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Abstract 

Parkinson´s disease is a neurodegenerative chronic disorder which is 

characterised by loss of dopamine in nigrostriatal pathway in the brain. One of the 

alternative therapies is transplantation of embryonic ventral mesencephalon tissue 

to the affected brain area but currently grafted cells do not survive the 

transplantation process very well. Ghrelin, which has neuroprotective properties 

could be a potential additional treatment after transplantation with the intention of 

increasing the number of live cells in the graft. The aim of this study was to 

elucidate a presence of ghrelin receptor in embryonic ventral mesencephalon used 

in transplantation and assess behavior of rats after transplantation. 

Immunocytochemistry was performed for ghrelin receptor, ghrelin-O-acetyl 

transferase, tyrosine hydroxylase and for neural and stem cell markers in 

embryonic ventral mesencephalon suspension. 50 Sprague-Dawley rats with 6-

hydroxy- dopamine lesions were split into five groups; Group A was non-

transplanted group, other groups underwent transplantation of embryonic ventral 

mesencephalon and received diverse treatments (ghrelin agonist, low doses of 

ghrelin, high doses of ghrelin or saline1). Behavior of all animals was assessed by 

motor tests pre-transplantation and 4 weeks, 6 week and 8 weeks after 

transplantation. Immunohistochemistry was performed for tyrosine hydroxylase 

which correlates with number of dopaminergic neurons in brain. 

The presence of ghrelin receptors and other required targets was elucidated in 

embryonic ventral mesencephalon suspension. Behavioral tests confirmed that the 

transplantation had significant effects on the lesioned rat brain. A considerable  

                                            
1
 sterile solution of sodium chloride in water (9g per liter) when it is to be placed parenterally  
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improvement was observed in transplanted groups compare with non-

transplanted group but any noticeable contrast within transplanted groups wasn´t 

noted. 
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Abstrakt 

Parkinsonova nemoc je chronické degenerativní onemocnění, které je 

charakterizováno úbytkem dopaminu v nigrostriátové dráze v mozku. Jednou 

z alternativních terapií je transplantace tkáně z embryonálního centrálního 

mesencephala do postiženého místa, ale v současné době bohužel štěpy 

nepřežívají  celý proces transplantace v uspokojivé míře. Hormon ghrelin, který 

má neuroprotektivní vlastnosti, může být potencionální doplňkovou post-

transplantační terapií s cílem zvýšit počet živých buněk ve štěpu. Cíl této práce 

bylo objasnit přítomnost receptorů pro ghrelin v embryonální tkáni použité při 

transplantaci a vyhodnotit chování u potkanů po transplantaci.  

Imunocytochemie byla zaměřena na receptor pro ghrelin, na enzym ghrelin-O-

acetyltransferázu a tyrozin hydroxylázu a na markery neurálních a kmenových 

buněk v suspenzi embryonálního ventrálního mesencephala. V další části mé 

práce bylo 50 potkanů rasy Sprauge-Dawley, kterým byla provedena unilaterální 

léze použitím 6-hydroxydopaminu, náhodně rozděleno do pěti skupin. Ve skupině 

A byla pouze netransplantovaná zvířata, ostatní skupiny podstoupily transplantaci 

embryonálního ventrálního mesencephala a různou podpůrnou léčbu (agonisté 

ghrelinu, nízké dávky ghrelinu, vysoké dávky ghrelinu a fyziologický roztok). 

Chování jednotlivých zvířat bylo posuzováno pomocí motorických testů 

provedených před transplantací a po 4, 6 a 8 týdnech po transplantaci. 

Imunohistochemie byla provedena pro tyrozin hydroxylázu, která koreluje 

s obsahem dopaminergních neuronů v mozku. 

V mé práci byla objasněna přítomnost receptoru pro ghrelin a dalších 

důležitých cílů v tkáni embryonálního ventrálního mesencephala. Testy chování  
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potvrdily signifikantní efekt transplantací na mozek s lézemi. Bylo pozorováno 

výrazné zlepšení transplantovaných skupin oproti skupině netransplantované, 

nicméně transplantované skupiny nevykazovaly mezi sebou žádný  výrazný rozdíl. 
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1.1 Parkinson´s disease 

Parkinson´s disease (PD) is a neurodegenerative chronic disorder which is 

pathologically characterized by loss of the dopamine-containing neurons of the 

pars compacta of the substantia nigra (SNpc) (Siegel and Sapru 2011). PD is 

considered as the second most common neurodegenerative age-related disease 

after Alzheimer´s disease in the world. PD is named after James Parkinson who 

described the core clinical features of this neurodegenerative disease in his 

monograph “Essay on the Shaking Palsy “ in 1817 (Dauer and Przedborski 2003).  

The incidence of PD rapidly increases with age of patients from 20/100,000 

overall to 120/100,000 at age 70 (Dauer and Przedborski 2003). “In about 95% of 

PD cases, there is no apparent genetic linkage (referred to as “sporadic” PD), but 

in the remaining cases, the disease is inherited” (Dauer and Przedborski 2003). 

The major genes that have been identified in PD pathogenesis are genes 

encoding α-synuclein (SNCA) on chromosome 4, parkin gene on chromosome 6 

and the gene encoding leucine-rich repeat kinase 2 (LRRK2) on chromosome 12. 

In these genes, single-mutations may lead to PD (Kandel et al. 2013). Parkin 

mutations are mainly observed in PD patients with onset before age 30 (Mizuno et 

al. 2001).  

