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ABSTRACT 
 

M.Sci.Pharm. Mine Silindir Gunay, The Preparation of Theragnostic 

Immunoliposomes/Immunoniosomes for the Diagnosis and Therapy of Parkinson’s Disease,  

Hacettepe Üniversitesi – François Rabelais de Tours University, Health Sciences Institute, 

Radiopharmacy Doctoral Programme, UMR Inserm U 930, Team 3, Molecular Imaging and 

Brain Programme, Doctoral Thesis, Ankara-Tours, 2016. Parkinson’s Disease (PD) is 

degeneration of dopamine producing cells in substantia nigra. Blood-brain barrier (BBB) is  a strong 

obstacle in PD therapy. More penetration and accumulation in the target tissue can be obtained by 

preventing RES uptake via “stealth effect”. Liposomes and niosomes are the promising systems for 

being biodegredable, bioavailable, non-toxic and targetable. Although CNS disorders are the first to 

endorse at their research in the diagnosis and therapy with several framework projects in Europe and 

over the world, there is still a huge gap in CNS drug delivery and the success of PD therapy. Although 

different studies have performed with pramipexole, evaluation of penetration and antiparkinsonian 

effect of pramipexole encapsulated liposomes and niosomes has never been studied before. 

Among this thesis, nanosized, polyethylene glycol (PEG) coated, neutral and positively charged, 

pramipexole encapsulated liposomes and noisomes were formulated, characterized and release 

kinetics of the systems were evaluated. In vitro penetration of all formulations was evaluated in BBB 

cell co-culture model. Therapeutic efficacy of neutral, pramipexole encapsulated liposomes and 

niosomes were evaluated in 6-hydroxydopamine (6-OHDA) lesioned rats by rotometer test and 

autoradiography.  

All formulations have approximately 10% encapsulation efficiency, around 100 nm particle sizes and 

fitted to first-order release kinetics. All formulations were found BBB permeable at in vitro cell 

culture studies. Nanosized, neutral niosomes designated similar but slightly better effect than 

pramipexole solution in autoradiograhy studies in 6-OHDA lesioned rats. This pramipexole dose is 

approximately 9 times lesser doses applied with conventional pramipexole tablets for humans in 

Neurology clinics. Nanosized, pramipexole encapsulated, neutral niosomes showed potential PD 

therapeutic effect in PD animal model depending on non-ionic surfactant properties of niosomes.  

Key Words: Pramipexole Liposomes, Pramipexole Niosomes, Brain Targeting, Parkinson’s Disease 

Therapy, Dopamine Transporter Autoradiography. 

 

Supporting Organizations: TUBITAK-SBAG (Project No: 112S244). 

                                               French Embassy-Service of Cooperation and Cultural   

                                              Actions, Campus France. 
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ÖZET 
 

Uzm. Ecz. Mine Silindir Gunay, Parkinson Hastalığı’nın Teşhis ve Tedavisi İçin Kullanılacak 

Nanoboyutlu Teragnostik İmmünolipozom/İmmunoniozomlar Üzerine İn Vitro İn Vivo 

Çalışmalar, Hacettepe Üniversitesi – François Rabelais de Tours University, Sağlık Bilimleri 

Enstitüsü, Radyofarmasi Programı, UMR Inserm U 930, Ekip 3, Moleküler Görüntüleme ve 

Beyin Programı, Doktora Tezi, Ankara-Tours, 2016. Parkinson Hastalığı (PH) substantia 

nigra’daki dopamin üreten hücrelerin dejenerasyonundan kaynaklanmaktadır. Kan-beyin bariyeri 

(KBB) PH’nın tedavisinin önünde kuvvetli bir engeldir. Hedef dokudaki yüksek penetrasyon ve 

tutulum “stealth etki” ile RES tutulumunun engellenmesi ile sağlanabilir. Lipozom ve niozomlar 

biyoparçalanırlıkları, biyouyumlulukları, non-toksik ve hedeflendirilebilir olmaları nedeniyle en çok 

tercih edilen sistemlerdendir. Santral sinir sistemi hastalıklarının araştırılması Avrupa ve tüm dünyada 

yapılan pekçok çerçeve projelerinde ilk sırada olmasına rağmen, halen beyne ilaç taşınması ve PH’nin 

tedavi başarısı konusunda büyük boşluklar bulunmaktadır. Pramipeksol ile pek çok çalışma 

yapılmasına karşılık, bizim çalışmamız pramipeksol enkapsüle edilmiş lipozom ve niozomların beyin 

penetrasyonunun ve antiparkinson etkisinin değerlendirilmesi konusunda yenidir.   

Tez kapsamında, nanoboyutlu, PEG kaplı, nötral ve pozitif yüklü lipozom ve niozomların formüle 

edilmiş, karakterizasyon ve salım kinetikleri değerlendirilmiştir. Tüm formülasyonların KBB 

geçirgenliği, hücre KBB ko-kültürü çalışmalarında incelenmiştir. Nötral, pramipeksol enkapsüle 

edilen lipozom ve niozomların tedavi etkinliği in vivo olarak 6-hidroksidopamin (6-OHDA) ile lezyon 

yapılarak PH modeli oluşturulan sıçanlarda rotametre ve otoradyografi çalışmaları ile incelenmiştir.  

Tüm formülasyonlar yaklaşık %10 enkapsülasyon etkinliği ve 100 nm civarında partikül boyutu 

dağılımı ve birinci derece salım kinetiği göstermiştir. Hücre kültürü çalışmalarında, tüm 

formülasyonların KBB’nden penetre olabildiği saptamıştır. 

6-OHDA lezyonlu sıçanlarda Parkinson hastalığının tedavisinde nanoboyutlu, nötral, pramipeksol 

enkapsüle edilen niozomlar, aynı dozdaki pramipeksol çözeltisi ile benzer hatta biraz daha iyi sonuçlar 

göstermiştir. Bu doz Nöroloji kliniklerinde Parkinson tedavisinde rutin olarak kullanılan 

konvansiyonel pramipeksol tabletlerindeki dozun yaklaşık olarak 9 kat düşük dozlarıdır. Nanoboyutlu, 

pramipeksol enkapsüle edilen, nötral niozomlar, niozomların non-iyonik sürfaktan özellikleri 

nedeniyle PH modeli sıçanlarda potansiyel bir antiparkinson terapötik etki göstermiştir. 

 

Anahtar Sözcükler: Pramipeksol Hapsedilmiş Lipozomlar, Pramipeksol Hapsedilmiş Niozomlar, 

Beyne Hedeflendirme, Parkinson Hastalığı’nın Tedavisi, Dopamin Transporter Otoradyografi. 

 

Destekleyen Kuruluşlar: TUBITAK-SBAG (Project No: 112S244). 

                                           Fransa Büyükelçiliği-Kültür Ataşeliği, Campus France. 
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RÉSUMÉ 
 

M.Sci.Pharm. Mine Silindir Gunay, Les teragnostiques immunolipozom/immuniozom en 

nanocristallin pour utiliser dans les recherches in vitro in vivo de pronostic et traitement de la 

maladie de Parkinson, L'université de Hacettepe – François Rabelais de L'université de Tours, 

L'institut Scientifique de Santé, Programme de Radiopharmacie, Programme de UMR Inserm 

U 930, Equipe 3, Imagerie Moleculaire du Cerveau, Thèse de Doctorat, Ankara –Tours, 2016. 

La maladie du Parkinson (PD) provient de la dégénération des cellules du locus niger produisant de la 

dopamine. La barrière sang-cerveau (BBB) est un véritable obstacle devant le traitement du PH. Cela 

peut se provoquer par “l’effet stealth” c’est-a-dire en bloquant l’absoption du RES par la haute 

pénétration et l’absorbtion dans le tissu cible. Les liposomes et les niosomes sont les systhèmes les 

plus préférés en raison de leurs biocompatibilité, bio fragmentation, non-toxique et de leurs capacités 

de ciblage. İl existe toujours de grands vides dans la conduite de médicaments dans le cerveau et dans 

la réussite du traitement du PD, malgrès le placement au premier rang dans de nombreux projets de 

recherche en Europe et dans le monde sur les maladie du système nerveux centrales et malgrès que 

beaucoup de travaux ont été réalisé avec le pramipexole, notre étude représente une nouveauté dans la 

pénétration dans le cerveau des pramipexoles encapsulés des liposomes et des niosomes et dans la 

valorisation des effets antiparkinson. Dans le cadre de la thèse, la caractérisation et la diffusion 

cinétique des liposomes et niosomes formulés neutre et positif, couvert de PEG, nanocristallin, ont été 

évalué. 

La validité de toutes les formulations BBB, a été analysé dans les co-cultures BBB des cellules. 

L'activité des liposomes et niosomes encapsulés du traitement de pramipexole neutre, a été analysé par 

des recherches 6-OHDA in vivo et en faisant des lésions sur les rongeurs formant des modèles de PD 

par rotamètre et autoradiographie. Toutes les formulations ont montré environ 10% d'activité 

d'encapsulation et environ 100 nm la dispersion de la taille des particules et la diffusion cinétique au 

1er degrès. Dans tous les travaux de culture de cellule, nous avons déterminé que la formulation BBB 

est possible par pénétration. Dans le traitement de la maladie de Parkinson chez les rats avec la lésion 

6-OHDA, les niosomes neutres nanocristallins pramixole encapsulées a montré des résultats similaires 

voire légèrement meilleurs avec une solution de la même dose de pramipexole. Cette dose, 9 fois 

moins que les tablettes conventionnelles de pramixole, est couramment utilisée  dans les cliniques 

neurologiques de Parkinson. Par conséquent avec l'application de nanocrystalin , niozome neutre et 

des faibles doses de paramipexole, a été obtenu chez les rongeurs à lésion 6- OHDA, un antiparkinson 

efficace. Chez les modèles de rongeur à PD , dû aux caracteristiques des niozomes non-ioniques, des 

niozomes neutres, de paramixoles encapsulés et nanocristalin, un effet potantiel thérapeutique  

antiparkinson a été décelé. 

Mots-clés: liposomes emprisonnés de pramixole, niosomes emprisonnés de pramipexole, le ciblage 

du cerveau, traitement de la maladie de Parkinson, Dopamine Transporter autoradiographie. 
 

Avec le soutien de : TUBITAK – SBAG ( Projet no:  112S244). 

                           L'ambassade de France-Service de coopération et d'action culturelle, Campus France. 
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1. INTRODUCTION 

 

Depending on the increase in the lifetime of mankind according to the 

advance in the technology, a rise is observed in the incidence of geriatric diseases 

and by this way an increase is also observed in the reseach for this field in all 

around the world. One of the most recently observed neurodegenerative disease 

among aged-related diseases is PD. It is formed due to the degeneration of 

dopamine producing cells in the substantia nigra in the midbrain (1). Generally, PD 

is diagnosed over age 50, however it is not only seen in middle to old people but 

also in young people (at the age below 20 years) as Juvenile PD 5% of all cases. 

While the disease incidence is 0.2-0.3 % among the community, it is 1% among the 

people who are over the age of 55. While about 10 million people suffer from PD 

worldwide, about 100-130 thousand people are to date diganosed with PD in 

Turkey. It is expected that this number will be duplicated in 2030 in Turkey in 

which about 10 thousand people is diagnosed with PD every year. In contrast to this 

accelerated increase in number, only half of the patients can achieve a successful 

therapy which is mostly related with the late diagnosis of the disease (2). 

Brain is protected by tight, protective barriers composed of tight endothelial 

cells and tight junctions such as blood-brain barrier (BBB) and the blood-

cerebrospinal fluid barrier (BCSFB) limiting delivery of drugs and other molecules 

for both diagnosis and treatment of brain diseases. These endothelial and epithelial 

structures comprise specialized and differentiated neurovascular system providing 

proper functioning of neuronal circuits, synaptic transmission and remodelling, 

neurogenesis and angiogenesis in the brain by separating and protecting neurons 

from blood circulation (3-5). Due to that, more than 98% of drugs can not penetrate 

into the brain. Although there is a variety of approaches for BBB penetration, the 

utilization of drug delivery systems is one of the most frequently investigated one.  

Levodopa (L-DOPA) administration as a gold standart in the treatment of 

PD is very valuable, however, its long-term use may cause some motor 

complications such as abnormal involuntary movements (dyskinesia) and shortening 

response to each dose (wearing off phenomenon). To reduce the duration of 
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immobile off periods and dependence to L-DOPA therapy for maintaining or 

improving motor impairment, dopamine agonists were developed (6). Pramipexole 

is one of these effective dopamine agonists with high relative in vitro specificity and 

full intrinsic activity at D2 subfamily of dopamine receptors and with a higher 

binding affinity to D3 than to D4 or D2 receptor subtypes (7). To obtain 

therapeutical effect in brain it is required to increase the dose which results in the 

increase of side effects. Therefore, solutions are searching for increasing drug 

amount delivery without increasing drug dose. Nanosized drug delivery systems 

have important advantages in this issue. The term of Nano is called as manikin 

(dwarf, small man) in Greek and it is one in a million od a milimeter. 

Nanotechnology is first stated by a physicist, Richard Feynman, in 1959 about 

mesuring nanomaterials by miniaturized devices and the use for identifying new 

scopes. According to USA National Health Institute, one of the most important area 

in nanotechnology is nanomedicine and it comprises specific medical research in 

molecular level for the diagnosis and therapy of the diseases. Nanomedicine can be 

defined as the application of nanotechnology to health and can be described as a 

new field of science (8,9). Nanosystems that are used in nanomedicine comprise 

liposomes, niosomes, micelles, nanospheres, polymeric delivery systems, 

dendrimers, emulsions, nanoparticles and nanocapsules etc. Apart from other 

conventional drugs, the superiority of these drug delivery systems is their ability to 

accumulate in the desired tissue, increase bioavailibility of drugs, increase 

effectiveness even in lower concentrations and decrease side effects (8-11). 

Liposomes and niosomes are one of the most commonly investigated drug 

delivery systems used for delivering both drugs and diagnostic agents to the targeted 

area. Liposomes are formed by self-sustainable bilayered structure comprising 

phospholipids (12,13). Niosomes are non-ionic surfactant vesicles (14). The 

composition of niosomes is very similar to that of liposomes, however, the 

substances used for the preparation of niosomes, non-ionic surfactants, attain them a 

more stable structure and more ability to penetrate through BBB. Both liposomes 

and niosomes have proper characteristics such as being non-toxic, biocompatible 

and biodegradable. They can also carry a variety of drugs with different 

physicochemical propeties such as hydrophilic, lipophilic and amphoteric drug 
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molecules by either entrapping inside hydrophilic core or anchoring on the lipid 

bilayer (15,16).  

Passive targeting of liposomes and niosomes can be performed with the help 

of formation of a steric hindrance created by altering surface charge, surface 

properties, particle size, site membrane lipid packing, extent of steric hindrance and 

reducing particle size into nano-scale. These sterically stabilized long circulating 

delivery systems are distinguished from other conventional ones due to the altered 

pharmacokinetics and pharmacodinamics which enhances accumulation at diseased 

area (17). Coating was initially made by monosialogangliosides (18) to incease 

distribution half-life. The existence of steric hindrance achieved by coating with a 

hydrophilic biocompatible polymer such as PEG, propylene glycol, polypropylene 

oxide, polyethylene oxide or mannose coating for brain targeting prevents them 

from interaction between serum opsonins by lower contact angle between particles 

and phagocytic cells (15,16) and prevents them from opsonisation by tissue 

macrophages. Brain targeting can be obtained by this way rather than targeting to 

RES organs like liver, spleen, etc.  

Although a number of studies have performed and CNS disorders are the 

first to endorse their research in the diagnosis and therapy with several framework 

projects in Europe and all around the world, there is still  a huge gap in CNS drug 

delivery and the success of PD therapy.   

Although a variety of studies were performed about therapeutic efficacy of 

Pramipexole (6,7,19-22) and use of some delivey systems for the therapy of PD 

(23,24), the formulation of Pramipexole encapsulated liposomes and nisosomes 

have not been studied before as an alternative to oral Pramipexole dosage form 

using in neurology clinics for PD treatment. As preliminary studies, it was tried to 

formulate active targeted liposomal and niosomal formulations as theragnostic 

systems for both diagnosis by radiolabeling and therapy by D2 or DAT targeting by 

a specific ligand modification of PD at the same time. It was tried to perform a 

chemical synthesis with computer aid coordinational chemistry. However, after 

discussions with different chemists and radiochemists from different countries, it 

was observed that the modification of a D2 or DAT specific ligand with liposomes 
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and niosomes is vey hard to perform and may most probably result in deactivation 

of specific part of ligand after modification.  

Therefore, the aim of thesis was changed and modified as to formulate 

novel, nanosized for passive targeted, PEGylated for “stealth effect”, 

antiparkinsonian drug (Pramipexole Dihydrochloride Monohydrate) encapsulated, 

neutral and positively charged liposomes and niosomes for effective therapy of 

Parkinson’s Disease. Nanosized, pramipexole encapsulated, neutral and positively 

charged liposomes and niosomes were formulated. The characterization and release 

kinetics of formulations were performed. BBB penetration of nanosized, neutral, 

pramipexole encapsulated liposomes and niosomes was evaluated in BBB Cell Co-

Culture model by using flurescent intensity and fluorescence microscopy images. In 

vivo therapeutic efficacy of neutral liposomes and niosomes was monitored and 

compared by complementary methods such as rotational behaviour and 

autoradiography in a rat model of PD obtained by a partial 6-hydroxydopamine (6-

OHDA) unilateral striatal lesion. It is expected to obtain potential therapeutic results 

in 6-OHDA lesioned rats which leads further studies with large number of animals 

leading to develop commercial preparates for PD patients at clinics in the future 

with decreased side effects and decreased frequency of administration which is very 

significant for patient’s compliance to the therapy. 
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2. GENERAL INFORMATION 

 

2.1. Parkinson’s Disease 

Parkinson's disease (PD) also known as idiopathic or primary parkinsonism) 

is a degenerative disorder of the central nervous system. Although its mechanisms 

and reasons are not clearly defined, it is thought that its motor symptoms result from 

the death of dopamine-generating cells in the substantia nigra, a region of the 

midbrain. It is commonly seen in people in the middle or older ages. PD takes its 

name from James Parkinson, English physician, in 1817 as trembling stroke and now 

PD is in the beginning orders among geriatric neurodegenerative disorders. The main 

abnormality is generally seen in parts regulating coordinate and basic movements in 

brain. Formation of alpha-synuclein aggregation and Lewy bodies are hallmarks of 

PD and other related diseases (25). 

According to the litrature, environmental toxins, genetic factors and oxidative 

stress may cause PD onset. According to a study performed through the Europe, the 

minimal amount of pesticide exposure can increase the risk of PD in a large amount 

(26). Another factor is the genetic mutations. According to Kurosinski et al. (27), 

mutations in gene SYN (A30P and A53T) can cause PD in animal models by causing 

internal cellular α-synuclein agregation and deposition to form Lewy bodies which 

are significant signs of PD. Dopaminergic loss in the basal ganglia and substantia 

nigra of several animal species such as mice and flies can be seen after these 

mutations (28). Another cause of PD is related to the formation of unstable free 

radicals which are by-products of oxidative stress contributing to nerve cell death. It 

was seen that MTH1 suppresses cell death depending on oxidative stress in human 

PD patients (28,29).    

- Dopaminergic Neurotransmission in PD 

Dopamine (3-hydroxytyramine; DA) is a catecholamine neurotransmitter 

which is a precursor for synthesis of the neurotransmitter norepinephrine (NE). DA 

in synthesized from tyrosine by a two step process, where tyrosine hydroxylase (TH) 

is the rate-limiting enzyme in the reaction (30). Tyrosine (L-Tyrosine) is a naturally 

occurring amino acid involved in the synthesis of neurotransmitters dopamine, 
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adrenaline and noradrenaline. Dopamine synthesis from tyrosine is given in Figure 

2.1 (31). 

 

 
 

Figure 2.1. Dopamine synthesis from Tyrosine (31) 

 

DA is a neurotransmitter that transmits messages from one nerve cell to 

another. Dopamine signals travel from the substantia nigra to brain regions including 

the corpus striatum, the globus pallidus and the thalamus in order to control 

movement and balance (32)  

- Dopaminergic Pathways and Nigrostriatal Dopamine Pathway Affected 

in PD 

There are four main dopaminergic pathways; the tuberoinfundibular pathway, 

the nigrostriatal pathway, the mesocortical pathway and the mesolimbic pathway 

(Fig. 2.2) 
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Figure 2.2. Pathways of dopamine signaling in the brain. (Illustration of 

major DA projections in the central nervous system. The nigrostriatal pathway 

originates in the substantia nigra and projects to the dorsal striatum. The mesolimbic 

and mesocortical projections originate in the ventral tegmental area and project both 

to ventral striatum and areas in the prefrontal cortex, respectively. The final system is 

the tuberoinfundibular system which projects from the hypothalamus to the 

pituitary). (30,33) 

 

1. The tuberoinfundibular pathway, which refers to a group of DA neurons 

in the arcuate nucleus of the hypothalamus that project to the median 

eminence, controls prolactin secretion from the anterior pituitary gland 

(34) Hyperprolactinaemia is associated with a failure of this pathway (30). 

2. Dopaminergic neurons in the mesocortical pathway project from the 

ventral tegmental area (VTA) to the frontal lobes of the cerebrum, 

particularly the prefrontal cortex, and are involved in cognition and 
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emotion. Attention deficit hyperactivity disorder, addicton and 

schizophrenia can be seen in any failure of this pathway (30). 

3. Neurons of the mesolimbic pathway also originate in the VTA but instead 

innervate the ventral striatum, also known as the nucleus accumbens. This 

pathway is implicated in reward and pleasure. Attention deficit 

hyperactivity disorder, addicton and schizophrenia can be seen in any 

failure of this pathway (30). 

4. Nigrostriatal pathway is related with PD. The nigrostriatal pathway in the 

midbrain consists neurons whose cell bodies originate in the substantia 

nigra and terminate in the dorsal striatum. This area is implicated in 

movement since degeneration of these projections has been shown to 

cause Parkinson’s Disease; characterized by tremors, rigidity, and overall 

improper movement (35). This region is also important in feeding 

behavior (36). Addiction and chorea can also be seen in any failure of this 

pathway (30). 

 

In PD, most of the dopamine signals from the substantia nigra are lost. 

Nigrostriatal pathway is the efferent connection between the susbtantia nigra and 

corpus striatum. Nigrostriatal pathway is particularly involved in the production of 

movement, as part of a system called the basal ganglia motor loop. Loss of dopamine 

neurons in the substantia nigra is one of the main pathological features of PD, 

leading to a marked reduction in dopamine function in nigrostriatal pathway. The 

symptoms of the disease typically do not show themselves until 80-90% of dopamine 

function has been lost. 

The secretion of dopamine is actualized from membrane storage vesicles in 

the presynaptic neurons and binds to postsynaptic neurons and activates dopamine 

receptors to perform its physiologic effects (32). Afterwards, following dopamine 

signalization from one neuron to another at the synapse, it is removed via re-uptake 

back into the presynaptic cell by either the high-affinity DAT or the low-affinity 

Plasma membrane monoamine transporter (PMAT). Once it is taken back inside the 

cytosol, it is repackaged into vesicles at the end for new signaling. As an alternative 

way, dopamine is directly broken down into inactive metabolites by two enzymes 
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called monoamine oxidase B (MAO) and catechol-o-methyl transferase (COMT). but 

enzymatic degradation does not account for inactivation of DA in the synapse. 

Instead, termination of DA neurotransmission is regulated by DAT. DAT allows DA 

to be cleared out of the synapse and taken up into the presynaptic bouton (30,37,38). 

Insufficient dopamine biosynthesis due to loss of the substantia nigra dopaminergic 

neurons causes PD. Figure 2.3 shows dopamine levels in a normal and Parkinson’s 

affected neurons. Figure 2.4 designates a horizontal section of subtantia nigra in 

normal and PD patients.  

 

 

 

Figure 2.3. Dopamine levels in a normal and Parkinson’s affected neuron 

(39). 
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Figure 2.4. A horizontal section of subtantia nigra in normal and PD patients (37).  

- Consequences of Dopamine Reduction in PD  

At the early phases of the disease, the most obvious symptoms are 

movement-related such as tremor (hands and head develop involuntary 

movements), muscle rigidity/rigour, slowness of movement/bradykinesia and 

postural instability (difficulty with walking and gait). At progressive stages, 

thinking and behavioral problems may arise and dementia can be occurred in the 

advanced stages of the disease generally (40). Additionally depression is the most 

common psychiatric symptom that can be observed in PD patients. The mechanism 

of depression in PD is not clear however, it may be due to the deficiency of 

multiple transmitters in mesocortical monoaminergic systems containing 

dopaminergic projections, noradrenergic and serotonergic projections (41-43). 

Other symptoms may comprise sensory, sleep and emotional problems such as 

hallucinations and sleep disturbance. Subtle cognitive deficits especially frontal 

lobe executive dysfunction may be seen in patients with early PD which can be 

detected with sensitive neuropsychological testing (44,45). Postural hypotension 

can also be seen in some PD patients. It is more frequently seen in PD patients with 

dementia when compared with PD patients without dementia (46). 
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2.1.1. Therapeutic Approaches of Parkinson’s Disease 

PD, which has a high incidence in neurodegenerative disorders, can be 

clinically diagnosed generally only when the symptoms are initiated. Early therapy 

can be managed by early diagnosis of PD such as the alterations are in molecular 

level before syptomatic changes are started. There is a balance in brain between 

acethylcholine and dopamine which increases and regulates the stimulation 

property. In PD, the balance is spoiled in favor of acethylcholine and dopamine 

should be substituted. Today, although the main therapy of PD comprises therapy 

with drugs, there are also other therapy approaches. 

The patient should be protected to be withdrawn and seperate from the 

public and stay physically active. Surgery can be used in some conditions which 

comprising the damage of diseased area. One method is the deep brain stimulation 

for the treatment (47). Deep brain stimulation involves the implantation of a 

medical device called a brain pacemaker sending electrical impulses composed of 

implanted electrodes, to specific parts of the brain (brain nucleus) for the treatment 

of movement and effective disorders. The use of deep brain stimulation as the 

approved procedure by US Food and Drug Administration in the threatment of PD 

initiated in 2002 and since then almost 80.00 applications were administered by 

physicians in all around the world (48). However, the most commonly, easily and 

practically applied therapy approach is the drug therapy for PD. 

Treatment approaches may be grouped as dopamine prodrugs, dopamine 

agonists, COMT inhibitors, MAO-B inhibitors, anticholinergics and NMDA 

inhibitors. They are defined below very briefly.   

 

- Dopamine Prodrugs 

L-DOPA is a prodrug and a dopamine precursor. Dopamine can not be used 

for PD therapy due to its absence of penetration into CNS. This problem was 

solved by the use of L-DOPA in 1960s which is thought as gold standart in PD 
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therapy. It desigates its effects in CNS by turning into dopamine by the enzyme of 

Dopa-decarboxylase. A very low amount (such as 1-2%) of the given dose is only 

effective. Therefore, L-DOPA should be administered in high doses which may 

increase the side effects. The use of L-DOPA in some patients is effective, 

problem-free and successful for 2-4 years, however, after that the symptoms of PD 

can reappeared. The level of L-DOPA can be decreased at certain times which 

causes patients to designate PD symptoms (off period, or wearing off 

phenomenon). Dyskinesia is a common side effect of the long term use of L-DOPA 

and it is generaly observed in 40% of the patients suffering from PD after 5 years 

which can be assumed as the honeymoon period and in 80% of PD patients after 10 

years of L-DOPA utilization (49,50). In the case of any contraindication or no 

therapy effect or resistance to L-DOPA, some other drugs such as dopamine 

receptor agonists, anticholinergics and other drugs can be chosen as single 

therapeutics or in conjugation with L-DOPA. Sometimes, L-DOPA can be given 

with a peripheral decarboxylase inhibitor like benserazide or carbidopa. Apart from 

this, amantadine or bromocriptine can be added to the therapy with L-DOPA to 

obtain synergistic effect (37,51).  

 

- Dopamine Agonists 

Dopamine agonists mimic dopamine for stimulating dopamine system in 

the brain and they induce dopamine receptors and currently being used as a 

treatment for improving many of the symptoms characterizing PD (28). 

bromocriptine, pergolide, cabergoline and lisuride are specific dopamine agonists. 

Bromocriptine is the only ergot dopamine agonist approved for treatment of 

Parkinson in the U.S.A. Bromocriptine stimulates dopamine D2 receptors. 

Pramipexole is a non-ergot D2 and D3 receptor agonist. Pramipexole has similar 

selectivity with ropinirole. Apomorphine is used as a very efficient drug in people 

having very severe on-off effects which may require going off L-DOPA for a few 

days. It is FDA-approved drug for the treatment off-time episodes of PD. 

Apomorphine has high affinity on D4 receptor. Adverse effects of these dopamine 

agonists are nausea, headache, vomiting, dizziness, constipation (37,51).  



13 
 

 

 

- Catechol O-MethylTransferase (COMT) Inhibitors 

COMT enzyme is a peripheral metabolizer of L-DOPA. COMT Inhibition 

prevents L-DOPA metabolism into 3-O-methyldopa and prolongs L-DOPA's 

effect. Entacapone (Comtan, Stalevo) is COMT inhibitor. Wearing-off effect can 

be prevented and it can be given with dopamine precursor in PD's 

pharmacotherapy.  

Tolcapone (Tasmar) may cause some side effects related with liver 

functions so it has been taken off the market in many countries. Entacapone is 

more safer. Headache, diarrhea, and abdominal pain are some other adverse effects 

(37,51). 

 

- MonoAmine Oxidase-B (MAO-B) Inhibitors 

MAO-B inhibitors are used as adjunctive therapy for PD because they 

inhibit the breakdown of dopamine by MAO-B and increase dopamine amount in 

the brain. Selegiline (deprenyl) blocks MAO-B which is a dopamine degrading 

enzyme and it may have some mild benefit as an initial therapy. It is generally used 

in early-onset disease. Rasagiline is used for PD treatment and for both early-onset 

or moderate to advanced disease with combination with L-DOPA. MAO-B 

inhibitors can cause some severe side effects. Orthostatic hypotension is one of the 

crutial one. Hypertension can be observed if combined with drugs inducing 

serotonin level enhancements like antidepressants and feding with foods rich in the 

amino acid tyramine (37,51). 

 

- Anticholinergic 

These were the first drugs for PD in 1949 however they were replaced by 

dopamine drugs. Trihexyphenidyl is still used in several PD cases and especially 

for controlling tremor in early stages. It may cause dryness of the mouth. Nausea, 
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dizziness, glaucoma, constipation, urinary retention, and some mental problems 

such as memory loss, confusion, and even hallucinations can also be observed 

(37,51). 

