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Abstract 

Fibrillation of alpha synuclein (AS) leading to the formation of Lew body has 

been ubiquitously reported in many geriatrics disorders such as Parkinson's disease (PD), 

Alzheimer's disease, and other neurodegenerative disorders. Therefore, any substance in-

hibiting or reducing fibrillation of alpha synuclein is expected to potentially alleviate the-

se disease symptoms. Levodopa is the current drug of choice for the treatment of PD. The 

effectiveness of any investigative PD drug is compared with that of levodopa. However, 

its dose needs to increase with chronic use and there are some side effects like nausea and 

vomiting are associated with the metabolic products of levodopa such as3-ortho methyl 

dopa and dopamine. It has also been reported that the fluctuating levels of levodopa is 

responsible for the wearing off effect. The best way to solve these problems was to deliv-

er a sustained amount of levodopa to the brain so that a constant level of dopamine is 

maintained at the dopamine receptor sites.  Therefore, in this study a novel sustained re-

lease formulation of levodopa was prepared which efficacy was evaluated by measuring 

the extent/amount of AS fibrillation. In vitro fibrillation of AS was induced by shaking its 

solution (37
O
C, pH=7.4) at 600 rpm. The fibrillation of AS was characterized quantita-

tively by using Thioflavin t-based fluorescence and Fourier Transform Infrared (FTIR) 

spectroscopy, and qualitatively by using light microscopy. Thioflavin t assay was chosen 

due its property to specifically bind to amyloid fibrils and as a result exhibits a higher 

fluorescence at excitation and emission wavelengths of 440 nm and 490 nm respectively. 

FTIR technique is also a sensitive method to evaluate formation of alpha synuclein fi-

brils. There is a characteristic increase in the secondary structure of alpha synuclein due 

to a change in the arrangement of AS structure from natively unstructured to a highly or-
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dered structure after fibrillation. Light microscopy was used to qualitatively observe for 

the morphology of fibrils formed. Thus any drug which could inhibit the formation of 

fibrils would reduce the Thioflavin t fluorescence and also reduce the secondary structure 

formation observed using FTIR. A novel sustained release formulation of levodopa was 

prepared by conjugating it with PAMAM dendrimer which was further incorporated in a 

nanoparticle. To prepare the conjugate levodopa (1mg/ml) was added to dendrimer solu-

tion (1mg/ml) at alkaline pH. They were allowed to react for 45 minutes with constant 

stirring and then lyophilized. The conjugate between levodopa and PAMAM dendrimer 

was characterized using FTIR, UV spectroscopy and Differential scanning Calorimetry 

(DSC). The effect of this conjugate on the AS fibrillation was observed using Thioflavin t 

assay technique, FTIR and light microscopy. There was significant difference between 

the inhibition of AS fibrillation caused due to levodopa-dendrimer conjugate and inhibi-

tion caused due to levodopa or dendrimer alone (p<0.05). The reason behind higher inhi-

bition of AS fibrillation by the conjugate might be due to a greater binding between the 

conjugate and AS. The conjugate was further used to prepare surface modified solid lipid 

nanoparticles. The conjugate was added to the lipid phase made up of Glyceryl monoole-

ate (GMO) and oleic acid. Tween 80 was used as the emulsifying agent having a HLB 

value of around 13. Tween 80 was used due to its reported property of increasing brain 

targeting. Nanoparticles were prepared by ultra-sonication to reduce particle size. The 

nanoparticles were characterized by particle size and surface charge analyzer, DSC and 

FTIR.  In vitro drug conjugate release was observed at pH 7.4. The developed delivery 

systems showed high encapsulation efficiency and were able to sustain the release of the 

drug for 5 days. The nanoparticles showed burst release by releasing about 40-50% of 
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drug conjugate by the end of 24 hrs. Nanoparticles existed in the particle size range of 

approximately 230-240 nm having a net negative charge of around -25 mV. The negative 

charge developed might be due to the presence of sodium tri-polyphosphate. The effec-

tiveness of the drug loaded nanoparticles against AS fibrillation was studied and charac-

terized using Thioflavin t fluorescence spectroscopy, FTIR and light microscopy. The 

nanoparticles were found to inhibit AS fibrillation by about 90%.  The conjugate inhibit-

ed the AS fibrillation better than nanoparticles but this was not a major concern since the 

nanoparticles would sustain the release of drug conjugate in vivo and the levodopa-

dendrimer conjugate would get eliminated before nanoparticles by the body’s elimination 

mechanism. To summarize, the conjugate showed better inhibition of AS fibrillation 

compared to levodopa or dendrimer alone and the drug loaded nanoparticles showed sus-

tained release for 5 days.  
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Introduction 

This study proposes to develop a novel formulation of model anti Parkinson’s drug 

Levodopa, which would keep on releasing it at a predefined sustained rate for an extend-

ed period of time (5 days). The hypothesis of this study is that a constant plasma level of 

levodopa would overcome the motor complications (such as dyskinesia) associated with 

the use of its oral dosage form in Parkinson patients. Parkinson’s disease (PD) is a pro-

gressive, neurodegenerative disorder of the extrapyramidal nervous system affecting the 

mobility and control of the skeletal muscular system (Rascol 2011). 

PD is characterized by resting tremor, rigidity, and bradykinetic movement which are 

related to depletion of dopamine in the corpus striatum (Hauser and Schwarzschild, 

2005).  But, the administration of dopamine is not effective in treating PD because it can-

not cross the blood brain barrier.  However, levodopa, the metabolic precursor of dopa-

mine, does cross the blood-brain barrier, and presumably is converted to dopamine in the 

brain.  This is thought to be the mechanism by which levodopa relieves symptoms of PD 

(Fahn, et al. 2004; Nagatsua and Sawadab 2009). 

However, the long-term administration of levodopa is reported to be associated with 

the development of motor complications including dyskinesia which can critically com-

promise patient function (Poewe et al, 2010).  There has been increasing evidences which 

indicate that such complications are related to abnormal pulsatile stimulation of striatal 

dopamine receptors and hence, treatments providing more continuous stimulation reduce 

the risk motor complications. The ELLDOPA study showed that dose is a factor causing 

motor complications of dyskinesia and wearing off which is corroborated by the results 
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that nausea and motor complications were more common in levodopa groups than the 

placebo , especially with high doses (600 mg/day) (Fahn, S., 2005).  According to the 

study several clinicians do not believe Levodopa is neuroprotective and doubt the safety 

and efficacy of its chronic use. Therefore, a sustained release formulation of levodopa 

could be expected to avoid the motor complications encountered with its oral dosage 

formulations such as tablet (Kieburtz 2008). The following pages provide a review of lit-

eratures available on pathophysiology of PD and its treatments. 

1. 1 Parkinson’s disease 

Parkinson’s disease is defined by loss of neurons in the substantia nigra and presence 

of Lewy bodies in the dorsal motor nucleus of the vagus nerve (Kingsbury, et al. 2010) 

(Samii, et al. 2004). The symptoms of Parkinson’s disease are very subtle in the begin-

ning and may involve just a minor tremor of the hands, but as time progresses the facial 

muscles become inactive and a progressive degeneration of the health proceeds (Samii, et 

al. 2004). The Parkinson’s disease is signaled by following symptoms: 

a. Tremors (Tysnes and Vilming 2008) 

b. Rigidity 

c. Akinesia 

d. Postural changes (Doherty, et al. 2011) 

1.2 Epidemiology: 

Parkinson’s disease is a neurodegenerative disorder which affects nearly 5 million 

people all over the world (Zheng, et al. 2010). It affects nearly 1% of people above 60. 

This disease is named after the famous surgeon James Parkinson. James Parkinson wrote 
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“An essay on the Shaking Palsy” in 1817 which gave the first clear description of the 

disease. After James Parkinson, Jean Martin Charcott was the next doctor to study the 

disease in detail (Pearn and Gardner-Thorpe 2001). 

1.3 Etiology of Parkinson’s disease: 

The exact cause of Parkinson’s disease is not yet known. It can be attributed to 

many factors including genetic mutation. Neuronal cell loss in dopaminergic cells gives 

rise to the motor defects. Approximately 60-70% of neuronal cell-loss is reported at the 

time of diagnosis (Schapira 2006).  It is caused by intra and extracellular accumulation of 

protein aggregates distributed throughout the central nervous system (Winner, et al. 

2011). The pathological hallmarks of the Parkinson’s disease (PD) are round eosinophilic 

intracytoplasmic proteinaceous inclusions termed Lewy bodies (LBs) (Tysnes and Vilm-

ing 2008). Lewy bodies containing the alpha-synuclein protein are commonly found in 

the brainstem, cerebellum, hypothalamus and autonomic nervous system of patients with 

PD, Lewy Body dementia, multiple system atrophy and other synucleinopathies. 

1.3.1 Environmental factors: 

Rural living along-side agriculture and pesticides has been reported to increase 

the risk of Parkinson’s disease (Rajput, et al. 1986).  Increased herbicide and organochlo-

ride exposure have also reported to increase the risk of PD (Semchuk, et al. 1992).  

Commonly used pesticides easily cross blood brain barrier (BBB) and cause damage to 

basal ganglia. Rotenone is a commonly used pesticide in US and if given intravenously to 

rodents does induce formation of alpha synuclein rich lewy bodies (Betarbet, et al. 2000). 

Other major pesticides and chemicals which induce Parkinson’s disease include 1-Methyl 

4-phenyl 1,2,3,6 tetrahydropyridine (MPTP), manganese and annonacin (Champy, et al. 
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2004; Huang, et al. 1993; Tipton and Singer 1993). Environmental factors which lower 

risk of Parkinson’s disease include smoking and coffee drinking (Alves, et al. 2004; 

Ascherio, et al. 2001) 

 

1.3.2 Mitochondria damage 

Another common characteristic of neurodegenerative disorders is the impairment of 

mitochondrial complex I which may lead to in vivo protein aggregation (Wen, et al. 

2011). Mutants of a particular enzyme the mitochondrial Phosphatase and Tensin homo-

log (PTEN)-induced kinase-1 (PINK1) causes an early-onset form of PD. Mitochondria 

are responsible for adenosine tri phosphate (ATP) production but during the process there 

are chances of producing highly toxic substances such as reactive oxygen species which 

can cause cell death (Abeliovich 2010). 

 

1.4   Alpha synuclein Fibrillation 

The protein alpha synuclein is found majorly in presynaptic nerve terminals and por-

tions of the nuclear envelope (Spillantini, et al. 1998; Spillantini and Goedert 2000). Al-

pha Synuclein (AS) is a small (14 kDa), abundant, intrinsically disordered presynaptic 

protein, whose aggregation is believed to be a critical step in Parkinson’s disease (PD) 

(Fink 2006; Giasson, et al. 2003; Hong, et al. 2009; Li, et al. 2001; Uversky and Eliezer 

2009). AS protein is a protein of unknown functions but it is believed that it is involved 

in the maintenance and transport of synaptic vesicles (Maroteaux, et al. 1988). It is also 

involved in membrane biogenesis and lipid transport. A mutation in the α-synuclein leads 

to the abnormal folding characteristic of PD (Maroteaux, et al. 1988; Polymeropoulos, et 
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al. 1997) . AS is an abundant brain protein of 140 residues that lacks both cysteine and 

tryptophan residues. The intrinsically disordered structure is believed to be due to the 

very high net negative charge at neutral pH and the low intrinsic hydrophobicity of the 

molecule. 

