigated by careful
selection of excipients. Also, new treatment modalities are
of great interest [34].
[1]
[2]

[3]
[4]
[5]

[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]

REFERENCES
Poewe, W., 2006. The natural history of Parkinson′s disease. J
Neurol, 253: 7:VII2-6.
Dabbeni-Sala, F., S. Di, D. Franceschini, S. D. Skaper and P. Giusti,
2001. Melatonin protects against 6-OHDA-induced neurotoxicity in
rats: a role for mitochondrial complex I activity. FASEB J 15: 164170.
de Lau, L. M. and M. M. Breteler, 2006. Epidemiology of
Parkinson's disease. Lancet Neurol., 5: 525-535.
Samii, A. and J. G. Nutt, 2004. Parkinson’s disease. Lancet Neurol.,
363: 1783–1793.
Obeso, J. A., M. C. Rodriguez-Oroz, В. Benitez-Temino, F. J. Blesa,
J. Guridi, C. Marin and M. Rodriguez, 2008. Functional organization
of the basal ganglia: therapeutic implications for Parkinson′s disease.
Mov. Disord., 23 (Suppl 3): 548-559.
Jahno, N. N. and D. R. Shtulman, 2001. Diseases of the nervous
system. Medicine, pp: 744.
Gusev, E. I., A. N. Konovalov, V. I. Skvotsova and A.B. Geht, 2009.
Neurology. A national guideline. GEOTAR-Media, pp: 2116.
Tysnes, O. B. and S. T. Vilming, 2008. Atypical parkinsonism.
Tidsskr Nor Laegeforen, Sep 25; 128(18):2077-80.
State
Drug
Register.
Date
Views
01.07.2017
http://grls.rosminzdrav.ru/grls.aspx
Russian Drug Products Register. Date Views 01.07.2017
https://www.rlsnet.ru/
Symptomatic pharmacological therapy in Parkinson′s disease.
Parkinson′s Disease. The National Collaborating Centre for Chronic
Conditions. - London: Royal College of Physicians, 2006. - P. 59100.
Rosinskaya, A. V. and V. К. Datieva, 2010. Parkinson’s disease:
treatment of early stage disease. Pacific ocean region medical
journal, 4: 55-59.
Ivanova-Smolenskaya, I. A., E. V. Polevaya, V. L. Golubev, А. A.
Pilipovich, E. A. Katunina and S. N. Illarioshkin, 2007. New
possibilities for Parkinson's disease treatment using Stalevo

[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

combination drug (levodopa/carbidopa/entacapone). Atmosphere.
Nervous diseases, 3: 8-13.
Fedorova, N. and I. Chigir, 2006. Levodopa – a gold standard in
Parkinson's treatment. Physician, 5: 39-44.
Nodel, M. R. and D. V. Artemyev, 2008. Levodopa: the past, the
present and the future. Clinicist, 1: 58-63.
Mashkovsky, M. D., 2002. Antiparkinsonic dopaminergic drug
products. Medicinal products. "New Wave Publishing House" Ltd.,
1: рр: 540.
Rowland, Lewis P. Rowland and Timothy A. Pedley, 2009. Merritt′s
Neurology. Lippincott Williams & Wilkins, рр: 1216.
Hasegawa A., A. Murakami, H. Masuda and al., 2008. Objective and
subjective symptoms before and after DBS in patients with
Parkinson’s disease. Niigata Medical Journal, 122 (6): 355-356.
Illarioshkin, S. N., 2004. The main principles of Parkinson's disease
treatment. Russian Medical Journal, 12 (10): 604-608.
Katunina, E. A., Bezdolniy Yu. N., Malyhina E. A. and N. V. Titova,
2015. Use of levodopa-benserazide: an experience. Neurology,
neuropsychiatry, psychosomatics, 7 (3): 93-97.
Rudakova, A. V. and A. A. Skoromets, A. A. Timofeeva, 2014.
Pharmacoeconomic aspects of using intestinal gel with levodopa and
carbidopa at the latest stages of Parkinson's disease. S.S. Korsakov
journal of neurology and psychiatry, 114 (10-1): 117-121.
Valeev, V. V. and D. G. Dianova, 2016. A comparative
characteristic of dopaminergic drug products used in Parkinson's
disease pharmacotherapy and included in the Federal Guidelines on
use of therapeutic products in the Russian Federation. International
scientific and research journal, 11-3 (53): 178-181.
Block, G., C. Liss, S. Reines and al., 1997. Comparison of
immediate release and controlled release carbidopa/levodopa in
Parkinson's disease. Eur. Neurol., 37: 23-27.
Markham, C. H. and S. G. Diamond, 1981. Evidence to support early
levodopa therapy in Parkinson’s disease. Neurology (Minneap.), 31:
125-131.
Brodsky, M.A., B. S. Park and J. G. Nutt, 2010. Effects of dopamine
agonist on the pharmacodynamics of levodopa in Parkinson disease.
Arch. Neurol., 67 (10): 27-32.
Katzenschlager, R. and A. Lees, 2002. Treatment of Parkinsons
disease: levodopa as the first choice. J Neurol, 249(Suppl 2):19-24.
Nodel, M. R., 2010. Levodopa: a search of standards for a “gold
standard”. Neurological journal, 15 (3): 42-47.
Borisova, N. V., A. P. Kaplun, O. V. Bogomolov, V. B. Grigoryev,
V. V. Jurasov, E. V. Nikushkin, G. N. Kryjanovsky and V. I. Shvets,
1996. Physico-chemical properties of L-3,4-dihydroxyphenylalanine
(DOPA) and DOPAMINE liposomal forms. Bioorganic chemistry,
22(10, 11): 846-851.
Borisova, N. V., Jigaltsev I. V., Bogomolov O. V., Kaplun A. P.,
Jurasov V. V., Kucheryanu V. T., Nikushkin Е. V., Kryjanovsky G.
N. and Shvets V. I., 1997. Oxidation in egg phosphatidylcholine
liposomes loaded with L-3, 4-dihydroxyphenylalanine (DOPA) and
DOPAMINE: mutual effect of components. Bioorganic chemistry,
23(4): 284-289.
Trapani, A., N. Denora, G. Iacobellis and al., 2011. Methotrexateloaded chitosan- and glycolchitosan-based nanoparticles: a
promising strategy for the administration of the anticancer drug to
brain tumors. AAPS Pharm. Sci. Technol., 12:1302-1311.
Boyat, I., E. A. Oganesyan, V. Yu. Balabanyan and R.N. Alyautdin,
2009. Paclitaxel dosage forms. Russian Biotherapeutic Journal, 8(3):
37-44.
Yong, Z. Z., G. A. Raid and Jingyuan C. Victor, 2013. Optimization
of PLGA nanoparticles formulation containing L-DOPA by applying
the central composite design. Drug Development and Industrial
Pharmacy, 39 (2): 321-330.
McRae-Degueurce, A., S. Hjorth, D. L. Dillon and al., 1988.
Implantable microencapsulated dopamine (DA): A new method for
slow-release DA delivery into brain tissue. Neurosci. Lett., 92: 303309.
Trushin M.V, Ardashov O.V, Volcho K.P, Arkharova,
I.A.,Salakhutdinov, N.F., 2013. Genotoxicological safety assessment
of a new antiparkinsonian substance ((1r,2r,6s)-3-methyl-6-(prop-1en-2-yl)cyclohex-3-ene-1,2-diol). World Journal of Medical
Sciences, 8(4): 355-358.

1563