 

- N-Methyl-D-Aspartate (NMDA) Inhibitors 

Amantadine (Symadine, Symmetrel) is an antiviral compound. It stimulates 

dopamine release and designates its effect against dyskinesia in PD patients. 

Memantine is an uncompetitive antagonist of NMDA receptor however it is not an 

option for PD therapy. NMDA inhibitors may cause swollen ankles and visual 

hallucinations. Rarely, it may cause acute delirium or neuroleptic malignant 

syndrome (37,51). 

The mechanism of action of antiparkinsonian drugs in dopaminergic 

synapse is given in Figure 2.5. (51). For the general therapy of PD; it is generally 

recommended to use dopamine precursors and dopamine agonists at early phase 

(37,51-55).  
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Figure 2.5. The mechanism of action of antiparkinsonian drugs in dopaminergic 

synapse (51). 

*COMT: Catechol-C-methyltransferase, DDC: Dopa Decarboxylase, DOPAC: 
Dihydroxyphenylacetic Acid, MOA-B: Monoamine Oxidase-B, 3-OMD: 3-O-Methyldopa. 

 

2.1.1.1. Pramipexole 

Pramipexole dihydrochloride monohydrate ((S)-2-amino-4,5,6,7-

tetrahydro-6-propylamine-benzothiazole dihydrochloride) is a white to off-white 

crystalline powder and stable under ordinary conditions. Its solubility is more than 

20% in water, about 8% in methanol and 0.5% in ethanol. It is practically insoluble 

in dichloromethane (56). Due to proper solubility properties, Pramipexole 

Dihydrochloride Monohydrate is chosen instead of Pramipexole for PD treatment 

for this study (57-59). 

Although its therapeutical mechanism is unclear, it is thought to stimulate 

dopamine receptors in striatum. Pramipexole is a non-ergot dopamine agonist. It 

binds more to D3 than D2 and D4 receptors. Its effect on D1 receptor is lesser. It 

can be used as individual in PD. The observation of side effects is very rare or 

none. The probability to see orthostatic hypotension is low when compared with 
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other dopamine agonists. Immeadiate release Pramipexole approved by FDA in 

1997 which can be used individually or together with L-DOPA in idiopathic PD. 

FDA was approved the extended release fomulation (MirapexER®)  for the therapy 

of early phase PD in February 2010. It is approved in March 2010 for the therapy 

of symptoms in idiopathic PD  (60). 

 

2.2. The Structure of Brain and Blood Brain Barrier 

The brain is one of the most complex organs within the human body. It is 

made up of more than 100 billion nerves communicating lots of connections with 

synapses. It is thought that the cerebral cortex (the largest part) contains 15–33 

billion neurons in a typical human (61). These neurons communicate with one 

another by axons carrying signal pulses called action potentials to every part of the 

body. The brain controls the rest of the body by generating patterns of muscle 

activity and driving the secretion of hormones. The lobes and general parts of the 

brain is given in Figure 2.6. 

 

 
 

Figure 2.6. The lobes and general parts of the brain (62).      

 

There are 2 physical barriers seperating brain extrasellular fluid from the 

blood called BBB and BCSFB.  
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1. BBB is characterized by tight junctions between endothelial cells by the 

absence of fenestration (63). Brain microvascular endothelial cells 

(BMVEC) and neuroparenchymal cells such as pericytes, microglia, 

astrocytes and neurons surrounding the microvessels form BBB. This barrier 

regulates trafficking of ions, molecules and leukocytes into and out of the 

brain. It limits and prevents the penetration and entry of compounds from 

blood to the brain.  

2. Blood-cerebrospinal fluid barrier (BCSFB) exists at the choroid plexus 

and seperates the blood from the CSF (64). The epithelial cells exist on the 

choroid plexus forming BCSFB have complex tight junctions on CSF 

(apical) side of the cells. However, the tight junctions of the epithelial cells 

in the choroid plexus seems to be more permeable than the ones in the 

endothelial cells of BBB (65,66). 

 

The schmeatic representation of two main barriers in CNS is given in Figure 

2.7.  

 

Figure 2.7. Schematic representation of two main barriers in the CNS (66). 
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2.2.1. Blood Brain Barrier Penetration Approaches 

Drug and imaging agent delivery to the brain is still a kind of challenge for 

both the diagnosis and therapy of CNS disorders. Brain barriers can be spoiled and 

getting leaky in some conditions such as brain tumors, inflammation, etc. (67). This 

is because tumors develop their own vasculature to grow. The vessels within tumors 

have increased permeability depending on the presence of larger endothelial cell 

gaps when compared with the normal vessels and retantion effect which is called 

EPR effect (67).  

Formulation of new and effective drug delivery systems is crutial for brain 

delivery depending on the existance of barriers. BBB restricts the entry of 

compounds to the brain from the periphery (68,69). By this way brain entry of 

many low molecular weight drugs, compounds, biomacromolecules such as DNA 

and proteins are restricted. Some substances can penetrate to brain depending on the 

passive diffusion across BMVECs due to the lipophilicity and proper molecular 

weight of these substances. One of the drawback is the rapid efflux from the brain 

into the blood by extremely effective efflux pumps such as P-glycoprotein (Pgp) 

and Multidrug Resistance Proteins (MRPs) in BBB (70-73).  

The molecules penetrating BBB by passive diffusion should have some 

properties because as mentioned above  almost every large molecules and drugs can 

not penetrate BBB in which about 98% of the small molecules and drugs can not 

cross BBB (74,75). Small particle size, low molecular mass (< 400 Da), a log 

octanol/water partition coefficient between -0.5 and 6.0, lipid-solubility, being 

either neutral or significantly uncharged at physiological pH:7.4, and forming <8 H-

bonds with water (76) are some important properties for formulating BBB 

penetrating drugs. BBB only permits the passage of some small lipid-soluble drugs 

through this barrier (77). It was observed that almost 98% of small molecules and 

nearly all large molecules such as recombinant proteins or gene-based medicines 

can not cross the BBB (78). Due to the presence of tight junctions of endothelial 

cells present in BBB, penetration pathways comprise paracellular aqueous pathway, 

transcellular lypophilic pathway, transcellular lipophilic pathway, transport 

proteins, receptor-mediated transcytosis or adsorbtive-mediated transcytosis 
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(79,80). These nanocarrier systems generaly taken up by carrier-mediated transport, 

receptor-mediated endocytosis and adsorptive-mediated endocytosis and by this 

way reaching to the cerebral parenchyma or degraded within the lysosomes leading 

drug release (66). 

In this section, different brain penetration mechanisms of drugs will be 

mentioned very briefly. A general  table comprising drug delivery strategies to 

brain are summarized in Table 2.1. 

There are 3 approaches to enhance brain penetration of drugs (66);   

1. Invasive route is important to leave out the penetration through BBB and 

BCSFB by direct administration of the drug into the brain. Direct 

administration of drug into the brain can be applied via intracerebral, 

intracerebroventricular and intrathecal administration. By this way, a 

variety of compounds containing large and small molecules can be 

administered. However this method is inpractical depending on being 

invasive and requires surgery and craniotomy. Another option for 

transporting through BBB is the intranasal administration to use the 

connection between nose and brain which is called the olfactory bulb 

(81). A variety of materials such as small molecules, proteins, viruses, 

pathogens and toxic materials can be administered by this way (82-85). 

2. Pharmacological strategy depends on the increase of lypophilic 

solubility of drugs. By this way, drug molecules can be chemically 

modified or encapsulated in liposomal formulations. Generation of a 

transient disruption of BBB which allows the entrance of therapeutic 

agents into the brain from blood. The disruption of brain can be 

managed by pharmacological means. Many different endogeneous 

proinflammatory vasoactive agents like bradykinin, histamine, nitric 

oxide can induce an increament in the BBB permeability. Bradykinin 

was designated to increase the ionic permeability of the BBB reversibly 

(86,87). The transient disruption of BBB can also be observed by 

systemic administration of different molecules especially alkyl 
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glycerols. BBB disruption depends on the length of the alkyl group and 

the number of glycerols exists in the structure (85,88). 

3. Physical strategy depends on the penetration of nutrients, peptide and 

non-peptide hormons and transport proteins with the help of carrier 

mechanisms exist on BBB (85). 

Table 2.1. General drug delivery strategies to brain (89). 

 

Invasive Techniques Non-invasive Techniques 

 Chemical Way Biological Way 

-BBB disruption -Prodrug design and 

lipidization 

-Receptor Mediated 

Transport (RMT) 

-Direct drug injection  -Carrier Mediated 

Transport (CMT) 

  -Inhibition of Active 

Efflux Transport (AET) 

 

There are both chemistry-based and biology-based approaches for developing 

BBB drug-targeting strategies (Figure 2.8) (90,91). The chemistry-based strategies 

are the conventional approaches that rely on lipid-mediated drug transport across 

the BBB. The biology based strategies depends on numerous endogenous transport 

systems within the BBB. These transporters are conduits to the brain. The 

endogenous BBB transport systems may be broadly classified as carrier-mediated 

transport (CMT), active efflux transport (AET), and receptor-mediated transport 
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(RMT). These BBB transport systems are situated on the luminal and abluminal 

membranes of the brain capillary endothelium.  

 

 

 

Figure 2.8. Brain drug targeting strategies comprising biological and 

chemical bases (Chemistry-based strategies emphasize lipid solubility, 

hydrogen bonding, and molecular weight of the drug. Biology-based 

strategies emphasize endogenous BBB transporters. Small molecules can be 

transported across the BBB by either accessing certain carrier-mediated 

transport (CMT) systems or by inhibiting certain active efflux transporters 

(AET). Large-molecule drugs such as recombinant proteins or gene 

medicines can be delivered across the BBB via the receptor-mediated 

transport (RMT) systems. Reprinted with permission (90,91). 

*(Pgp: P-glycoprotein, oatp2: organic anion transporter polypeptide 2, BSAT1: BBB 
specific anion transporter type-1, GLUT 1: glucose transporter isophorm-1, LAT 1: Large 
amino acid transporter-1, MCT 1: Monocarboxylate transporter 1,  CNT 2: Concentrative 

nucleoside transporter 2). 
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Drug delivery to the brain through the many endogenous transport systems 

within the BBB requires reformulation of the drug so that the drug can access the 

BBB transport system and enter the brain. Researchers within brain drug-discovery 

and brain drug-targeting should work together to formulate more effective 

formulations to enable BBB  transport (90). 

One of the most commonly researched approach is the formulation of 

effective drug delivery systems which can deliver to the brain which exists in 

pharmacological approach. Researchers work on improving drug delivery strategies 

to the brain to obtain an effective clinical outcome. This method is non-invasive for 

delivering drugs to the brain by the use of nanoparticular and nanovesicular 

delivery systems which will be explained in detail at the sections given below (81).  

 

2.3. Nanotechnology and Nanomedicine 

The major problem with drugs used for therapy of CNS diseases is the low 

amount of drug that penetrates from BBB and reaches the brain targeting. Dose 

increment to obtain the desired effect in brain may cause some side effects. 

Therefore, researchers are searching solutions for increasing drug amount without 

increasing drug dosage. Nanosized drug delivery systems have important 

advantages in this issue. The term nanotechnology is first stated by a physicist 

named Richard Feynman in 1959 about measuring nanomaterials by miniaturized 

devices and their use for identifying new scopes. Nanotechnology is generally 

related with materials and devices that are smaller than 100 nm. According to USA 

National Health Institute, one of the most important area in nanotechnology is 

nanomedicine and it comprises specific medical research in molecular level for the 

diagnosis and therapy of the diseases. Nanomedicine can be defined as the 

application of nanotechnology to the field of health and it can be described as a 

new field of science. Nano is one in a million of a milimeter (8,9).  

Nanotechnology and nanomedicine are closely related research fields 

comprising a huge industry and projects with high budgets. Nature Materials 

Journal indicated that there was about 130 nanotechnology based drugs and drug 

delivery systems world-wide in 2006. Nanomedicine is a great field which 
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comprising intense researchs every year with nanosized drug sales about 6.8 billion 

dollars, factory over 200, products over 38 and R&D budget higher than 3.8 billion 

dollars world-wide. While nanotechnology R&D investments reached about 1 

billion dolars in USA in 2005, it reached about 1.3 billion euros in European Union 

in 2003-2006. As in general, there was a total nanotechnology investment about 3 

billion dollars world-wide in 2003. The market related with nanosized devices and 

molecular modelling designated 28% increase in one year and the income obtained 

from biomedical nanosized devices reached to 1.37 billion dollars in 2007. In the 

light of these datas, it is tought that in course of the development and improvement 

in this field, nanomedicine industry will bring significant benefits onto the 

economy of countries world-wide (92).  

The potential applications of nanotechnology to drug field comprises subjects 

related with formulation, improvement and potential applications of drug delivery 

systems and diagnostic devices and gene therapy. So many benefits are obtained by 

the application of nanotechnology to pharmaceutical field also for brain delivery of 

drugs depending on very small particle size which can help passive targeting. 

Nanosystems that are used in nanomedicine as drug delivery systems comprise 

liposomes, niosomes, micelles, nanospheres, polymeric delivery systems, 

dendrimers, emulsions, nanoparticles and nanocapsules etc. and these systems are 

composed of an important part of nanomedicine. 

 

2.4. Drug Delivery Systems 

Apart from other conventional drugs, the superiority of drug delivery 

systems that use nanotechnology basically depends on small particle size. 

Nanosized drugs can be used in lower concentrations efficiently and faster effect 

can be obtained (8,10,11). 

The significant properties that should be considered for a drug delivery 

system to become effective are high drug loading capacity, physical and chemical 

stability, low toxicity incidence of the carrier used, proper in vivo behavior of the 

carrier, the ability to scale up the producing process and the overall cost (93). 

Among drug delivery systems; polymeric or lipidic nanoparticles, liposomes, 

niosomes and polymeric micelles are mostly investigated for neuroprotection and 
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facilitating the delivery of drugs and small molecules into the brain (94,95). 

The essential reasons that directing formulation of drug delivery systems 

are their controlled drug delivery and release properties, improved pharmacokinetic 

and pharmacodinamic properties, enhanced blood circulation, effective and 

specific targeting potential, biocompatibility, biodegradability and nontoxicity. 

They can be both passively and actively targeted to the target tissue by altering 

surface properties, surface charge and by specific ligand modification, respectively 

(75). 

Nanoparticular and nanovesicular drug delivery systems are a reason of 

choice because of their sustained-release and controlled-release properties. These 

nanosized drug delivery systems are effectively used for diagnosis and therapy 

purposes in many diseases and although it is not very common, their use in 

neurodegenerative diseases such as PD, alzheimer’s disease and dementia are also 

investigated by researchers. For the therapy of PD, the observed frequency of 

dyskinesia depending on the use of L-DOPA can be diminished by the utilization 

of these nanoparticular drug delivery systems (50). 

According to a study performed by Kura et al (96) layered organic-

inorganic nanocomposite material containing L-DOPA which is intercalated into 

the inorganic interlayers of a Zn/Al-layered double hydroxide was synthesized 

using a direct coprecipitation method. Obtained L-DOPA containing 

nanocomposites designated sustained release properties. Depending on the Fourier 

Transform InfraRed study, nanocomposite containing L-DOPA was found 

thermally more stable than free L-DOPA. It was also observed that a decrease in 

the cytotoxicity was seen in the toxicity potential of L-DOPA when exposed to 

normal cell lines after intercalated into Zn/Al-layered double hydroxide (96,97). 

One of the most reliable data on the safety of nanoparticles towards CNS 

has been announced for liposomes. Liposomes are known from the 60s and they 

are biocompatible, biodegradable and non-toxic due to naturally occurring lipid 

composition (98). 
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2.4.1. Liposomes and Niosomes 

Liposomes and niosomes are one of the mostly studied formulations among 

drug delivery systems depending on being in phospholipid structure, biocompatible 

and biodisintegrable and ability to target drugs. Niosomes are very similar systems 

to liposomes except comprising nonionic surfactants instead of phospholipids 

which may attain them a superiority for passive targeting through very tight 

endothelial junctions such as BBB. 

Liposomes were first studied in 1960s by Bangham et al (99). They are 

synthetic analogous of natural membranes. These are generally composed of one or 

more consentric vesicles containing lipid bilayers that are seperated by aqueous 

buffer compartments. Their size distribution changes between 80nm-100 µm and 

they contain phospholipids, cholesterol and sometimes charge inducer substances 

in their structure. The encapsulation behaviour of drug molecules depends on the 

physicochemical behaviour of drug molecules and lipid composition. While 

hydrophilic drug molecules are generally encapsulated in the aqueous 

compartment, hydrophobic drugs can be carried within lipid vesicles (100-102). 

The schematic representation of liposome and its formulation is given in Figure 

2.9.  

 

Phospholipid Bilayer Liposome  
 

Figure 2.9. Structure of a liposome and its formation (103).  
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Liposomes are one of the most commonly investigated drug delivery 

systems used for delivering both drugs and diagnostic agents to the targeted area. 

Another crutial point is their proper characteristics such as being non-toxic, 

biocompatible and biodegradable due to the phospholipid structure. They can also 

carry a variety of drugs with different physicochemical propeties such as 

hydrophilic, lipophilic and amphoteric molecules by either entrapping inside 

hydrophilic core or anchoring on the lipid bilayer (104). Nanosized drug delivery 

systems can also be used for static or dynamic imaging purposes related with 

diagnosis and for in vitro function tests. There are a number of studies about the 

use of liposomes for imaging purposes for many years (105,106).  

The use of liposomes in the therapy and diagnosis of different diseases is 

being searched intensively. There are a number of different liposomal based drugs 

such as anticancerogenic, antiinflammatory, peptid-protein based drugs, DNA, 

imaging agents, vaccines. By this way fine, different results were obtained 

depending on increased bioavailibility and decreased adverse effects (107). Some 

of them are at clinical trials of Phase III and Phase IV (Table 2.2). (104-106,108-

110). 

 

Table 2.2. Liposomal preparations in different phase studies for diagnosis or therapy 

of a variety of diseases (104,108,109,111-113). 

 

Drug or 

Diagnostic Marker 
Application Company Position 

111In radiolabel 

Imaging of tumors such as 

melanoma, sarcoma and 

lymphoma 

Vestar Inc. 

Vescan® 

Clinical trial phase 

II/III 

Daunorubicin 

Treatment of AIDS, ovarian, 

breast cancer and Kaposi’s 

sarcoma 

Sequus 

Sequus 

NeXstar 

Doxil® (USA) 

Caelyx® (Europe) 

Phase III 

Clinical trial phase 
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Liposome Co. II 

Doxorubicin Cancer treatment 

Sun 

Pharmaceutical 

Industries Ltd. 

LipoDox® 

Daunorubicin, 

Daunorubicin 

citrate 

Treatment of AIDS, cancer 
NeXstar 

NeXstar 

DaunoXome® 

Clinical trial 

Doxorubicin Cancer treatment 
Celsion 

Corporation 

Thermodox® 

Clinical trial phase 

III 

Doxorubicin 
Treatment of recurrent 

breast cancer 

The Liposome 

Company, Inc. 
Myocet® 

Paclitaxel 
Treatment of ovarian, breast 

and lung cancer 
NeoPharm 

LEP-ETU® 

Completing of 

clinical trial phase 

II 

Vincristine 
Treatment of metastatic 

malignant uveal melanoma 

Talon 

Therapeutics 
Marqibo® 

Cisplatin Cancer treatment Regulon, Inc. Lipoplatin® 

Cisplatin 
Treatment of head and neck 

cancer 
- 

SPI-077TM 

Clinical trial phase 

I-II 

Amphotericin B 
Treatment of fungal 

infection 
NeXstar AmBisome® 

Amphotericin B 
Treatment of fungal 

infection 
Liposome Co. Abelcet® 

Amphotericin B 
Treatment of fungal 

infection 
Sequus Amphocil® 
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Amikacin Bacterial infection NeXstar Mikasome® 

Trans-retinoic acid Cancer treatment Aronex Pharma. Antagen® 

Anamycin Cancer treatment Aronex Pharma. Phase I/ II 

Nystatin 
Treatment of fungal 

infection 
Aronex Pharma. Nyotran® 

Vincristine Cancer treatment Sequus Clinical trial 

Cisplatin Cancer treatment Sequus Phase I 

Muramyl tripeptide 
Tumor macrophage 

activation 
Ciba- Geigy Clinical trial 

Prostaglandin E1 
Respiration hardness, 

Myocardial infarction 

Liposome Co. 

Liposome Co. 
Phase III 

Verteporfin 

Treatment of age-related 

macular degeneration, 

pathologic myopia and 

ocular histoplasmosis 

Novartis 

Pharmaceutical 

Corporation 

Visudyne® 

Morphine sulfate 

Treatment of postoperative 

pain following major 

surgery 

EKR Therapeutics 
DepoDur® 

 

Cytarabine 

Treatment of neoplastic 

meningitis and 

lymphomatous meningitis 

Skye Pharma. DepoCyt® 

Amikacin Treatment of lung infections Transave Inc. 
ArikaceTM 

Phase III 

Hepatitis B Vaccine 
Swiss Serum and 

Vaccine Institute 
Hexapel® 

Hepatitis A Vaccine 

Crucell company 

Berna Biotech 

Ltd. 

Epaxal® 
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Influenza Vaccine 

Crucell company 

Berna Biotech 

Ltd. 

Inflexal V® 

Sulphur 

Hexafluoide 
US imaging 

Bracco 

Diagnostic Inc. 
Sonovue® 

Perfluorocarbon US imaging 

ImaRx 

Therapeutics 

Inc. 

Aerosomes® 

 

Niosomes are nonionic surfactant vesicles in which hydrophobic and 

hydrophilic active pharmaceutical ingredients can be encapsulated (14). The 

composition of niosomes are very similar to that of liposomes however the 

substances used for the preparation of niosomes, non-ionic surfactants, give them a 

more stable structure and more ability to penetrate through BBB (Figure 2.10.). 

 

 

 

Figure 2.10. The structure of niosomes (114). 

 

Niosomes have some advantages as follows; 

-They can be prepared in high amounts (115). 

-  They can encapsulate a variety of drug molecules, 
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- Their storage doesn’t require any special conditions, 

- The half-life of encapsulated drug can be increased and improved organ 

distribution and metabolic stability (116). 

- They can deliver antiinfective agents, anticancer agents, antiinflammatuar 

agents and vaccine adjuvants, anticancer drugs and antiinflammatuar agents (117). 

They have penetration enhancer properties depending on consisting of 

surfactant especially for skin administration (115). 

 Liposomes and niosomes are one of the mostly conspicuous sytems for 

brain delivery. Liposomes can be formed by self sustainable bilayered structure in 

various sizes like small unilamellar vesicles (SUVs) to multilamellar vesicles 

(MUVs) (12,13). Depending on the proper features of liposomal drug delivery 

systems, a single liposome vesicle can carry more than 10000 drug molecules (118). 

Liposomal and niosomal drug delivery systems have a variety of advantages making 

them desirable systems. 

 General Advantages of Liposomes and Niosomes: 

Some advantages of liposomal and niosomal drug delivery systems are given 

below (119-123):   

1. These systems are biocompatible systems which can deliver both 

lipophilic and hydrophylic drugs.  

2. Liposomes and niosomes are biodegredable depending on 

phosphospholipid and nonionic surfactant composition, respectively and 

depending on that they do not designate immunogenic and toxic effect.  

3. They can be formulated in variable size and physicochemical 

composition. 

4. These systems can designate therapeutic effect in lesser doses and  they 

have the ability to sustain the plasma active ingredient dose in 

therapeutical dose window in desired time interval.  

5. While these delivery systems can increase dosage interval and half life, 

they decrease or prevent adverse or toxic effects.  
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6. They prevent active ingredients from enzymatic effects. 

7. These systems can be used for targeting purposes to the desired tissues, 

organs or even cells.  

8. They can deliver a wide range of drugs such as wide spectrum 

chemotherapeutics, imaging agents, antigens, immunomodulators, 

chelating agents, hemoglobin and cofactors, lipids, genetic materials. 

9. These systems can behave as drug depots and the encapsulated drugs can 

be released very slowly within time. Due to their extended release profile, 

efficient but non-toxic therapeutic effect can be obtained and sustained 

within the blood circulation and local application area.   

 

2.4.1.1. Targeting of Liposomes and Niosomes 

One of the mostly observed problems with drugs applied systemically is their 

rapid removal and large distribution volume within the body. For this reason, it is 

needed to apply the diagnostic or therapeutic drug in higher doses or in repetitive 

doses to the patient to achive the desired concentration within the target tissue. This 

may cause higher toxicity and risk of low benefit/harm ratio. To prevent this effect 

drug delivery systems such as liposomes and niosomes are used succesfully as a 

solution. 

The most commonly seen restricting properties for targeting of conventional 

(unmodified) liposomes are their recognition by RES cells located within liver and 

spleen and very limited blood circulation time due to rapid removal. Opsonins which 

are plasma proteins percieve liposomes as foreign materials within the body and bind 

onto the liposome bilayer. This binding process activates retantion of liposomes by 

RES cells and their removal from the blood circulation by this way (124,125). This 

process is the protection of immune system by removal of all foreign materials 

including liposomes by nonspecific elimination mechanism (fagositosis). 

Especially in the first years of the development and use of liposomes, the 

property of fast retantion of liposomes by RES was used for the therapy of infections 

composed by patogens localized within RES organs and it was used as an advantage 

to deliver antimicrobial drugs to these organs (125). However, this property is also a 

disadvantage for liposomes because the fast removal of liposomes by RES causes a 
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significant decrease in therapeutical effect within the organs except RES and 

additionally sometimes a decrease in the toxicity risk of dose within RES (126,127). 

A milestone for liposomal research is their lokalization in the pathological 

region depending on small particle size and altered surface propertis after i.v. 

administration which is known as passive targeting (128,129). With this 

development, the clinical studies of liposomes are getting a velocity and additionally 

it is possible to develop commercially available liposomal drugs.   

Additionally, in some conditions like cancer therapy, gene therapy, it is 

desired to bind the drugs directly onto the target cell and take it within the cell. For 

this reason, to obtain cell binding of receptor-mediated liposome and target cell 

binding cell surface specific ligands are attached on liposome surface. This approach 

is named as active targeting (128,130). Briefly, active targeting is defined as 

redirecting of drug or drug delivery system to a specific tissue, organ or cell by the 

change of natural distribution of drug or drug delivery system. Active targeting can 

be performed by the conjugation of a target specific ligand onto liposomes (131-133)      

by magnetic targeting (134) or ultrasonic targeting (135,136). These specific vectors 

can be mAb specific to a receptor such as anti-transferrin receptor or human insulin 

receptor (HIR), trojan horses, cationized proteins such as cationized human serum 

albumin, endogenous peptides or plasma proteins. These active targeting vectors 

facilitate BBB penetration by coupling with brain drug transport vector through 

absorptive-mediated transcytosis or receptor-mediated transcytosis (75,137-139). 

However, active targeting is frequently hard to achieve due to high costs, time 

consuming and difficulty in manuplation depending on the necessity to the 

combination of many fields such as chemistry, pharmacy, biology, and in many cases 

the result in pratical applications is unsuccessful and does not meet with the 

theoretical expectations.  

 

2.4.1.1.2. Passive Targeted Liposomes, Niosomes and Brain Penetration 

The solution to increase the retention and localization of liposomes within the 

target tissue is to increase the blood circulation time of liposomes. Passive targeting 

can be performed with the help of a steric hindrance created by nano-vectors. These 

drug delivery systems are genereally administered through parenterally. Surface 
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charge, surface properties, particle size, site membrane lipid packing and extent of 

steric hindrance are some significant properties for passive targeting of sterically 

stabilized long circulating liposomes. These liposomes are distinguished from other 

conventional liposomes depending on non-linear kinetics of sterically stabilized 

liposomes (17). These liposomes are called stealth liposomes depending on the 

existence of steric hindrance achieved by coating with a hydrophilic biocompatible 

polymer prevents them from opsonisation by tissue macrophages. Due to this reason, 

they stay longer time within the blood circulation which helps them to localize more 

in the target disease area. This is also named as long-circulating liposomes. 

(122,140,141).  

These long-circulating liposomes or stealth liposomes are one of the mostly 

researching fields among drug delivery systems today which enriches the value of 

liposomes. These liposomes localize in the diseased area such as tumor, infection or 

inflammation in which the higher vessel permeability is observed depending on 

longer circulation time, small particle size and proper surface properties (122,142-

144). 

Brain targeting can be obtained by this way rather than targeting to other RES 

organs like liver, spleen, etc. Sterically stabilized long circulating liposomes can 

penetrate into the brain in the presence of a brain tumor with the help of enhanced 

permeability and retention (EPR) effect in the tumor tissue. Their accumulation in 

the desired tissue depends on their longer pharmacokinetic profile. It was reported 

that liposomes with a particle size smaller than 100 nm, non-charged and rigid 

bilayer structured due to saturated lipid and high cholesterol structure stay longer in 

blood circulation (145). Another approch to increase blood circulation time is the 

addition of specific glicolipids such as monosialoganglioside (GM1) 

phosphatidylinositol to the structure of bilayer of liposomes (146). A rigid bilayer 

structure in liposome is necessary to achieve these approaches successfully. 

However, this approach is not used in some in vivo applications in order to obtain 

more leaky bilayer composition for desired drug release profile. 

The mechanism of preventing opsonisation by surface coating with a 

hydrophilic polimer depends on the increase of hydrophilicity and surface charge by 

surface coating and increased repulsive interactions between polymer coated 
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nanocarrier and blood ingredients and the formation of impermeable polymeric 

structure formation on particle surface even in low polymeric concentrations 

(123,133,142,147). 

Coating was initially made by monosialogangliosides (18) to incease the 

distribution half-life. Recently synthetic polymeric matrials such as polyethylene 

oxide, propylene glycol, PEG, polyacrylamide, polyvinylpyrrolidone (PVP), 

polyvinyl alcohol (PVA), hydroxypropyl methylcellulose (HPMC) are intensly 

investigated for surface coating. Polymers’ hydrophilic chains prevent them from 

interaction between serum opsonins by surface modification of liposomes with lower 

contact angle between particles and phagocytic cells (16). PEG is one of the mostly 

desired hydrophilic polymer due to its many advantages such as higher water 

solubility, having a higher elasticity within the polymer chain, very low toxicity, 

immunogenicity and antigenicity, very low accumulation within RES organs, 

biodisintegrability and minimum effect on specific biological properties of modified 

pharmaceuticals (133,142,148,149). 

In order to add the polymer to the lipid bialyer, PEG-lipid conjugates are 

used. While the lipid part of the conjugate is attached to bilayer, hydrophilic part is 

used to perform steric hindrance to prevent plasma protein binding onto liposomes. 