AS is made up of 3 domains: 

1. The N- terminal region (1-60 residues) 

This region is responsible for bonding with lipid and forming  helical structures 

(Vamvaca, et al. 2009). It inhibits the formation of beta sheet structure (Kessler, et al. 

2003).  

2. Hydrophobic central core (61-95 residues) 

This is the non-amyloid component (NAC region) which is responsible for the for-

mation of β structures and also for protein aggregation. This portion is believed to be re-

sponsible for nerve cell death in the brain 

3. The C terminal. (95-140 residues) 

This portion is rich in proline and amino acid. It is negatively charged and hence does 

not bind to the membrane. The N-terminal binds to the membrane and in the presence of 

calcium even the C- terminal binds to the lipid membrane.  Once C- terminal binds to the 

lipid membrane alpha synuclein forms beta structure (Tamamizu-Kato, et al. 2006).  In 

vivo alpha synuclein fibrillation is induced due to the oxidative stress, post translational 

modifications, catabolism defects and mutation. 
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Figure1.  Neuro-degeneration in Parkinson’s disease (Dauer and Przedborski 2003)
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The following observations are made for the involvement of α-synuclein aggregation in 

PD: 

1) Over expression of α-synuclein due to duplication or triplication of the α-

synuclein gene leads to familial early onset PD. 

2) Point mutations that increase the aggregation propensity of α-synuclein also con-

tribute to familial early onset Parkinson’s disease. 

3) Fibrils of α-synuclein 

The abnormal aggregation of α-synuclein arises from a key partially folded interme-

diate precursor which has nonpolar patches on its surface (Uversky and Eliezer 2009). 

This leads to various hydrophobic interactions eventually causing aggregation.  Mono-

meric AS exists in an unfolded state. These hydrophobic patches do not exist in the mon-

omeric AS. Aggregated AS inhibits ubiquitin-dependent proteasomal system (UPS) 

(Snyder, et al. 2003; Tofaris, et al. 2001). UPS plays an important role in cell death, sig-

nal transduction, cell differentiation and degradation of misfolded proteins and damaged 

proteins (Cook and Petrucelli 2009). Adult rats injected with protease inhibitor (epox-

omicin) developed progressive Parkinsonism with rigidity, bradykinesia and tremors 

(McNaught, et al. 2004).  

1.4.1 In vitro fibrillation of -synuclein: 

The rate of fibrillation of alpha synuclein is a condition dependent phenomenon. The 

rate of aggregation increases in favorable conditions such as temperature, pH and agita-

tion. (Fink 2006; Latawiec, et al. 2010; Uvesky and Eliezer 2009). When monomeric AS 

is incubated at pH 7.4, it aggregates and forms fibrils with a condition-dependent rate e.g. 
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agitation accelerates the process by many folds. Alpha-synuclein with a concentration of 

70 µM (1mg/mL) at 37 °C with constant agitation at the rate of 600 rpm is found to form 

fibrils within 3 days, whereas without agitation it takes months. The in vitro kinetics of 

AS fibril formation shows an initial lag phase followed by an exponential growth phase 

followed by a final plateau phase (Latawiec, et al. 2010). This characteristic of fibrillation 

can be attributed to a nucleation-dependent polymerization. Increase in concentrations of 

AS was found to cause an increase in the rate of fibrillation. In vitro results show that fi-

brils of AS grow in length from about 500 nm to 3 µm (Qin, et al. 2007). Atomic force 

microscopic (AFM) images show three different heights of fibrillar species (Fink 2006): 

1. Protofilaments 

2. Protofibrils 

3. Fibrils 

The primary reason for formation of fibrils remains unclear but there are many scien-

tists who believe that fibrillation is a nucleation dependent mechanism i.e. the rate of 

formation of fibrils increases if seeded by aggregated fibril (Conway, et al. 1998; 2000; 

2001; Wood, et al. 1999). The rate of fibril formation was found to be a dose dependent 

phenomenon (Wood, et al. 1999b).  (Santner and Uversky 2010). The rate of AS fibrilla-

tion has been shown to be significantly accelerated by various environmental factors, in-

cluding low pH and high temperature (Uversky, et al. 2001a), heparin and other GAGs 

(Cohlberg, et al. 2002), metal cations (Uversky, et al. 2001b) and pesticides (Uversky, et 

al. 2001c; Manning-Bog, et al. 2002 

1.5 Current Parkinson’s therapy 

1.5.1 Levodopa therapy 
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This drug was launched in 1968 which is considered as the most efficacious and 

gold-standard drug available to treat the symptoms of Parkinson’s disease. However, as 

years of experience have shown, despite its significant benefit, the effectiveness is lim-

ited to an average of approximately 10 years and it provides only symptomatic relief 

(Marsden 1994). Levodopa is combined with carbidopa to prevent its systemic metabo-

lism into dopamine. The metabolism of levodopa to dopamine leads to various adverse 

effects which include nausea, hypotension, and diaphoresis. Carbidopa/levodopa com-

bination is available in market  (Sinemet®,PARCOPA®), (Sinemet CR®) (which is 

most appropriate in the earlier stages of Parkinson’s disease when dosing frequency can 

be kept to a minimum and less reliable breakdown of the slow release matrix is less 

critical). 

1.5.2 Catechol-o- methyl transferase inhibitor (COMTI) 

COMT’s enhances absorption of levodpa from the GIT by inhibiting its metabolism 

to dopamine. COMT enzyme transfers a methyl group on to the catecholamines like 

dopamine and L-dopa and is a major enzyme responsible for metabolism of levodopa 

(Gao, et al. 2010). Example of a COMT inhibitor is entacapone which is sometimes 

used in combination with levodopa and carbidopa. Side effects of levodopa include se-

dation, nausea, hypotension, hallucinations, dyskinesias, and motor fluctuations. Motor 

fluctuations include random severe oscillations. A major goal of current therapy for 

Parkinson’s disease is to minimize possible metabolism pathways thereby increasing 

the concentration of levodopa available to cross the BBB. It has been observed that the 

COMT inhibitors can increase the pharmacokinetic ad clinical response to sustained re-

lease formulation of levodopa. The controlled release formulation of levodopa along 
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with entacapone proved to be more beneficial than entacapone with standard levodopa 

formulations since there is more extensive degradation of levodopa into 3-OMD in the 

bowel with controlled release preparations (Piccini, et al. 2000).  

1.5.3  Monoamine Oxidase-B (MAO-B) Inhibitors 

The two major drugs in this class are selegiline (Eldepryl ® ) and rasagiline (Azilect 

® ). These drugs inhibit the enzyme MAO-B which breaks down dopamine in the brain 

thereby increasing the levels of dopamine around the synapse region. Selegeline is one 

of the first drugs to be approved for the treatment of PD which was originally believed 

to possess neuroprotective benefit. Rasagiline is a relatively new drug to be launched in 

USA. Rasagiline is also widely used as an adjunct therapy in patients who were on 

levodopa to treat motor fluctuations (Lees 2005). 

1.5.4 Amantadine 

Amantadine enhances the release of dopamine from presynaptic terminals. Alt-

hough its exact mechanism of action is still not known but some scientists believe that 

it acts by blocking the N-Methyl-D-aspartic (NMDA) receptors (Danysz, et al. 1997).  

It also shows some anticholinergic effects like drying of mouth. It has been used as an 

adjunct to L-dopa therapy mainly to treat tremors. There are reports which claim that 

amantadine helps improve levodopa induced dyskinesia (Sawada, et al. 2010). 

1.5.5 Anticholinergics 

Dopamine levels are found to be low in Parkinson’s patients. Due to an imbalance be-

tween the dopamine and acetyl choline levels involuntary and uncontrolled motions of 

limbs are observed. Anticholinergic drugs like benztropine and trihexyphenidyl will re-
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duce the acetyl choline level to bring the uncontrolled body movements under control. In 

case of elderly patients this class of drug is specially found useful to control tremors 

(Lees 2005). 

1.5.6 Dopamine Receptor Agonists 

These mimic the natural action of dopamine in the brain. They directly stimulate do-

pamine receptors.  This class of drugs is usually used to delay the prescription of levodo-

pa. The different types of dopa receptors in the brain are D1–D5.  D1 and D2 receptors 

exist within the basal ganglia and subserve voluntary movement. The D3, D4, and D5 

receptors exist in limbic system.  These play a major role in the cognitive and emotional 

changes observed as a symptom in Parkinson’s disease. Dopamine receptor agonists are 

effective in early and moderate Parkinson’s disease as symptomatic monotherapy.  

Pramipexole (Mirapex ®) and Ropinirole (Requip ® ) are two of the most widely pre-

scribed dopa agonists. Sleep disorders, hypotension, dyskinesia are some of the noted 

side effects of pramipexole and ropinirole. Rotigotine (Neurpro®) is a new FDA ap-

proved drug and can be transdermally delivered over a 24 hour period providing continu-

ous dopaminergic stimulation. 