There are a variety of commercially available PEGs having different molecular 

weight. PEGs having a molecular weight smaller than 40 kDa are eliminated from 

the body via kidneys instantly. For coating of delivery systems it is prefered to use 

PEGs with a molecular weight smaller than 1000-20.000 Da and 1-5 % concentration 

is frequently used as concentration (133,144). 

PEGylating provides not only long circulation, but also the change from dose 

dependent (saturable) pharmacokinetic to dose independent (log-linear) 

pharmacokinetic within the clinical dose range. A drug delivery system with dose 

independent (log-linear) pharmacokinetic provides prediction of plasma drug level 

easily as a function of dose. The circulation half life of small, PEGylated liposomes 

is 45h generally and it is generally dose independent (122). 

A study for observing the effect of phagocytic cells of the innate immune 

system, mainly neutrophils and monocytes in brain delivery of liposomes was 

performed by Afergan et al (150). This hypothesis mainly depends on the knowledge 
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of the brain’s being under immunological surveillance by neutrophils and monocytes. 

For this purpose, serotonin encapsulated, negatively-charged, nanosized liposomes 

were formulated. The brain uptake of seratonin encapsulated intact liposomes found 

significantly higher at 4th h and 24th h after i.v. administration in rats when 

compared with seratonin solution. It was also observed that monocytes are the main 

transporters of liposomes to the brain. 

With the use of liposomal delivery systems, anticancer drugs can accumulate 

more in cancer tissue. Research about this issue designated that liposomes can 

overcome the problems related with brain tumor delivery and higher amounts of drug 

can accumulate and deliver brain in intracranial models (151,152). Antitumor agent 

5-FU loaded liposomes were prepared by Soni et al in 2008 (153) via film method 

either with a brain targeting mechanism of transferrin coupling or nontargeted 

liposomes. 99mTc was used for labeling and in vivo labeling was found efficient. 

While almost 10-fold increase in brain tumor tissue uptake was observed in the 

uptake of 5-FU by the use of its liposomal delivery, almost 17 fold increase was seen 

in the uptake of 5-FU by the use of transferrin coupled liposomes. Both passively 

targeted and actively targeted 5-FU encapsulated liposomes showed higher brain 

tumor uptake when compared with free 5-FU (153).  

For the treatment of PD, a study was performed with the use of dopamine 

encapsulated liposomes comprising surfactants Span 20 (S20), Span 40 (S40), Span 

80 (S80) and Span 80 - Tween 80 combination (ST 80) by Pichandy et al (154) . It 

was observed that ST 80 formulation is the most effective one in the treatment of 

parkinsonism than the other formulation and L-DOPA solution (Syndopa) as control 

by i.p. injection due to the reduction of parkinsonism’s extrapyramidal side effects 

using actophotometer and rotorod after intrapritoneal injection to rats with 

haloperidol induced parkinsonism. Another study about preparation of L-DOPA 

derivatives as potential prodrugs was performed by Di Stefano et al (155) for PD 

treatment in order to decrease its side effects. The drug was encapsulated in 

unilamellar liposomes containing DMPC and cholesterol also to increase its 

bioavailibility. Striatal levels of L-DOPA and dopamine were designated 2.5-fold 

elevation after i.p. administration of liposomal formulation of prodrug (+)-1b ([(O,O-

diacetyl)-l-dopa-methylester]-succinyldiamide) when compared with L-DOPA itself 
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or free prodrug (+)-1b. In vivo results designated a great difference between the 

effect of liposomal drug and drug solution (155). 

Another similar research was performed by During et al (156) about 

formulation of dopamine-containing liposomes and they were implanted 

stereotactically into the partially denervated corpus striatum of PD model rats 

subjected to unilateral lesions of the substantia nigra. Extracellular dopamine levels 

were found higher with dopamine liposomes than control group. Additionally, partial 

behavioral recovery also observed higher in rats received dopamine liposomes.  

In another study performed by Yurasov et al (157) the dose of L-DOPA was 

managed to reduce 10 folds by encapsulated in nanosized, unilamellar liposomes 

composed of PC and cholesterol when compared with free L-DOPA which also 

reduced the side effects.  

Jain et al (23) developed dopamine HCl containing, positively charged 

liposomes to penetrate BBB for the therapy of PD. It was observed that dopamine 

effectively delivered to the brain by passive targeting and protected from degredation 

by incorporating it into liposomes when compared with plain dopamine HCl, L-

DOPA preparations and marketed formulation of L-DOPA containing carbidopa 

(Syndopa®) (23). It was also observed that cationic liposomes can easily cross BBB 

by the mechanism of absorptive mediated transcytosis (137). 

Another research performed by Amicarelli et al in 1999 (24) about tyrosinase 

encapsulated liposomes. These systems were administered by stereotactic injection 

and a significant increase in dopamin level was observed in rat brain. By this way 

they managed to provide successfully the lack in tyrosine hydroxylase with 

tyrosinase to produce L-DOPA from L-tyrosine (24). 

A liposomal formulation of rivastigmine was prepared by Ismail et al (158) to 

obtain effective therapy in Alzheimer’s therapy. Its efficacy was assessed in an 

Aluminium Chloride (AlCl3)-induced Alzheimer’s model rats. It was observed that 

both rivastigmine liposomes improved the deterioration of spatial memory induced 

by AlCl3 more than rivastigmine solution (control). Additionally with the use of 

rivastigmine liposomes nearly preventing amyloid plaque formation was observed in 

rat brain which was not observed with the use of rivastigmine solution. 
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Kizelsztein et al (159) prepared PEGylated nanoliposomes loaded with 

antioxidant tempamine ameliorate to perform EAE in mice. It was seen that 3-5 fold 

enhancement was observed in diseased mice brain with EAE by liposomes depends 

on the partial disruption of blood-brain barrier (159). Another similar research was 

performed for therapy of EAE and relapses in multiple sclerosis by Schmidt et al 

(160) by formulation of prednisolone encapsulated PEGylated liposomes. 3H-labeled 

designated higher accumulation in CNS of rats with EAE than in healthy control 

animals. Macrophage infiltration was clearly decreased only by prednisolone 

encapsulated liposomes. Prednisolone encapsulated liposomes found highly effective 

in EAE treatment and is superior to a 5-fold higher dose of free methylprednisolone.  

A study was performed for brain PET imaging of rats with hypovolemic 

shock by Awasthi et al (161) by the formulation of 15O-labeled, PEGylated 

hemoglobin encapsulating liposomes. It was observed that hemoglobin encapsulating 

liposomes efficiently picks up 15O-labeled oxygen gas in a rat model of 40% 

hypovolemic shock due to 15O-PET evaluation. Cerebral PET images of anesthetized 

rats inhaling 15O-labeled O2 gas showed efficient oxygen carrying and delivery 

capacity of hemoglobin encapsulating liposomes. Compared with control fluids, 

hemoglobin encapsulating liposomes significantly improved cerebral metabolic rate 

of oxygen when compared with control groups. An efficient MR imaging and 

neuroprotective agent was formulated with the use of nanosized, PEGylating long 

circulating liposomes by Shazeeb et al (162) for neuroprotective treatment of 

ischemic in brain. Liposomes encapsulated M40401, which is a synthetic enzyme 

mimetic that has a catalytic activity rate exceeding that of the native superoxide 

dismutase enzymes and it comprises paramagnetic Mn(II) cation,  to prevent the 

cardiotoxicity of Mn(II) in free form. The superoxide anion (O2
–) is an essential 

component of the immune system’s defense against invasion of microorganisms 

however, its toxicity should be counteracted by superoxide dismutase enzyme. 

Succesful results were obtained and liposomal formulation of M40401 caused 

differential and region-specific enhancement of mouse brain after systemic 

administration. 

A study was performed by Caraglia et al (163) about the therapy of 

neuropathic pain by formulation of nanosized, zoledronic acid encapsulated, 
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PEGylated liposomes. It was observed that zoledronic acid encapsulated liposomes 

can cross BBB when compared with free zoledronic acid after i.v. administration to 

mice with nerve injury. 

Therefore, passive and active targeted liposomal and niosomal delivery 

systems can be successfully used for the purpose of BBB penetration and either 

diagnosis or therapy of different central nervous system disorders. 

 

2.5. Release Kinetics of Drug Delivery Systems 

Drug release is a significant issue for the regulation of drug delivery. Due to 

the development in pharmacy, chemistry, medicine, engineering and computer 

science engineering, novel drug delivery systems have been developed for many 

years. A variety of naturally derived and synthetic macromolecules are formulated or 

synthetized to improve and facilitate drug release. The definition of drug release 

refers to the process in which drug solutes migrate from the initial position in the 

polymeric system to the polymer’s outer surface and then to the release medium 

(164). Drug release can be affected by different factors such as the physicochemical 

properties of the solutes, structural characteristics of the material system and release 

environment (165) . 

The fundamental principle for evaluation of the kinetics of drug release was 

assessed by Noyes and Whitney in 1897 as the equation given below (166): 

  

dM/dt = KS (Cs-Ct) ………………………………………….Equation 1.         

 

M is the mass transferred with respect to time (t), by dissolution from the solid 

particle of surface (S), under the effect of the force of concentration (Cs-Ct). Ct is the 

concentration at t and Cs is the equilibrium solubility of the solute at the 

experimental temperature. Dissolution rate (dM/dt) is the amount dissolved per unit 

area per unit time (167). 

A number of kinetic models are used to explain the drug release from dosage 

forms or drug delivery systems. The qualitative and quantitative changes in a 
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formulation may affect and change the drug release and in vivo performance of 

drugs. Evaluation of in vitro drug dissolution data to predict in vivo performance is 

very essential for the development of controlled release formulations (167-170) 

The kinetics of drug release from controlled release formulation can be 

evaluated in 3 different sections (167):  

1. Statistical methods: exploratory data analysis method, repeated measures 

design, multivariate approach [MANOVA: multivariate analysis of 

variance] (169,170). 

2. Model dependent methods: zero order, first order, Higuchi, Hixson-

Crowell, Korsmeyer-Peppas, Baker-Lonsdale, Weibull, Hopfenberg, 

Gompertz and regression models (171-173) 

3. Model independent methods: difference factor (f1), similarity factor (f2) 

(174-176). 

 

Among these methods, model dependent methods are used more frequently 

chosen to evaluate the release kinetics of drugs. Only some of the model dependent 

methods will be mentioned in this section. These model dependent methods are 

based on different mathematical functions describing the dissolution profile 

(167,173,177) 

 

- Zero Order Model 

This approch comprises drug dissolution from dosage forms that do not 

disaggregate and release the drug slowly and by the equation given below: 

 

Q0-Qt = K0t …………………………………………….Equation 2.  

        

Rearrangement of this equation yields: 

 

Qt = Q0 + K0t ………………………………………….Equation 3.  

        

where Qt is the amount of drug dissolved in time (t), Q0 is the initial amount 

of drug in the solution (generally Q0 = 0) and K0 is the zero order release constant. 



40 
 

 

To study the release kinetics, data obtained from in vitro drug release studies 

were plotted as cumulative amount of drug released versus time (178,179). This 

approach can be used to describe the drug dissolution of several types of modified 

release pharmaceutical dosage forms such as some transdermal systems, matrix 

tablets with low soluble drugs in coated forms, osmotic systems, etc (167,180,181). 

 

- First Order Model 

This model can be used to describe absorption and/or elimination of some 

drugs. The release of the drug which followed first order kinetics can be expressed 

by the equation: 

 

dC/dt=-Kc …………………………………………...Equation 4. 

         

where K is first order rate constant. This equation can be expressed as: 

 

log C = log C0-Kt / 2.303 ………………………….....Equation 5.   

       

where C0 is the initial concentration of drug, k is the first order rate constant, and t is 

the time (182). The data obtained are plotted as log cumulative percentage of drug 

remaining vs. time which would yield a straight line with a slope of -K/2.303. 

This relationship can be used to describe the drug dissolution in 

pharmaceutical dosage forms such as those containing water-soluble drugs in porous 

matrices and some lipid containing drug delivery systems (167,178). 

  

- Higuchi Model 

Its mathematical model was first investigated by Huguchi in 1961 (183) with 

the purpose of describing drug release from a matrix system. This approach based on 

some rules such as a) initial drug concentration in the matrix is much higher than 

drug solubility; b) drug diffusion takes place only in one dimension; c) drug particles 

are much smaller than system thickness; d) matrix swelling and dissolution are 

negligible; e)drug diffusivity is constant; and f) perfect sink conditions are always 



41 
 

 

attained in the release environment (167). The mathematical model is given by the 

equation: 

 

ft = Q = A √D(2C-Cs) Cs t ………………………………….Equation 6.         

 

where Q is the amount of drug released in time (t) per unit area (A), C is the drug 

initial concentration, Cs is the drug solubility in the matrix media and D is the 

diffusivity of the drug molecules (diffusion coefficient) in the matrix substance. 

In a general way, it is possible to simplify the Higuchi model (183) as 

(generally known as the simplified Higuchi model): 

 

f t = Q = KH x t1/2…………………………………………….Equation 7.          

 

where, KH is the Higuchi dissolution constant (177). 

This relationship can be used to describe the drug dissolution from several 

types of modified release pharmaceutical dosage forms such as transdermal systems 

and matrix tablets with water soluble drugs (167,183). 

 

2.6. In Vitro BBB Cell Co-Culture Model 

Cell culture is the process in which cells are grown under controlled 

conditions, generally outside of their natural environment. These cells may be 

removed from the tissue directly and disaggregated by an enzymatic or mechanical 

means before cultivation, or they may be derived from a cell line or cell strain (184). 

The historical development and methods of cell culture depends on tissue culture and 

organ culture. English physiologist Sydney Ringer developed salt solutions 

containing the chlorides of sodium, potassium, calcium and magnesium suitable for 

maintaining the beating of an isolated animal heart outside of the body in 19th-

century (185). In 1885, Wilhelm Roux removed a portion of the medullary plate of 

an embryonic chicken and maintained it in a warm saline solution for several days 

and established the principle of tissue culture (186). In 1907, Ross Harrison 

succeeded to grow the frog neurons in a lymph liquid medium (187,188). 
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Primary culture is the stage of the culture after the cells are isolated from the 

tissue and proliferated under the appropriate conditions until they occupy all of the 

available substrate called as rich confluence. Cells have to be subcultured by 

transferring them into a new vessel with fresh growth medium to provide enough 

space to continue growing (184). 

Cell line or subclone term is called after the first subculture. This subclones 

have a limited life span and highest growth capacity due to the passaging process 

(184). 

The use of cell culture studies became popular nowadays due to its significant 

role in enlighting molecular genetic, immunology, surgery, bioengineering and 

monoclonal antibody, drug development and vaccine formulation. Recently use of in 

vitro cell culture techniques are taking place of animal experiments due to its being 

cost effective and improved ethic rules in drug therapy, toxicity and permeability 

studies. 

The conditions such as special medium and substrate carry a significant role 

in performing a proper culture medium. Cell confluent, cell-matrix interactions and 

nutritional factors are also essential issues for cell differantiation and cell 

proliferation. It is essential for supporting the cellular functions and production of 

new cells. However, it is obvious that different cells have different neccessities.  

Cell/tissue neccessities and selection depends on the structure of the planned 

study. Embrionic tissues or cells proliferate faster than mature tissues or cells. 

Mature cells comprise less proliferating and non-splitting cells but more specialized 

cells. The proliferation speed is limited in normal cells  when compared with 

neoplastic cells. There also some special cell cultures that can be used as in vitro 

models of brain uptake. To compose a human BBB cell culture model, cerebral 

microvessel endothelial cells were first isolated in 1970s (189). In order to perform 

quantitative permeability studies and drug discovery, brain microvessel endothelial 

cell (BMEC) culture can be used (190,191). 

Transwell containing immortalized human brain endothelial cell line 

(hCMEC)/D3 BBB model is the most commonly used BBB model to evaluate the 

transport and penetration studies of drugs and drug delivery systems. A schematic in 

vitro BBB model in a Transwell comprising hCMEC/D3-NHA-BBB system 
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including hCMEC/D3 as endothelium and NHA as astrocytes in co-culture is 

illusterated in Figure 2.11.  

  

                       
 

Figure 2.11. In vitro model of BBB (192). 

 

The hCMEC/D3 cell line was derived from human temporal lobe 

microvessels isolated from tissue excised during surgery for control of epilepsy. The 

primary isolate was enriched in CECs. The hCMEC/D3 cell line as human BBB 

model which is the closest human BBB model for evaluating nanoparticle interaction 

with a cellular barrier (189,193). To perform a better a BBB model, it then supported 

by direct/indirect co-culture with human astrocytes (194) which provides evaluating 

of cell–cell signalling and other physiological effects.  

T dos Santos et al designated the interactions of this model, uptake into and 

transport across the BBB (195). In the concept of continuing studies, with the 

imaging modalities, very small numbers of nanoparticles can cross in vitro BBB. 

According to another study performed by Raghnailll et al that the effect of 

nanoparticle accumulation in the BBB on lysosome health and paracrine signalling 

affecting BBB cells. This effect can be essential for the protection of vulnerable 

tissues by the biological barriers (192). Raghnaill et al investigated the behaviour of 

carboxylated polystyrene nanoparticles in vitro BBB model. It was observed by TEM 

imaging that nanosized nanoparticles accumulate but not degradated within the 

lysosomes over time. It was observed that in vitro BBB does not restrict the uptake 

of NPs completely. However, the uptake of these nanoparticles was observed to slow 
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down in a large amount in BBB monolayer compared to that of in single hCMEC/D3 

cells (192). 

Among this thesis, we chose and used a non-contact BBB co-culture model. 

Endothelial cell layer divides this system as apical (blood side) and basolateral side 

(brain side). This BBB co-culture model cmprise Human brain microvascular 

endothelial cell and astrocytes. 

 

2.7. Parkinson’s Model in Small Animals 

To investigate the pathogenesis and patophysiology of PD, PD animal models 

have been widely used. To perform PD animal models, neurotoxins can be applied 

either by systemic or local (intracerebral) administration in mammals like rodents or 

primates (196). Toxic and transgenic animal PD models have their own properties 

and limitations which should be kept in mind when choosing the appropriate model 

specific to the purpose of the research. In case of obtaining a substantial and 

reproducible nigrostriatal lesion to test therapeutic interventions aimed at 

counteracting PD-related cell death, a classical toxin application model such as 

MPTP for mice or 6-OHDA for rats can be used. If the purpose is to investigate the 

selected molecular mechanisms of PD pathogenesis, transgenic models can be used 

however, this is not the issue of this thesis. Therefore, these models are valuable till 

obtaining the ‘perfect’ model in the future (196). 

 

2.7.1. 6-OHDA 

6-OHDA is a hydroxylated analog of dopamine (Fig. 2.12.) (197,198). The 

mechanism of 6-OHDA induced neurotoxicity was given in Figure 2.13. Briefly, 6-

OHDA is taken up from the extracellular space by DAT or noradrenaline membrane 

transporter (NAT). Then, 6-OHDA is stored in catecholaminergic neurons. 6-OHDA 

undergoes both enzymatic degradation by monoamine oxidase (MAO-A) and 

autoxidation inside neurons, generating several cytotoxic species which, by 

damaging endocellular proteins and nucleus, produce neuronal damage. Moreover, 6-

OHDA might induce neurotoxicity by impairing the activity of mitochondrial 

complex I. In experimental animals, 6-OHDA is usually administered in association 
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with NAT blockers, such as desipramine (DMI), to prevent its uptake by 

noradrenergic terminals and to selectively target dopaminergic neurons (199). 

 

 
 

Figure 2.12. The molecular structure of 6-OHDA (200). 

 

 
 

Figure 2.13. Mechanisms of 6-OHDA-induced neurotoxicity (199). 

*Malondialdehyde (MDA) level, the activity of superoxide dismutase (SOD), 

catalase (CAT), and glutathione peroxidase (GPx). 

 

It was reported at the begining that 6-OHDA caused depletion of 

noradrenaline in the mouse heart (201,202). 6-OHDA was also used for inducing 

selective degeneration in sympathetic adrenergic nerve terminals (203) a specific cell 

population (204). The neurotoxin 6-OHDA has been widely used as a model of PD 
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through the lesion of nigrostriatal dopaminergic system. 6-OHDA is responsible 

from the degeneration of both dopaminergic and noradrenargic neurons (205). 6-

OHDA accumulates in the cytosol of neurons and there to generate reactive oxygen 

species it is oxidized and afterwards oxidative stress-related cytotoxicity is formed 

(206,207). To degenerate specific neurons after located stereotactically, 6-OHDA is 

carefully applied in specific  regions in brain to target specific neurons and region of 

interest. It is pereferred to administer 6-OHDA to rats when compared with mice to 

perform PD model due to larger body size when compared with mice (208). 6-

OHDA can be also used in cats, guinea pigs, dogs, and monkeys (200,209,210). 

The importance of the site of injection and the exact coordinate within the 

brain depends on magnitude and characteristics formed by neurotoxin 6-OHDA 

(211-213). The degree of neurodegeneration affects the therapy effectiveness of 

drugs or drug delivery systems. It is commonly pereferred to administer 6-OHDA 

unilaterally to the substantia nigra, medial forebrain bundle or striatum (214,215). 

When delivered to the striatum, 6-OHDA induces slow, progressive, and partial 

damage to the nigrostriatal structure in a retrograde level over a period of up to 3 

weeks (212,216). The administration to the striatum has three advantages: First, the 

progressive and less extensive lesion model is more proper to early PD. Second, this 

model generally produces PD nonmotor symptoms with cognitive, psychiatric, and 

gastrointestinal dysfunction (217-219). Third, the simplicity in administration to 

stereotactically located small animals with large structure such as the striatum 

increases the succeess of the model (200). 

The main benefit of 6-OHDA model in animals is its specific effect on 

quantifiable circling motor abnormality (220). It is generally administered to one 

hemisphere (hemiparkinsonian model) unilaterally which gives the chance to have a 

contact unlesioned side as control. To evaluate the success and performance of the 

lesion, some drugs such as dopamine receptor agonists (apomorphine), L-DOPA (the 

dopamine precursor), or dopamine releasing compounds (amphetamine) can be 

systemically administered inducing asymmetrical rotation (220,221). This circling 

motor behaviour of animals depends and correlates with the magnitude of 

nigrostriatal lesions (205,212,220,221). Briefly, unilateral 6-OHDA rat model is 

generally used for evaluating antiparkinsonian effects of drugs and neuroprotection 
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effects of PD (222-224). Unilateral 6-OHDA rat model can also be used to evaluate 

the clinical improvement of cell transplantation (225-227). This model has also some 

defficiencies such as lacking of progressive and age-dependent effects of PD (200). 

 

2.7.2. MPTP 

There is also another neurotoxin model to produce PD model in mice. 

However, this model is given very briefly because it was not used within the concept 

of our thesis. We used Wistar rats among our thesis depending on that we had chosed 

6-OHDA lesion for PD formation.  

The first study about 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 

model was performed in 1980s (228,229). The use of dopaminergic neurotoxin, 

MPTP, induces replication of pathological signs and motoric signs related with PD in 

primates and rodents by selective destruction of dopamine (DA) neurons of 

substantia nigra (25). It was reported that MPTP induces loss of nigrostriatal 

structures in postmortem parts of patients (228,229). The use of MPTP significantly 

inceased the number of PD research to provide information about pathogenesis and 

mechanisms for cell death in PD. Additionally, work with this model provides 

development of some current treatments for PD (230). MPTP toxicity was studied 

and characterized extensively (231,232). Because, MPTP can easily cross BBB due 

to its lipophilic property. In astrocytes, MPTP is metabolized by monoamine 

oxidase-B, and the active toxic cation form 1-methyl-4-phenylpyridinium (MPP+) is 

formed (Fig. 2.14.).  

 

 
 

Figure 2.14. The molecular structures of MPTP and MPP+ (233). 
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MPP+ is released into the extracellular space from the nigral and striatal 

astrocytes through organic cation transporter 3 (232,234). Afterwards, it is taken up 

by neighboring dopaminergic neurons and terminals through the DAT. MPP+ 

induces neurotoxicity mainly by inhibiting complex I of the mitochondrial 

electrontransport chain after accumulated in dopaminergic neurons. This causes ATP 

depletion and oxidative stress increament (235,236). MPTP is widely used for 

preclinical testing of therapeutic strategies for PD especially in mice however, it can 

also be used for various mammalian species, including sheeps, dogs, guinea pigs, 

cats, mice, rats and monkeys (209,237,238). The reason of broad usage of MPTP in 

mice rather than in rats depends on lesser sensitive of rats to MPTP toxicity (239). 

MPTP primarily causes damage to nigrostriatal dopaminergic pathways in both mice 

and monkeys (230,231,240). The advantage of MPTP model is its specific and 

reproducible neurotoxic effect to the nigrostriatal system (240). Another advantage is 

that the motor deficits induced by MPTP can be characterized in both monkeys and 

mice. These abnormal phenotypes can be reversible by L-DOPA or a dopamine 

agonist, confirming a connection between these symptoms and damage in the 

nigrostriatal system (241,242). MPTP neurotoxin can be used in PD research based 

on its ability to produce PD-like effects in humans and nonhuman primates, its 

reproducible L-DOPA responsive lesion on nigrostriatal system and the simplicity of 

administration (typical intraperitoneal injection) as a commonly used PD model 

(200). 

 

2.8. Monitoring Therapeutic Efficacy in PD by Rotational Behaviour and 

Imaging 

Therapeutic effiacy can be observed by some tests. In case of 

neurodegenerative diseases such as PD, AD, dementia and epilepsy some tests 

comprising rotational behavior for unilateral lesions and movement tests can be used 

to evaluate therapeutic efficacy. Imaging can be used for different purposes to 

improve various different aspects of drug delivery and drug therapy of novel drug 

molecules or drug delivery systems. This can be used for vizualizing and quantifying 

the site of drug and drug delivery system accumulation and to asses their efficacy by 
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this way non-invasively. Furthermore, image-guidance is highly useful for 

monitoring the success of targeting and release of drug delivery systems such as 

liposomes, niosomes, micelles, nanoparticles, microbubles, nanocapsules etc. This 

can be performed by two ways. One is the radiolabeling of the outer shell or 

encapsulating the desired radioligand within the core of drug delivery systems and 

then imaging targetability of drug encapsulated drug delivery system. Second way is 

the imaging of therapy efficacy of drug encapsulated drug delivery system by 

administering target specific radioligand or radionuclide seperately, afterwards. With 

the combination of drug targeting and imaging protocol, biodistribution and drug 

release kinetics can be visualized, patients can be pre-selected, proper and minimum 

effective dose can be selected and personalized therapy protocol can be administered 

(243). Medical imaging has an enlarging role in new drug development. 

It is anticipated that greater use of imaging during pre-clinical stages will 

facilitate better translation from animal models to human subjects. The main 

emphasis is on the application of medical imaging in therapeutic drug trials is very 

similar to the development of novel imaging contrast agents and 

radiopharmaceuticals (244). The use of pre-clinical imaging with a proper imaging 

instrument such as micro-PET, SPECT, CT, MRI, optical imaging and 

autoradiography in neurodegenerative diseases in PD animal models can contribute 

to the identification of new imaging biomarkers and also evaluation the therapeutic 

efficacy of active drug encapsulated drug delivery systems. It is important to use a 

specific molecular imaging ligand.  

 

2.8.1. Rotational Movements 

This is another method than imaging for evaluation of  PD lesion and 

potential efficacy of therapeutic efficacy of new drug delivery systems. Rotational 

behaviour is one of the generally used measurement tests to evaluate the efficacy of 

drugs for the treatment of neurodegenerative diseases such as PD, AD, dementia and 

epilepsy in unilateral lesined animal models. Rotational movement test is used in 6-

OHDA rats evaluating lesion-induced motor impairment. Among other rotational 

behaviour and movement tests, rotameter test can be used for the evaluation of 

measuring skilled motor performance. 6-OHDA neurotoxin is generally administered 
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to one hemisphere (hemiparkinsonian model) unilaterally which gives the chance to 

have a contact unlesioned side as control. Systemic administration of some drugs 

such as apomorphine and amphetamine induces asymmetrical rotation to evaluate 

lesion performance (220,221). This circling motor behavior of animals increases with 

the enhanced magnitude of nigrostriatal lesions (205,212,220,221). This behavior can 

be used for the evaluation of the efficacy of some new antiparkinsonian drug 

molecules and drug delivery systems. Antiparkinsonian therapeutic efficacy of drug 

molecules and drug delivery systems is inversly proportional with the number of 

ipsilateral turns in rotameter test of lesioned PD model animals after dopamine 

agonist apomorphine or amphetamine injection (245). Apomorphine induced rotation 

test is a useful tool for primary screening of 6-OHDA lesion (246). Although 6-

OHDA induced rotameter test has some drawbacks with the use of apomorphine test 

such as its use in the prediction of rotational performance of 6-OHDA rats to L-

DOPA, (245) it is very frequently used in rats performed PD for assessing both the 

success of neurodegeneration and the efficacy of drug therapy. 

 

2.8.2. Imaging Modalities 

The use of imaging and drug monitoring or following up with a proper 

imaging modality such as There are many methods to monitor PD as other CNS 

neurodegenerative diseases like AD, multiple sclerosis (MS), dementia and epilepsy. 

CT, MRI, PET, SPECT, PET/CT, SPECT/CT, PET/MRI, optical imaging and 

autoradiography are some of the commonly used and desired imaging techniques and 

instruments. All of these techniques have some pros and cons however they can all 

be used for evaluating different aspects of brain structures or functions (247-249).  

These modalities can also contribute to the identification and formulation of new 

drug delivery systems, drugs and imaging biomarkers.  

Another mostly and simply used imaging technique is the autoradiography. 

Autoradiography with Beta imager is an imaging technique providing a fast, accurate 

and efficient detection of many diseases and gives the opportunity to work on small 

sections and slides. However, to perform research on sections obtained from specific 

slices of desired organs or tissues in small animals, some rapid and practical imaging 

modalities can be performed such as autoradiography in frozen brain sections after 
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incubating with the specific radioligands (249). In this research, autoradiography was 

used to evaluate and monitor the therapeutic efficacy of nanosized, PEGylated, 

neutral, Pramipexole encapsulated liposomes and niosomes in brain sections of 6-

OHDA lesioned rats after sacrification at 21 dpl.   

 

2.8.2.1. Autoradiography 

Autoradiography is the process to obtain the autoradiograph which is an 

image on an X-ray film or nuclear emulsion produced by the pattern of decay 

emissions (e.g., β-particles or α-rays) from a distribution of a radioactive substance. 

It is also available as a digital image (digital autoradiography), with the use of 

scintillation gas detectors (250) or rare earth phosphorous imaging systems. 

Autoradiography was first used in 1867 accidentally after observing a blackening on 

emulsions of silver chloride and iodide by uranium salts. These studies were 

contributed to the discovery of radioactivity. Although, the discovery of 

autoradiography was very early, its use as a biological technique was begun after 

World War II after the development of photographic emulsions and silver halide 

comprising stripping films (251-253). Lacassagne and collaborators developed the first 

autoradiographic method as film emulsion to localise radioactive Polonium in biological 

specimens in 1924 (254). Film has some special characteristics that make it suitable for 

autoradiography. The sensitivity of the film and the background noise are controlled 

by the proportion of the crystals per unit area. The number of crystals should not 

exceed 10 crystals per 10,000 square micron, higher counts of crystals may cause 

low signals and effect the evaluation of experimental data (255,256). These grains 

are ionised by beta-particles emitted from the tissue sample and cause image 

formation. The extremely small size of these grains causes an excellent intrinsic 

spatial resolution (256). Figure 2.15. designates the schematic presentation of 

autoradiography from a radioactive ligand incubated tissue section (257). 
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Figure 2.15. The schematic representation of autoradiography from a 

radioactive ligand incubated tissue section (257). 

 

Typically, biomolecules are labeled with 32P or 35S and detected by overnight 

film exposure. Other from these radionuclides, 125I and 3H can also be used for the 

detection in autoradiography. These radioisotopes emit beta-particles which are fast 

electrons. Table 2.3. gives the amount of commonly used isotopes which can be 

detected by overnight autoradiography  (258,259).  

 

Table 2.3. Detection limits of some isotopes (258). 
 

Isotope CPM Necessary for 

Detection 

Energy Per Emission 

(MEV) 
3H >107 0.0055 
14C 2000 0.050 
35S 1000 0.167 
32P 100 0.70 
125I 10 (gamma) 

 

The film or emulsion is apposed to the labeled tissue section to obtain the 

autoradiograph or autoradiogram. It was indicated by the auto-prefix that the 

radioactive substance is within the sample in which the sample is X-rayed using an 

external source. In the case of micro-autoradiography, the localization of silver 



53 
 

 

grains on the interiors or exteriors of cells or organelles can be detected 

microscopically (259,260). 

Autoradiography has many applications in the laboratory including measuring 

the pathways of many different biomolecules. These applications are generally based 

on the identification, localisation and quantification of neurotransmitter receptors in 

brain tissue sections (256).  For instance, autoradiography can be used to analyze the 

length and number of DNA fragments after they are separated by gel electrophoresis 

and to determine tissue or cell localization of a radioactive substance, either 

introduced into a metabolic pathway, bound to a receptor (261,262) or enzyme, or 

hybridized to a nucleic acid  (259,263). Autoradiography is a method used to map the 

distribution of radiolabeled biomolecules, tracers, deposited in thin tissue specimens 

(256) and the location of radiolabeled ligands to visualize and quantify receptors in 

tissue. Autoradiography can also be used to determine hormonal uptake and indicate 

receptor location in the field of endocrinology (259). It is used to trace neurons by 

axonal transport of radioactively labeled amino acids, certain sugars or transmitter 

substances. It measures DNA production (e.g., 3H-thymidine). Autoradiography 

produces a permanent record of the positions and relative intensities of radiolabeled 

bands in a gel or blot. 

Autoradiography has 2 types. One is in vivo autoradiography and the other 

one is in vitro autoradiography. Receptors are labeled in intact living tissue by 

systemic administration of the radioligand for in vivo autoradiograhy. Slide-mounted 

tissue sections are incubated with radioligand so that receptors are labelled under 

very controlled conditions which is called in vitro autoradiography (257). In this 

research, in vitro autoradiography was used to observe the therapeutic efficacy of 

antiparkinsonian effect of formulations by the decrease in the loss of DAT binding 

(%) at the ipsilateral (lesioned) side in striatum of brain sections. DAT specific 

ligands are generally labeled with 3H or 125I.  

Autoradiography can also be used to define the mechanism of drugs, ligands 

and their interaction with specific receptors after radiolabeling with a suitable 

radioisotope. Thus when the ligand under study binds with a specific receptor, the 

location of this receptor binding is identified by detection of the radioactivity emitted 

by the radioisotope (256). 

http://www.medicinenet.com/script/main/art.asp?articlekey=13534
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The principle of autoradiography with Beta-imager was given as a scheme in 

Figure 2.16. 

 

 
 

Figure 2.16. Autoradiography with a Beta-imager (264). 

 

Autoradiography has some disadvantages. Binding to everything can cause 

some misinterpretations in the results. This process needs no biochemical or 

physiological criteria for assessing the binding specificity. The presence of a high-

affinity radiolabeled receptor does not necessarily imply that the receptor has 

physiological significance and ligands are not always very specific.  

Although autoradiography has some disadvantages, it also has many 

advantages such as; being a highly specific tool to pharmacologically characterize 

receptors in tissue, providing location of receptor or protein in tissue, enabling 

characterization of receptors in different tissues between different animals or brain 

regions and being a technically easy process (257). Autoradiography is a less costly 

and practical method to detect the small animals in preclinical research field.  

 

 

 

 



55 
 

 

 

3. MATERIALS and METHODS 

 

3.1. Chemicals  
 

1,2-Dipalmitoyl-sn-glycero-3-phosphocholine 

(DPPC) 

Avanti Polar Lipids, USA 

1,2-Distearyl-sn-glycero-3-phosphoethanolamine-

N-[Metoxy (Polyethylene glycole)-2000] 

(Ammonium salt) (PEG2000-DSPE) 

Avanti Polar Lipids, USA 

2,4,5-Trihydroxyphenethylamine hydrochloride, 

2,5-Dihydroxytyramine hydrochloride, 2-(2,4,5-

Trihydroxyphenyl)ethylamine hydrochloride (6-

OHDA) 

Sigma-Aldrich, USA 

2-Methylbutane (Isopentane) Sigma-Aldrich, USA 

Absolute ethanol   Riedel-de-Haen, Germany 

Ascorbic acid Sigma-Aldrich, USA 

Ascorbic asid (Vit C)  Atabay, Turkey 

Bone Wax Ethicon, France 

Carboglace (Dry Ice) Carboglace 

Chloroform (%98) Riedel-de-Haen, Germany 

Cholesterol (5-Cholesten-3β-ol) Sigma Chemicals, USA 

Cocaine Cooper, France 

D-Amphetamine-d3 sulfate salt Sigma-Aldrich, USA 

Diethyl ether anhydride Merck, Germany 

Diethylene Triamine Penta Acetic Acid (DTPA) Sigma-Aldrich, USA 

D-saccharose Sigma-Aldrich, USA 

Eye Protectan (Ocry-gel®) TVM, France 

Hydrochloric acid (%36-38) J.T.Baker, Netherlands 

Hydrogen bromide (solution in acetic acid (%32)) Merck, Germany 

Instant freezing spray for anatomical pieces Cryoral, RAL Diagnostics, 

France. 
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Isoflurane (Aerrane®) Baxter, Dublin 

N-(3-iodopro-2E-enyl)-2beta-carbomethoxy-3beta-

(4'-methylphenyl) nortropane (PE2I) 

Synthesized by Team 3, 

Molecular Imaging and Brain, 

U930, Tours Univ., France. 

Pargyline hydrochloride Sigma-Aldrich, USA 

Perchloric acid (%70) Riedel-de Haen, Germany 

Potassium chloride (KCl) Sigma-Aldrich, USA 

Potassium phosphate monobasic (KH2PO4) Sigma-Aldrich, USA 

Pramipexole dihydrochloride monohydrate Abdi Ibrahim, Turkey 

Rhodamine-PE (0,5% mmole) Avanti Polar Lipids, USA 

Sodium chloride (NaCl) Sigma-Aldrich, USA 

Sodium phosphate dibasic anhydrous (Na2HPO4) Sigma-Aldrich, USA 

Stearylamine (SA) Sigma Chemicals, USA 

SURII (Alcool cetylique polyglycerole)  L’Oreal, France 

TRIS [(Tris(hydroxymethyl)-aminomethan] Meck, Germany 

Attachment factor (4Z0-210) Cellsystems, Germany 

Fetal bovine serum (5%) Sigma Chemicals, USA 

Penicilin/streptomycin (1%) solution Sigma Chemicals, USA 

ECGS (%1) Sigma Chemicals, USA 

Asyrocyte growth factor (1%) Sigma Chemicals, USA 

Rhodamine-PE (0,5% mmole) Avanti Polar Lipids, USA 
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3.2. Equipments  
 

Aspiration Unit Minerve, France 

Asyrocyte growth factor (1%) ScienCell, USA 

Attachment Factor CSC Certified, Cell-Ststems. 

Automatic Shaker Lab-line, India 

Balance Mettler Toledo AB104-S, Swiss 

β-imager β-imager TM 2000, Biospace Lab, Paris, 

France 

Cryotome Leica, CM 3050 S, France 

Dialysis Cellulose Membrane (13000 

MW cut off) 

Sigma-Aldrich Chemie GmbH, Munich, 

Germany 

Dynamic Light Scattering  Malvern Instruments, United Kingdom 

Endothelial Cell Medium (ECM) ScienCell, USA  

Extrusion Unit Lipex, Biomembranes, Canada 

Fethal Bovine Serum (5%) ScienCell, USA 

Fluorescent microscope  Inverted microscope Olympus, U.K. 

Fluorospectroscopy  Spectrofluorometry (RF-5301PC), 

Shimadzu, Japan 

Gas-Tight Microliter Syringe Stoelting Co., Sd Scientific, France 

Isoflurane TEC3 Vaporiser Minerve, France 

Magnetic Stirrer Heidolph MR 3001, Germany 

Microdialysis Probe Holder Stoelting Co., Sd Scientific, France 

Micromotor High-Speed Drill Stoelting Co., Sd Scientific, France 

Oxygen Concentrator Minerve, France 

Penicilin/streptomycin (1%) solution ScienCell, USA 

pH-meter Inolab pH meter, Turkey 

Polycarbonate Membrane Filter  Whatman, USA 

Pore Dialysis Membrane  Spectra, Spectrum Laboratories, Inc., USA 

Rotavapor Buchi 461, Swiss 

Rotometer Imetronic Behaviour Instruments, 

Bordeaux, France 
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Sonicator Bronson 1210, OSI, USA 

Stereotaxic Apparatus Stoelting, Phymep, France 

Temperature Controller CMA/150, Fredom, USA 

Transwell cell culture inserts Sigma-Aldrich, Germany 

UV Spectrophotometer Agilent 8453, USA 

Vacuumed Incubator Shel Lab (SL), Spain 

Veterinary Anesthesia Equipment Minerve, France 

Vortex Heidolph Reax Top, Germany 

Water Bath GFL, Germany 

Wistar rats  CERJ, Le Genest-St-Isle, France 

Zeta Sizer Malvern Instruments, Nano-ZS, United 

Kingdom 
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3.3. Physicochemical Controls on Active Substance 

Pramipexole Dihydrochloride Monohydrate was encapsulated in the core of 

both neutral and positively charged liposomal and niosomal formulations as an 

antiparkinsonian agent. 

 

3.3.1. Structure of Pramipexole Dihydrochloride Monohydrate 

Pramipexole dihydrochloride monohydrate was used in this research as 

antiparkinsonian agent and it was obtained from drug company (Abdi Ibrahim®) as a 

gift with its analysis certificate. Pramipexole dihydrochloride monohydrate ((S)-2-

amino-4,5,6,7-tetrahydro-6-propylamine-benzothiazole dihydrochloride) is a white to 

off-white crystalline powder (302,27 g mol-1) and stable under ordinary conditions. 

Its solubility is more than 20 % in water, about 8 % in methanol and 0.5 % in 

ethanol. It is practically insoluble in dichloromethane (265). Pramipexole 

dihydrochloride monohydrate is classified as BCSC1 substance depending on high 

solubility and high permeability properties (58). Due to proper solubility properties, 

Pramipexole dihydrochloride monohydrate is chosen instead of Pramipexole for PD 

treatment for this study. 87.37 µg of Pramipexole is approximately equivalent to 125 

µg of Pramipexole Dihydrochloride Monohydrate (58). The word ‘‘Pramipexole’’ is 

used in the meaning of ‘‘Pramipexole Dihydrochloride Monohydrate’’ within the 

thesis. The molecular structures of Pramipexole and Pramipexole Dihydrochloride 

Monohydrate are given in Figure 3.1. (57).  

 

 

 

Figure 3.1. Structure of (a) Pramipexole (58) and (b) Pramipexole Dihydrochloride 

Monohydrate (57,59). 
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3.3.2. UV Spectrum and Calibration Curve of Pramipexole  

 

3.3.2.1. Determination of UV Spectrum and Standart Curve of 

Pramipexole in Tris Buffer 

To determine the released amount of Pramipexole from liposomal and 

niosomal formulations and obtaining release kinetics, UV spectra of Pramipexole 

was obtained in Tris buffer (20 mM, pH=7.4) at wavelength between 200-500 nm 

and maximum wavelenght was determined. Tris buffer was used to prepare 

liposomal and niosomal drug delivery systems. It was also used as control group. To 

prepare 500 mL of Tris buffer, 1,2114 g Tris was weighted and the volume was 

completed with distilled water to 500 mL by adjusting pH:7,4. Stock solution of 

Pramipexole in Tris buffer (0.6 mg.mL-1) was prepared and diluted solutions in 

concentrations of 5, 10 15, 20, 25, 30, 40 ve 50 µg.mL-1 were prepared. Standart line 

was drown and standart line equation and correlation coefficient ”r” and 

determination coefficient “r2” were calculated by obtaining absorbance values for 

Pramipexole in these variety of concentrations at determined maximum wavelength. 

 

3.3.2.2. Determination of UV Spectrum and Calibration Curve of 

Pramipexole in Ethanol 

To determine the unencapsulated amount of Pramipexole in liposomal and 

nisomal formulations and to calculate encapsulation efficiency, UV spectra of 

Pramipexole was obtained in ethanol at wavelength between 200-500 nm and 

maximum wavelength was determined. Stock solution of Pramipexole in ethanol (0.6 

mg.mL-1) was prepared and diluted solutions in concentartions of 5, 10 15, 20, 25, 

30, 40 ve 50 µg.mL-1 were prepared. Standart line was plotted and the equation and 

correlation coefficient ”r” and determination coefficient “r2” were calculated by 

obtaining absorbance values for Pramipexole depending on the varieties of 

concentrations at determined maximum wavelength. 

 

3.3.2.3. Analytical Method Validation 

Analytical method validation is a process to evaluate the reliability of the 

method of determination of the amount of the active ingredient within the way of 
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aimed usage (58,266) The related parameters to provide analytical validation was 

given below; 

-Linearity 

-Accuracy 

-Precision 

 -Repeatability 

 -Reproducibility 

-Specificity 

-Stability (within the determination of the active ingredient). 

 

- Linearity 

Linearity of an analytical method is the linearity of the experimental results 

and as being in a definite concentration of the substance in the sample indirectly. 

Calibration lines were obtained as given in Sections 3.3.2.1 and 3.3.2.2. 7 pointed 6 

series were studied by using stock solutions. Standart lines were drawn by using 

absorbance values and correspondance concentrations. The linearity of the equation 

was calculated by designating complementary coefficients. 

 

- Accuracy 

Accuracy expresses the degree of proximity within the consecutive 

measurements. It has no number equivalance and it expresses in standart deviation 

(SD), stanadart error (SE) or coefficient of variation (CV). The accurarcy of an 

analytical method is evaluated with the calculation of arithmetic mean ( ), SE and 

CV by the measurement of samples which is sufficient in number to perform a 

statistical analysis and in the same concentrations. Repeatibility and reproducibility 

provide expression of accuracy. 

 

- Precision 

Repeatibility 

5 µg.mL-1 and 20 µg.mL-1 were selected as  low and high concentrations, 

respectively and they were sampled from the stock solution and absorbance values 

were measured at  262 nm with UV spectroscopy 6 times. , SE and CV were 
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calculated from the concentrations corresponding to the related absorbance values. 

The value of CV lower than 2% designates the repeatibility of the method. 

 

Reproducibility 

One low (5 µg.mL-1) and one high (20 µg.mL-1) concentrations were selected 

and taken from the stock solution 6 times and UV absorbtion was measured at 262 

nm. , SE and CV were calculated according to the concentrations corresponding to 

the absorbance values. The value of CV lower than 2% designates the reproducibility 

of the method. 

 

- Specificity 

To evaluate the state of belonging of absorbance value to Pramipexole, the 

spectra of empty, neutral and positively charged liposomes and niosomes were 

measured at 262 nm.  

  

- Stability 

  The stability of Pramipexole was evaluated at definite concentrations within 

the measurement process. The absorbance values of the samples prepared at 5 

µg.mL-1 and 20 µg.mL-1 concentrations were measured at the begining and at 1, 5, 10 

and 24 h. and the alteration in the concentrations was evaluated for one day.  

 

3.4. Physicochemical Controls of the Ingredients within Liposome and Niosome 

Dispersions  

While 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) is used as 

phospholipids in liposomal dispersions, alcool cetylique polyglycerole (SUR II) is 

used as non-ionic surfactants in niosomal dispersions. Cholesterol is used as stability 

enhancer,1,2-Distearyl-sn-glycero-3-phosphoethanolamine-N-[Metoxy (Polyethylene 

glycole)-2000](Ammonium salt) (PEG2000-DSPE) is used as hydrophilic coating 

and stearylamine (SA) is used as positive charge inducer. Pramipexole 

dihydrochloride monohydrate dihydrate is used as antiparkinsonian agent. 
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3.4.1. Physicochemical Controls of Phospholipid  

 

3.4.1.1. Standardization of Phospholipid 

The analitical certificate of phospholipid was obtained from the company and 

phosphotidylcholine content of phospholipid was determined. 

  

3.4.1.2. Identification of Phospholipid by Thin Layer Chromatography 

(TLC)   

The solution of phospholipid DPPC (20 µg.mL-1) was administered via a 

capillary tube on Silicagel 60 F254 plates with the size of 5x10 cm which was 

activated previously in an incubator for 60 min at 110ºC for the determination of 

DPPC by TLC. Plate was put in a container saturated with a solution system 

containing chloroform:methanol:water (80:20:2). After drying, the plate was put in a 

container saturated with iodine vapor and Rf value was calculated after observing 

spot under UV light at 254 nm (267).  

 

3.4.1.3. Identification of Phospholipid by Differential Scanning 

Calorimetry (DSC) 

Thermal analysis curves of DPPC were obtained and phase transition 

temperature was identified by DSC. For this procedure the flow rates of nitrogen gas 

was 50 mL.min-1 and O2 gas was 50 mL.min-1 and temperature increase was 

10ºC.min-1. The spectrum was obtained at -20 and 160ºC.   

 

3.4.1.4. Identification of Phospholipid by Fourier Transform Infrared 

(FTIR) Spectroscopy Analysis 

Potassium bromide tablets were compressed for Fourier transform infrared 

(FTIR) spectrum of DPPC and with the use of these discs (tablets), spectra were 

obtained within 4000-650 cm-1 wave number intervals.   
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3.4.2. Physicochemical Controls of Non-Ionic Surfactant 

SUR II was used in the composition of niosomal formulations as non-ionic 

surfactant. The analitical certificate of non-ionic surfactant was obtained from the 

company. 

 

3.4.2.1. Identification of HLB Value of Surfactants 

The Hydrophilic Lipophilic Balance (HLB) value of surfactant was evaluated 

according to the formulation given by Griffin et al (268,269) which is explained 

below; 

 

HLB= (MH / M) x 20……………………………………………Equation 8 

 

MH: is the molecular mass of the hydrophilic portion or chain of the 

Molecule. 

M: is the molecular mass of the whole surfactant molecule giving a result on 

an arbitrary scale of 0 to 20. 

 

3.4.2.2. Identification of Surfactant by Fourier Transform Infrared 

(FTIR) Spectroscopy Analysis 

Potassium bromide (KBr) tablets were compressed for Fourier Transform 

Infrared (FTIR) spectrum of SUR II and with the use of these discs (tablets), spectra 

were obtained within 4000-400 cm-1 wave number intervals.   

 

3.4.2.3. Identification of Surfactant by Differential Scanning Calorimetry  

Thermal analysis curves of SUR II was obtained and phase transition 

temperature was identified by DSC. For this procedure the flow rates of nitrogen gas 

was 50 mL.min-1 and O2 gas was 50 mL.min-1 and temperature increase was 

10ºC.min-1. The spectrum was obtained at -20 and 160ºC.   

 

3.4.2.4. Identification of Surfactant by Melting Point Determination   

Melting point of SUR II was performed by melting point determination 

apparatus after placing of certain amount of SUR II in a capillary tube. 
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3.4.3. Physicochemical Controls of Stability Enhancer Ingredient 

In this study, cholesterol was used as stability enhancer for liposomal and 

niosomal formulations.  

 

3.4.3.1. Identification of Cholesterol by TLC  

The identification of cholesterol by TLC was performed according to the 

procedure previously described in Section 3.4.1.2. However, as different from 

phospholipid, spot was observed under UV lamp at a wave-length of 254 nm after 

spraying sulfuric acid solution (50%) (50 mL H2SO4 : 50 mL Methanol)  and 

warming in an incubator for 5-10 min (270,271).  

 

3.4.3.2. Identification of Cholesterol by DSC 

Thermal analysis curve of cholesterol was obtained by DSC according to the 

procedure previously described in Section 3.4.1.3. 

 

3.4.3.3. Identification of Cholesterol by FTIR Spectroscopy 

Potassium bromide tablets were compressed for FTIR spectrum of cholesterol 

and with the use of these discs, spectra were obtained within 4000-400 cm-1 wave 

number intervals.   

 

3.4.3.4. Identification of Cholesterol by Melting Point Determination   

Melting point of cholesterol was performed by melting point determination 

apparatus after placing of certain amount of cholesterol in a capillary tube.  

 

3.4.4. Physicochemical Controls of Coating Agent  

In this study, PEG2000-DSPE was used as PEGylating agent for liposomal 

and niosomal formulations to achieve stealth effect and longer blood circulation. 

PEG2000-DSPE is a hydrophilic polymer and to achive anchoring on drug delivery 

systems. Its DSPE conjugate was obtained as a commercially available product. 
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3.4.4.1. Identification of PEG2000-DSPE by TLC 

The solution of PEG2000-DSPE (1 mg.mL-1) was administered by a capillary 

tube on silicagel 60 F254 with 0.25 mm tickness which was activated in an incubator 

at 110ºC for 60 minutes to obtain TLC identification of PEG2000-DSPE. Plate was 

put in a container saturated with a solution system containing 

chloroform:methanol:water (65:25:4). After drying, ninhydrin reactive (1g.30 mL-1 

ethanol) was sprayed onto the plate. The plate was put in an incubator at 170ºC for 5-

10 minutes to observe primer amines as colorful. Rf value was calculated after 

observing spot under UV light at 254 nm (272). 

 

3.4.4.2. Identification of PEG2000-DSPE by FTIR Spectroscopy 

Potassium bromide tablets were compressed for FTIR spectrum of PEG2000-

DSPE and with the use of these discs, spectra were obtained within 4000-400 cm-1 

wave number intervals.   

 

3.4.5. Physicochemical Controls of Charge Inducer  

Stearylamine (SA) was used in some of the liposomal and niosomal 

formulations to obtain positive charged formulations. 

 

3.4.5.1.  Identification of SA by FTIR Spectroscopy 

Potassium bromide tablets were compressed for FTIR spectrum of SA and 

with the use of these discs, spectra were obtained within 4000-400 cm-1 wave 

number intervals.   

 

3.4.5.2. Identification of SA by DSC 

Thermal analysis curve of SA was obtained by DSC according to the 

procedure previously described in Section 3.4.1.3. 

 

3.5. Preliminary Studies on Liposomal and Niosomal Formulations 

Before determination of the optimum formulation approach, several 

preliminary studies on formulations were performed following an intensive literature 
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survey about studies related with BBB delivery of liposomal and niosomal 

dispersions about one year.  

 

- Metal Chelator for Radiolabeling of Liposomes and Niosomes 

DTPA-PE was synthesized and determined with TLC and FTIR spectroscopy 

analysis for the purpose of 99mTc-radiolabeling of liposomal and niosomal 

formulations. 

 

- DTPA-PE Synthesis 

DTPA-PE was synthesized for the purpose of 99mTc-radiolabeling of 

liposomal and niosomal formulations due to its metal chelator properties. To prepare 

DTPA-PE for radiolabeling of liposomes, 4 mL of chloroform was added on 0,2 

mmol Egg PC and stirred. 30µL triethylamine was added on the mixture. 1 mmol 

DTPA (Diethylene triamine penta acetate) anhydride was dissolved in 20 mL of 

DMSO (dimethysulfoxide) seperately and this mixture was added dropwise on the 

other mixture under argon gas and incubated for 3 h. Precipitation was obtained after 

adding distilled water on the mixture and filtered and lyophilized (273,274). The 

synthesis of DTPA-PE was observed by FTIR spectra with pressed potassium 

bromide tablets at 4000-400 cm-1 bands. TLC determination was also performed for 

the formation of the complex by observing the spot at UV lamp with 254 nm. 

 

- Identification of DTPA-PE by TLC 

DTPA-PE was applied on activated silicagel 60 F254 plate with 

chloroform:methanol:water:formic acid (65:25:4:1) solvent system. The spot was 

observed after spraying of sulphiric acid:ethanol (1:2.75) solution and keeping for a 

few minutes in a drying oven at 170ºC. The Rf value was calculated by observing the 

spot on the chromatogram under the UV lamp at 254 nm (273,275).  

 

- Identification of DTPA-PE by FTIR Spectroscopy 

Potassium bromide tablets were compressed for FTIR spectrum of DTPA-PE 

and with the use of these discs, spectra were obtained within 4000-400 cm-1 wave 

number intervals.  
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- Preliminary Studies for Specific Ligand Modification for Active Targeting 

of Liposomes and Niosomes 

The availability of ligand modification was assesed by evaluating the 

synthesis procedures, activity loss and anchoring of the ligand specific to dopamine 

D2/D3 receptor or DAT.  

 

- Preliminary Studies for Synthesis and Anchoring of Dopamine D2/D3 

Receptor or DAT Specific Ligand  

 It was planned to synthesize a dopamine D2/D3 receptor or DAT specific 

radioligand and modify it with neutral and positively charged liposomal or niosomal 

drug delivery systems with a linker to be actively targeted as theragnostic delivery 

sytems for both imaging and therapy of PD. At the begining, this part was thought 

and planned to perform at François Rabelais de Tours University/France within the 

concept of co-directed doctorate cotutelle thesis. The name, molecular structure and 

synthesis process of some of D2/D3 receptor and DAT specific radioligands are 

given in Table 3.1. and Table 3.2., respectively. 
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Table 3.1. Dopamine D2/D3 receptor radioligands. 

 

Radioligand Molecular Structure Availability 

[11C]Raclopride 

 

Radiochemical 

synthesis 

[123I]IBZM ((S)-N-

[(l-ethyl-2-

pyrrolidinyl)methyl]-

5-iodo-2-

methoxybenzamide) 

 

Commercially 

available 

18F-Fallypride 

 

Commercially 

available 

11C-Fallypride 

 

Commercially 

available 

11C-FLB457 

 

Radiochemical 

synthesis 
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[123/125I]Epidepride 

 

Commercially 

available 

 

Table 3.2. DAT radioligands. 

 

Radioligand Molecular Structure Availability 
123I-β -CIT  

 

Radiochemical 

synthesis 

123I-FPCIT ((123)I-2-

β-carbomethoxy-3β-

(4-iodophenyl)-N-(3-

fluoropropyl) 

nortropane) 

 

Radiochemical 

synthesis 

18F-FECNT (2beta-

carbomethoxy-3beta-

(4-chlorophenyl)-8-(2-

(18)F-fluoroethyl)  

Radiochemical 

synthesis 
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nortropane) 
11C-cocaine 

 

Radiochemical 

synthesis 

[11C]d-threo-

methylphenidate 

 

Radiochemical 

synthesis 

123I-PE2I ((123)I-N-

(3-iodoprop-2E-enyl)-

2-β-carbomethoxy-3β-

(4-methylphenyl) 

nortropane)  

PE2I stannous 

precursor is 

commercially 

available 

99mTc-TRODAT  

 

Raw material 

is  

commercially 

available and 

radiochemical 

synthesis can 

be performed 

in some labs.  

LBT-999 

 

Radiochemical 

synthesis 
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FBCFT (E)-

fluorobutenyl 

substituted 4’-

halophenyl  
 

Radiochemical 

synthesis 

123I-FP-β-CIT 

(DATscan®)               

(123I-Ioflupane) 

 

Commercially 

available 

 

 

3.6. Formulation Studies of Nanosized Liposomal and Niosomal Dispersions  

 

3.6.1. Preparation and Characterization of Pramipexole Encapsulated 

Nanosized, PEGylated Liposomal Dispersions 

The formulation, characterization, stability and release kinetics of neutral and 

positively charged, nanosized, Pramipexole encapsulated liposomal dispersions are 

described in this section.  

 

3.6.1.1. Formulation of Nanosized, PEGylated, Pramipexole 

Encapsulated Neutral and Positively Charged Liposomes  

The formulations of nanosized, PEGylated, Pramipexole encapsulated neutral 

and positively charged liposomes were prepared according to Bangham film method 

(99) and lipid ratios were chosen according to the study of Oku et al (276).  

The molar compositions of nanosized, PEGylated, Pramipexole encapsulated 

neutral DPPC:PEG2000-PE:Chol and positively charged DPPC:PEG2000-PE:Chol 

liposome dispersions, phospholipids and other ingredients are given in Table 3.3. 

Phospholipid and other ingredients were solved in chloroform. Chloroform was 

evaporated in low pressure vacuumed rotavapor to obtain a thin film layer and 

afterwards the films were put in a vacuumed incubator to remove remaining 

chloroform for 12 h. The film was hydrated with Pramipexole (5 mg.mL-1) solution 

in Tris buffer (20 mM, pH=7.4) at 65ºC for 30 min with the help of glass beads. This 

dispersion was then vortexed and hand-shaked for one min each. Liposomes were 
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extruded through polycarbonate membranes having 0.6 µm, 0.4 µm ve 0.2 µm pore 

sizes, respectively at a certain pressure (600 psi) by nitrogen efflux. To remove 

unencapsulated Pramipexole existing in liposomal dispersions, it was dialysed 

against Tris buffer (20mM, pH: 7.4) through dialysis membrane with a molecular 

weight cut off 13000 MW for 12 h. The schematic representation of this preparation 

procedure and size reduction of neutral and positively charged liposomal 

formulations is given in Figure 3.2. 

 

Table 3.3. The molar compositions of neutral and positively charged, Pramipexole 

encapsulated, nanosized liposomal dispersions. 
 