1.6 Problems associated with the current therapy of levodopa 

Levodopa treatment is the most widely used drug therapy to treat parkinsonian disa-

bility. Dopamine (DA) is derived after the conversion of L-dopa by aromatic L- amino 

acid decarboxylase to the first catecholamine i.e. dopamine. The catecholamines are pro-

duced in the order: 

L-dopa    Dopa  noradrenaline   adrenaline 
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The metabolism of orally administered L-dopa in PD patients was demonstrated by 

GC and an high level of the main DA metabolites: (DOPAC) and 4-hydroxy- 3-

methoxyphenylacetic acid (homovanillic acid, HVA) and of a number of minor meta-

blites, such as p- and hydroxyphenylacetic acid and 4-hydroxy-3-methoxyphenyllactic 

acid (Nagatsua and Sawadab 2009). Oral therapy of PD using levodopa has always been 

a challenge to the formulation scientists of the world. However, during long term use of 

Levodopa the therapeutic effects of levodopa have declined substantially. With prolonged 

therapy with levodopa, patients show development of motor complications. It has been 

found to improve the cognitive skills effectively initially but chronic use of the drug has 

proven to have deleterious effects on the brain. It decreases intellectual capacity and also 

causes dementia. There is a low threshold for postural hypotension, psychiatric disturb-

ances and fluctuations in body movements in patients on long term levodopa therapy.  A 

fluctuation in the level of the L-dopa levels in the blood and brain leads to pulsatile stim-

ulation of the dopamine receptors in the brain (Nagatsua and Sawadab 2009). A fluctuat-

ing level of dopamine resulted in uncontrolled motor movements termed as Levodopa 

induced dyskinesia (LID). A readjustment of the levodopa dosage, and as an adjuvant 

drug treatment, deprenyl, a specific inhibitor of MAO type B, or a direct-acting dopamine 

agonist may prove helpful in the management of fluctuations in disability. Another ap-

proach to control LID is to deliver levodopa in a controlled/sustained fashion (Fabbrini, 

et al. 2010; Goole, et al. 2007; Goole, et al. 2008). A sustained release formulation of 

levodopa will provide a constant level of levodopa to the blood and the brain which will 

substantially reduce the adverse effect of chronic levodopa therapy. 
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1.7 Blood Brain Barrier: 

The blood brain barrier is the border between the cerebrospinal fluid and the circulat-

ing blood. The blood brain barrier is made up of the capillaries which provide the brain 

with oxygen and nutrients. Its job is to protect the brain from any foreign material which 

can cause harm to the brain. The blood brain barrier has basically three main compo-

nents: 1. Endothelial cells 2. astrocyte end-feet and 3. Pericytes. Levodopa is able to cross 

the blood brain barrier and gets converted to dopamine. Nanoparticles can be used to ac-

cess that part of the brain which usually remains inaccessible due to the BBB. The nano-

particles can be manufactured in such a way that the nanoparticles enter the brain and 

form a depot of tissue deposit so that drug gets released in a sustained release manner. 

Zhang et al tried to normalize enzyme tyrosine hydroxylase activity by intravenous gene 

delivery targeted specifically to the brain.(Zhang, et al. 2003) Another route which is be-

ing explored by the scientist to deliver nanoparticles is by the olfactory bulbs in the nose.  

Lockman et al have studied the effect of charge of nanoparticle on the permeability 

across the blood brain barrier. The blood brain barrier is negatively charged. Ideally cati-

onic nanoparticles should be the most attracted towards the BBB and also successfully 

cross it. Highly charged nanoparticles are found to disrupt the blood brain barrier, where-

as neutral nanoparticles or low concentration of anionic nanoparticles are found to have 

increased BBB penetration. These negatively charged nanoparticles bind to the BBB low 

density lipoprotein receptors which help transmit the particles inside brain.(Lockman, et 

al. 2004) 
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1.8  Drug Properties 

1.8.1 Levodopa 

 

Figure 2. Structural Formula of Levodopa 

1.8.1.1 Drug type 

Anti-parkinson drugs (N04)/Dopaminergic agents N04B)/Dopa and dopa dederivatives 

(N04BA) 

1.8.1.2: Nomenclature 

1.8.1.2.1: Chemical IUPAC name 

3-(3,4-Dihydroxyphenyl)-L-Alanine 

L-3-(3,4-Dihydroxyphenyl)alanine 

3-hydroxy-L-tyrosine 

L-3,4-dihydroxyphenylalanine 

L-beta-(3,4-Dihydroxyphenyl)alanine 

L-Dihydroxyphenyl-L- alanine 

(S)-2-amino-3-(3,4-dihydroxyphenyl) propanoic acid 
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1.8.1.2.2: Synonyms 

L- Dopa, methyl Dopa, 

1.8.1.3: Brand names 

Sinemet, Sinemet CR, Parcopa, Atamet1.8.1.4: Formulae 

C9H11NO41.8.1.5: Molecular weight 

197.19 g/mol 

1.8.1.6: CAS number 

59-92-7 

1.8.1.7: Physicochemical properties 

1.8.1.7.1: Physical state and appearance 

White to cream crystalline powder, odorless, tasteless 

1.8.1.7.2: Melting Point 

276-2780C 

1.8.1.7.3: Partition coefficient 

logP = -1.8 

1.8.1.7.4: Solubility 

Does not mix well with water (66 mg in 40 ml water) soluble in aqueous solutions of 

mineral acids 
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1.8.1.7.5: pKa 

pKa=9.69 

1.8.1.8: Pharmacology 

1.8.1.8.1: Drug category 

Anti-Parkinson’s drug, Anti Alzheimer’s, Anti dyskinetic 

1.8.1.8.2: Mechanism of action 

Parkinson’s disease is caused due to a deficiency in the dopamine levels in the 

brain. Dopamine is a neurotransmitter. The normal brain has a balance of acetyl choline 

and dopamine. Due to imbalance in the acetyl choline and dopamine levels there are in-

voluntary movements of the body. Levodopa acts by crossing the blood brain barrier and 

then gets converted to dopamine. Dopamine improves nerve conduction thereby bringing 

the undesired body movements under control (Koller and Rueda 1998). 

1.8.1.8.3: Indications 

Parkinson’s disease, Alzheimer. 

- Therapeutic dosage 

Oral dose for levodopa starts at 125mg taken twice in a day. The dose is increased ac-

cordingly after some time to a maximum of 8g per day. 

1.8.1.8.4 Contraindications 
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 Levodopa is contraindicated in patients with cardiovascular or pulmonary dis-

ease, asthma, renal, hepatic or endocrine disease. It should be used cautiously in patients 

with psychotic disorders. It should not be used during pregnancy. 

1.8.1.8.5: Adverse effects and toxicity 

 Gastrointestinal adverse effects include GI bleeding, duodenal ulcers, and hy-

pertension. Other major adverse effects include cardiac irregularities, palpitations, orthos-

tatic hypotensive episodes, depression, suicidal tendencies, loss of memory and urinary 

retention. Less serious adverse effects include anorexia, nausea and vomiting, abdominal 

pain, dry mouth, dysphagia, increased hand tremor, dizziness, numbness, confusion, in-

somnia, nightmares, hallucinations and delusions, agitation, anxiety, malaise, fatigue and 

euphoria, muscle twitching epharospasm, trismus, burning sensation of the tongue, 

 

1.8.1.8.6 Absorption 

Levodopa is absorbed from the small bowel. It is absorbed by the Large neutral 

amino acid transport system (LNAA). Stomach and intestine contain L- aromatic amino 

acid decarboxylase (AAAD). The t max of levodopa is 0.5 to 2 h. The absorption is de-

layed in the presence of food. Rate of absorption is dependent upon rate of gastric empty-

ing, pH of gastric juice, and length of time drug is exposed (Adamiak, et al. 2010). 

1.8.1.8.7: Metabolism 

Levodopa is extensively metabolized (greater than 95%) in the periphery and by 

the liver. The primary enzymes responsible for the metabolism of levodopa peripherally 

are catechol-o-methyl transferase (COMT) and dopa decarboxylase (Muller 2011). It is 
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excreted primarily in the urine. A small amount of levodopa is converted to 3- methyldo-

pa which crosses the BBB and gets converted to dopamine. Some part of 3-methyldopa 

gets converted to norepinephrine and epinephrine. Metabolism of dopamine leads to for-

mation of 3-4-dihydroxy-phenylacetic acid (DOPAC) and 3-methoxytyramine. These are 

further metabolized by monoamino oxidase (MAO) and COMT to homovanillic acid 

(HVA). About 13% to 42% of HVA is excreted in the urine within 24 h. DOPAC is oxi-

dized by hydrogen peroxide. This process leads to formation of toxic metabolites which 

destroy dopamine storage vesicles in the substantia nigra. This might be responsible for 

the failure of levodopa treatment of Parkinson's disease. A MAO-B inhibitor such 

as selegiline or rasagiline is used to avoid the metabolism of dopamine to such toxic me-

tabolites. 
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Figure 3. Synthesis of Dopamine  
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Levodopa is the immediate precursor of dopamine. Levodopa is converted to do-

pamine by the enzyme dopa decarboxylase (L- aromatic amino acid decaboxylase). (bio-

availability= ratio of AUC for oral to AUC for intravenous administration, where AUC= 

total area under the time - plasma concentration curve, extrapolated to time= ∞) 

1.8.2. Dendrimers 

1.8.2.1 Introduction: 

These are different from the traditional linear polymers. They are made up of re-

peatedly branched species around a central core which is characterized by structural per-

fection. They show a high degree of molecular uniformity, branching, globular architec-

ture and has a large number of sites to which different drug molecules can attach. Thus it 

can act as unique and optimum nanocarrier in medical applications such as drug delivery, 

gene transfection, tumor therapy, diagnostics, etc. The name “Dendrimer” is derived from 

the Greek word "δενδρον"/dendron, meaning "tree". These are sometimes called as ar-

borols and cascade molecules. They have very low polydispersity and show a particle 

size in the range of 1-10 nm. A typical dendrimer consists of three basic components: 

(a) Central core (b) Repeat units which determine the microenvironment of the interior 

and in turn the solubilization ability of the dendrimer; and (c) Terminal groups (periph-

ery). 
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Figure 4. A Typical PAMAM G1 Dendrimer 
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1.8.2.2 Properties of PAMAM dendrimers: 

PAMAM dendrimers are highly branched polymers with amidoamine as the cen-

tral core.  They are characterized by their structural perfection. They have a low polydis-

persity and are usually formed in the size range of 1-10nm. The properties of various 

dendrimers depend upon the peropheral functional groups. Proper control over the size, 

shape and terminal functional groups makes PAMAM dendrimer a valuable mode of de-

livering drugs. It has been reported to increase the solubility of nifedipine (water insolu-

ble) drug in water and thereby increase the rate of release from a gel (Devarakonda, et al. 

2004; Devarakonda, et al. 2005). 

1.8.2.3 PAMAM dendrimer as a drug carrier for brain. 

BBB is a major barrier to the entry of drug substance into the brain. PAMAM den-

drimer have been explored as a vehicle to deliver drugs across the BBB. PAMAM den-

drimer has spherical shape, well defined tree like structure, highly branched, and multiple 

sites for entrapment of small drug molecules. Many drug molecules like doxorubicin 

have been complexed with PAMAM dendrimer for delivery to the brain. This complex 

was found to have better permeability across the BBB. Higher amount of drug reached 

the brain compared to simple drug solution. There are 2 possible mechanisms by which 

the PAMAM dendrimer – drug complex crosses the BBB: 

1. Cationic peripheral ends of the PAMAM dendrimer are attracted to the negative 

cellular surface of the BBB. 

2. The complex between the drug and PAMAM dendrimer avoids the recognition by 

P-gp thereby avoiding the P-gp efflux mechanism of eliminating drugs from the 
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brain. A recent study suggests that PAMAM dendrimer is not a P-gp efflux sub-

strate and escapes the system to enter the BBB (El-Sayed, et al. 2003). 

Intravenous administration of doxorubicin using PAMAM dendrimer as a carrier 

showed lesser deposition in the heart compared to free solution. This is a major ad-

vantage to reduce the cardio toxicity of levodopa (Cui et al., 2009).  Levodopa is a small 

molecule with very high potential to get entrapped in the void spaces or form a complex 

with G4 PAMAM dendrimer. 