LIPOSOMAL FORMULATION MOLAR COMPOSITION (%) 

DPPC:Chol:PEG2000-PE 10:5:1 

DPPC:Chol:PEG2000-PE:SA 10:4:1:1 
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Figure 3.2. The preparation and size reduction of neutral and positively charged 

liposomal and niosomal formulations (1. Adding of phospholipids/non-ionic 

surfactants and cholesterol in chlorophorm, 2. Dissolving of ingredients in 

chlorophorm by shaking, 3. Removal of chlorophorm by evaporation with rotavapor, 

4. Dissolving of lipid film by the help of drug dissolved buffer solution at 10ºC 

above phase transition temperature of phospholipids/non-ionic surfactants, 5. Particle 

size reduction by extrusion unit of liposomes/niosomes, 6. Obtaining of nanosized 

liposomes and niosomes). 
 

3.6.1.2. Characterization of Nanosized, PEGylated, Pramipexole 

Encapsulated Neutral and Positively Charged Liposomes 

The characterization of nanosized, Pramipexole encapsulated, PEGylated 

neutral and positively charged liposomal formulations was performed by mean 

particle size and zeta potential mesurement, determination of encapsulation 

efficiency and phospholipid amount. 
 

3.6.1.2.1. Mean Particle Size and Size Distribution and Zeta Potential 

The avarage particle size and zeta potential of Pramipexole encapsulated, 

nanosized, neutral and positively charged liposomes were measured according to 

dynamic light scattering method at 25°C by using Nano-Zeta Sizer. This is a 
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technique which uses some functions of light beam striked onto the surface of 

dribblet like scattering and absorption. In this technique, light density digitalysis 

converted into the current and saved, particle size information is obtained with an 

evaluation by the use of a computer software. 
 

3.6.1.2.2. Encapsulation Efficiency of Pramipexole 

After removal of unencapsulated Pramipexole by dialysis, both neutral and 

positively charged liposome vesicles were lysed with ethanol and encapsulated 

Pramipexole amount was calculated by measuring its absorbance at 263 nm 

wavelength spectrofotometrically. Encapsulation efficiency was calculated with the 

use of standart curve and line equation which were prepared according to the 

procedure described in Section 3.3.2.2.  
  
3.6.1.2.3. Determination of Liposomal Phospholipid Amount  

The phosphorous amount of both neutral and positively charged, nanosized, 

Pramipexole encapsulated, PEGylated liposomes was determined according to 

Rouser method (277). The schematic representation of this method is given in Figure 

3.3. 

To obtain the standart line which is essential for calculation of phospholipid 

amount, standart line solutions were prepared freshly before every test and standart 

line was drawn and standart equation was caluculated by measuring absorbans at 

=797 nm, spectrophotometrically. The phospholipid amounts of liposomes were 

determined by the use of absorbance values of test solutions obtained at 797 nm 

wave-lenght and by the use of obtained standart line equation.   
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Figure 3.3. Determination of liposomal phospholipid amount (277). 

 

3.6.2. Preparation and Characterization of Pramipexole Encapsulated 

Nanosized, PEGylated Niosomal Dispersions 

The formulation, characterization, stability and release kinetics of neutral and 

positively charged, nanosized, Pramipexole encapsulated niosomal dispersions are 

described in this section.  

 

0.5 mM NaH2PO4.H2O solutions were 
put in tubes as 0/40/60/80/100/120/160 
µL. 

100 µL solutions of theoretically 40 nmole 
phospholipid containing liposomes were put 
into tubes.  

All tubes were put into heating-block at 180ºC and waited till drying about 30 min. 

0.3 mL 70% perchloric acid solution was added on every tube. 

The solutions were put into heating-block at 180ºC and 
waited till obtaining colorless solution about 45 min. 

Meanwhile, 100ºC water bath and fresh 5% ascorbic 
acid solution were prepared. 

After cooling of tubes, 1 mL distilled water, 0.5 mL 
1.25% ammonium molybdate solution and 0,5 mL 
5% ascorbic acid solution were put on every tube. 

Wait in water bath at 100ºC for 5 min 
banyosunda tutulur. 

After cooling at room temperature, absorbance values were 
measured at 797 nm wavelenght spectrophotometrically. 

STANDART LINE SOLUTIONS TEST SOLUTIONS of 
FORMULATIONS 
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3.6.2.1. Formulation of Nanosized, PEGylated, Pramipexole 

Encapsulated Neutral and Positively Charged Niosomes  

The formulations of nanosized, PEGylated, Pramipexole encapsulated neutral 

and positively charged niosomes were prepared according to Bangham film method 

(99) and ratios non-ionic surfactant and other ingerients were chosen according to the 

method of Oku et al (276). 

The molar compositions of nanosized, PEGylated, Pramipexole encapsulated 

neutral SURII:PEG2000-PE:Chol and positively charged SURII:PEG2000-PE:Chol 

niosome dispersions, non-ionic surfactants and other ingredients are given in Table 

3.4. Non-ionic surfactant and other ingredients were solved in chlorophorm. The rest 

of the formulation studies of neutral and positively charged niosomes were 

performed same as the protocol described in Section 3.6.1.1. The only difference is 

the hydration process which was performed at 60ºC depending on the phase 

transition temperature of SURII. The schematic representation of preparation and 

size reduction of neutral and positively charged niosomal formulations is given in 

Figure 3.2. 

 

Table 3.4. The molar compositions of neutral and positively charged, Pramipexole 

encapsulated, nanosized niosomal dispersions. 
 

NIOSOMAL FORMULATION MOLAR COMPOSITION (%) 

SURII:Chol:PEG2000-PE 10:5:1 

SURII:Chol:PEG2000-PE:SA 10:4:1:1 

 

3.6.2.2. Characterization of Nanosized, PEGylated, Pramipexole 

Encapsulated Neutral and Positively Charged Niosomes 

The characterization of nanosized, Pramipexole encapsulated, PEGylated 

neutral and positively charged niosomal formulations was performed by mean 

particle size and zeta potential mesurement, determination of encapsulation 

efficiency and phospholipid amount. 
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3.6.2.2.1. Mean Particle Size and Size Distribution and Zeta Potential 

The avarage particle size and zeta potential of Pramipexole encapsulated, 

nanosized, neutral and positively charged niosomes were measured according to 

dynamic light scattering method at 25°C by using Nano-Zeta Sizer. The mechanism 

of this technique was described in Section 3.6.1.2.1. 

 

3.6.2.2.2. Encapsulation Efficiency of Pramipexole 

After removal of free Pramipexole by dialysis, both neutral and positively 

charged niosome vesicles were lysed with ethanol and encapsulated Pramipexole 

amount was calculated by measuring its absorbance at 263 nm wavelength 

spectrofotrometrically. Encapsulation efficiency was calculated with the use of 

standart curve and line equation which were prepared according to the procedure 

described in Section 3.6.1.2.2.  

 

3.7. In Vitro Release Kinetics Studies of Liposomal and Niosomal Formulations 

In vitro release studies of nanosized, Pramipexole encapsulated, PEGylated, 

neutral and positively charged liposomes and niosomes are described in this section. 

 

3.7.1. In Vitro Release Kinetıcs of Pramipexole Encapsulated, Nanosized, 

PEGylated, Neutral and Positively Charged Liposomal Dispersions 

In vitro drug release studies of Pramipexole encapsulated, nanosized, 

PEGylated neutral and positively charged liposomal dispersions were performed by 

dialysis method with a dialysis membrane (MWCO:3.5 kDa) at 37 ± 1°C with 100 

rpm against a release medium of Tris buffer (20 mM, pH=7.4) (278). A volume of 1 

mL of Pramipexole encapsulated neutral and positively charged liposome dispersions 

in dialysis tubing were immersed in 10 mL of release medium, and agitated in a 

shaker at a rate of 100 oscillations per minute at 37°C. Then, 1 mL samples of 

release medium were taken at certain time intervals (15 min, 30 min, 1, 1,5, 2, 2,5, 3, 

3,5, 4, 4,5, 5, 5,5, 6, 6,5, 7 h) and replaced with the same volume of fresh Tris buffer 

(20 mM, pH=7.4). Pramipexole amount in release medium was measured by 

spectrophotometrically at 262 nm wavelength. The release kinetics of Pramipexole 
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encapsulated neutral and positively charged liposomes were calculated by using 

absorbance values with In Vitro-In Vivo Kinetics, Version 1.0.40 programme.  

 

3.7.2. In Vitro Release Kinetics of Pramipexole Encapsulated, Nanosized, 

PEGylated, Neutral and Positively Charged Niosomal Dispersions 

In vitro drug release studies of Pramipexole encapsulated, nanosized, 

PEGylated neural and positively charged niosomal dispersions were performed by 

dialysis method with a dialysis membrane (MWCO:3.5 kDa) at 37 ± 1°C with 100 

rpm against a release medium of Tris buffer (20 mM, pH=7.4) (278). The applied 

procedure was identical with that of described in Section 3.7.1. The release kinetics 

of Pramipexole encapsulated neutral and positively charged niosomes were 

calculated by using absorbance values with In Vitro-In Vivo Kinetics, Version 1.0.40 

programme.  

 

3.8. In-Vitro BBB Cell Co-Culture Experiments 

 

3.8.1. Rhodamine Labeled Liposome and Niosome Formulations 

Rhodamine-PE (0,5% mmole) was added to neutral and positively charged 

liposomes and niosomes in the preparation procedure (99) while phospholipid or 

non-ionic surfactant was added before hydration process. After preparation 

procedure Rhodamine labeled formulations were dialysed against Tris (20 mM, pH 

7.4) buffer through a dialysis cellulose membrane (13000 MW cut off) for 12 hours 

with stirring to remove unlabeled free Rhodamine within the preparation process 

which was given in Section 3.6.1.1.  

 

3.8.2. BBB Cell Co-Culture Studies 

In vitro BBB penetration of nanosized, PEGylated, Pramipexole encapsulated 

neutral and positively charged liposomal and niosomal dispersions were performed 

in BBB Cell Co-Culture model in Transwell® plate composed of astrocyte at the 

bottom and endothelial cells at the top part. Figure 3.4 gives different in vitro cell-

based BBB models.  
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Figure 3.4. In vitro cell-based BBB models. Monocultures of cerebral endothelial 

cells (CECs) are being replaced by co-culture or triple co-culture systems, in which 

CECs are seeded with other elements of the neurovascular unit, such as astrocytes, 

pericytes or neurons, in a non-contact (A, C) or contact format (B, D). In triple co-

culture systems, more than one cell type is seeded with CECs (E, F) (279). 

 

We applied non-contact BBB co-culture model. To obtain a polarized BBB 

symbolizing co-culture model, 50,000 cell.cm-2 was planted on attachment factor 

coated 6 well plates with 0,4 µm pores in semi-transparent membrane indentations 

(0.3 cm2/indentation). Endothelial cell layer divides this system as apical (blood side) 

and basolateral side (brain side). This setup provides application on both sides of 

BBB. Human brain microvascular endothelial cell membrane sustained with fetal 

bovine serum (5%), penicilin/streptomycin (1%) solution and ECGS (%1). In order 

to compose BBB co-culture model astrocytes were seeded on 6 well-plates (1.9 

cm2.well-1) as 50,000 cell.cm-2. Human astrocyte medium sustained with fethal 

bovine serum (5%), penicilin/streptomycin (1%) solution, asyrocyte growth factor 

(1%). All cells were cultured in humidified incubator at 37ºC in the presence of CO2 

(5%). Medium was changed for 5-7 days untill the cells are properly attached. 
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The neutral and positively charged liposomes and niosomes were added on 

endothelial cells (1.5 mL) (n=6 for each group). Formulations were incubated with 

human astrocyte and human brain microvascular endothelial cells at 37ºC in the 

existance of CO2 (5%) and wait for penetration. To observe penetration of 

Pramipexole encapsulated different formulations (DPPC:Chol:PEG2000-PE, 

DPPC:Chol:PEG2000-PE:SA, SURII:Chol:PEG2000-PE, SURII:Chol:PEG2000-

PE:SA), 100 µL samples were collected from the bottom of each Transwell® plates. 

Fluorescent microscope images were taken (40 times extension) at 0 and 120 min. 

after incubation and relative fluorescence intensity was measured with a 

fluorospectroscopy at 0, 30, 60, 90, 120, 150 and 180 min. To observe fluorescence 

intensity of penetration, excitation and emission spectra were scanned. Excitation 

was determined as 560 nm and emmission was determined as 583 nm.  

 

3.9. Decision of Optimum Pramipexole Encapsulated, Nanosized, PEGylated 

Liposomal and Niosomal Formulations 

The characterization and stability studies of neutral and positively charged 

liposomes and niosomes were compared and maximum BBB penetration was also 

regarded as a policy to select the optimum liposomal and niosomal formulations to 

administer to the PD rats model for therapy. 

 

3.10. In Vivo Animal Studies 

Rats were treated in accordance with the European Community Council 

Directive 2010/63/EU for laboratory animal care and the experimental protocol was 

validated by the Regional Ethical Committee (No: 00434.02). Experiments were 

performed on adult male Wistar rats weighing 250–300 g at the beginning of the 

experiments. 

Animals were housed in groups of two per cage in a temperature and 

humidity controlled environment (temperature 22ºC ± 1ºC; relative humidity 40% ± 

7%), throughout a 12 h light/dark cycle with standard feeding condition ad libitum. 
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3.10.1. Study Design of Animal Studies 

In this part a brief summary of in vivo animal studies was given. Each 

application, test and method will be explained in detail at their own sections below. 

A total of 26 Wistar rats were used after lesioned with 6-OHDA. They were 

divided into four groups containing 6 rats in each for i.p. administration of 

nanosized, PEGylated, Pramipexole encapsulated, neutral liposomes (liposomes); 

nanosized, PEGylated, Pramipexole encapsulated, neutral niosomes (niosomes); 

Pramipexole solution (0,5 mg.mL-1) or Tris buffer (20mM, pH=7,4) as control 

group aproximately on alternate days (evey Monday, Wednesday and Friday). All 

formulations contained the same amount of Pramipexole (0,5 mg.mL-1) to compare 

the efficacy of different formulations. Two rats with a rotational behaviour of less 

than 8 ipsilateral turns/min were also divided into 2 groups and nanosized, 

PEGylated, Pramipexole encapsulated neutral liposomes (liposomes), nanosized,  

and PEGylated, Pramipexole encapsulated neutral niosomes (niosomes) were 

administered i.v. to observe if any lesion or occlusion formation due to the chronic 

administration by tail vein. 

In the first set of experiments, to evaluate the occurence of formation of 

partial striatal unilateral lesion in rats administered with 6-OHDA, rotational 

behavior test was applied. The number of turns per min were measured during 90 

min in animals in an automated rotometer bowl after 7 dpl (days post-lesion) which 

were previously injected with amphetamine solution. 

In the second set of experiments, therapy effectiveness was evaluated by 

rotational behaviour at the same rats due to the number of turns per 90 min placed 

in automated rotometer bowl after 7, 14 and 21 dpl for every group.  

In the third set of experiments, monitoring of therapeutic efficacy of all 

groups are evaluated by obtaining autoradiograms of both lesioned and intact side 

of the brain sections of striatum and substantia nigra. [125I]PE2I radioligand was 

used to quantify DAT by in vitro DAT autoradiography after sacrifying of rats at 

22 dpl. A schmatic representation of experimental protocol of in vivo animal 

studies was given in Figure 3.5. 
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Figure 3.5. Schematic representation of experimental protocol. 

 

3.10.2. 6-OHDA Induced Unilateral Partial Striatal Lesion 

 

3.10.2.1. Preparation of 6-OHDA Injectable Solutions 

- Preparation of Pargyline Solution 

A premedication of Pargyline is usually administered to rodents prior to 

injection of 6-OHDA to increase the efficacy of 6-OHDA-induced lesions. The 

monoamine oxidase inhibitor, Pargyline, enhances the sensitivity of dopaminergic 

terminals to 6-OHDA, by reducing its extrasynaptic breakdown (280,281). To pepare 

50 mg.kg-1 Pargyline solution, 75 mg Pargyline was dissolved in 500 µL ethanol and 

2 mL NaCl 0,9% 50 x weight/30000. 

 

- Preparation of Phosphate Buffer 

182 mg KH2PO4 was dissolved in 20 mL of NaCl 0,9% (Solution A) and 238 

mg Na2HPO4 was dissolved in 20 mL NaCl 0,9% (Solution B). Afterwards 20 mg 
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ascorbic acid was dissolved in a mixture of 2 mL of Solution A and 18 mL of 

Solution B and the pH was adjusted to 4,5 with H3PO4.  

 

- Preparation of 6-OHDA Solution 

To prepare 6-OHDA solution, 10 mg 6-OHDA was dissolved in 10 mL 

phosphate buffer. 

 

3.10.2.2. 6-OHDA Lesion by Brain Surgery  

In this study, partial striatal 6-OHDA lesioned PD model was developed in 

rats and the therapeutic effect of nanosized, Pramipexole encapsulated, PEGylated 

liposomes and niosomes was evaluated in this model over a time period (from 7 to 21 

dpl). The diversity of rat models using 6-OHDA makes it possible to choose the 

approximate stage of human PD which is expected to imitate, depending on the site, 

dose and number of injections of neurotoxin. It was used here a partial lesion model 

which induces progressive and retrograde degeneration of dopaminergic neurons 

corresponding to an early symptomatic stage of PD (282,283). 

Twenty minutes before surgery, animals were injected intraperitoneally with 

Pargyline (50 mg.kg-1). Rats were then anesthetized with Isoflurane (5% for 

induction) and placed on a stereotaxic apparatus. They were maintained under 

Isoflurane 3% during surgery. To protect eye and prevent drying of eye, a protector 

gel (Ocry-gel) was administered. The skull was exposed and small holes were made 

with a dental drill. Lesion was carried out by unilateral intrastriatal injection of 6-

OHDA hydrochloride (1 mg.mL-1). A total of 10 µg of 6-OHDA was administered in 

two points of the right striatum (1 mg.mL-1 in 0.01% ascorbic acid, pH 4.5, i.e., 5µg 

in 5 µL for each point) with a Hamilton syringe (gauge 25) at a flow rate of 1 

µL.min-1 for 5 minutes. Coordinates from bregma were AP = +0.5 mm, L = -2.5 mm, 

P = -5 mm, and AP = -0.5 mm, L = -4 mm, P = -5 mm according to the atlas of 

Paxinos et al (284,285). A schematic representation of a rat bregma by dorsal and 

lateral views of a rat skull is given in Figure 3.6. The syringe was left in place for 4 

min after injection and then removed slowly to optimize toxin diffusion. The 

photograph of 6-OHDA lesion administration and the view of brain bregma to one of 

the rats placed in a stereotaxic apparatus is given in Figure 3.7. After surgery, bone 
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wax was applied on 2 drills and the incision was sewed with suture (Figure 3.8.). To 

prevent surgery area from microorganisms, an antiseptic solution was applied and 

buprenorphin (0,3 mg.mL-1) was administered subcutaneously as analgesic agent 

after the surgery. 

 

 

 
 

Figure 3.6. The schematic represantation of dorsal and lateral views of the skull of a 

Wistar rat and the approximate places of 6-OHDA administration. The positions of 

bregma, lambda and the plane of the interaural line are shown above the lateral view 

(The approximate 6-OHDA lesion administration places were shown in dark points 

in the figure above (284). 
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Figure 3.7. 6-OHDA lesion administration and the view of brain bregma to 

one of the rats placed in a stereotaxic apparatus. 

 

 
 

Figure 3.8. Skull skin suturation of one of the rats after 6-OHDA lesion 

administration. 
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3.10.3. Rotational Behavior Studies  

The rotational behavior test was used for observing formation of partial 

striatal unilateral lesion in rats and the theurapeutic efficacy of formulations The 

mechanism of this model depends on the rotation of animals towards the side with 

the 6-OHDA lesion (ipsiversive) when injected with amphetamine which is a 

dopamine releasing compound. This model is used unilaterally lesion of the 

nigrostriatal DA system with 6-OHDA neurotoxin (220,286,287). 

 

3.10.3.1. Preparation of Amphetamine Solution 

15 mg D-Amphetamine sulfate was put in 7 mL tubes and dissolved in 5 mL 

NaCl 0,9% taken from refrigerator and strongly shaked till obtaining a complete 

dissolution. It was waited at ambient temperature for a couple of minutes before 

injection.  

 

3.10.3.2. Determination of Injected Amphetamine Solution Volume 

Amphetamine solution volume should be calculated before each injection by 

weighing of rats previously. The weight of rats were registered and the volume of 

amphetamine solution was calculated as given below; 

 

X/1000 mL ………………………………………….Equation 9.  

[X: The weight of rat (in mg)] 

 

Afterwards this volume of amphetamine solution was injected into the rats 

i.p. 

 

3.10.3.3. Placement of the Animal to Rotometer  

After i.p. administration of amphetamine solution in appropriate volumes, 

animals were put in the bottom of sawdust containing blue plastic dustbins. Rats 

were bound to the rope of the rotometer linked to the software of the computer 

counting the number of turns. Rats were left to get acquainted with its new 

environment for approximately 15 min in a quiet and gloomy dark mood.  
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3.10.3.4. Evaluation of the Rotational Behavior by Rotometer 

Rotometer is a device counting the number of tours which makes the animal 

on itself throughout 90 min clockwise (ipsilateral rotations) (tours-), and it also 

counts the possible rotations anticlockwise (contralateral rotations) (tours+). N 

general activity can be calculated by (tours(-) - tours(+)) and some possible 

behaviors such as grooming, rearing or absence of behavior are out of this count. 

Rotometer test was used for observing and evaluating both the validity of 6-

OHDA lesion at 7 dpl and the therapeutic efficacy of nanosized, PEGylated, 

Pramipexole encapsulated, neutral liposomes and niosomes when compared with 

Pramipexole and control group at 14 dpl and 21 dpl.  

 

3.11. Testing of 6-OHDA Lesion 

For the purpose of evaluating the occurence of formation of partial striatal 

unilateral lesion and the success of lesion in rats administered with 6-OHDA, 

rotational behavior test was applied. For the test, animals were injected with D-

amphetamine sulphate injection (3 mg.kg-1 i.p.), placed in automated rotometer 

bowls, and 15 min later left and right full body turns were monitored by a 

computer for 90 min. The photographs of (a) Rotometer system and (b) 

ipsilaterally turning rats which were administered amphetamine placed in plastic 

dustbins were given in Figure 3.9.  

 

  
(a) (b) 

 

Figure 3.9. (a) Rotometer system and (b) Ipsilaterally turning rats which 

were administered amphetamine placed in plastic dustbins. 
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Only those rats showing on average more than eight ipsilateral turns per min 

at 7 dpl of 6-OHDA administration were selected for further experiments as assumed 

that they performed a good PD model. Results were expressed as the mean numbers 

of ipsilateral turns/min ± standart error of the mean (SEM) (245,285,288). 

 

3.12. Administration of Nanosized, Pramipexole Encapsulated, PEGylated 

Neutral Liposome and Niosome Dispersions 

Nanosized, PEGylated, Pramipexole encapsulated, neutral liposomes or 

niosomes, Pramipexole solution or Tris buffer (20 mM, pH:7,4) were applied i.p. or 

i.v. to 6-OHDA partial striatal lesion rat model of PD at alternate days for a period of 

21 days (Figure 3.10).  

 

      
 

Figure 3.10. Therapeutic application to PD model Wistar rats by i.p. and i.v. 

administration, respectively. 

 

3.13. Monitoring of Therapeutic Efficacy with Rotometer Test 

Therapeutic efficacy was evaluated by amphetamine induced rotometer test at 

14 and 21 dpl after application of nanosized, PEGylated, Pramipexole encapsulated, 

neutral liposomes, niosomes, Pramipexole solution and Tris buffer (20 mM, pH:7,4) 

applied i.p. to 6-OHDA partial striatal lesion rat model of PD.  

Rotometer test was performed as given in Section 3.10.3.3, Section 3.10.3.4 

and 3.13 . Briefly, all rats were tested for their rotational behavior in response to D-

amphetamine sulphate injection (3 mg.kg-1 i.p.) both for determination of a 

successful PD model development and therapeutic efficacy of Pramipexole 

encapsulated, nanosized liposomal or niosomal drug delivery systems at 14 dpl, 21 

dpl, respectively. For the test, animals were injected with amphetamine, placed in 
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automated rotometer bowls, and 15 min later left and right full body turns were 

monitored by a computer for 90 min as explained above. The photographs of (a) 

Rotometer system and (b) ipsilaterally turning rats which were administered 

amphetamine placed in plastic dustbins were given in Figure 2.9. Results were 

expressed as mean numbers of ipsilateral turns/min ± SEM (285). 

 

3.14. Monitoring of Therapy Efficacy with Autoradiography 

Therapeutic efficacy was also evaluated with in vitro autoradiography at 21 

dpl after treatment to 6-OHDA partial striatal lesion rat model of PD. 

After sacrifying, brains were removed and frozen in isopentane cooled to -

35ºC (Fig. 3.11).  

 

A 

B C 
 

Figure 3.11. Brain removal and preparation for coronal sectioning in sequence (A-

C). 

 

Coronal sections (16 µm thickness) were then cut in a cryostat microtome and 

thaw-mounted on Super-FrostPlus® slides  (Fig. 3.12.).  
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Figure 3.12. Coronal brain sectioning by cryotome after freezing. 

 

Sections were kept at -80ºC until use. Autoradiographic experiments were 

performed on consecutive sections from each brain, either at the level of 6-OHDA 

injected striatum (AP coordinates between +0.5 and -0.5 from the bregma) or in 

substantia nigra pars compacta (SNc) (AP coordinates between -5 and -6 from the 

bregma) according to the atlas of Paxinos and Watson (284). For each animal, the 

ipsilateral lesioned side of the brain in the region of the striatum or SNc  were 

compared with the intact controlateral side (285).  

PE2I is a cocaine derivative and very potent radiopharmaceutical to image the 

DAT. PE2I and its radiolabeling precursors were prepared from cocaine as starting 

material, going through nortropane (289).  

Several methods are available to obtain PE2I labeled with iodine-123 or -125, 

carbon-11 and tritium. The pharmacological properties of PE2I have demonstrated 

that it has good affinity for the DAT (4 nM) and is one of the most selective DAT 

ligands. Radioiodinated PE2I was obtained by iododestannylation of the 

corresponding tin precursor 2. Typically, the labeling procedure involves [125/123I] 

NaI in the presence of an oxidizing agent to provide more than 50% yield of 

iodination. The half life of I-125 is 59.43 days. It decays by electron capture to an 

excited state of Tellurium-125 (289). The molecular structure of PE2I was given in 

Figure 3.13. 
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Figure 3.13. The molecular structure of PE2I. 

 

N-(3-iodopro-2E-enyl)-2β-carbomethoxy-3β-(4-methylphenyl) nortropane 

([125I]PE2I) was prepared according to the conditions as previously described (290).  

Although [125I]PE2I was used as a finished radioligand as synthesized and 

radiolabeled at the lab of Tours Univ., Equipe 3 Imagerie Moléculaire du cerveau, 

Inserm U930 Imagerie et cerveau for DAT autoradiography, the chemistry and 

radiochemistry of PE2I was briefly touched.   

 

- Chemistry and Radiochemistry of PE2I 

PE2I was prepared from the starting material, cocaine, going through 

nortropane 1, which is N-alkylated with 3-(tributyltin)-prop-(2 E)-enyl chloride to 

provide the tin derivative 2 (Fig 3.14). Then tin was used to produce either cold or 

radioiodinated PE2I (291). 

The synthesis was performed as given above in Figure 2.14.(289). 

 

 
 

Figure 3.14. Synthesis of precursor for radiolabeling with iodine-125 (289). 

 



93 
 

 

- Iodine Radiolabeling 

PE2I was radiolabeled by iododestannylation of the corresponding tin 

precursor (Figure 3.15). Typically, the labeling procedure involves [125I] NaI in the 

presence of an oxidizing agent to provide more than 50% yield of iodination. 

 

 
 

Figure 3.15. Radeolabeling of PE2I with iodine-125 (289).  

 

Briefly, 50 μg of the tin precursor in 50 μg of EtOH and 3% w/v of hydrogen 

peroxide were used to oxidize NaI (125), and, after a purification step on reverse 

phase HPLC, pure radioiodinated PE2I was obtained with more than 50% 

radiochemical yield, more than 95% radiochemical purity and specific activity (no 

carrier-added) of 75 TBq/mmol for [125I]PE2I, respectively (292). After a 

sterilization step, the radiochemical yield in these conditions was 70-85%, with 

radiochemical purity of more than 98% and an estimated specific activity of 8.7 

TBq/μmol (289,293). 

[125I]PE2I tracer was used as a finished product in our studies for determining 

the loss of DAT binding (%) for evaluating therapeutic efficacy of different 

formulations at 6-OHDA lesioned rats by in vitro autoradiographic experiments. 

 

- Autoradiography Studies 

The density of brain-specific DAT binding sites were measured by in vitro 

autoradiographic experiments using [125I]PE2I. Brain sections were allowed to 

equilibrate at room temperature for 3 h, then they were incubated with 100pM 

[125I]PE2I in 100µL of a pH 7.4 phosphate buffer (10,14 mM NaH2PO4, 137 mM 

NaCl, 2,7 mM KCl, 1,76 mM KH2PO4) at room temperature for 90 min. Nonspecific 

binding on the adjacent sections were assessed in the presence of 100 μM cocaine. 

Slides were then washed twice for 20 min in ice cooled phosphate buffer (4°C) for 4 

min, and rinsed for 1 sec in distilled water and dried at room temperature. Dried 
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slides were made conductive by an application of metal electric tape on the free side 

and then they were placed in the gas chamber of the β-imager. Data from brain 

sections were collected during two or more hours. Striatum was selected manually 

and identified in the Franklin and Paxinos atlas (2008). Using the β-vision software, 

the level of bound radioactivity was directly determined by counting the number of 

β-particles emitted from the delineated area. The radioligand signal in the ROIs was 

measured on at least eight sections for each rat and expressed as counts per minute 

per square millimeter (cpm.mm-2). Specific binding was determined by subtracting 

nonspecific binding from total binding (SB = TB-NSB). DAT expression in the 

striatum and SNc (identified by visual inspection of the radioactive signal) was 

observed to delineate ROIs. ROIs were defined manually on the ipsilateral side 

showing high radioligand uptake (ROI-1), and mirror ROIs (ROI-2) were drawn 

symmetrically in the homologous contralateral region. The results were expressed as 

the percentage of binding on the ipsilateral compared to contralateral side (285,290). 

In vitro binding conditions were summarized in Table 3.5.  

 

Table 3.5. Experimental in vitro binding conditions used for autoradiography (285). 
 

Tracer  [125I]PE2I 

Concentration (nM) 0,1 

Specific activity (GBq µmol-1) 80 

Buffer PBS buffer (0,1 M, pH 7,4) containing 

137 mM NaCl, 2,7 mM KCl, 10,14 

mM Na2HPO4, 1,76 mM KH2PO4 and 

109 g.L-1 D-saccharose 

Incubation duration at RT 

(min) 

90 

Competitor for nonspecific 

binding 

Cocaine 100 µm (Cooper, France) 
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3.15. Statistical Analysis 

All values were expressed as mean ± SEM. To evaluate the statistical 

significance of differences among the results, statistical analysis were performed. 

Depending on the number of data which is less than 30,  nonparametric test methods 

were used for data evaluation. Depending on the group number, Mann-Whitney U 

test was used for comparison of two groups and Kruskal Wallis was used for 

comparison of three or more groups. To compare the rotational behavior between 

groups and in different days, one way Anove and Mann-Whitney U test were 

performed. To compare the autoradiography data, Mann-Whitney U test was used. 

All tests were performed two-sided. The significance level was set at P < 0.05. And 

the other one of the statistical analysis were performed using Prism software version 

(285). 
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4. RESULTS 

In this section, results related with physicochemical properties of ingredients, 

formulation, characterization, release kinetics, BBB penetration and therapeutic 

efficacy of nanosized, Pramipexole encapsulated, PEGylated liposomal and niosomal 

formulations were given on 6-OHDA lesioned partial PD model rats by rotometer 

test and autoradiaography. 

 

4.1. Physicochemical Control of Active Substance 

The properties of Pramipexole (as the salt of dihydrochloride monohydrate) 

was admitted depending on its analytical sertificate obtained from the drug company 

(Abdi İbrahim).   

 

4.1.1. UV Spectrum and Standart Line of Pramipexole 

 

4.1.1.1. UV Spectrum and Calibration Curve of Pramipexole in Tris 

Buffer 

UV spectra of Pramipexole were obtained in Tris buffer (20 mM,  pH 7.4) in 

the mean of 6 series as explained in Section 3.3.2.1 and λmax was observed at 262 nm 

and its spectrum was given in Figure 4.1. 

 

 
 

Figure 4.1. UV spectrum of Pramipexole in Tris buffer (20 mM, pH 7.4). 

 

The standart line of Pramipexole was plotted after performing the process 

given in Section 3.3.2.1 at λ=262 nm (Figure 4.2.).  
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      Figure 4.2. Standart line of Pramipexole in Tris buffer (20 mM, pH 7.4). 

 

4.1.1.2. UV Spectrum and Calibration Curve of Pramipexole in Ethanol 

UV spectra of Pramipexole were obtained in ethanol as the mean of 6 series 

as explained in Section 3.3.2.2 and λmax was observed at 262 nm and its spectrum 

was given in Figure 4.3. 

 

 
 

Figure 4.3. UV spectrum of Pramipexole within ethanol. 

 

The standart line of Pramipexole was plotted after performing the process 

given in Section 3.3.2.2 at λ=262 nm (Figure 4.4.).  
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Figure 4.4. Standart line of Pramipexole in ethanol. 

 

4.1.1.3. Analytical Method Validation 

Analytical method validation was performed by using calibration lines given 

in Figure 4.2. and Figure 4.4. and the quantitation of Pramipexole was investigated 

by linearity, accuracy, precision, specificity and stability. The results related with 

analytical validation of calibration lines of Pramipexole in two systems.  

 

- Linearity 

UV spectra of Pramipexole were obtained in Tris buffer (20 mM,  pH 7.4) 

and ethanol as explained in Section 3.3.2.1 and Section 3.3.2.2 at 262 nm. The 

absorbance values were obtained and following the obtaining of standart calibration 

line, the accuracy of line equations were calculated as R2= 0,9995, R2=0,9987, 

respectively (Fig. 4.2., Fig. 4.4.). 

 

- Accuracy 

 

Repeatibility 

5 µg.mL-1 and 20 µg.mL-1 dose of Pramipexole were selected as  low and 

high concentrations, respectively and they were sampled from the stock solution and 
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absorbance values were measured at  262 nm with UV spectroscopy 6 times. , SE 

and CV were calculated from the concentrations corresponding to the related 

absorbance values and the results were given in Table 4.1. and Table 4.2. The value 

of CV lower than 2% was assumed as the indicator of repeatibility. 

 

Table 4.1. The repeatibity results of different concentrations of Pramipexole in Tris 

buffer (20 mM,  pH 7.4).  
 

Sample Absorbance 

(λ=262 nm) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

5 µg.mL-1 0,10408 

0,10404 

0,10409 

0,10403 

0,10402 

0,104 

5,6985 

5,6967 

5,6990 

5,6962 

5,6957 

5,6948 

5,6968±0,001 0,02 

20 µg.mL-1 0,40757 

0,40724 

0,4071 

0,40672 

0,40685 

0,40685 

19,9469 

19,9314 

19,9248 

19,9070 

19,9131 

19,9131 

19,9227±0,015 0,07 
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Table 4.2. The repeatibity results of different concentrations of Pramipexole in 

ethanol. 
 

Sample Absorbance 

(λ=262 nm) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

5 µg.mL-1 0,08223 

0,08218 

0,08201 

0,08246 

0,08201 

0,08265 

5,2980 

5,295 

5,2838 

5,3131 

5,2838 

5,3259 

5,299±0,007 0,31 

20 µg.mL-1 0,30196 

0,30133 

0,301 

0,3013 

0,30121 

0,30113 

19,7539 

19,7125 

19,6907 

19,7105 

19,7046 

19,6993 

19,711±0,009 0,11 

 

Reproducibility 

One low (5 µg.mL-1) and one high (20 µg.mL-1) concentrations were selected 

and taken from the stock solution and UV absorption was measured 6 times at 262 

nm. , SE and CV were calculated according to the concentrations correspondance 

to the absorbance values. The results were given in Table 4.3. and Table 4.4. The 

value of CV lower than 2% designates the reproducibility of the method. 
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Table 4.3. The reproducibility results of different concentrations of Pramipexole in 

Tris buffer (20 mM,  pH 7.4).  
 

Sample Absorbance 

(λ=262 nm) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

5 µg.mL-1 0,10414 

0,10427 

0,10407 

0,10452 

0,10426 

0,1045 

5,701 

5,707 

5,698 

5,719 

5,707 

5,718 

5,7086±0,004 0,15 

20 µg.mL-1 0,40755 

0,40726 

0,407 

0,40754 

0,40783 

0,40775 

19,946 

19,932 

19,920 

19,945 

19,959 

19,955 

19,9431±0,006 0,07 

 

Table 4.4. The reproducibility results of different concentrations of Pramipexole in 

ethanol. 
 

Sample Absorbance 

(λ=262 nm) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

5 µg.mL-1 0,08522 

0,08417 

0,08420 

0,08446 

0,08401 

0,08465 

5,4951 

5,4262 

5,4277 

5,4447 

5,4152 

5,4575 

5,434±0,012 0,53 

20 µg.mL-1 0,30294 

0,30132 

0,3012 

0,3014 

0,30123 

0,30211 

19,8184 

19,7118 

19,7039 

19,7171 

19,7059 

19,7638 

19,7368±0,019 0,23 
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- Specificity 

As given in Section 3.3.2.1. and Section 3.3.2.2., empty neutral and positively 

charged liposomes and niosomes were investigated if they gave any peak at UV 

spectra at 262 nm wavelength in Tris buffer (0.6 mg.mL-1) and ethanol. No peak or 

absorbance was identified at UV spectra at 262 nm.    

 

- Stability 

  The stability of Pramipexole was evaluated at its solutions in diffrent 

concentrations within the measurement process. The absorbance of solutions 

prepared at 5 µg.mL-1 and 20 µg.mL-1 concentrations was measured in the beginning 

and at 1, 5, 10 and 24 h and the alteration in the concentrations was evaluated for one 

day. Concentration differences versus time was found statistically insignificant for 

both solution systems (p˃0,05). This result designated that Pramipexole was stabile 

in both Tris buffer (0.6 mg.mL-1) and ethanol (Table 4.5. and Table 4.6.). 

 

Table 4.5. The stability results of Pramipexole in Tris buffer (20 mM,  pH 7.4). 
 

Time 

(h) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

0 

1 

5 

10 

24 

5 

5 

5 

5 

5 

5,6968±0,001 

5,6086±0,004 

5,511±0,002 

5,533±0,009 

5,618±0,010 

0,02 

0,05 

0,13 

0,06 

0,08 

0 

1 

5 

10 

24 

20 

20 

20 

20 

20 

19,9227±0,015 

19,562±0,014 

19,576±0,012 

19,833±0,014 

19,888±0,011 

0,07 

0,03 

0,09 

0,02 

0,06 
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Table 4.6. The stability results of Pramipexole in ethanol. 
 

Time 

(h) 

Concentration 

(µg.mL-1) 

±SE CV (%) 

0 

1 

5 

10 

24 

5 

5 

5 

5 

5 

5,299±0,007 

5,297±0,009 

5,289±0,008 

5,276±0,009 

5,246±0,003 

0,31 

0,40 

0,35 

0,33 

0,39 

0 

1 

5 

10 

24 

20 

20 

20 

20 

20 

19,711±0,009 

19,613±0,002 

19,410±0,003 

19,562±0,005 

19,615±0,004 

0,11 

0,06 

0,04 

0,12 

0,09 

 

4.2. Physicochemical Controls on the Ingredients of Liposome and Niosome 

Dispersions  

 

4.2.1. Physicochemical Controls of Phospholipid 

DPPC was employed as the main ingredient/phospholipid of liposome 

dispersions. 

 

4.2.1.1. Standardization of Phospholipid 

The phosphotidyl content of phospholipid DPPC is higher than 99% 

according to the analitical certificate obtained from the companies (Phospholipids 

GmbH, Almanya).   

 

4.2.1.2. TLC Determination of Phospholipid  

As given in Section 3.4.1.2, plates were observed in UV light at 254 nm 

wavelength. If the dragged substances were performed, purple spots seemed. Rf 

value was determined as 0,137 for DPPC in the chromatogram. The chromatogram 

for DPPC was given in Figure 4.5. The Rf value was found compatible and proper 

with the previous studies (271,294,295).   
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 Figure 4.5. TLC chromatogram of DPPC. 

 

4.2.1.3. DSC Determination of Phospholipid  

The thermal analysis of the phospholipid used for liposome preparation was 

performed as explained in Section 3.4.1.3. Thermal analysis slope of DPPC was 

given in Figure 4.6.  

When DSC thermogram of DPPC was evaluated, the phase transition 

temperature was observed at about 53°C. This value was found compatible with the 

literature (296).  

 

 
 

Figure 4.6. DSC thermogram of DPPC. 
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4.2.1.4. FTIR Spectroscopy Determination of Phospholipid 

As given in Section 3.4.1.4, FTIR spectrum of DPPC was given in Figure 4.7. 

and the comparison of its chemical structure was given in Figure 4.8. 

It was observed at the FTIR spectrum of DPPC that the carbonyl tension 

vibration of esters was obtained in between 1690-1760 cm-1, the mild tension 

vibration of amine (N-H) was obtained in between 3300-3500cm-1, the tension 

vibration of amide (C-N) was obtained in between 1180-1360 cm-1 and the strong 

aliphatic tension vibrations belong to alkans (C-H) was obtained at 2800-2970 cm-1 

(297).  
 

 

 

 

Figure 4.7. FTIR spectrum of DPPC. 

 
 

 

Figure 4.8. The molecular structure of DPPC. 
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4.2.2. Physicochemical Controls of Non-Ionic Surfactant 

 

4.2.2.1. Identification of HLB Value of Non-Ionic Surfactant 

By using the formula given in Section 3.4.2.1, HLB value of SUR II was 

calculated. 

SUR II: (230/470) x 20 = 9,79 was obtained. 

The HLB value of SUR II was found between 8-18 which designated that 

SUR II is in hydrophilic property. This value was found in accordance with the 

literature (271,298,299).   

 

4.2.2.2. Identification of Surfactant by FTIR Spectroscopy Analysis 

FTIR spectrum of SUR II was performed as explained in Section 3.4.2.2. The 

spectrum of SUR II was given in Figure 4.9. 

 

       
 

Figure 4.9. FTIR spectrum of SUR II. 

 

In FTIR spectrum of SUR II, the tension vibration of hydroxy group (O-H) 

was obtained at 3396 cm-1, the tension vibration of C-O and the distortion inclination 

of O-H were obtained in between 3584-3650 cm-1, the tension vibration of alkans (C-

H) were obtained at 2919 cm-1, the inclination of –CH2 was obtained at 1467 cm-1, 

the tention vibration of C-O-C was obtained at 1216 cm-1 and the tention vibration 
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of –(CH2)n was obtained at 759 cm-1. The results were found proper with that of the 

previous studies (271,297-299). 

 

4.2.2.3. DSC Determination of Surfactant  

Thermal analysis of SUR II was performed as given in Section 3.4.2.3. Tc of 

SUR II was obtained as 50,9°C. DSC thermogram of DSC was given in Figure 4.10. 

   
 

Figure 4.10. DSC thermogram of SUR II. 

 

These results were observed compatible with the previous studies and the 

literature (271,299,300). 

 

4.2.2.4. Melting Point Determination of Surfactant 

The melting point determination of SUR II was performed as given in Section 

3.4.2.4 and the melting point was found as 45ºC. This value was found parallel with 

the previous studies (301).  

 

4.2.3. Physicochemical Controls of Stability Enhancing Ingredient 

Cholesterol was employed as the bilayer condenser/stability enhancer in 

liposome and niosome dispersions. 
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4.2.3.1. TLC Determination of Cholesterol  

TLC of cholesterol was performed as given in Section 3.4.3.1 and red-brown 

spots were observed in UV lamp at 254 nm. Rf value was calculated as 0.95 (Figure 

4.11.). This Rf value was found in accordance with the literature (271).  

 

 

 

 

 

 

 

 

 

 
 

Figure 4.11. TLC chromatogram of cholesterol. 

 

4.2.3.2. DSC Determination of Cholesterol 

Thermal analysis of cholesterol was performed as given in Sections 3.4.3.2. 

The phase transition temperature and melting point of cholesterol were obtained as 

45°C and 154°C, respectively. These results were observed compatible with the 

literature (300). DSC thermogram of DSC was given in Figure 4.12. 

 

 

 

Cholesterol 
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Figure 4.12. DSC thermogram of cholesterol. 

 

4.2.3.3. FTIR Spectroscopy Determination of Cholesterol 

FTIR spectrum of cholesterol was performed as explained in Sections 3.4.3.3. 

The spectrum and molecular structure of cholesterol were given in Figure 4.13. and 

Figure 4.14. 

In FTIR spectrum of cholesterol, the tension vibration of hydroxy group (O-

H) was obtained in between 3200-3600 cm-1, the wide mild strenght tension vibration 

of cyclic and plane alkans (C-H) were obtained in between 3010-3100 cm-1, the 

tension vibration of alkene (C=C) was obtained in between 1610-1680 cm-1 (297).  

 

 
 

Figure 4.13. FTIR spectrum of cholesterol. 
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    Figure 4.14. The molecular structure of cholesterol. 

 

4.2.3.4. Determination of Melting Point of Cholesterol  

The melting point determination of cholesterol was performed according to 

the procedure given in Section 3.4.3.4 and the melting point of cholesterol was 

determined as 148-149°C. This value was found compatible with the literature 

(271,302).  

 

4.2.4. Physicochemical Controls of Coating Agent 

PEG2000-DSPE was used as coating and linker agent. 

 

4.2.4.1. TLC Determination of PEG2000-DSPE 

After TLC analysis performed as given in Section 3.4.4.1, the plates were 

observed under UV lamp at 254 nm after heated in an incubator for 5-10 min. At 

170ºC and developed substance was observed as purple colored spots. Rf value was 

calculated as 0,75 for PEG2000-DSPE at the chromatogram. This value was 

observed compatible with the literature (303). The chromatogram of PEG2000-DSPE 

was given in Figure 4.15.  
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Figure 4.15. TLC chromatogram of PEG2000-DSPE. 

 

4.2.4.2. FTIR Spectroscopy Determination of PEG2000-DSPE 

FTIR spectrum of PEG2000-DSPE was obtained as given in Section 3.4.4.2 

and FTIR spectrum and chemical structure of PEG2000-DSPE were given in Figure 

4.16. and Figure 4.17. 

 

 
 

Figure 4.16. FTIR spectrum of PEG2000-DSPE. 

 

PEG2000-DSPE 
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Figure 4.17. The chemical structure of PEG2000-DSPE. 

 

In the FTIR spectrum of PEG2000-DSPE, the tension vibration of amine (N-

H) was obtained in between 3500-3800 cm-1, the tension vibration of aliphatic alkans 

(C-H) was obtained in between 2850-3000 cm-1, the tension vibration of alkene 

(C=C) was obtained in between 2260-2155 cm-1, the tension vibration of carbonyl of 

ester was obtained in between 1725-1745 cm-1, the tension vibration of phosphorous 

compound (P=O) was obtained in between 1250-1300 cm-1 and the tension vibration 

of (P-O) was obtained in between 1030-1050 cm-1 (297).  

 

4.2.5. Physicochemical Controls of Charge Inducer  

SA was used as positive charge inducer. 

 

4.2.5.1.  Identification of SA by FTIR Spectroscopy 

FTIR spectrum of SA was obtained as given in Section 3.4.5.1 and FTIR 

spectrum of SA was given in Figure 4.18. 
 

 
 

Figure 4.18. FTIR spectrum of SA 
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In the FTIR spectrum of SA, the tension vibration of aliphatic alkans (C-H) 

was obtained at 2956, 2920 and 2848 cm-1 and the inclination tension vibration of C-

CH3 was obtained at 1469 cm-1, the tension vibrations of P=O were obtained at 1110, 

1081, 1064, 1051, 1031 and 1019 cm-1 and the tension vibrations of P-O-P were 

obtained at 889, 815 and 720 cm-1. FTIR spectrum of SA was found proper with the 

previous studies (271,297-299). 

 

4.2.5.2. Identification of SA by DSC 

Thermal analysis curve of SA was obtained by DSC according to the 

procedure previously described in Section 3.4.5.2. DSC thermogram of SA was 

given in Figure 4.19. 

 

 
 

Figure 4.19. DSC thermogram of SA. 

 

As seen from DSC thermogram of SA, Tc value of SA was obtained at 

78,2ºC. Results were found proper with the previous studies and the literature 

(271,298-300). 

 

4.3. STUDIES on LIPOSOME and NIOSOME DISPERSIONS  

This section was divided into two parts: i. Results related with preliminary 

formulation studies on liposome and niosome dispersions, ii. Results related with 

characterization studies on liposome and niosome dispersions. 
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4.3.1. PRELIMINARY FORMULATION STUDIES 

- Determination of DTPA-PE Synthesis 

To radiolabel nanosized, PEGylated, Pramipexole encapsulated, liposomal 

and niosomal theragnostic liposomes DTPA-PE was synthesized as given in Section 

3.5 to radiolabel with 99mTc and to observe therapeutic efficacy. The synthesis of 

DTPA was observed with TLC detection and FTIR spectrum. 

 

- TLC Detection of DTPA-PE 

The TLC of DTPA-PE was performed as given in Section 3.5  and Rf value of 

DTPA-PE was calculated as 0.45 on the chromatogram by observing the spot under 

the UV lamp at 254 nm and found in accordance with the literature (273,275). The 

TLC chromatogram was given in Figure 4.20. 

 

 

Figure 4.20. The TLC chromatogram of DTPA-PE. 

 

- FTIR Spectrum of DTPA-PE 

FTIR spectrum of DTPA-PE was obtained as given in Section 3.5. The 

molecular structure of DTPA-PE and FTIR spectrum of DTPA-PE were given in 

Figure 4.21. and Figure 4.22., respectively. It was observed from the spectrum that 

(C-H) streching vibrations of aliphatic alkanes in between 2850-3000 cm-1, carbonyl 
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(C=O) vibrations of esters in between 1735-1750 cm-1, (N-H) contortion vibrations 

of secondary amine in between 1640-1560 cm-1, (C=O) streching vibrations of 

secondary amine carbonyl in between 1630-1680 cm-1. It was also found that (C-O) 

streching vibrations of ester and amide in between 1050-1300 cm-1 and (P-O) 

streching vibrations of phosphorous in between 1030-1050 cm-1 (275,297). 

 

 
 

Figure 4.21. The molecular structure of DTPA-PE. 

 

 

 

Figure 4.22. FTIR spectrum of DTPA-PE. 

 

HO
N

N
N

OH

O

O

OH
OO

OH

O

NH
O

P
O

O

O

O

O-

O

R1

R2

O



116 
 

 

- Preliminary Studies About Synthesis of Dopamine D2/D3 Receptor or DAT 

Specific Ligand for Active Targeting of Liposome and Niosome Dispersions 

It was thought to synthesize the dopamine D2/D3 receptors within striatum 

and substantia nigra or DAT specific radioligand and modify it with neutral and 

positively charged liposomal or niosomal drug delivery systems with a linker to 

actively target the theragnostic delivery sytems for both imaging and therapy of PD. 

This part was thought and planned to be performed at François Rabelais de Tours 

University, Tours/France as the co-directed cotutelle doctorate thesis. All the D2/D3 

receptors and DAT radioligands which were given at Section 3.5 in Table 3.1 and 

Table 3.2 were studied and searched for the ability to modify and link to liposomal 

and niosomal systems.  

However, it was evaluated by the valuable radiochemist (Assoc.Prof.Dr. 

Johny Vercouillie) of Tours University Molecular Imaging and Brain lab. and by 

many other eminent scientist/radiochemists/chemists from different Universities that 

it is very hard to link these radioligands to the drug delivery systems. Even if it can 

be possible, three dimentional structure of the radioligand could be changed after 

modification or within the organism which can cause significant loss in the affinity to 

the target site within the brain.  

All the radioligands given at Section 3.5 in Table 3.1 and Table 3.2 were 

investigated for their ability to modify to drug delivery systems one by one however, 

it was observed that they are improper for modification. As an example, 123I-IBZM 

was selected to study for modification and computer-aided conformational chemistry 

was studied for this compound designating its molecular structure (Fig. 4.23.) and 

enterance into D2/D3 receptor pocket (Fig. 4.24. and Fig. 4.25.). 

 

 

Figure 4.23. The molecular structure of 123I-IBZM. 
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Figure 4.24. The interaction of 123I-IBZM with dopamine D2/D3 receptor with the 

use of computer-aided conformational chemistry modelling.  

 

 

 
 

Figure 4.25. Three dimentional conformational structure of the interaction of 123I-

IBZM with dopamine D2/D3 receptor with the use of computer-aided 

conformational chemistry modelling. 
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These expert scientists’ opinion were in agreement with each other that the 

modification of 123I-IBZM radioligand to liposomal and niosomal delivery systems 

is mostly impossible with chemical synthesis methods. Therefore, it was aimed to 

prepare passively targeted, PEGylated, Pramipexole encapsulated liposomal and 

niosomal drug delivery systems and observe their efficacy by rotational behavior 

tests and autoradiography as a radioactive monitoring method for therapeutic 

efficacy. 

4.3.2. Formulation and Characterization of Nanosized, PEGylated, 

Pramipexole Encapsulated Liposome and Niosome Dispersions 

In order to easily compare and evaluate the characterization data of 

liposomal and niosomal formulations, these results will be given together in this 

section. 

4.3.2.1. Mean Particle Size and Size Distribution and Zeta Potential of 

Liposome and Niosome Dispersions  

The mean particle size, polydispersity index and zeta potantial of the 

prepared nanosized, Pramipexole encapsulated, PEGylated neutral and positively 

charged liposomal and niosomal formulations were measured as given in Section 

3.6.1.2.1. Results are given in Table 4.7.   
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Table 4.7. The mean particle size, polydispersity index and zeta potantial of the 

prepared neutral and positively charged liposomal and niosomal formulations. 

 

FORMULATIONS 
MEAN PARTICLE 

SIZE (nm) 
PDI 

ZETA 

POTENTIAL 

(mV) 

DPPC:Chol:PEG2000-PE 122 ± 1,3* 0,12 -10,6 ± 0,9* 

DPPC:Chol:PEG2000-PE:SA 165 ± 1,7 0,14 -5,71 ± 1,5 

SURII:Chol:PEG2000-PE 103 ± 1,2* 0,13 -13,8 ± 0,7* 

SURII:Chol:PEG2000-PE:SA 159 ± 1,8 0,17 -7,7 ± 1,3 

*(p<0.05), n=6, PDI= Polydispersity Index 

When the mean particle size and zeta potantial of liposomal and niosomal 

formulations were compared, no statistical difference was observed with the neutral 

liposomes and niosomes (p>0.05) however, a statistically significant alteration was 

observed in the mean particle size and zeta potential of positively charged liposomes 

and niosomes when compared with neutral liposomes and niosomes, respectively 

(p<0.05).  

4.3.2.2. Encapsulation Efficiency of Liposome and Niosome Dispersions 

The encapsulation efficiency of nanosized, Pramipexole encapsulated, 

PEGylated neutral and positively charged liposomal and niosomal formulations were 

evaluated as given in Section 3.6.1.2.2 (304). Encapsulation efficiency (%) was 

calculated and the results are given in Table 4.8.  
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Table 4.8. The encapsulation efficiency (%) of nanosized, Pramipexole 

encapsulated, PEGylated neutral and positively charged liposomal and niosomal 

formulations. 

 

FORMULATIONS 
ENCAPSULATION EFFICIENCY of 

PRAMIPEXOLE (%) 

DPPC:Chol:PEG2000-PE 9.42 ± 0.01* 

DPPC:Chol:PEG2000-PE:SA 5.94 ± 0.02 

SURII:Chol:PEG2000-PE 10.51 ± 0.01* 

SURII:Chol:PEG2000-PE:SA 6.84 ± 0.02 

  *(p<0.05), n=6. 

No significant difference was observed between neutral liposome and 

niosome formulations (p>0.05). However, a statistically significant increase was 

observed in the encapsulation of both neutral liposomes and niosomes when 

compared with positively charged ones (p<0.05).  

 

4.3.2.3. Liposomal Phospholipid Amount 

The phospholipid amount of nanosized, Pramipexole encapsulated, 

PEGylated, neutral and positively charged liposomal formulations was determined 

with Rauser method as given in Section 3.6.1.2.3 and the results are given in Table 

4.9. 
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Table 4.9. The phospholipid amount and phospholipid efficiency of nanosized, 

Pramipexole encapsulated, PEGylated neutral and positively charged liposomal 

formulations. 

 

FORMULATIONS 

PHOSPHOLIPID 

AMOUNT                 

(µmol lipit.mL-1) 

PHOSPHOLIPID 

EFFICIENCY       

(%) 

DPPC:Chol:PEG2000-PE  90.43 ± 2.13 91.6 ± 1,5 

DPPC:Chol:PEG2000-PE:SA 81.56 ± 3.21 82,68 ± 2,7 

 

The phospholipid loss in DPPC:Chol:PEG2000-PE liposomal formulation 

was observed higher when compared with DPPC:Chol:PEG2000-PE:SA liposomal 

dispersions due to the preparation process and experimental conditions; however, this 

difference was found statistically insignificant (p>0.05). 

 

4.4. Release Kinetics of Nanosized, Pramipexole Encapsulated Neutral and 

Positively Charged Liposome and Niosome Dispersions 

The release profile and kinetics of Pramipexole encapsulated liposomal and 

niosomal dispersions were investigated under this heading. 

4.4.1. Release Kinetics of Pramipexole Encapsulated Liposome 

Dispersions 

The release studies of Pramipexole from nanosized, PEGylated, neutral and 

positively charged liposomes were performed as given in Section 3.7.1. The 

comperative cumulative release (%) values for Pramipexole encapsulated, neutral 

and positively charged liposomes are given in Figure 4.26 and Table 4.10.  
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Figure 4.26. In vitro release of Pramipexole from neutral and positively charged 

liposome formulations in Tris (20 mM, pH 7.4) buffer (n=6). 

 

Table 4.10. The evaluation of in vitro release kinetics of Pramipexole encapsulated 

neutral and positively charged liposome formulations in Tris (20 mM, pH 7.4) buffer. 

*(m= slope, a=intercept, R2=determination coefficient). 

 

As seen from the Figures 4.26 and Table 4.10, the release kinetics of 

nanosized, Pramipexole encapsulated, PEGylated, neutral and positively charged 

liposomes fitted to the first-order release kinetics.  
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4.4.2. Release Kinetıcs of Pramipexole Encapsulated Niosome 

Dispersions 

The release studies of Pramipexole from nanosized, PEGylated, neutral and 

positively charged niosomes were performed as given in Section 3.7.2. The 

comparison of cumulative release (%) values for Pramipexole encapsulated, neutral 

and positively charged niosomes are given in  Figure 4.27 and Table 4.11. 

 

 

Figure 4.27. In vitro release of Pramipexole from neutral and positively charged 

niosomal formulations in Tris (20 mM, pH 7.4) buffer (n=6). 

 

Table 4.11. The evaluation of in vitro release kinetics of Pramipexole encapsulated 

neutral and positively charged niosome formulations in Tris (20 mM, pH 7.4) buffer. 

*(m= slope, a=intercept, R2=determination coefficient). 
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As seen from the Figures 4.26, 4.27 and Tables 4.10, 4.11, depending on the 

high determination coefficient (R2), the release kinetics of nanosized, Pramipexole 

encapsulated, PEGylated, neutral and positively charged liposomal and niosomal 

formulations fitted to the first-order release kinetics.  

For a better comparison, a cumulative release (%) graph was given in Figure 

4.28 for both neutral and positively charged, nanosized, Pramipexole encapsulated, 

PEGylated liposomes and niosomes. 

 

 

 

Figure 4.28. In vitro release of Pramipexole from neutral and positively charged 

liposomal and niosomal formulations in Tris (20 mM, pH 7.4) buffer (n=6). 

 

Both neutral and positively charged liposomes and niosomes showed first-

order release kinetics. Different charged liposome formulations containing DPPC as 

phospholipid showed slightly better in vitro Pramipexole release rate. They may be 

more efficient than niosome formulations however, this difference was found 

statistically insignificant (p˃0,05). 
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4.5. In Vitro BBB Cell Co-Culture Studies 

In vitro BBB penetration of nanosized, PEGylated, Pramipexole encapsulated 

neutral and positively charged liposomal and niosomal dispersions were carried out 

in BBB Cell Co-Culture model in Transwell® plate composed of astrocyte at the 

bottom and endothelial cells at the top part as given in Section 3.8. The fluorescence 

microscopy images were taken at 0 and 2 h after application of nanosized, 

Rhodamine labeled, Pramipexole encapsulated, neutral and positively charged 

liposome and niosome formulations on the Transwell® plates (Fig. 4.29). 