1.8.2.4 Effect of PAMAM dendrimer on Alpha synuclein fibrillation. 

Several inhibitors of alpha synuclein fibrillation have been identified over the years 

like catecholamines, heparin etc.  PAMAM dendrimers have also been identified for their 

fibrillation inhibiting properties (Milowska, et al. 2011). There are basically 2 types of 

inhibition i.e. Kinetic and thermodynamic. In kinetic type of inhibition the amount of fi-

bril does not change and the lag times may change. The curves for control and test cannot 

be superimposed. Thermodynamic inhibition on the other hand does not change the rate 

of fibrillation but changes the amount of the fibrils formed. G4 PAMAM dendrimers 

were found to be inhibiting both the rate of fibrils formation and the amount of fibril for-

mation. 
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   CHAPTER 2: 

To develop easy methods to quantify and evaluate the effect of 

a potential anti-Parkinson's drug on the inhibition of fibrilla-

tion of -synuclein 
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2.1 Introduction: 

Alpha synuclein fibrillation is plays a critical role in Parkinson’s disease. To test 

the effectiveness of any anti Parkinson’s drug on inhibition of AS fibrillation it was im-

portant to induce fibrillation of AS. The method used to induce AS fibrillation is a widely 

reported method (Ahn, et al. 2007; Dusa, et al. 2006; Fink 2006). AS fibrillation was in-

duced by shaking protein solution at 600rpm at a pH maintained at 7.4 using Tris HCl 

buffer at 37
O
C. The rate of fibril formation was estimated using Thioflavin t assay, FTIR 

and light microscopy.  

2.2 Methods to evaluate Alpha synuclein fibrillation: 

2.2.1 Thioflavin t assay technique 

Thioflavin t is a dye obtained by reaction between dehydrothiotolui-

dine and methanol in the presence of hydrochloric acid. Thioflavin t (Tht) has become the 

most widely used dye to detect amyloid fibrils (Biancalana and Koide 2010; Hudson, et 

al. 2009; Khurana, et al. 2005; LeVine 1993). Thioflavin t is a dye which binds specifi-

cally to amyloid fibril and shows an increase in fluorescence (Hudson, et al. 2009). After 

binding to fibrils there is a major shift in the excitation wavelength and emission wave-

length.  The excitation wavelength shifts from 385 nm to 450 nm and emission shifts 

from 445nm to 482 nm. It is proven that the fluorescence originates only from the amy-

loid fibrils (Naiki, et al. 1989)(Naiki, et al. 1990)(LeVine 1993). The reason behind in-

crease in the fluorescence is widely a widely researched topic. The exact reason behind 

the increase in the fluorescence is not clear and there are multiple justifications provided 

by different research groups. Khurana et al believe that Thioflavin t forms micelles at a 
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concentration of 5 µM and these micelles are responsible for an increase in fluorescence 

(Khurana, et al. 2005). It is suggested that the thiazole nitrogen from the dye and hydrox-

yl groups from the protein form hydrogen bonds. A 1mg/ml solution of protein is incu-

bated with and without Thioflavin t dye. The excitation wavelength used is 440nm and 

the emission wavelength used was 490 nm. 

2.2.2 Fourier Transform Infrared (FTIR) 

FTIR spectroscopy provides information about the secondary structure content of 

proteins. X-ray crystallography and NMR spectroscopy provide information about the 

tertiary structure. FTIR spectroscopy works basically by exposing the sample to infrared 

radiation recording the wavelengths of radiation in the infrared region of the spectrum are 

absorbed by the sample. Each sample will have a characteristic set of absorption bands in 

its infrared spectrum. Proteins folds to form either of the three structures i.e. Primary, 

Secondary or Tertiary. When amino acids are connected in a long chain by amide bonds 

then it is called as a primary structure. When the protein forms a big ball kind of 3D 

structure it is known as the tertiary structure. But when protein exists in a tertiary struc-

ture the protein is not able to form hydrogen bonds since the amino acids are entrapped 

inside the ball structure. Hence the amides form hydrogen bonds with each other. And 

this structure is called as the secondary structure (Figure5).  

Secondary structure is further classified as α helices and β sheet. In α helix the 

polypeptide backbone is coiled in a right handed helix whereas in a β sheet structure the 

polypeptide backbone is well spread out and lie either parallel or anti parallel to each oth-

er (Figure 6) (Gallagher 2009).  Nine normal modes observed for the amide band of pro-
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teins are A, B, and I-VII (Pelton and McLean 2000).  Protein structures show characteris-

tic peaks in the following regions (Table 1): 

Typical bands formed under the infrared spectra of proteins and polypeptides in-

clude the Amide I and Amide II. Amide bonds connecting amino acids are responsible 

for these bands. Absorption by the amide I band leads to stretching vibrations of C=O 

bond while on the other hand N-H bending is a result of Amide II bending (Figure 8).  

When protein comes in contact with water the protein nitrogen forms hydrogen 

bonds with water. In a folded state it becomes difficult for the protein to form hydrogen 

bonds with water since the amide is mostly caught inside the tightly packed secondary or 

tertiary structure (Gallagher 2009).  

2.2.3 Light Microscopy: 

Light microscopy was used as an imaging technique to corroborate the results of 

FTIR and Thioflavin t assay. Alpha synuclein fibrils increase in length and thickness as 

time progresses (van Raaij, et al. 2008). Microscopic method to detect alpha synuclein 

fibril formation has been used widely using light and electron microscopy. The fibrils 

formed can be analyzed for length, thickness or amount.  
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Figure 5.Formation of the secondary structure (Gallagher 2009) 

 

 

 

 

Figure 6.α helices (left) and β sheet (right) structure (Gallagher 2009) 
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Table1. Wavenumber-ranges associated with secondary structures of AS in its FTIR 

sepctrum 

Conformation Range (cm
-1

) 

α-helix  1650-1657 

 1612-1640 

 1670-1690 

Parallel β sheet 1626-1640 

 

 

Figure 7.Amide I and Amide II vibrations (Gallagher 2009) 
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2. 3 Materials and methods: 

2.3.1 Fibrillation of alpha synuclein: 

Alpha synuclein was obtained from rpeptide (S-1001-2, Borgart, GA).  A 1 mg/ml 

solution of Alpha synuclein in 10mM Tris buffer (pH7.4) was incubated at 37
o
C with 

continuous agitation at 600 rpm to form fibrils to mimic the alpha synuclein fibrils 

formed in brain of a Parkinson’s patient. 100µl of sample were removed and diluted upto 

1 ml by 20mM tris buffer (pH 7.4) at specific time points to evaluate the rate of fibrilla-

tion. The rate of fibril formation was evaluated by using FTIR, Thioflavin t Assay and 

light microscopy. 

2.3.1.1 Thioflavin t assay: 

950 µl of Alpha synuclein solution (1mg/ml) was incubated with 50µl of Thiofla-

vin t (10
-4

M). Fluorescence was measured using the Shimadzu spectrofluorometer with 

excitation and emission wavelength at 440 and 490 nm respectively. The slit width was 

kept at 10nm. Samples were withdrawn at specific time intervals. Similarly readings were 

taken for alpha synuclein incubated with drug conjugate and nanoparticles (blank, 

7.5%w/w, 15%w/w, 20%w/w). The readings obtained were plotted against time. 

2.3.1.2 Fourier Transform Infrared spectroscopy (FTIR) 

FTIR is a very sensitive method to identify secondary structure of protein. Atten-

uated total reflectance data were collected on the Shimadzu Fourier Transform Infrared 

Spectrometer and the data was analyzed using the IR solution software. FTIR samples 

were withdrawn from the incubated protein solution at specific intervals of time and ob-
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served for secondary structure in the range 1620-1640cm
-1

. The light microscopy images 

were taken under 50x zoom to observe for fibril formation. 

2.3.1.3 Light Microscopy: 

Light microscopy images were taken at 50x using a Leica microscope. 30µL of 

sample was taken on a glass slide and observed for fibril formation. The fibrils were 

characterized for increase or decrease in length over time. 

2.4. Results and discussions: 

2.4.1 Thioflavin t assay: 

Thioflavin t (Tht) dye is widely used to detect and quantify the formation of fi-

brils. When Tht was added to protein samples containing amyloid fibrils which are rich in 

b-sheet-structures, it fluoresces strongly with excitation and emission maxima at approx-

imately 440 and 490 nm, respectively. Thioflavin t not bound to alpha synuclein fibrils in 

blank containing just Tht and buffer showed no increase in fluorescence (Table 3). The 

mechanism of interaction between Tht and AS fibrils remains poorly understood, but the 

most widely accepted theory involves the binding of Tht molecules with the grooves be-

tween twisted fibrils. The increase in the fluorescence property is believed to be because 

of the binding of the Thioflavin t with the parallel βsheet structures of the AS fibrils. The 

increase in fluorescence is directly proportional to the increase in the length and concen-

tration of the AS fibril (Bolder, et al. 2007).  Therefore the increase observed in the fluo-

rescence can be attributed to the increase in the concentration and length of fibrils in our 

study. The in vitro fibril formation process can be classified as a template dependent 

mechanism. The template dependent mechanism requires a preformed template on which 
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Table 2. Determination of fibrillation by fluorescence spectrophotometer 

Day 

(a) 

Buffer + Tft+(IU) 

(b) 

(a) + AS (IU) 

0 30.81 31.98 

1 29.90 36.21 

2 39.40 119.66 

3 28.39 66.73 

5 23.53 82.83 

7 21.70 101.20 

10 31.69 136.83 
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Figure 8. Fluorescence assay of α synuclein incubated at 37
O
 C for 10 days with constant 

stirring at 600 rpm (pH=7.4) 

 

 

 
 

Figure. 9 Template dependent mechanism of AS fibrillation (Bhak, et al. 2009) 
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the amyloidogenic proteins grow by undergoing a conformational adjustment in order to 

fit on the template.  

Nucleation dependent mechanism and double concerted fibrillation are two different 

types of template dependent mechanism. Double concerted fibrillation occurs when the 

oligomeric species acts as a growing unit for the fibril formation in the absence of tem-

plate. Nucleation dependent mechanism consists of following three steps: 

a) Lag phase 

b) Exponential growth 

c) Stationary phase 

Both nucleation dependent and double concerted fibrillation process are found to 

work in cooperation in vivo (Bhak, et al. 2009; Wood, et al. 1999a). The amount of β-

structure increases initially and then decreases, suggesting build-up and decay of a transi-

ent intermediate. Our data indicates that there is a decline in fibril formation after a peri-

od of 3 days. There is an exponential increase in the fluorescence after the decline phase. 

This could be due to the presence of preformed fibrils. The preformed fibrils acted as a 

template for the formation of new fibrils or extension of the preformed fibrils. The in-

crease in the fluorescence could be due to either increase in amount of fibrils formed or 

an increase in length and width of preformed fibrils. To confirm the formation of fibrils 

we carried out FTIR. 