As observed from microscopy images (Fig. 4.29), significantly high 

fluorescence signal was observed at cell cultures incubated with all formulations at 

120 min designating BBB penetration at BBB Cell Co-Culture model. Especially, 

significantly higher fluorescence signal was obtained from the cells administered 

neutral, nanosized, Rhodamine labeled, Pramipexole encapsulated liposomes and 

niosomes at 120 min. 

 

 

 

Figure 4.29. Bright light images and fluorescence microscopy images 

designating penetration of BBB Cell Co-Culture model of neutral and positively 

charged liposomes and niosomes at different time points (Magnification: x 40). 

 



126 
 

 

In order to observe the significance of penetration through BBB Cell Co-

Culture model, releative fluorescence intensity was also measured after sampling at 

the bottom part of model to evaluate BBB penetration of nanosized, PEGylated, 

Pramipexole encapsulated neutral and positively charged liposomal and niosomal 

dispersions by spectrofluorometry at excitation=560 nm and emmission=583 nm 

wavelength at 0, 30, 60, 90, 120, 150 and 180 min (Figure 4.30). 

 

 

 

Figure 4.30. Relative fluorescence intesities designating penetration of BBB Cell 

Co-Culture model of neutral and positively charged liposomes and niosomes at 

different time points (n=6). 

 

All formulations exhibited a significant increase in relative fluorescence 

intensity at 120 min. when compared with 30, 60 and 90 min. (p<0,05). Especially 

neutral, nanosized, Rhodamine labeled, Pramipexole encapsulated liposomes and 

niosomes exhibited a significant increase in relative fluorescence intensity at 120 

min. when compared with 30, 60 and 90 min. (p<0,05) which designating BBB 
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penetration at BBB Cell Co-Culture model. No significant increase was observed in 

relative fluorescence intensity from 120 to 180 min. (p˃0,05). 

 

4.6. The Decision of Optimum Formulations for In Vivo Animal Studies 

Due to the smaller mean particle size, proper zeta potential, larger 

encapsulation efficiency, higher phospholipid amount and better release kinetics, 

neutral liposomes and niosomes were selected as optimum formulations to apply to 

in vivo studies (Table 4.12.). Therefore, therapeutic efficacy of nanosized, 

Pramipexole encapsulated, neutral liposome and neutral niosomes were evaluated 

and monitored in PD model developed rats to compare with premipexole solution 

and Tris buffer.  

 

Table 4.12. The mean particle size, polydispersity index and zeta potantial of 

optimum neutral liposomal and niosomal formulations. 

 

FORMULATIONS 

[Molar  

Comp. (%)] 

MEAN 

PART. 

SIZE (nm) 

PDI 

ZETA 

POTENTIAL 

(mV) 

ENCAPS. EFF. 

of 

PRAMIPEXOLE 

(%) 

PHOSPH. 

AMOUNT                 

(µmol lipit.mL-1) 

PHOSPH. 

EFF.(%) 

DPPC:Chol: 

PEG2000-PE 

[10:5:1] 

122 ± 1,3 0,12 -10,6 ± 0,9 9,42 ± 0,01 90,43 ± 2,13 91,6 ± 1,5 

SURII:Chol: 

PEG2000-PE 

[10:5:1]         

103 ± 1,2 0,13 -13,8 ± 0,7 10,51 ± 0,01 - - 

 

4.7. 6-OHDA Induced Unilateral Partial Striatal Lesion of Rats 

24 rats were selected as succesful PD model after application of unilateral 

6-OHDA due to the rats performed equal and more than 8 turns/min in rotometer 

test at 7 dpl. 
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4.8. Application of Liposomes and Niosomes 

6-OHDA lesioned rats performing 8 or more ipsilateral turns/min were 

administered nanosized, PEGylated, Pramipexole encapsulated neutral liposomes 

(liposomes), nanosized, PEGylated, Pramipexole encapsulated neutral niosomes 

(niosomes), Pramipexole solution and Tris buffer (20mM, pH=7,4) as control 

group i.p. till 21 dpl. All formulations contain the same amount of Pramipexole 

(0,5 mg.mL-1) to compare the efficacy.  

Two rats were tried to administer nanosized, PEGylated, Pramipexole 

encapsulated neutral liposomes (liposomes) and nanosized, PEGylated, 

Pramipexole encapsulated neutral niosomes (niosomes) i.v. designated occlusion 

and inflammation at tail vein due to the chronic administration, so this group was 

removed from experimental protocol. 

 

4.9. Monitoring of Therapeutic Efficacy 

  

4.9.1. Rotometer Test 

Therapeutic efficacy of Pramipexole encapsulated liposomes and niosomes 

were evaluated by the number of ipsilateral turns in rotometer test as given in Section 

3.10.3.3, Section 3.10.3.4 and Section 3.13. The difference between rotometer test 

results for 6-OHDA lesion PD model rats i.p. administered nanosized, PEGylated, 

Pramipexole encapsulated neutral liposomes, niosomes, Pramipexole solution and 

Tris buffer (20mM, pH=7,4) as control group at 7 dpl, 14 dpl and 21 dpl after 

amphetamine sulphate injection (3 mg.kg-1, i.p.) are given in Figure 4.31. 

Regarding the delay after lesion, no difference in the number of ipsilateral 

turns was observed between 7, 14 and 21 dpl in the control and PPX groups. 

However, a slight increase was observed in Pramipexole encapsulated neutral 

liposome group at 21 dpl (p<0.0421 vs controls) and in Pramipexole encapsulated 

neutral niosome group at 14 and 21 dpl (p<0.0362 and 0.0459, respectively).   

At 7 and 14 dpl, the number of turns was similar in 4 groups. However, at 21 

dpl a slight but significant increase was observed in the Pramipexole encapsulated 

neutral niosome compared to the control goup (p<0.0294). 
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Figure 4.31. The mean ± SD values of number of ipsilateral turns in min. at 7, 14 

and 21dpl after i.p. administration of nanosized, PPX-DPPC liposomes, PPX-SURII 

niosomes, pramipexole solution and control (n=6 in each group). 

 

4.9.2. Autoradiography Studies 

In order to observe the therapeutic effect of nanosized, pramipoexole 

encapsulated, liposomes and niosomes more accurately, DAT autoradiography was 

performed after a period of 21 days of therapy following sacrifice. DAT 125I-PE2I 

autoradiography was performed as given in Section 3.14 to designate the 

radioactivity accumulation in both ipsilateral and intact part of the brain sections. 

The percent loss in DAT specific radioligand [125I]PE2I binding values in the 

lesioned rats were calculated by comparing the lesioned to intact striatum.  

Some of autoradiograms are given in Figure 4.32. representing the 

accumulation of radionuclide in striatum. 
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(a) (b) 

                       

             

(c) (d) 

 

Figure 4.32. Autoradiograms of brain striatum of (a) Pramipexole 

encapsulated, PEGylated, neutral liposomes, (b) Pramipexole encapsulated, 

PEGylated, neutral niosomes, (c) Pramipexole solution and (d) Tris buffer (20 mM, 

pH:7,4) i.p. administered 6-OHDA lesioned rats (while upper parts representing 

ipsilateral (lesioned part) of the striatum, bottom parts represent controlateral parts of 

the striatum of the brain (control)). 

 

The percent loss in the accumulation of DAT specific radioligand [125I]PE2I 

in the lesioned part was calculated and results are given in Figure 4.33. 
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Figure 4.33. The percent loss in the radioactivity accumulation in the 

lesioned part of 6-OHDA partial lesioned PD model rats after i.p. administration of 

nanosized, Pramipexole encapsulated DPPC:Chol:PEG2000-PE liposomes, 

SURII:Chol:PEG2000-PE niosomes, Pramipexole solution and Tris buffer (control) 

(n=4). 

The effect of formulations can be observed from the decrease in the loss of 

binding [(Non-lesioned part-lesioned part)/Non-lesioned part] (%) at the ipsilateral 

(lesioned) side. The percent loss of DAT binding was found signifcantly lesser with 

both neutral niosomes and Pramipexole solution than untreated group (control) and 

neutral liposomes (p<0,05) which attenuates pramipexole niosomes a tendency of 

potential therapeutic efficacy. Niosomes gave better results than Pramipexole 

solution (p˃0,05). While the increase in the percent loss of accumulation in the 

lesioned part compared with the nonlesioned part was found higher after therapy 

with i.p. Pramipexole encapsulated DPPC:Chol:PEG2000-PE liposome 

administration, it was found lesser with SURII:Chol:PEG2000-PE niosome therapy 

(p<0,05). The therapy effect of both Pramipexole encapsulated 

SURII:Chol:PEG2000-PE and Pramipexole solution found similar in 

autoradiograms. Both SURII:Chol:PEG2000-PE and Pramipexole solution therapy 

gave better results than control Tris buffer (20 mM, pH:7,4) in autoradiography 

studies (p<0,05). 
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Becasuse the administration protocol of pramipexole tablets in clinics begins 

with three times in a day of 0,125 mg (0,375 mg.day-1) premipexole during the first 

week then it can be increased till maximum 4,5 mg.day-1 (305,306). The ascending 

dosage schedule of pramipexole tablets for Parkinson's Disease is given in Table 

4.13 (305). 

 

Table 4.13. Ascending Dosage Schedule of Pramipexole tablets for Parkinson's 

Disease (305). 

 

Week Dosage (mg) Total Daily Dose (mg) 

1 0.125 three times a day 0.375 

2 0.25 three times a day 0.75 

3 0.5 three times a day 1.50 

4 0.75 three times a day 2.25 

5 1 three times a day 3.0 

6 1.25 three times a day 3.75 

7 1.5 three times a day 4.50 

 

The pramipexole dose which was given with pramipexole encapsulated, 

nanosized, PEGylated liposomes and niosomes is 0,043 mg.day-1 (Briefly the 

encapsulated pramipexole dose of liposomes and nisomes are similar and about 0,5 

mg.mL-1. The pramipexole dose in pramipexole solution is the same as 0,5 mg.mL-1. 

We administered rats 3 days a week about 0,2 mL of formulations each so the 

administered volume to a single rat is 0,6 mL.week-1. The pramipexole dose 

administered to a single rat is 0,3 mg.week-1 which corresponds to a dose of 0,043 

mg. day-1). This dose is approximately 9 times lesser than the minimum starting dose 

of conventional pramipexole tablets routinely used in Neurology clinics.  
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5. DISCUSSION 

 

5.1. The Evaluation of Pramipexole Encapsulated, PEGylated, Liposome and 

Niosome Formulations 

 

5.1.1. Selection of Active Ingredient 

As active ingredient, Pramipexole dihydrochloride monohydrate was 

encapsulated in the core of both liposome and niosome dispersions as an 

antiparkinsonian agent. Pramipexole is a non-ergot derived D2 and D3 receptor 

agonist and it has a selective activity at dopamine receptors belonging to the D2 

receptor subfamily (D2, D3, D4 receptor sub-types) with preferential affinity for D3 

receptor subtype. Additionally, it is approved as monotherapy in early PD and as 

adjunctive therapy to levodopa in patients with advanced disease experiencing motor 

effects because of diminished response to levodopa. Initiation to a treatment protocol 

with a dopamine agonist is better for slowing down initiation of dyskinesia, wearing 

off. It appears advantageous to use a dopamine agonist such as Pramipexole in long-

term treatment protocol as monotherapy or adjunctive therapy to levodopa for 

decreasing not only adverse effects but also treatment cost (307). Pramipexole can 

inhibit neurotoxicity of levodopa (308) via neuroprotection effect toward nigral 

dopamine neurons in vivo and results in protection of dopamine neurons from 

toxicity of methamphetamine (309), 6-OHDA, MPTP (310) and acute hypoxia or 

ischemia (57,309). Pramipexole was found effective in inhibiting free radical-

mediated lipid peroxidation and protecting MPTP induced nigral dopaminergic 

injury (57,311). Although Pramipexole is used in clinics for PD therapy as either 

monotherapy or adjunctive therapy to L-DOPA currently its liposomal and niosomal 

formulations have never been studied before.  

The reason of Pramipexole selection depends on its quite high solubility 

which is more than 20 % in water, about 8 % in methanol and 0.5 % in ethanol (265). 

Pramipexole dihydrochloride monohydrate is classified as BCSC1 substance 



134 
 

 

depending on high solubility and high permeability properties (312). This property is 

very useful for obtaining high encapsulation in liposomes and niosomes. Another 

reason of this choice is that there is no research about liposomal and niosomal 

formulations of Pramipexole. Only oral formulations are available in markets for PD 

therapy. Liposomal and niosomal formulations may be a potential alternative to 

obtain similar therapeutic effects with encapsulating lesser doses. Additionally, the 

prevalence of the observation of side effects with Pramipexole administration is very 

rare or none. It is mostly a very safe drug but it can cause some potential side effects 

in some patients like allergic reactions such as hives, dizziness or drowsiness, 

difficulty in breathing, swelling of the face, lips, tongue, or throat and sometimes 

nausea, sweating, feeling light-headed, fainting; hallucinations, muscle pain. But, 

these adverse reactions can be seen in a very limited population. Although 

pramipexole designates side effects very rarely, the observation of possible side 

effects may be significantly decreased by the administraion of lesser doses of 

pramipexole with liposomes and niosomes.  Depending on its high water solubility it 

was successfully encapsulated in the aqueous core of PEGylated liposome and 

niosome dispersions for PD treatment and by this way it was aimed to reduce side 

effects when compared with Pramipexole solution which was routinely used in 

neurology clinics of hospitals. Depending on encapsulation in these systems it was 

aimed to enhance brain penetration. Another very significant property is to diminish 

dose administration frequency and to increase patient compliance depending on 

higher drug encapsulation in lipoosme and niosome vesicles. 

A variety of studies were carried out in different formulations of 

Pramipexole. To evaluate the effect of Alzet minipumps implants, continuous release 

formulation of Pramipexole as s.c. injection was compared in rats (313). As another 

study, Pramipexole microsphere formulation was formulated by Wakode et al (314). 

Diffusion controlled, prolonged release about 24 h was obtained (314) which shows 

the effectiveness and usefullness of different formulations of pramipexole. 
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5.1.1.1. Tests on Pramipexole and Evaluation of UV Spectrum and 

Standart Line of Pramipexole 

All the tests related with the properties of Pramipexole (as the salt of 

dihydrochloride monohydrate) was admitted depending on its analytical sertificate 

obtained from the drug company (Abdi Ibrahim Ilaç San.).   

To evaluate the encapsulation efficiency of liposome and niosome 

formulations, the UV spectrum and standart line and line equations were calculated 

in both Tris buffer (20 mM, pH:7.4) and ethanol as given in Section 3.3.2.1 and 

Section 3.3.2.2, respectively. UV spectra of Pramipexole were obtained in Tris buffer 

(20 mM,  pH 7.4) in the mean of 6 series as explained in Section 3.3.2.1 and λmax was 

observed at 262 nm. UV spectrum in Tris buffer (20 mM, pH:7.4) is crutial in the 

determination of the released amount of Pramipexole from liposome and niosome 

vesicles which was evaluated by dialysis method. Analytical method validation was 

also performed to evaluate the reliability of the method of determination of the 

amount of the active ingredient within the way of aimed usage. 

UV spectra of Pramipexole were obtained in ethanol as the mean of 6 series 

as explained in Section 3.3.2.2 and λmax was observed at 262 nm. UV spectrum and 

standart line in ethanol is important to determine the encapsulation amount. While 

the determination of encapsulation efficieny (%) is significant in the determination of 

the characterization of liposomal and niosomal dispersions. The investigation of 

released amount is significant in the determination of the release profile of these drug 

delivery systems which may cause a significant advantage when compared with 

conventional drugs in PD treatment.  

 

5.1.2. DRUG DELIVERY SYSTEM DESICION 

Nanosized, Pramipexole encapsulated, PEGylated liposome and niosome 

formulations were formulated, characterized and evaluated for the therapeutic 

efficacy in PD treatment. The major problem of the use of conventional drugs in PD 

treatment is their lesser amount of drug penetration from BBB and reaches to the 
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brain. BBB is a barrier which is formed by blood vessel endothelial and is a dynamic 

block which can be affected by physical, humoral and neural stimuli. In brain blood 

vessel endothelium, there are tight junctions which prevents change of solid and 

aquoeous substance freely on the contrary to peripheral tissue endothelium. In the 

presence of BBB, more than 98% of the active ingredients can not penetrate into the 

brain. The penetration degree of BBB depends on oil dissolution, molecular weight, 

charge and the degree of binding to serum proteins. Another way of penetration into 

the BBB is the use of nanoparticles as drug carrier systems. Although 

nanotechnology is generally related with materials and devices that are smaller than 

100 nm, the avarage radius of nanoparticles is in nanometer sizes such as about 100-

400 nm. To obtain therapeutic effect in brain, dose is increased which it increases the 

frequency of side effects. Therefore, the solutions are searching for increasing drug 

amount without increasing drug dose. Nanosized drug delivery systems have 

important advantages in this issue (8).  

The potential applications of nanotechnology to drug field comprises subjects 

such as improvements and potential applications of drug delivery systems and 

diagnostic devices and gene therapy. So many benefits are obtained by the 

application of nanotechnology to pharmaceutical field. Nanosystems that are used in 

nanomedicine comprises liposomes, niosomes, micelles, nanospheres, polymeric 

delivery systems, dendrimers, emulsions, nanoparticles and nanocapsules etc. Apart 

from other conventional drugs, the superiority of these drug delivery systems using 

benefits of nanotechnology basically depends on small particle size. Nanosized drugs 

can cause more rapid and efficient effect even in lower administered concentrations  

(8-11). 

Among all drug delivery systems, liposomes and niosomes have been studied 

for many years depending on their different advantages due to the use as drug 

delivery system by Bangham et al in 1965 (99). Liposomes are synthetic analogous 

of natural membranes and composed of phospholipids. They are generally composed 

of one or more consantric vesicles containing lipid bilayers that are seperated by 

aqueous buffer compartments. Niosomes are nonionic surfactant vesicles in which 

hydrophobic and hydrophilic active pharmaceutical ingredients can be encapsulated 
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(14). The composition of niosomes are very similar to that of liposomes, however, 

the substances used for the preparation of niosomes, non-ionic surfactants, give them 

a more stable structure and more ability to penetrate through BBB.  

Liposome and niosome dispersions were selected for delivery of Pramipexole 

to brain for the therapy of PD for some reasons such as;  

a)  Liposomal and niosomal systems of Pramipexole was never studied 

before, 

b) Liposome and niosome dispersions are very safe, biocompatible, 

biodegredable and non-toxic and additionally liposomes increase bioavailability of 

drugs, 

c) Due to the membrane properties of liposomes and niosomes, these drug 

delivery systems can be targeted to the desired tissue such as tumor and brain by 

altering surface properties (315-318),  

d) Depending on the phospholipid structure of liposomes and surfactant 

structure of niosomes Pramipexole can be effectively delivered to the brain in which 

these causes flexibility to these systems for BBB penetration,  

e) Non-ionic surfactant within the niosomes can facilitate BBB penetration 

depending on causing any disruption in BBB tight junction or endothelials,  

f) Controlled release of Pramipexole can be achieved by encapsulating 

Pramipexole within liposome and niosome dispersions,  

g) Higher Pramipexole dose can be delivered to the brain by liposomal and 

niosomal formulations without causing any side effects or lesser side effects which 

can be seen with the long term use of conventional oral dosage forms such as some 

motor complications like abnormal unintended movements and shortening response 

to each dose (wearing off phenomenon),  

h) Dosing frequency can be diminished by the use of liposomal and niosomal 

formulations with prolonged and controlled drug delivery and by this way patient 

complience can be increased  

i) An alternative delivery system of Pramipexole can be obtained other than 

oral delivery as routinely used in neurology clinics.  
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5.1.3. Selection and Physicochemical Controls on Other Ingredients 

within Liposome and Niosome Dispersions 

 

5.1.3.1. The Selection of Phospholipid and Surfactant  

It is significant to pay attention that phospholipids in liposomes and 

surfactants in niosomes should have a definite and proper phase transition 

temperature in which liposomes and niosomes formed vesicles by performing phase 

transition in a characteristic gel-liquid phase transition temperature. 

Phase-transition temperature is a function of acyl chain in the structure of 

phospholipids in liposomes and the phase transition temperature designated a 

temperature increase about 15ºC by adding every methylene group at position 2. The 

presence of acidic phospholipid head groups within the structure such as unsaturated 

acyl chains, branching, phosphatidyl serine and phosphatidyl glycerole head groups 

may cause a decrease in phase transition temperature (121). This property gives 

liposomes to exert in vitro and in vivo behaviour preciously. 

DPPC as gel state phospholipid was decided as phospholipid in the structure 

of liposome formulations. DPPC is selected which is a saturated synthetic 

phospholipid. The unsaturation within the structure was disappeared in gel state 

DPPC and by this way gel state phospholipids are more resistant to oxidation when 

compared with liquid-crystalline type phospholipids. 

The phase transition temperature of phospholipid DPPC is about 41°C. The 

phase transition temperature of phospholipids is very significant because it was 

estimated that it has a crutial role in physicochemical properties of liposomes such as 

particle size and encapsulation efficiency and as a result of this it has an impact on its 

blood circulation time and in vivo targeting (267). The results obtained from 

characterization studies such as particle size, encapsulated amount and liposomal 

phospholipid amount were found very convinient for liposomes.  

The same issue was also mentioned for niosomes. SUR II was selected as 

non-ionic surfactant for the formulation of nanosized, PEGylated, Pramipexole 

encapsulated niosomes. SUR II is a gel type surfactant with a phase transition 

temperature of 50,9 ºC. The HLB value of SUR II was found as 9,79 which 
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designated that SUR II has hydrophilic property. The phase transition temperature of 

non-ionic surfactant is very significant because similar to liposomes, it was estimated 

that it has a crutial role in physicochemical properties of niosomes such as particle 

size and encapsulation efficiency and as a result of this, it has an impact on its blood 

circulation time and in vivo targeting (267). The results obtained from 

characterization studies such as particle size, encapsulated amount and liposomal 

phospholipid amount were found very proper for the formulation of passively brain 

targeted nanosized, Pramipexole encapsulated, PEGylated niosomal formulations for 

the therapy of PD.  

 

5.1.3.2. Addition of Cholesterol to the Formulation  

Cholesterol is added to the drug delivery vesicular systems to optimize the 

permeability of the bilayer. While cholesterol contributes to a slide fluidity in the 

formulation of gel type vesicles, it mostly contributes to regulatory effect in the 

formulation of liquid type vesicles. Thus, cholesterol decreases the leakage of 

encapsulated drugs by decreasing the permeability of liquid type phospholipid 

bilayer and increasing the rigidity (267).  

A variety of advantages was mentioned in the literature about the use of 

cholesterol in the preparation of vesicular systems. Cholesterol has very significant 

effect by decreasing of leakage of hydrophilic drug encapsulated inside the aquous 

core liposomes and increasing in vivo stability of liposomes by optimization of 

rigidity of lipid bilayer. 

Plasma proteins give damage to the liposome integrity and membrane 

composition by conjugating with phosphatidylcholine within liposome composition. 

Cholesterol prevents interaction of high density lipoproteins with phospholipids. The 

composition of cholesterol is also very crutial for the formulation of liposomes and 

niosomes. It was observed that phase transition was disappeared completely when 

cholesterol ratio reaches about 33% (119,121).  

Cholesterol was used in all nanosized, PEGylated, Pramipexole encapsulated 

liposome and niosome formulations in proper ratios due to the advantages of 

cholesterol which were given above.  
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5.1.3.3. Addition of PEG2000-DSPE 

One approach to increase the blood circulation of pharmaceutical nanocarriers 

is the chemical modification with a hydrophilic polymer such as PEG. PEG is one of 

the mostly desired polymer, nowadays. An increase in the surface charge and 

hydrophilicity by PEGylation of nanoparticles can be achieved and by this way an 

increase in the repulsive interaction within the polymer coated nanocarrier and blood 

components can be obtained. By the effect of steric stabilization, rapid removal of 

liposomes from blood-circulation by opsonization with RES systems such as plasma 

proteins and macrophages can be achieved (142,319).  

Anticancer drugs with low dissolution designated increased amount of 

accumulation in tumor tissue with EPR effect with angiogenesis and enhanced 

leakage from vessels to tissue by PEGylation (123,133,147). 

Lukyanov et al (149) prepared micelles conjugated with PE attached PEG 

chains having different molecular length and after In-111 labeling they observed 

tumor accumulation of these PEG chains. As a result, different PEG-PE conjugates 

prepared with PEG blocks with a molecular weight of 750-5000 Da contribute to 

formulate very stable micelles having low critical micel concentration which 

designates high in vivo tumor accumulation.    

Surface modification was performed by PEG2000-DSPE coating in all 

liposome and niosome fomulations comprising DPPC as phospholipid and SUR II as 

non-ionic surfactant, respectively. By this way, it was aimed passive tumor targeting 

by EPR effect in tumor tissue with preventing opsonization by RES cells and 

increasing blood circulation time. DSPE provides conjugation of PEG on liposome 

bilayer. 

The molecular weight of PEG should be proper for surface coating and 

hydrolization to prevent or decrease RES uptake and rapid removal from blood 

circulation (274). PEG2000-DSPE was added both liposome and niosome 

dispersions in a proper amount.  
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5.1.3.4. Addition of Positive Surface Charge 

Steraylamine (SA) is a positively charged ingredient to provide positively 

charged formulations. SA was added both liposomal an niosomal dispersions in a 

proper amount to evaluate both the characterization, release kinetics and passive 

targeting of liposome and niosome dispersions and compare its effect with non-

charged (neutral) nanosized, Pramipexole encapsulated, PEGylated liposome and 

niosome dispersions. 

Charge inducer ingredient provides to perform electrostatic interactons within 

vesicles and electrostatic charge potential on the vesicle surfaces. This may 

contribute to the physical stability of liposomal and niosomal formulations by 

increasing the distance within the vesicles. By this way, repulsion can be observed 

within different bilayers and the possibility of formation of aggregation may be 

disappeared (320,321).  

 

5.1.3.5. Chelating Agent 

In preliminary studies, the liposome and niosome dispersions were 

radiolabeled with Tc-99m as to perform SPECT imaging in vivo to evaluate both 

imaging and therapy of PD.  DTPA-PE was used as chelating agent to attach Tc-99m 

on the surface of liposome and niosome formulations. For the purpose of 

incorporating radionuclide DTPA-lipid conjugate DTPA-PE was synthesized in our 

lab. as given in Section 2.5 with the method performed by Grant et al (273). 

Radionuclides used for scintigraphic imaging such as Tc-99m, In-111 and 

contrast agents used for MRI such as Gadolinium (Gd) can be incorporated in the 

structure of liposomal vesicles with a two basic approaches up to now. As the first 

approach, contrast agent or radionuclide loaded DTPA was encapsulated inside the 

core of liposomes (275,322).  

As an alternative approach, DTPA or a different chelating agent was modified 

with a hydrophilic group by a chemical process and conjugated at the surface of lipid 

bilayer of liposomal vesicles at the time of or after the preperation (323-325). One of 

the most commonly preferred hydrophilic group is phosphatidyl ethanolamine (PE). 

Chelating agent DTPA conjugates to the amino head group with –COOH group and 

by this way while PE was incorporated with the lipid bilayer, contrast material or 
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radionuclide was incorporated with DTPA (273,275). Besides PE, SA and 

stearylalcohol are also used for this purpose. However, depending on the neurotoxic 

effect of stearylamine (SA) and stearylalcohol,  these molecules are not prefered. 

Although, DTPA is the most commonly used metal chelator agent nowadays, the 

most significant disadvantage is the limited loading capacity of metal groups. One 

metal group is loaded on the liposome surface on every chelating agent.  DTPA-PE 

was synthesized and added to the composition of nanosized, Pramipexole 

encapsulated, PEGylated liposomes and niosomes to radiolabel with Tc-99m in 

preliminary studies for both imaging and therapy of PD. However, due to the reasons 

given above theragnostic systems were quited and passive targeted liposome and 

niosome dispersions were formulated and evaluated for the therapy of PD. 

 

5.1.4. Physicochemical Controls on Ingredients 

TLC, DSC and FTIR spectroscopy determination for phospholipid and 

surfactant within both liposome and niosome formulations gave important 

information about the composition of formulations. These analysis were performed 

as given in Section 3.4. These techniques depend on the identification and 

characterization of ingredients. Melting point determination was made for surfactant 

and cholesterol as given in Section 3.4.2.4 and Section 3.4.3.4. 

TLC is a chromatography technique depends on the seperation of substances 

due to their polarity and non-polarity (326). By the use of TLC, compounds in a 

mixture can be identified and their purity can be determined (327). In case of TLC, 

Rf values of all the ingredients within the liposomal and niosomal formulations 

including phospholipid, cholesterol, PEG2000-DSPE were found very proper and 

compatible with the literature (271,275,294,295,303). Additionally, the synthesized 

chelating agent DTPA-PE used for the preliminary formulation studies was also 

found proper with the literature designating the success of the sythesizing process 

(273,275). 

The Hydrophilic - Lipophilic Balance (HLB) value is very crutial for 

surfactants. HLB is the ratio of oil and water-soluble constituents of a non ionic 

surfactant. The HLB value can be used to predict the surfactant properties of a 

molecule or a formulation (268,269). While the lower the HLB, the more lipophilic 
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or oil soluble surfactant becomes, the higher the HLB, the more water soluble or 

hydrophilic surfactant becomes (328). The HLB value of SUR II was evaluated as 

given in section 2.4.2.1 and it was calculated as 9,79 which designated that SUR II 

has hydrophilic property. This value was found paralell with the literature 

(271,298,299). The melting temperature of SUR II was found as 45ºC. which found 

in accordance with the previous studies (301). 

DSC is another identification technique to asess the purification of the 

ingredients. DSC is a thermoanalytical technique and as a mechanism of this 

technique the difference in the amount of heat required to increase the temperature of 

a sample and reference is measured as a function of temperature. DSC can be used to 

measure a number of characteristic properties of a sample. Using this technique it is 

possible to observe fusion and crystallization events as well as glass transition 

temperatures (Tg) and phase trensition temperatures (Tm). DSC is also useful to 

study oxidation, as well as other chemical reactions to define the purification of 

substances (329-331). DSC thermograms of phospholipid (DPPC), non-ionic 

surfactant (SUR II), cholesterol and positive charge inducer (SA) were determined. 

Depending on the DSC thermograms and thermal analysis slopes, the phase 

transition temperatures of DPPC, SUR II were observed at about 41°C and 50,9ºC, 

respectively which were consistant with the literature (271,275,296,298,299). 

Dependig on the DSC thermograms of cholesterol and SA, the phase transition 

temperatures were obtained as 45°C and 78,2ºC, respectively. These results were 

observed compatible with the literature (271,275,298-300).  