2.4.2 Attenuated Fourier Transform Infrared spectroscopy (FTIR) 
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AS exists a mixture of unstructured, primary and secondary structure. AS fibrilla-

tion leads to an increase in the secondary structure and this was confirmed by using 

FTIR.  FTIR is a very sensitive method to determine the secondary structure of proteins 

(Nielsen, et al. 2001). The region 1700-1600 cm
-1

 is specific for amide 1 region. The re-

gion 1620-1640 cm
-1

 is specific for β-sheet which is characteristic secondary structure 

found in the AS fibrils. It was observed that there was an increase in the area under the 

curve for the region around 1636 cm
-1

. An increase in area shows an increase in the sec-

ondary structure thereby confirming fibrillation of AS. The FTIR data supported the fluo-

rescence data (Table 3).   

2.4.3 Light Microscopy  

Light microscopy was used to detect the presence of fibrils. The images show that with 

an increase in time there is increase in the fibril length and amount of fibrils formed (Fig-

ure 10).  

2.5 Conclusion: 

Various parameters of AS fibrillation were established successfully (stirring the protein 

solution in tris buffer (pH 7.4) at 600 rpm for 10 days).  The formation of fibrils was con-

firmed by three techniques: 

a) Thioflavin t assay- The aggregated alpha synuclein binds to the Thioflavin t dye 

and an increase in fluorescence with respect to time is observed. This assay con-

firms formation of amyloid fibrils. 
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Table 3. Peak area associated with β-sheet of AS incubated through various time periods 

Day Wavelength 
Peak area (n=3) x 10

-3 

0 1635.64 1.91±0.01  

1 1635.64 3.76±0.02 

5 1635.64 4.37±0.02 

10 1635.64 138.41±11.51 
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Day 0      Day 7 

 

     

 

Day 3       Day 10 

Figure 10. Light micrograph showing fibrillation of AS incubated through different time 

periods 
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b) FTIR- An increase in the peak area in the region 1620-1640 cm
-1

 for the incubated 

protein indicates an increase in secondary structure which is characteristic of 

amyloid fibrils.  

c) Light Microscopy- The fibrils formed were observed under 50x lens to corrobo-

rate the results obtained using Thioflavin t assay and FTIR. The images show that 

fibrils are formed with the length of fibrils ranging from 500 nm -5 µm.  
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CHAPTER 3: 

Preparation and characterization of levodopa-dendrimer con-

jugate and investigate its effect on -synuclein fibrillation 
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3.1 Introduction: 

Penetration of drug across the blood brain barrier is a major hurdle for treating 

CNS disorders. The permeation of compounds is limited by the action of active efflux 

transport proteins including P-glycoprotein (P-gp) and multidrug resistance proteins 

(MRPs) (Sarin 2010). . Various strategies to improve the permeation of drug through 

blood brain barrier include development of simple prodrugs (increase lipophilic nature 

which will enhance the permeation through the BBB and then get metabolized into active 

drug inside the brain), entrap the drug molecule in a polymeric complex or nanoparticles 

(solid lipid nanoparticles) (Jain 2007; Patel, et al. 2009). PAMAM dendrimer was con-

sidered as an appropriate polymer to deliver drugs across the BBB. PAMAM dendrimer 

is a spherical polymer unlike the traditional linear polymer and has well-defined tree-like 

structures with extraordinary symmetry, high branching and maximized terminal func-

tionality density on the periphery of the structure. These properties make it an ideal can-

didate for entrapping small drug molecules (Caminade, et al. 2005). PAMAM dendrimer 

has demonstrated its potential use as a drug delivery system. PAMAM dendrimer have 

been used for entrapment of drug molecules inside the huge void spaces created by the 

tree like structure or get attached at the peripheral functional groups (Fant, et al. 2008; 

Ke, et al. 2008). 

3.2 Material and methods: 

3.2.1 Preparation of the conjugate between levodopa and G4 PAMAM dendrimer: 

G4 PAMAM dendrimer (Sigma Aldrich), 200 µl of dendrimer solution (10%w/w 

in methanol) was added to 20 ml deionized water to obtain a concentration of 1 mg/mL.  
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Figure 11. Steps involved in the preparation of levodopa- dendrimer conjugate  
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Levodopa (20mg, D9628, Sigma Aldrich) was added to dendrimer solution which was 

made alkaline (pH 8.5) by adding 0.1 N NaOH. The mixture of dendrimer and levodopa 

was stirred (200 rpm) at room temperature for 45 minutes and lyophilized to remove sol-

vents. Following method was used to prepare the levodopa-dendrimer conjugate: 

3.2.2 Characterization of the conjugate: 

3.2.2.1 Ultra-Visible spectroscopy: 

The conjugate formed between Levodopa and G4 PAMAM dendrimer was char-

acterized using UV (Shimadzu corporation, Tokyo, Japan). A sample having concentra-

tion 1mg/ml in Phosphate buffered saline (PBS) was used to identify the λmax.  

3.2.2.2. Attenuated Fourier Transform Infra-red (FTIR) spectroscopy  

A sample size of 40µl was used to scan the conjugate. FTIR was carried out using 

IR- Prestige 21(Shimadzu, Columbia, MD). All the spectra were recorded as a mean of 

15 scans, with a resolution of 4 cm
-1

 and in the range of 800-4000 cm
-1

.The absorbance 

spectrum was observed specifically under the region 2700-3500 cm
-1

 and 1600-1700 cm
-

1
. FTIR was carried out to observe for new bonds being formed or broken. FTIR is a very 

sensitive method to determine structural changes.  

3.2.2.3. Differential Scanning Calorimetry (DSC) 

Differential scanning Calorimetry (Shimadzu DSC-60, Columbia, MD, USA) was 

used to confirm the formation of the conjugate. The melting point of levodopa was de-

termined by exposing it to a temperature range from 25-300
O
C at the rate of 10

O
C.  
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3.3     Result and discussion 

3.3.1 Ultra-Visible spectroscopy 

UV spectroscopy was carried for levodopa and PAMAM dendrimer alone. Their 

wavelength for maximum absorption was determined by running a scan on the UV spec-

trometer. Following are the spectrum obtained for levodopa and dendrimer alone: 

A complete UV scan was performed to determine the wavelength for maximum 

absorption for dendrimer. It was found that PAMAM dendrimer showed 2 wavelengths 

for maximum absorption (231nm and 278 nm). 

A complete UV scan was performed to determine the wavelength for maximum 

absorption for levodopa. It was found that levodopa showed 2 wavelengths for maximum 

absorption (228nm and 289 nm). 

The conjugate between levodopa-dendrimer was characterized for maximum ab-

sorbance. There are two distinct peaks observed for the conjugate at 281nm and 231nm. 

The wavelength maxima at 231 nm was not used to quantify the conjugate since den-

drimer alone absorbed at the same wavelength. The shift in the λmax to 281 nm might be 

due to the formation of amide bond between levodopa and dendrimer.  This wavelength 

was then used to identify and quantify the conjugate.  

3.3.1.2 Assay Validation: 

3.3.1.2.1 Linearity: 
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Linearity is defined as the ability to elicit test results that are directly, or by a well-

defined mathematical transformation, proportional to the concentration of analyte in  

 

 

 

Figure12. Wavelength scan of dendrimer for determining wavelength for maximum ab-

sorbance   
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Figure13. Wavelength scan of levodopa for determining wavelength for maximum ab-

sorbance   

 



47 
 

 

Figure 14. Wavelength scan of levodopa-dendrimer conjugate for determining 

wavelength for maximum absorbance 
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samples within a given range. A standard stock solution (1mg/ml) of levodopa-dendrimer 

conjugate was prepared using PBS. The concentration vs absorbance plot is shown in 

Figure 15. It was found to be linear in the 0.015-0.25mg/ml. The equation which provid-

ed the relation between the concentration of drug conjugate and the UV absorbance at 

281nm is: 

Absorbance= 8.3776 C-0.0333 

The r
2 

value for this equation was calculated to be 0.9997 which is acceptable for analyti-

cal procedures. 

3.3.1.2.2 Accuracy: 

The USP has defined accuracy of an analytical method as the closeness of test re-

sults obtained by that method to the true value. Accuracy is calculated as percentage by 

dividing the amount of recovered analyte by the assay of the known added amount of an-

alyte in the sample. High accuracy of the method is important to detect exact concentra-

tion of unknown sample within the limits of the curve. The accuracy of the UV method 

was determined by analyzing three quality control samples (0.1mg/ml, 0.05mg/ml, 

0.025mg/ml). These samples represented the high and low of the standard curve. Samples 

having these concentrations were prepared 3 times and analyzed using UV spectroscopy. 

Theoretical concentrations were then compared with the actual concentrations obtained to 

calculate the accuracy. The accuracy was measured as percentage and given by the for-

mula:                 
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The analytical method was found to be accurate in the standard curve limits.  

3.3.2 Differential scanning Calorimetry: 

Pure levodopa was heated from room temperature to 300⁰C. Levodopa showed a 

characteristic endothermic peak at 288
O
C which is the melting point of Levodopa. The 

lyophilized conjugate between levodopa and dendrimer was subjected to similar heat ex-

posure. The conjugate showed multiple endothermic peaks but there was no peak ob-

served at 288
O
C. This disappearance of endothermic peak at 288

 O
C could be because of 

phase transition of levodopa from crystalline to non-crystalline nature. Another reason for 

disappearance of the peak might be due to the conjugation of levodopa with dendrimer.  
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3.3.2 Differential scan 

 

Figure 15. A plot of concentration of levodopa–dendrimer conjugate vs absorbance (281 

nm) 

Table 4. Percentage accuracy values of the quality control samples 

Theoretical concentration 

(mg/mL) 

Measured concentration 

(mg/mL) 

Accuracy (%) 

0.1 0.103±0.007 103.33±7.02 

0.05 0.049±0.003 98.00±5.29 

0.025 0.025±0.001 101.33±4.62 

 

Figure 15. A plot of concentration of levodopa–dendrimer conjugate vs absorbance 

(281 nm) 
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Figure 16. Thermogram of levodopa showing its melting point at 288
O

 C 
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Figure 17. Thermogram of levodopa-dendrimer conjugate  
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3.3.3 FTIR of levodopa –dendrimer conjugate: 

N-H bond in primary and secondary amines absorb in the range from 3200-3500cm-1. In 

case of PAMAM dendrimer conjugated with levodopa there was an increase in the peak 

area in the region 3200-3500cm-1. The increased stretching between N-H bonds might be 

due to the bond being formed between the carboxylic groups of levodopa and peripheral 

amine groups on PAMAM dendrimer. There is also an increase in peak area observed in 

the amide region of FTIR (1600-1700cm-1) in levodopa dendrimer conjugate compared 

to dendrimer alone. This might be due to an amide bond being formed between carbox-

ylic acid groups of levodopa and peripheral amine groups of PAMAM dendrimer. The 

concentration of all the components was kept constant. 
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Figure 18. FTIR spectra of  levodopa-dendrimer conjugate 

 

Figure 19. FTIR spectra of  levodopa-dendrimer conjugate (2700-3525cm
-1

) 

Levodopa –dendrimer conjugate 

Dendrimer Levodopa 

Levodopa –dendrimer conjugate 

Dendrimer 

Levodopa 
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Figure 20. FTIR spectra of  levodopa-dendrimer conjugate 

Levodopa –dendrimer conjugate 

Dendrimer Levodopa 
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3.3.4. Effect of levodopa-dendrimer conjugate on AS fibrillation: 

3.3.4.1 Thioflavin t assay: 

Thioflavin t is a dye which binds specifically to amyloid structures. It shows a 

characteristic increase in fluorescence after binding upon protein fibrils. AS was incubat-

ed with levodopa in an equimolar concentration in Tris HCl buffer for 10 days at the 

same conditions used to induce fibrillation. AS incubated with levodopa showed a signif-

icant (p<0.05) reduction in Thioflavin t fluorescence compared to the fluorescence ob-

served in the absence of the drug. Similarly as reported by Rekas et al, PAMAM den-

drimer was able to significantly inhibit AS fibrillation (Rekas, et al. 2009). AS incubated 

with levodopa dendrimer conjugate was able to inhibit the AS fibrillation better than 

levodopa and dendrimer individually. Levodopa inhibits AS fibrillation by binding to the 

unstructured AS. The two hydroxyl groups present on levodopa bind to alpha synuclein 

thereby inhibiting the aggregation and further fibrillation (Latawiec, et al. 2010). The hy-

droxyl groups binds specifically to the NAC region responsible for aggregation of AS. It 

is suggested that the cationic amino group of PAMAM G4 interacts with the basic amino 

acid NAC region of ASN (Milowska, et al. 2011; Rekas, et al. 2009).  

The increased inhibition of fluorescence by the conjugate might be due to in-

creased binding of the conjugate to the AS. We hypothesize that levodopa binds with 

PAMAM dendrimers by forming amide bonds between the carboxylic acid and peripher-

al amino groups of PAMAM dendrimers. Although some peripheral amino groups are 

used up in binding with levodopa but the conjugate offers two hydroxyl groups for each 
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amino group lost to binding with levodopa, which results in better binding with AS. 

Higher binding to AS will lead to higher inhibition of AS fibrillation (Figure. 19). 

3.3.4.2 Fourier transform infrared spectroscopy of AS 

FTIR is a very sensitive method to estimate the secondary structure of protein. AS 

natively exists as a mixture of unstructured, primary and secondary structures (Bertonci-

ni, et al. 2005). N-terminal region includes the first 93 residues and is considered respon-

sible for the secondary structure. The C-terminal region is highly acidic and predicted to 

lack ordered secondary structure (Li, et al. 2005). ATR-FTIR analysis was used to inves-

tigate the secondary structure of AS during fibrillation. ATR-FTIR requires a very small 

sample size with low concentrations of protein. Secondary structure is observed under the 

spectral region 1700–1600 cm
-1

. β-sheet specifically lies in the region 1640-1620 cm
-

1
 and 1695-1690 cm

-1
(Kong and Yu 2007). Volume of sample withdrawn was kept con-

stant at 40µL. Samples were withdrawn at specific time points during the incubation of 

alpha synuclein with the presence of levodopa, dendrimer and levodopa-dendrimer con-

jugate at the same concentration at 37 
O
C and pH 7.5. The major structural changes ob-

served with increasing time of incubation occur around 1636 cm
-1

, reflecting changes in 

β-structure. The amount of β-structure increases with increase in time, indicating build-up 

of AS fibrils. The differences in the area occur in the absorbance around 1636 cm
-

1
(increase) and 1655 cm

-1
 (decrease). The distinctive increase in peak area under 1636 

cm
-1

 corresponds to an increase in β-sheet structure as the fibrils form and elongate. The 

decrease in the band around 1655 cm
-1

 represents a decrease in the disordered structure, 

and occurs concurrently with the rise of the signal around 1636 cm
-1

. Table 5 shows the 

area under the curve for AS with respect to increase in time. In the presence of levodopa  
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Table 5. Comparison between the fluorescence intensities of α-synuclein incubated in 

presence of Thioflavin t with (c) levodopa-dendrimer conjugate and (d) dendrimer alone. 

(n=3) 

Day (a) 

Buffer + Tft 

(IU)-                                             

(Blank) 

 

(b) 

(a) + AS 

(IU) 

 

(c) 

(b) + Levodopa 

+ dendrimer con-

jugate 

(IU) 

(d) 

(a) + dendrimer            

(IU) 

 

0 30.8±1.8 31.9±0.6 30.0±0.8 31.9±0.7 

1 29.9±1.2 36.2±1.3 32.6±0.7 34.4±0.8 

2 39.4±1.7 119.6±1.1 36.1±1.2 41.1±1.2 

3 28.3±1.7 66.7±1.2 29.9±1.8 49.2±2.1 

5 23.5±1.9 82.8±1.8 26.5±1.6 50.1±1.8 

7 21.7±1.4 101.2±2.9 23.7±1.7 35.1±1.3 

10 31.6±2.6 136.8±2.7 31.4±2.5 40.9±2.1 
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Figure 21. Fluorescence intensities of AS incubated with levodopa-dendrimer conjugate 
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Table 6. Determination of secondary β-sheet structure using FTIR (n=3) 

Day 
Wavelength 

cm
-1

 

Peak area in the 

absence of con-

jugate 

(x 10
-3

) 

Peak area in 

the presence 

of conjugate 

(x 10
-3

) 

Peak area 

with Levo-

dopa 

(x 10
-3

) 

Peak area 

with Den-

drimer 

(x 10
-3

) 

0 1635.64 1.91±0.01 .52±0.05 2.01±0.33 3.45±0.05 

1 1635.64 3.76±0.02 3.92±0.13 3.42±0.75 1.88±0.18 

5 1635.64 4.37±0.02 1.23±0.12 3.34±0.64 6.54±0.53 

10 1635.64 138.41±11.51 .34±0.24 2.00±0.15 4.49±0.71 
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The area around the region 1636 cm
-1 

was found to remain constant with time in-

dicating no increase in the β-sheet structure. This was also observed in the case of AS 

incubated with PAMAM dendrimers. AS fibrillation was inhibited by PAMAM den-

drimer to a lesser extent compared to levodopa. AS remained in a disordered state when 

incubated with the conjugate between levodopa and dendrimer. As mentioned earlier the 

binding between hydroxyl groups of levodopa and AS stabilizes the unstructured AS and 

prevents further fibrillation. PAMAM dendrimer similarly bind to the NAC region of AS, 

thereby inhibiting the fibrillation. The conjugate can hypothesized to bind more to AS 

compared to both levodopa and PAMAM dendrimer.  

3.3.4.3 Light Microscopy 

Light microscopy results confirm that fibrillation process was inhibited by both 

Levodopa-dendrimer conjugate and dendrimer alone. Light microscopy could not be used 

to differentiate between the effects of dendrimer or levodopa-dendrimer conjugate. A mi-

croscope of higher magnification could have provided better images to differentiate be-

tween effects of dendrimer and levodopa-dendrimer conjugate on AS fibrillation.  

3.4. Conclusion: 

The conjugate between levodopa and dendrimer might have formed. The conju-

gate was characterized using UV visible spectroscopy, DSC and FTIR. DSC data is not 

conclusive enough to prove that conjugation is happening. UV spectroscopy was used to 

identify and quantify the conjugate. Effect of the conjugate on alpha synuclein fibrillation 

measured using Thioflavin t assay and FTIR showed that levodopa-dendrimer conjugate 
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inhibited AS fibrilation significantly (p<0.05) greater than levodopa or dendrimer alone 

at all-time  

 

Day 0 

 

Day 3 

 

Day 10 

Figure 22.  Light micrograph showing effect of levodopa-dendrimer conjugate on 

Fibrilation of α-synuclein incubated through various time points 
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Day 0-AS + Dendrimer 

 

Day 3 AS + Dendrimer 

 

Day 10 AS  + Dendrimer 

Figure 23. Light micrograph showing effect of dendrimer on AS fibrillation  
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points. Light microscopy qualitatively showed the inhibition of AS fibrillation in pres-

ence of levodopa-dendrimer conjugate as well as either of them alone. 
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Chapter 4- 

Preparation and characterization of levodopa-dendrimer con-

jugate nanoparticles 
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4. 1 Introduction: 

One of the major reasons for the side effects of levodopa therapy has been the 

fluctuating amounts of levodopa reaching the brain. It has been reported that a constant 

level should be maintained inside the brain to take care of this problem (Gerlach, et al. 

1996). Levodopa given in combination with a peripheral dopa decarboxylase inhibitor 

continues to be the primary treatment for Parkinson's disease. Levodopa has a really short 

half-life (t1/2= 1.5hrs), immediate release levodopa preparations lead to a fluctuating 

amount of levodopa reaching the brain. This leads to the on and off effect after chronic 

use of levodopa wherein the dopaminergic receptors are activated for some time and re-

main deactivated for some time. Reduced efficacy and fluctuating motor responses were 

the major problems associated with long term therapy of levodopa. A sustained release 

formulation would provide a comparatively smoother pharmacokinetic profile with levo-

dopa concentrations sustained substantially longer than with the immediate release for-

mulations. Most patients with Parkinson's disease have reported improvement in disease 

symptoms while receiving sustained release levodopa compared to immediate release 

(Juncos, et al. 1987). Levodopa-dendrimer conjugate as reported earlier proved to be bet-

ter inhibitor of AS fibrillation compared to levodopa or dendrimer alone. Due to this 

property of better inhibition of AS fibrillation, we used this conjugate to prepare chitosan 

based nanoparticles. The nanoparticles might sustain the release of conjugate such that a 

constant level is maintained at the dopamine receptors.  

To deliver the levodopa-dendrimer conjugate, surface modified nanoparticles 

were prepared. Solid lipid nanoparticles were prepared using a method described by 

Trickler et al., 2008. This method has been used to prepare nanoparticles for both hydro-
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philic and hydrophobic drugs (Trickler, et al. 2008; Wang, et al. 2147). GMO was used to 

form the lipid phase. We modified the method of preparation of nanoparticles by includ-

ing Tween 80 in water to form the aqueous phase. GMO has been widely used to form 

cubosomes to sustain the release of water soluble and water insoluble drugs (Nguyen, et 

al. 2011). Tween 80 was added to the formulation since use of tween 80 to coat nanopar-

ticles has been proven to increase the targeting towards the brain (Alyautdin, et al. 1997). 