FTIR spectroscopy is another crutial chemical technique for the purpose of 

identifying the substances and their quality conrol. FTIR energy can be emitted or 

absorbed by molecules when they change their rotational-vibrational movements 

(332). FTIR spectroscopy is a simple and reliable technique widely used in both 

organic and inorganic chemistry, in research and industry. FTIR spectroscopy is a 

technique used to identify molecules by analysis of their constituent bonds. Each 

chemical bond in a molecule vibrates at a frequency characteristic of that bond. Its 

principle depends on the absorption spectroscopy and it can be used to identify and 

study chemicals (333). As seen from the FTIR spectra of DPPC, SUR II, cholesterol 

and SA, the tension vibrations and other bending and streching attitutes are found 



144 
 

 

proper with the structure of these substances and also found in accordance with the 

literature (271,275,297-299).  

 

5.2. Preliminary Studies Related with the Formulation of Theragnostic 

Liposome and Niosome Dispersions 

At the beginning of the research and before determination of the optimum 

formulation approach, several preliminary studies on formulations were performed as 

given in Section 3.5 after following an intensive literature survey about the studies 

related with BBB delivery of liposomal and niosomal dispersions about two years. At 

the beginning of the research, it was planned to formulate theragnostic drug delivery 

systems for both the diagnosis and therapy of PD, equally. Recent studies about 

theragnostics are very popular especially in the field of oncology due to the ability to 

provide therapy monitoring at the same time with therapy application (334-337). We 

intended to formulate theragnostic liposome and niosome formulations for both the 

diagnosis and therapy of PD. 

As preliminary studises, it was tried to formulate premipexole encapsulated, 

PEGylated, nanosized theragnostic liposome and niosome formulations which were 

dopamine D2/D3 receptor or dopamine transporter (DAT) specific ligand modified 

to obtain active targeting and 99mTc radiolabeled systems to obtain SPECT molecular 

imaging and diagnosis in preliminary formulation studies. 99mTc radiolabeling was 

performed with the help of DTPA-PE attachment which its sythesis has been given in 

Section 3.5 (273,274). The synthesis of DTPA was evaluated with TLC detection and 

FTIR spectrum.  

The synthesis, modification and anchoring of dopamine D2/D3 receptor or 

DAT specific ligand onto these liposomal and niosomal drug delivery systems which 

were thought and planned to perform at François Rabelais de Tours University, 

Tours/France. All the D2/D3 receptors and DAT radioligands which were given at 

Section 3.5 in Table 3.1 and Table 3.2 were studied and detected for the ability to 

modify and link to liposomal and niosomal systems.  

It was evaluated by different valuable radiochemists and chemists in France, 

Turkey and Netherlands and it was concluded that the conjugation and binding of 

these radioligands to the drug delivery systems is very hard to perform. Even if it 
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could be possible, three dimentional structure of the radioligand could be changed 

after modification or in the organism which can cause significant loss in the affinity 

to the target site in the brain.  

These expert scientists’ opinion were in agreement with each other that the 

modification of 123I-IBZM radioligand or other radioligands to liposomes and 

niosomes is mostly impossible with chemical synthesis methods. Because these drug 

delivery systems are very sensitive to the high temperature which may be applied 

within the synthesis process and also three dimentional structure of the radioligand 

will most probably change after the modification. Therefore, it has to be cancelled to 

prepare actively targeted theragnostic drug delivery sytems for both imaging and 

therapy of PD. Therefore we had to modify our aim and later it was aimed to prepare 

nanosized, PEGylated, Pramipexole encapsulated liposomal and niosomal drug 

delivery systems and observe their efficacy by rotational behavior tests and 

autoradiography as a radioactive monitoring method for therapeutic efficacy, solely. 

 

5.3. Formulation Studies Related with Nanosized, Pramipexole Encapsulated, 

PEGylated, Liposome and Niosome Dispersions 

Pramipexole encapsulated, nanosized, PEGylated neutral and positively 

charged liposome formulations were prepared according to the preparation method 

performed by Oku et al (276) according to the proper phospholipid compositions for 

brain penetration. As similar to liposomes, niosomes were also prepared according to 

the same procedure because niosomes are very similar to liposomes; the only 

difference is the non-ionic surfactant which is used in the formulation instead of 

phospholipid. 

 

5.3.1. Characterization of Nanosized, Pramipexole Encapsulated, 

PEGylated, Liposomal and Niosomal Dispersions 

In this section, the characterization of both neutral and positively charged, 

Pramipexole encapsulated, PEGylated liposome and niosome dispersions were 

evaluated as given in Section 3.6.1.2 and Section 3.6.2.2 and the results were 

discussed from particle size, zeta potential, encapsulation efficiency and liposomal 

phospholipid amount viewpoints. 
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- Particle Size and Size Distribution and Zeta Potentials 

The particle size and size distribution of liposome and niosome dispersions 

are very crutial for increasing blood-circulation time and especially in the case of 

diseases related with damaged vessel integrity to enhance drug delivery 

accumulation and targeting in the desired disease area by EPR effect such as tumor, 

brain infection and inflammation. The particle size and size distribution are affected 

from a variety of factors such as preparation method of liposomes and niosomes and 

bilayer composition, ingredients molar composition and the molecular weight of the 

encapsulated molecule (275).  

Nanosized, PEGylated, Pramipexole encapsulated, neutral and positively 

charged liposome and niosome formulations were prepared according to the 

procedure given in Section 3.6.1.1 and Section 3.6.2.1 according to the preparation 

method performed by Oku et al (276) according to the proper ingredient 

compositions for brain penetration. Afterwards, liposome and niosome dispersions 

were extruded for the purpose of reducing and homogenizing the particle size. 

Extrusion method was used because this method is known and used efficiently to 

reduce particle size of vesicular delivery systems (275). The particle size, size 

distribution and zeta potentials of all liposomal and niosomal dispersions were 

performed as given in  Section 3.6.1.2.1 and Section 3.6.2.2.1 and the results were 

given in Table 4.7. As seen from Table 4.7, all the formulations exhibited nanosized 

distribution of particle size which were about 100 nm in size. Although, there were 

some controversial opinions, drug delivery systems having a particle size about or 

near to 100 nm found very proper to penetrate from the membranes (8,9). As seen 

from Table 4.7, the particle size of neutral liposome and niosome formulations was 

found smaller than positively charged formulations. This difference was found 

statistically significant (p<0.05). This increase in the particle size may be related 

with the addition of positive charge to the liposomal and niosomal dispersions. When 

compared the particle size of neutral liposomes and niosomes, the particle size of 

neutral liposomes found larger than neutral niosomes, however, this difference was 

found statistically insignificant (p>0.05). The same situation was also valid for 

positively charged formulations. When compared the particle size of positively 
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charged liposomes and niosomes, the particle size of positively charged liposomes 

found larger than positively charged niosomes, however, this difference was 

statistically insignificant (p>0.05). 

Particle size distribution can be observed by the value of polydispersity index 

(PI) in which small values are a clue of the homogenity of liposome and niosome 

dispersions. This value should be in between 0 and 1 for homogenous formulations. 

When the values in the Table 4.7 were evaluated, it was observed that all the PDI 

values are about 0,1 which is a very convinient and a small value designating the 

homogenity of liposome and niosome formulations.  

When zeta potential of liposomal and niosomal formulations were compared, 

no statistical difference was observed within the neutral liposomes and niosomes 

(p>0.05) however, a statistically significant alteration was observed in zeta potential 

of positively charged liposomes and niosomes when compared with neutral 

liposomes and niosomes, respectively (p<0.05). The high absolute value of zeta 

potential shows a good stability of colloidal dispersions thus neutral liposomes and 

niosomes have a better zeta potential when compared with the positively charged 

ones. The mean particle sizes of all formulations are about nanosizes however, 

neutral liposomes and niosomes exhibited smaller particle sizes when compared with 

positively charged ones. 

Due to the smaller particle size and proper, higher absolute values of zeta 

potential, neutral liposome and niosome dispersions were found convinient and 

optimum formulations were obtained. 

 

- Encapsulation Efficiency of Liposome and Niosome Dispersions 

Encapsulation amount and encapsulation efficiency of Pramipexole are 

important to increase therapeutic efficacy for PD treatment by increasing dose 

amount reached in a single liposome or niosome vesicle.  

Due to gel-state phospholipid structure of DPPC, it produces liposomes 

having high phase transition temperature and rigid phospholipid bilayer structure. 

This provides high encapsulation efficiency when compared with liposomes 

composed of liquid-state phospholipids (275).  
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The encapsulation efficiency of nanosized, PEGylated, Pramipexole 

encapsulated, neutral and positively charged liposomal and niosomal formulations 

was performed as given in Section 3.6.1.2.2 and Section 3.6.2.2.2 and the results 

were given in Table 4.8. 

Niosome dispersions showed slightly higher encapsulated efficiency when 

compared with liposome dispersions, however, this difference was found statistically 

insignificant (p>0.05). No significant difference was observed in between neutral 

liposome and niosome formulations (p>0.05). However, a statistically significant 

increase was observed in the encapsulation of both neutral liposomes and niosomes 

when compared with positively charged ones (p<0.05). The decrease in the 

encapsulation efficiency may be related with deterioration of vesicle bilayers with 

the addition of positive charge (SA). Depending on the enhancement in the 

encapsulation efficieny, neutral liposome and niosome dispersions were found proper 

and optimum formulations were obtained.  

 

- Liposomal Phospholipid Amount 

The effect of liposome preparation method to formulation efficiency can be 

determined with liposomal phospholipid amount. The phospholipid loss depends on 

extrusion process due to “Onion Peeling Effect” during the preparation process 

(271,338). Especially for the formulations encapsulating the lipophilic substances in 

phospholipid bilayer, liposomal phospholipid amount is a significant parameter and 

this should be controlled in characterization studies.  

As mentioned before, liposomal and niosomal dispersions were extruded after 

preparation process to reduce particle size and obtaining homogenity. After a series 

of extrusion process, phospholipid loss is observed in liposomal preparations 

depending on removal of external lipid layer and the radius of vesicles will be 

decreased (275).  

The liquid state liposomes were compared with the gel state lipsomes such as 

DPPC containing ones, it showed higher phospholipid loss after extrusion process 

due to lesser elasticity facilitating to penetrate through pores of membrane filters 

used in extrusion process under a certain pressure (99,271,338).  



149 
 

 

The phospholipid amount of nanosized, Pramipexole encapsulated, 

PEGylated, neutral and positively charged liposomal formulations was determined 

with Rauser method as given in Section 3.6.1.2.3 and Figure 3.3 and the results were 

given in Table 4.9. The liposomal phospholipid loss in nanosized, Pramipexole 

encapsulated, positively charged DPPC:Chol:PEG2000-PE:SA liposomal 

formulation was observed higher when compared with nanosized, Pramipexole 

encapsulated, neutral DPPC:Chol:PEG2000-PE liposomal dispersions due to the 

preparation process, experimental conditions and addition of positive charge. 

However, this difference was found statistically insignificant (p>0.05). Due to the 

less phospholipid amount, neutral liposomes were selected as the optimum 

formulation for liposome dispersions. 

 

5.3.2. Release Kinetics of Nanosized, Pramipexole Encapsulated, 

PEGylated Liposomal and Niosomal Dispersions 

In this section, the characterization of both neutral and positively charged, 

Pramipexole encapsulated, PEGylated liposome and niosome dispersions were 

evaluated such as particle size, zeta potential, encapsulation efficiency and liposomal 

phospholipid amount. 

 

- Release Kinetics of Nanosized, Pramipexole Encapsulated, PEGylated 

Liposomal Dispersions 

The release profile of Pramipexole encapsulated, nanosized, PEGylated 

liposomes was performed according to the dialysis method as given in Section 3.7.1 

and the results related with the cumulative release (%) values and release kinetics of 

Pramipexole from liposome vesicles were given in Figure 4.26 and Table 4.10. 

Depending on higher determination coefficient (R2), the release kinetics of 

nanosized, Pramipexole encapsulated, PEGylated, neutral and positively charged 

liposomes exhibited first-order release kinetics. These results are compatible with the 

literature (294,339,340).  

It was observed that liposomes containing phospholipids with high phase 

transition temperature like DPPC, generally form more-stable formulations showing 
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better performance in keeping of liposomal integrity, encapsulated drug amount and 

significant increase in drug-circulation life-times (341). A similar result was also 

observed by Bally et al. (342) with doxorubicin containing liposomes. 

Both neutral and positively charged liposomes exhibited first-order release 

kinetics which is processed due to the concentration gradient (from high to lower 

concentration) and fits to Fick’s law of diffusion. Neutral and positively charged, 

Pramipexole encapsulated, liposomes showed similar release profiles and the 

difference in between the formulations was found statistically insignificant 

(p˃0,05). The release kinetics of liposomal formulations found in agreement with 

the literature (343). For first-order release kinetics, under constant conditions, the 

reaction rate is proportional with the concentration of the ingredients entering 

reaction medium and half-life is free from initial concentration. There is no need to 

energy and carrier. Reaction rate depends on the concentration of only one 

ingredient among other ingredients at first-order reactions (344).  

 

- Release Kinetics of Nanosized, Pramipexole Encapsulated, PEGylated 

Niosomal Dispersions 

 The release profile of Pramipexole encapsulated, nanosized, PEGylated 

niosomes was performed according to the dialysis method as given in Section 3.7.2 

and the results related with the cumulative release (%) values and release kinetics of 

Pramipexole from niosome vesicles were given in Figure 4.27 and Table 4.11. 

Depending on higher determination coefficient (R2), the release kinetics of 

nanosized, Pramipexole encapsulated, PEGylated, neutral and positively charged 

niosomes exhibited first-order release kinetics. Neutral and positively charged, 

Pramipexole encapsulated niosomes showed similar release profiles and the 

difference within the formulations was found statistically insignificant (p˃0,05). The 

release kinetics of niosomal formulations were found in accordance with the 

literature (294,339,340).  

Due to the confirmation criterion of release kinetics, both neutral and positively 

charged Pramipexole encapsulated niosomes exhibited first-order release kinetics. In 

vitro drug-release behavior from niosome dispersions has been found to be the 
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function of formulation variables, which led to different physical properties (345). 

Our results were found parallel with the literature (294,295,339). A similar result was 

also observed by Bally et al. (342) with doxorubicin containing liposomes.  

It was observed from Figure 4.28 that both neutral and positively charged 

liposomes and niosomes showed first-order release kinetics. This depends on the 

concentration gradient (from high to lower concentration) and fits to Fick’s law of 

diffusion. Neutral and positively charged, Pramipexole encapsulated, nanosized, 

PEGylated liposomes and niosomes exhibited similar release profiles which are in 

accordance with the literature (343).  

 

5.4. In Vitro Cell Co-Culture Studies 

A variety of in vitro models developed with the purpose of mimicking critical 

functionalities of BBB and to predict the permeability of drugs or drug delivery 

sytems into BBB (Fig. 4.29). However, the problem is the development and 

determination of a proper model retaining BBB characteristics and meeting on the 

studied issue of the drug delivery system (279). 

Generally in vitro permeability assays are carried out in multi-well plates. In 

this system two compartments simulating the blood (apical) and brain (basolateral) 

sides are separated by a microporous filter. Cells are seeded on this filter to develop a 

cell monolayer contacting with different culture media in each compartment. The 

filters generally include the Transwell™ polycarbonate or polyethylene terephthalate 

inserts. 

BBB cell culture model was developed after the first isolation of cerebral 

microvessels by growing CECs out of brain capillaries under adequate culture 

conditions (346). Several cell culture model has been studied to reconstitute BBB in 

vitro for evaluating the drug permeation rate across the tight layer of CECs from the 

blood into the brain. According to Tóth et al. (346), eight in vitro cell-based models 

of BBB were patented between 1990 and 2010. These systems incorporated a variety 

of cells of non-cerebral origin or CECs from primary cultures or cell lines, in 

monoculture, co-culture or triple co-culture configurations with other cells of the 

neurovascular unit.  
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Due to the cost-effectiveness, high throughput screening and high, versatility 

of in vitro culture models of BBB, it is desired to perform ferquently as a first step of 

in vivo experiments. However, due to the cell culture environmental conditions, it 

has some diversities when compared with in vivo conditions such as different 

expression of relevant cell biological transporters, ligands and enzymes (347)  Up to 

date, no specific in vitro BBB model has been chosen as the ‘‘gold standard’’ by 

pharmaceutical industries. Therefore more reliable BBB models should be developed 

and amended with the purpose of displacing in vivo experiments (279,348). 

BBB penetration of Rhodamine labeled, nanosized, PEGylated, Pramipexole 

encapsulated neutral and positively charged liposomal and niosomal dispersions was 

evaluated in BBB Cell Co-Culture model by inspection of fluorescent microscope 

images and measuring relative fluorescence intensity obtained by fluorospectroscopy 

as given in Section 3.8.2.  

The increase in the fluoresecent intensity in fluorecent images was evaluated 

to penetrate better. While the fluorescence intensity was found higher in all 

formulations at 120 min, neutral liposomal and niosomal formulations showed higher 

fluorescence intensity when compared with positively charged ones. 

The relative fluorescence intensities in all formulations exhibited an increase 

at 120 min. when compared with 30, 60 and 90 min. (p<0,05). No significant 

increase was observed in relative fluorescence intensity from 120 to 180 min. 

(p˃0,05). The difference between relative intensities of liposomal and niosomal 

formulations was found insignificant (p˃0,05). According to both fluorescent 

microscope images and relative fluorescence intensity obtained by 

fluorospectroscopy, it can be concluded that all formulations penetrate BBB Cell Co-

Culture and maximum penetration was observed at 120 min.  

 

5.5. The Selection of Optimum Liposome and Niosome Formulations for In 

Vivo Animal Studies 

As given in Section 4.6, after evaluation of the mean particle size, zeta 

potential, encapsulation efficiency, liposomal phospholipid amount and release 
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kinetics of all formulations were evaluated. Pramipexole encapsulated neutral 

liposomes and niosomes were selected as optimum formulations. When liposomes 

and niosomes were compared depending on the charge, neutral ones were chosen 

as optimum formulations to carry out the in vivo studies. Smaller particle size, 

higher absolute value of zeta potential, larger encapsulation efficiency and better 

release kinetics were observed with neutral formulations when compared with 

positively charged ones. Additionally, it would also be better to continue in vivo 

studies with these neutral formulations depending on higher BBB penetration 

chance with the neutral ones when compared with charged particles. The common 

approaches to prevent RES uptake are formulating the particles with neutral 

surface charge, to coat their surface with different hydrophilic surfactants, such as 

polysorbates and PEG, and to use small size nanoparticles (e.g., <80 nm) 

(349,350). These properties attribute nanoparticles “stealth”  effect avoiding RES 

escape and maintaining long circulation time and stability in blood to successfully 

target and cross the BBB (350,351). 

Therefore, only optimum nanosized, neutral, Pramipexole encapsulated, 

PEGylated, liposome and niosome formulations were applied to animals to monitor 

therapeutic efficacy of Pramipexole encapsulated formulations. 

 

 

5.6. 6-OHDA Induced Unilateral Partial Striatal Lesion of Rats 

To perform early stage PD model in rats, partial unilateral 6-OHDA was 

administered to all rats to develop lesion as given in Section 3.10.2. Partial lesion 

model induces progressive and retrograde degeneration of dopaminergic neurons 

corresponding to an early symptomatic stage of PD (282,283). This model is 

relevant to test the therapeutic strategies, rather than other models such as intra-

substantia nigra pars compacta (SNc) or intramedial forebrain bundle 6-OHDA 

lesions which generally cause a complete and immediate lesion that is not easily 

accessible to a therapeutic window (285). 

Rats were selected due to the ipsilateral turns.min-1 at rotometer test at 7 dpl 

to apply therapy for the treatment of PD. Rats performing equal and more than 8 

turns were selected for therapy.  
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It was reported that unilateral 6-OHDA rat model can be used widely in the 

assessment of the antiparkinsonian effects and neuroprotection of new 

pharmacological therapies as a preclinical model of PD (222-224). Rotometer test 

was used here for observing and evaluating the validity of 6-OHDA lesion 

administered PD model in rats after 7 dpl. 

 

5.7. Monitoring and Evaluation of Therapeutic Efficacy of Liposomal and 

Niosomal Formulations 

The therapeutic efficacy of Pramipexole encapsulated, nanosized, 

PEGylated, neutral liposome and niosome vesicles were evaluated by the rotometer 

test and autoradiography after therapeutic application as given in Section 3.13 and 

3.14, respectively.  

 

5.7.1.  Rotometer Test 

The rotational behaviour model can be used for observing the effect of new 

drugs for dopaminergic activity (352) and to further our understanding of basal 

ganglia function (286,353,354). 

The rotometer test for 6-OHDA lesion PD model rats i.p. administered with 

nanosized, Pramipexole encapsulated neutral liposomes and niosomes, Pramipexole 

solution and Tris buffer (20mM, pH=7,4) as control group at 7 dpl, 14 dpl and 21 dpl 

after Amphetamine Sulphate injection (3 mg.kg-1, i.p.) were performed as given in 

Section 3.13. Amphetamine is a CNS stimulant and psychostimulant drug. It 

stimulates the central nervous system (nerves and brain) by increasing the amount of 

certain chemicals in the body. This increases heart rate and blood pressure and 

decreases appetite, among other effects (355). It enhances the synaptic activity of 

three neurotransmitters - dopamine, serotonin and norepinephrine. Its effects are 

similar to those of cocaine (356).  

The rotometer test results were given in Figure 4.31. The effect of 

formulations can be observed by measurement of mean numbers of ipsilateral 

turns/min.  

 Generally, a stable turn number was observed at 7, 14 and 21 dpl in control 

and PPX groups and a tendency to increase between 7 and 14 dpl in PPX-DPPC and 
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PPX-SURII and then stabilization was observed between 14 and 21 days. To 

compare between groups, a tendency of increase was observed at 14 and 21 dpl for 

both liposomes and niosomes vs control and PPX solution. 

 No statistically significant difference was seen within different days after 

therapy with either control or Pramipexole solution (p˃0,05). An increase in 

ipsilateral turns for liposomes was observed at 21 dpl when compared with that of 7 

dpl (p<0,05). Also, an increase in ipsilateral turns was observed for nanosized, 

Pramipexole encapsulated SURII:Chol:PEG2000-PE niosomes both at 14 and 21 dpl 

when compared with that of 7 dpl (p<0,05).  The number of ipsilateral turns in min. 

was found higher at 21 dpl when compared with 7 dpl after i.p. administration 

therapy with nanosized, Pramipexole encapsulated DPPC:Chol:PEG2000-PE 

liposomes (p<0,05). 

 The therapy effect of neutral, Pramipexole encapsulated 

DPPC:Chol:PEG2000-PE liposome and SURII:Chol:PEG2000-PE niosome was 

observed very similar with Pramipexole solution by number of ipsilateral turns in 

min. It seems to be observed that insignificant results were achieved in rotameter 

study after administration of formulations. This insignificancy and similarity in 

rotometer test results in animal studies may be due to the nature of rotameter study. 

Rotameter test is probably less adapted for a partial lesion. When compared with 

autoradiography, rotameter test is less reliable and can be effected from different 

conditions such as small failures in sliding of amphetamin injection site and in 

performing 6-OHDA lesioned rats and light existance at experimental medium. Of 

course, the result of rotometer test is not very accurate by itself and should be 

supported with autoradiography studies which will be very precise to decide.  

Similarly, a study performed by Papathanou et al in 2011 (357) related with 

the effect of different doses of L-DOPA and four dopamine agonists of different 

duration of action to induce Abnormal Involuntary Movements (AIMs) in 6-OHDA-

lesioned rats and their ability to express established AIMs following prior exposure 

to L-DOPA. 6-OHDA-lesioned rats were treated with saline, L-DOPA/benserazide, 

apomorphine, ropinirole, Pramipexole or pergolide once daily for 15 days. In part of 

this study, different doses of drugs were administered to observe rotations after 
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Amphetamin Sulfate Injection. As supporting our rotational movement results, 

Papthanou et al observed that administration of increased dose of Pramipexole 

caused an increase in rotations. Another study supporting a similar situation of 

therapy with liposomal formulations not for PD but for epilepsy was performed in 

2014 by Holtman et al (358). It was aimed to provide the delivery of glucocorticoids 

(effective in inflammation inhibition in epileptogenesis) better to the brain and 

decrease its severe adverse effects related with long-term glucocorticoid treatment by 

developing nanosized, PEGylated, glucocorticoid (10 mg.kg-1 dose) encapsulated 

liposomal formulations. However, no therapy and no reduction in microglia 

activation were obtained with glucocorticoid liposomes after 6 weeks of therapy in 

post-status epilepticus rat model for temporal lobe epilepsy. According to a tudy 

performed by Arica et al (359), carbidoba/levadopa loaded microspheres were 

formulated for intracerebral treatment of PD. The efficiency of these microspheres 

was evaluated by altering of apomorphine-induced rotational behavior in 6-OHDA 

unilaterally lesioned rat model. carbidoba/levadopa loaded microspheres exhibited 

lower rotation scores than blank microspheres at 7dpl. 

A study about observing the effect of L-DOPA and dopamine agonists such 

as SKF38393, Quinpirole and Pramipexole on dopamine neuron degeneration was 

performed by Jeon et al in 2007 (360) in the progressive hemiparkinsonian rat 

models with 6-OHDA administration. Behaviour tests with forepaw adjusting step 

test and TH-immunohistochemical staining after 9 weeks of i.p. administration 

showed that only high dose L-DOPA (100 mg.kg-1.d-1) decreased dopaminergic 

neurons significantly. They also did not observe any protective effect with dopamine 

agonists.  

 

5.7.2. Autoradiography Studies 

In order to observe the therapeutic effect of nanosized, pramipoexole 

encapsulated, liposomes and niosomes more accurately, DAT autoradiography was 

performed after a period of 21 days of therapy following sacrification. The 

autoradiography studies were performed according to the process given in Section 

3.14 in order to determine the radioactivity accumulation in both ipsilateral and 
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intact part of the brain sections. To determine the efficacy of the Pramipexole 

encapsulated liposomes and niosomes more accurately and to compare their 

efficacy with Pramipexole solution and Tris as control, autoradiography was 

performed in PD developed rats at 21 dpl after decapitation for the purpose of 

evaluating the percent loss of the binding part values of the brain. The 

autoradiograms are given in Figure 4.32. The increase in the therapeutic efficacy of 

antiparkinsonian effect of formulations can be observed from the decrease in the 

loss of binding [(Non-lesioned part-lesioned part)/Non-lesioned part] (%) at the 

ipsilateral side. The percent loss in the radioactivity accumulation in the lesioned 

part of PD model rats after i.p. administration of nanosized liposomes, niosomes, 

Pramipexole solution and control is given in Figure 4.33. 

The therapy effect of both Pramipexole encapsulated 

SURII:Chol:PEG2000-PE and Pramipexole solution was found similar in 

autoradiograms. The percent loss of DAT binding [(Non-lesioned part-lesioned 

part)/Non-lesioned part] (%) was found lesser with both Pramipexole encapsulated 

SURII:Chol:PEG2000-PE niosomes and Pramipexole solution than neutral 

DPPC:Chol:PEG2000-PE liposomes (p<0,05). Niosomes gave slightly better 

results than Pramipexole solution (p˃0,05). Both, Pramipexole encapsulated 

SURII:Chol:PEG2000-PE and Pramipexole solution therapy gave better results 

than control Tris buffer (20 mM, pH:7,4) in autoradiography studies which shows 

that SURII:Chol:PEG2000-PE niosomes have significant PD therapeutic effect 

even (p<0,05).  

With i.p. administration of nanosized, PEGylated, pramipexole 

encapsulated, neutral niosomes similar but slightly better therapeutic effect was 

achieved with pramipexole solution at same doses in 6-OHDA lesioned rats. If this 

dose is compared with conventional pramipexole tablets used for humans in 

Neurology clinics, we achieved beneficial therapeutic effect at approximately 9 

times lesser doses. Becasuse the administration protocol of pramipexole tablets in 

clinics is three times of 0,125 mg.day-1 during the first week then then it can be 

increased till maximum 4,5 mg.day-1 (305,306). As mentioned before, the 

pramipexole dose which was given with pramipexole encapsulated, nanosized, 

PEGylated liposomes and niosomes is 0,043 mg.day-1 in our study. This dose is 
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approximately 9 times lesser dose given with minimum dosed conventional 

pramipexole tablets. Nanosized, PEGylated, neutral, pramipexole encapsulated 

niosomes found beneficial, effective in PD therapy, BBB permeable even in 9 

times lesser doses used in Neurology clinics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



159 
 

 

6.  CONCLUSION 

CNS disorders are one of the first ordered disease to endorse their research in the 

diagnosis and therapy with several framework projects in Europe and all around the 

World. The huge gap in the issue of efficient CNS drug delivery and the success of 

PD therapy needed to be researched and investigated. For the therapy of PD, there is 

still a long way to go through. As being the first study in the literature, liposomal and 

niosomal formulations of Pramipexole have never been studied before.  

The characterization of both neutral and positively charged, nanosized, 

Pramipexole encapsulated, PEGylated liposome and niosome formulations was 

found proper. Pramipexole encapsulated all formulations (DPPC:Chol:PEG2000-PE, 

DPPC:Chol:PEG2000-PE:SA, SURII:Chol:PEG2000-PE, SURII:Chol:PEG2000-

PE:SA) exhibited nanosize and proper zeta potential. All formulations designated 

large encapsulation efficiency for Pramipexole (about 10%). Both, neutral and 

positively charged liposomes showed proper phospholipid content showing the 

quality of liposome formulations. Additionally, all formulations fitted to first-order 

release kinetics. BBB penetration of neutral liposome and niosome formulations was 

found better than positively charged ones at in vitro BBB Cell Co-Culture studies. 

However, this difference was found statistically insignificant.  

Although the therapeutic efficacy of PPX-DPPC and PPX-SURII was found 

insignificant in rotameter test, nanosized, neutral PPX-SURII niosome designated 

similar even better effect than pramipexole solution in autoradiograhy studies in 6-

OHDA lesioned rats. This pramipexole dose is approximately 9 times lesser doses 

applied with conventional pramipexole tablets for humans in Neurology clinics. 

Therefore we achieved a beneficial therapeutic effect at significantly lesser doses 

with nanaosized, neutral niosomes. It is most probably depend on the non-ionic 

surfactant properties of nisomes which can enhance BBB penetration properties. This 

beneficial effect may probably help reduction in possible side effects and prevent 

observation of drug resistance and adverse effects at PD patients. It will be very 

beneficial to try nanosized, pramipexole encapsulated, neutral liposomes in  a large 

number of 6-OHDA lesioned animals to evaluate antiparkinsonian effect better. 

These results can also enlighten the further human studies for therapy of PD in the 
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future. Future studies may lead in developing commercial preparations for neurology 

clinics for effective therapy of PD with decreased side effects and frequency of 

administration which is very significant for patient’s compliance to the therapy. 
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