It has a HLB value of around 13-14. Crosslinked chitosan was used to modify the surface 

of nanoparticles. Chitosan was used to coat the nanoparticles to achieve a sustained re-

lease of levodopa-dendrimer conjugate. Chitosan is a biodegradable polymer used to de-

liver drugs parentally and orally. TPP was used as a cross-linking agent. Oleic acid was 

used due to its property of water in oil emulsion stabilizer. PVA is a stabilizer for o/w 

emulsions and was used in the final step of sonication to stabilize the emulsion. Solid li-

pid nanoparticles are solids at room temperature which reduces the mobility of drugs 

thereby leading to sustained release. There is no organic solvent used during the produc-

tion of SLN’s. The SLN’s have reported to show burst release and a prolonged release of 

drug was not observed. To solve this problem cross linked chitosan was used to form a 

coat over the nanoparticles so as to further sustain the release of drug conjugate.  

4.2 Material and methods: 

4.2.1 Preparation of Nanoparticles: 

The lyophilized conjugate between levodopa and dendrimer (100mg) was added to 

GMO (300 micro liter) which was emulsified by using 9 ml Tween 80 (0.15 %w/v) and 

sonication at 32 W for 2min (Sonicator 3000, Misonix, Farmingdale, NY). To the result-
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ing o/w primary emulsion was added low molecular weight chitosan (448869, Sigma Al-

drich) solution (2.4%w/v) prepared in 2.5%w/v acetic acid in deionized water. 2ml PVA 

(0.5%w/v) was added as an emulsion stabilizer. To this emulsion 9ml of 1.5%w/v Sodi-

um Tri polyphosphate (TPP) was added as a cross linker. This emulsion was then lyophi-

lized to get the final nanoparticles. Particles with differing conjugate concentration (7.5% 

w/w, 15% w/w, 20 % w/w) were prepared. 

4.2.2 Characterization of the system: 

4.2.2.1 Particle size and Surface charge analysis 

The zeta potential and particle size of drug loaded and blank particles were de-

termined using zeta meter (ZetaPlus, Brookhaven Instruments Corporation, Holtsville, 

NY). Nanoparticles were suspended in deionized water at a concentration of 0.1mg/ml. 

Particle size and zeta potential were determined in triplicate for the blank and drug loaded 

nanoparticles. 

4.2.2.2 Attenuated Total Reflectance Infrared Spectroscopy 

FTIR analyses of drug loaded chitosan-TPP nanoparticles and blank nanoparticles 

were carried out using IR Prestige-21 (Shimadzu, Columbia, MD). The sample was 

placed in direct contact with ATR crystal ensuring good contact. All the spectra were 

recorded as a mean of 15 scans, with a resolution of 4 cm
-1

 and in the range of 800-4000 

cm
-1

. 

4.2.2.3 Differential Scanning Calorimeter  

A differential scanning calorimeter (DSC) (Shimadzu DSC-60, Columbia, MD, 

USA) was used to analyze drug loaded nanoparticles and blank nanoparticles. The sam-

ple to be analyzed (3-5 mg) by DSC was crimped nonhermetically in an aluminum pan 
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and heated from room temperature (23⁰C) to 300°C at a rate of 10°C/minute under nitro-

gen purge. 

4.2.2.4 Determination of Drug Loading and Drug loading efficiency 

The theoretical drug load of the formulation was calculated by dividing the weight 

of the drug added initially to the formulation divided by the total weight of the nanoparti-

cles obtained. The actual drug load was determined by adding 10 mg of the formulation 

in 10 ml PBS in triplicate and this suspension was centrifuged at 4000 rpm for 30 

minutes. The supernatant was analyzed for drug content using UV (281nm). The absorb-

ance obtained was plotted on the standard curve and then extrapolated to determine the 

concentration. The drug loading efficiency was calculated using the following equation: 

 

4.2.2.5 In vitro drug release: 

The in vitro drug release of the conjugate was determined by adding 10 mg of na-

noparticles to 10 ml of freshly prepared PBS (pH= 7.4) in a glass vial maintained at 

37
O
C. 1 ml aliquots were removed and replaced with freshly prepared PBS at specific 

intervals of time. The sample was then analyzed using UV (281nm). 

4.3 Effect on Alpha synuclein fibrillation: 

The effect of drug loaded and blank nanoparticles on AS fibrillation was observed  

by adding equimolar concentration of drug containing nanoparticles compared to the pro-

tein concentration. The nanoparticles (drug loaded and blank) were suspended in the pro-

tein solution. The protein suspension containing nanoparticles was shaken at the rate of 
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600rpm maintained at 37
o
C (pH=7.4). AS was exposed to nanoparticles containing 

7.5%w/v, 15%w/v and 20%w/v drug conjugate.  

4.3.1 Thioflavin t assay: 

AS containing nanoparticles of different concentration were incubated with thio-

flavin t in the concentration of 50 x 10
-5 

M. Thioflavin t fluorescence was measured using 

Shimadzu Spectrofluorometer. Fluorescence was measured at specific intervals of time.  

4.3.2 Fourier Transform Infra-red (FTIR) spectroscopy: 

Aliquot of 40 µl from AS containing nanoparticles were placed on the ATR crys-

tal such that it makes good contact with the surface. FTIR was measured using IR Pres-

tige-21 (Shimadzu, Columbia, MD). All the spectra were recorded as a mean of 15 scans, 

with a resolution of 4 cm
-1

 and in the range of 800-4000 cm
-1

. FTIR area under the region 

1620-1640 cm
-1

 was specifically observed for change in the β- sheet structure formation.  

4.3.3 Light Microscopy: 

Light microscopy was carried out to record the formation of alpha synuclein fibrils. Ali-

quots of 40 µl were removed at specific intervals of time and observed under 50x using 

the Leica lens.  

4.4 Results and discussion 

4.4.1 Characterization of nanoparticles: 

4.4.1.1 Particle Size and surface charge 
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Table 7. Particle size and surface charge for nanoparticles containing L+D conjugate 

(n=3) 

Nanoparticle Particle Size (nm) Zeta potential(mV) 

Blank 230.3±4.1 -25.9±1.7 

7.5% w/w 236.6±6.9 -24.6±2.8 

15% w/w 237.1±5.3 -21.3±1.2 

20% w/w 242.5±7.2 -26.3±2.3 
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Nanoparticles were characterized for particle size and zeta potential using the zeta 

meter. The nanoparticles showed a net negative charge of around 25mV. A negative 

charge was developed on the nanoparticles due to the presence of cross linker i.e Tri pol-

yphosphate. TPP (1.5%w/w) has free phosphate groups which do not participate in cross 

linking chitosan. The target was to keep a net low negative charge on the nanoparticles 

since anionic nanoparticles at low concentrations have been reported to cross the blood 

brain barrier better than cationic or neutral nanoparticles(Lockman, et al. 2004). Blank 

nanoparticles showed a particles size of 230.3±4.1. Although not significant but there 

was an increase in particle size observed in the case of drug loaded nanoparticles. A fur-

ther reduction in particles size by homogenization would enhance the permeation of na-

noparticles across the blood brain barrier.   

4.4.1.2 Differential scanning calorimetry 

The DSC thermogram of both blank nanoparticles and drug loaded nanoparticles 

showed slight endothermic peak at around 60-70
O
C which is characteristic of GMO. 

Whereas the peak at around 100
 O

C is created due to loss of moisture. The DSC thermo-

grams of the nanoparticles confirm that the components of the nanoparticle exist in a non-

crystalline state. The sharp peak at 200 
O
C could arise due to the melting of the various 

lyophilized components of the nanoparticle.  

4.4.1.3 Karl Fischer Titrimetry 

Moisture content was calculated using the Karl Fischer Titrimetry assay. Both 

blank and drug loaded nanoparticles showed moisture content in the range of 5-7% w/w. 
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The presence of moisture content found in DSC was confirmed using the Karl Fischer 

Titrimetry.  

 

   Figure 24. Thermogram of blank nanoparticles  

 

   Figure 25. DSC thermogram of levodopa-dendrimer conjugate loaded nanoparticles  
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Table 8. Moisture content of blank and drug loaded nanoparticles. 

Nanoparticles % Moisture content (n=3) 

Blank 5.5±0.7 

7.5%(w/w) 6.4±1.1 

15%(w/w) 4.7±0.4 

20%(w/w) 5.7±0.6 
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4.4.1.4 Attenuated Fourier transform infrared spectroscopy 

Blank and drug loaded nanoparticles were scanned for absorbance in the infrared 

region. There is an increase in the height and about 10% increase in the area under the 

region 3200-3500cm
-1 

in case of drug loaded nanoparticles compared to the blank nano-

particles (Figure 24). This region is characteristic for O-H and N-H stretching. The region 

3400-3500 cm
-1

 is specific for N-H stretching and 3200-3400 cm
-1

 is for O-H stretching. 

There is moisture present in both the blank nanoparticles and drug loaded nanoparticles. 

An increase in the peak area under region 3300-3500 cm
-1

 in drug loaded nanoparticles 

might be due to a higher moisture content of drug loaded nanoparticles or due to a possi-

ble ionic bond formed between the negatively charged phosphate ions of tri polyphos-

phate and positively charged peripheral amino groups of PAMAM dendrimers (Noguchi 

2008; Wu, et al. 2005).  

4.4.2 In vitro drug release study: 

The nanoparticles showed an initial burst release with about 50% drug being re-

lease at the end of 24 hrs. The release of the drug conjugate was sustained after the initial 

burst release. 
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Figure 26. FTIR spectrum of blank nanoparticle showing peaks characteristic of its dif-

ferent constituents 
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Figure 27. FTIR spectrum of L+D conjugate loaded nanoparticles  
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Figure 28. In vitro release profiles of a) 7.5% w/w nanoparticles b) 15% w/w nanoparti-

cles and c) 20%w/w nanoparticles 

 

 

(a) (b) 

(c) 
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Table 9. Drug loading efficiency of nanoparticles  

Amount of Drug added (%w/w) Drug loading% (n=3) 

7.5 95.2±6.2 

15 98.9± 2.4 

20 80.2±5.7 
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4.4.3 Drug Loading efficiency: 

There was almost no drug loss found in the case of both 7.5%w/w and 15% w/w na-

noparticles. There was only 80.2±5.7 % drug loading in the case of 20% w/w nanoparti-

cles. This could be due to the fact that all of the drug conjugate could not get entrapped 

inside the gmo-chitosan nanoparticles. It is also possible that since majority of drug con-

jugate remained outside the drug conjugate got oxidized due to exposure to moisture and 

air. Oxidation of the drug conjugate could lead to a reduction in absorbance recorded at 

281 nm. Therefore a higher amount of drug loading was not attempted since majority of 

drug remained outside on the surface of the nanoparticles.  

4.5 Effect of nanoparticles on AS fibrillation: 

4.5.1 Thioflavin t assay  

AS was incubated in the presence of drug loaded nanoparticles and blank nanoparti-

cles. In the presence of blank loaded nanoparticles there was no inhibition of AS fibrilla-

tion. The increase in the fluorescence was comparable to the increase in fluorescence in 

the absence of nanoparticles. In the presence of drug loaded nanoparticles there was sig-

nificant (p<0.05) reduction in the fluorescence. The nanoparticles containing 15% w/v 

drug were found to be most effective compared to nanoparticles containing 7.5%w/v or 

20%w/v. The nanoparticles release about 98% of the drug conjugate by the end of 120 

hrs (5 days). Therefore almost all the drug was available to conjugate with AS by the end 
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Table 10. Determination of effect of nanoparticles on the α-synuclein fibrillation by fluo-

rescence spectrophotometer (n=3) 

Day (a) 

Buffer + 

AS+Tft 

(IU) 

 

Buffer + Tft 

(IU)- Blank 

(b) 

(a) + blank 

NP (IU) 

(c) 

(a) + NP 

(7.5%w/w) 

(IU) 

(d) 

(a) + NP 

(15%w/w) 

(IU) 

(e) 

(a) + NP 

(20%w/w) 

(IU) 

0 31.9±0.6 30.8±1.8 34.2±2.1 32.6±2.3 32.1±3.0 35.8±2.1 

1 36.2±1.3 29.9±1.2 39.7±1.2 43.3±2.8 45.2±2.1 38.3±3.1 

2 119.6±1.1 39.4±1.7 94.2±2.4 46.4±2.9 38.2±2.8 44.1±2.3 

3 66.7±1.2 28.3±1.7 67.4±1.7 57.4±2.7 32.1±3.0 53.8±3.1 

5 82.8±1.8 23.5±1.9 70.1±2.9 53.1±3.1 29.3±3.1 57.9±3.2 

7 101.2±2.9 21.7±1.4 85.1±2.1 43.2±2.8 26.2±2.1 40.6±3.1 
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10 136.8±2.7 31.6±2.6 124.2±4.9 47.0±2.1 34.2±3.1 48.2±2.9 
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of 4-5 days. The initial inhibition of the AS fibrillation was observed due to the burst re-

lease of conjugate. Following graph shows the reduction in the fibrillation observed in the 

presence of nanoparticles (Figure 26). The figure 27 is a summary of comparison be-

tween the effect of various concentrations of drug loaded nanoparticles on AS fibrillation 

with the blank nanoparticles, levodopa-dendrimer conjugate and individual components 

of the conjugate.  

4.5.2 Attenuated Fourier transform Infrared spectroscopy: 

The area under the region 1626-1640 cm
-1 

was specifically observed for second-

ary beta sheet structure. An increase in the area under this region is characteristic for fi-

bril formation since fibril is rich in beta sheet structures. In the presence of the drug load-

ed nanoparticles it was found that there is significant reduction in the area under the re-

gion 1626-1640 cm
-1

. In the presence of blank nanoparticles there was considerable in-

crease in the area under the aforementioned region. Amongst the 3 drug loaded nanopar-

ticles it was found that nanoparticles containing 15% w/v drug conjugate inhibited the 

fibrillation better than 7.5%w/v or 20%w/v drug loaded conjugate. The FTIR data sup-

ported the fluorescence data.  
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Figure 29. Fluorescence intensities of AS in presence of nanoparticle and its various 

components 
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Table 11. FTIR absorbance of α-synuclein incubated with levodopa-dendrimer loaded  

nanoparticles 

Day Wavelength 

cm
-1

 

Peak area 

Blank NP * 

( 10
-3

) 

Peak area 

(7.5%w/w)

*( 10
-3

) 

Peak area 

(15%w/w) 

*( 10
-3

) 

Peak area 

(20%w/w) 

*( 10
-3

) 

0 1635.64 1.9±0.11 3.40±0.17 0.34±0.09 2.4±0.60 

1 1635.64 2.94±0.18 1.55±0.19 1.12±0.18 6.13±1.21 

5 1635.64  6.92±0.67 3.98±0.29 3.9±0.21 1.26±0.11 

10 1635.64 20.32±1.21 4.42±0.86 3.9±0.33 3.02±0.19 
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4.5.3 Light Microscopy: 

Light microscopy results show that there was no fibril formation taking place 

when AS was exposed to nanoparticles containing 7.5%w/w, 15%w/w and 20%w/w drug 

content nanoparticles. In the presence of blank nanoparticles fibril formation was ob-

served. Day 3 and day 10 showed fibril formation in the presence of blank nanoparticles. 

Fibrils formed could only be observed if they attain a long fibril length. Therefore light 

microscopy helped us conclude that nanoparticles successfully inhibited fibril formation 

and blank nanoparticles did not contribute in inhibiting the fibril formation.  
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Day 0-AS+ NP (7.5%w/w) 

 

Day 3 AS + NP (7.5%w/w) 

 

Day 10 AS + NP (7.5%w/w) 

Figure 30. Light micrographs for effect of levodopa-dendrimer loaded nanoparticles on 

AS fibrillation 
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Day 0-AS+ NP (15%w/w) 

 

Day 3-AS+ NP (15%w/w 

 

Day 10-AS+ NP (15%w/w) 

Figure 31. Light micrographs for effect of levodopa-dendrimer conjugate loaded nano-

particles (15%w/w) on AS fibrillation 
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Day 0-AS+ NP (20%w/w) 

 

Day 3-AS + NP (20%w/w) 

 

Day 10-AS + NP (20%w/w) 

Figure 32. Light micrographs for effect of levodopa-dendrimer conjugate loaded nano-

particles(20%w/w) on AS fibrillation 
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Day 0-AS+ Blank NP 

 

Day 3 AS + Blank NP 

 

Day 10 AS + Blank NP 

Figure 33. Light micrograph for effect of blank nanoparticles on α-synuclein fibrillation 
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4.6 Conclusions: 

Levodopa-dendrimer containing nanoparticles were prepared using GMO as the li-

pid. The surface of the primary emulsion nanoparticles was modified using cross-linked 

chitosan. Chitosan was cross-linked using sodium tripolyphoshate. The release of Levo-

dopa-dendrimer containing nanoparticles was observed at pH 7.4. The nanoparticles pro-

vided sustained release for a period of about 4-5 days. The nanoparticles showed excel-

lent entrapment efficiency. The nanoparticles were characterized using DSC, FTIR and 

particle size and surface charge analyzer. The nanoparticles showed net negative charge 

due to the presence of TPP on the surface. The FTIR results showed probable interaction 

between TPP and dendrimer which could further sustain the release of conjugate. The 

effect of nanoparticles on the AS fibrillation was tested by exposing AS to a suspension 

of three different concentrations of drug loaded nanoparticles. AS was exposed to nano-

particles containing 7.5%w/w, 15%w/w and 20% w/w levodopa-dendrimer conjugate. 

The effect of nanoparticles was studied using Thioflavin t assay technique, FTIR and 

light microscopy.  

Drug loaded nanoparticles were found to have better inhibition properties compared 

to levodopa or dendrimer alone. Blank nanoparticles did not show any inhibition of AS 

fibrillation. 15%w/w nanoparticles were found to be optimum for use since they inhibit 

the fibrillation of α-synuclein better than the nanoparticles containing 7.5%w/w and 

20%w/w drug conjugate. There is a significant (p< 0.05) difference in the inhibition of 

AS fibrillation by levodopa-dendrimer conjugate solution and the drug conjugate contain-

ing nanoparticles but this will not be the case in vivo since the conjugate will get metabo-

lized faster compared to the nanoparticles.  
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Chapter 5 

Future Directions 
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5.1 Potential Future Studies: 

The methods used to evaluate fibrillation of AS in this study are FTIR, Thioflavin 

t fluorescence and light microscopy. Other methods used to determine fibril formation are 

1
H-NMR, electron microscope and small angle X-ray scattering (SAXS). Electron mi-

croscopy is a widely used method to determine the morphology of the alpha synuclein 

fibrils. Circular dichroism (CD) spectra are also used to identify the intermediates formed 

during the fibrillation process. Many cross peaks were identified for the natively unfolded 

alpha synuclein in 
1
H-NMR which were found to be attenuated in case of the intermedi-

ates formed during the fibrillation process.  

The conjugation between levodopa- dendrimer was characterized using UV spec-

troscopy, FTIR and DSC. Other method which could be used to confirm the conjugation 

is Nuclear magnetic resonance (NMR). NMR would be a perfect method to determine 

conjugation since it is a very sensitive method to determine structures. It is a very selec-

tive technique, which can help us distinguish amongst atoms within a molecule or collec-

tion of molecules of the same type. The NMR test could be used to confirm the presence 

of amide bond being formed between levodopa and PAMAM dendrimer. LC-MS could 

also be used to separate and quantify efficiently the conjugate.   The conjugation-un-

conjugation profiles of levodopa-dendrimer conjugate could also be studied using mass 

spectroscopy. The rate of release of levodopa from the dendrimer or the degradation of 

the conjugate should be studied by mass spectroscopy.  We have used just one method of 

preparation of nanoparticles. Other methods could be used to prepare nanoparticles of 

levodopa for further sustaining the release of levodopa. Precipitation technique followed 
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by coating with other polymers will further sustain the release of drug. PLA and PLGA 

could also be used to prepare nanoparticles of levodopa. Various surface modification 

techniques are used to enhance the targeting towards the brain. PEGylated nanoparticles 

have been reported to enhance the permeation of the drug across the blood brain barrier. 

Therefore other techniques to prepare nanoparticles and modify the surface of nanoparti-

cles could be used to enhance the targeting towards the brain.  

This study does not examine the ability of nanoparticles to cross blood brain bar-

rier. In vivo studies to confirm the permeation of nanoparticles across the blood brain bar-

rier needs to carried out. In vivo study could be carried out by two approaches. First 

method is wherein a solute is injected as a bolus into the carotid artery. The uptake or ex-

traction by the brain is determined from a single pass of the bolus through the brain capil-

laries. Second, most widely used method is by administering the drug/nanoparticles in-

travenously and recording the amount of drug reaching the plasma.   

Parkinson’s disease does not develop naturally in any other animal except hu-

mans. There are many different animal models that can be used to test different aspects of 

Parkinson’s disease but there is not one animal model that can accurately mimic the exact 

conditions observed in Parkinson’s disease. Fruit fly Drosophila and rodents are widely 

used models for testing Parkinson’s drugs. These animals as mentioned earlier do not 

naturally develop Parkinson’s disease. Various chemical used to induce Parkinson’s like 

symptoms in animals include 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 

which is used to induce Parkinson’s in monkey’s. Rotenone is another common pesticide 

which is used to induce Parkinson’s disease in rodents. Once a drug or delivery system 

passes the animal study stage it could be tested in humans. For any drug claiming to treat 
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or cure the symptoms of Parkinson’s disease it should pass the guidelines set by the US 

FDA. According to the European medicines agency for a drug making disease-modifying 

claim a two-step procedure is foreseen, first a delay in disease progression should be 

shown, second an effect on the underlying pathological process should be established. 
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