"The main symptoms in patients with Parkinson's disease are tremor, rigidity, 

bradykinesia (slowness of movements), akinesia (loss of movements) and postural 

abnormalities." (Richardson and Jones 2013). In patients with PD, other non-motor 

disorders, such as dementia (Lindvall and Björklund 2011), depression, psychosis 

(Patel and Chang 2014), cognitive impairment and sleep disturbances (Kandel et 

al. 2013) occurs in many cases (Lindvall and Björklund 2011).  A diagnosis of PD 
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 is based on clinical grounds using the key features listed above, however PD has 

to be proven post mortem by the presence of Lewy bodies (LB) and loss of 

dopaminergic neurons in SNpc (Gibb and Lees 1988). 

 

1.2 Pathogenesis of PD 

The hallmarks in PD are the loss of dopamine (DA) in nigrostriatal pathway 

(Fig. 1.1) and the presence of protein inclusions, termed LB. The lack of DA is 

mainly observed in dorsolateral part of putamen and PD symptoms appears when 

more than 80% of putamen DA and more than 60% SNpc neurons have already 

been lost (Uhl et al. 1985). “The loss of the dopaminergic nigrostriatal pathway 

disrupts the communication within the basal ganglia circuitry, and between it and 

the frontal and premotor cortex, causing motor and cognitive dysfunction“ (Smith 

et al. 2011). There are two main hypothesis that are considered as the main 

triggers of cell death in nigrostriatal neurons. Firstly, the cell death may be caused 

by misfolding proteins and their aggregation in LB. Secondly, mitochondrial 

dysfunction and increase of oxidative stress could play an important role in PD as 

well (Giasson 2000). 

 LB are spherical eosinophilic cytoplasmic protein inclusions which are 

composed of α-synuclein, ubiquitin and neurofilaments. The major component of 

LB is protein α-synuclein. The accumulation of α-synuclein appears to be one of 

the main factor causing cell degeneration and death (Kandel et al. 2013). The 

physiological function of this protein is not clearly understood but we suggest that 

it may play role in modulating synaptic vesicle function. It is mainly expressed in 

neurons and we consider the cellular membrane as a place of α-synuclein action. 
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Fig. 1.1 Neuropathology of Parkinson’s Disease “(A) Schematic representation of the 
normal nigrostriatal pathway (in red). It is composed of dopaminergic neurons whose cell bodies 
are located in the substantia nigra pars compacta (SNpc; see arrows). These neurons project 
(thick solid red lines) to the basal ganglia and synapse in the striatum (i.e., putamen and caudate 
nucleus). The photograph demonstrates the normal pigmentation of the SNpc, produced by 
neuromelanin within the dopaminergic neurons. (B) Schematic representation of the diseased 
nigrostriatal pathway (in red). In Parkinson’s disease, the nigrostriatal pathway degenerates. There 
is a marked loss of dopaminergic neurons that project to the putamen (dashed line) and a much 
more modest loss of those that project to the caudate (thin red solid line). The photograph 
demonstrates depigmentation (i.e., loss of dark-brown pigment neuro- melanin; arrows) of the 
SNpc due to the marked loss of dopaminergic neurons.”  Adapted from (Dauer and Przedborski 
2003). 

 The aggregation of proteins in LB might caused cell death directly by damaging or 

deforming neuronal cells or they might sequester proteins that are important for 

cell survival (Kopito 2000).  

Increasing oxidative stress might be caused by inhibition of NADH-

dehydrogenase (also referred as complex I). It disrupts mitochondrial electron 

transport chain and it might lead to cumulating of reactive oxygen species (ROS) 

and reactive radicals. These molecule may caused cellular damage by reacting 

with proteins, lipids and nucleic acids (Cohen 1962). 
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1.2.1 Basal ganglia 

The basal ganglia are the complex of nuclear masses lying beneath the outer 

cortical layers of the cerebral hemispheres (Nicholls et al. 2012). This term usually 

includes the putamen, the caudate nucleus and the globus pallidus. But the basal 

ganglia also includes the substantia nigra, the subthalamic nucleus, the nucleus 

accumbens and the olfactory tubercle (Brodal 1992). The significant part of the 

basal ganglia is the corpus striatum that is placed in the mesencephalon at the 

level of the thalamus. The corpus striatum consists of globus pallidus, which lies 

on the inside, and the outer putamen (Carpenter 2003). 

The functions of the basal ganglia are still not fully understood but the control 

of movement is considered as the main feature (Brodal 1992). The basal ganglia 

can also play role in posture regulation, maintaining steady muscular contractions 

and counteracting tremor (Nicholls et al. 2012). 

1.2.2 Dopamine 

DA, contracted from 3,4-dihydroxyphenethylamine, is a catecholaminergic 

neurotransmitter which has many important roles in human body, especially in the 

brain. Functions of DA are control of motor function, induction of emesis, inhibition 

of prolactin release and initiation of behavior.  

  DA binds to the DA receptor. There are five types of DA receptors but it is 

generally the D1 and D2 receptor that are important. D1 receptors are mainly 

expressed in nucleus accumbens, striatum, olfactory tubercle and also in cortex 

and hypothalamus. The highest expression of D2 receptors is in striatum, nucleus 

accumbens, olfactory tubercle and also in substantia nigra and ventral tegmentum 

(Webster 2002). 
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A DA synthesis begins with the amino acid tyrosine in cytoplasm of 

dopaminergic neurons in the brain. The tyrosine (hydroxy- phenylalanine) is 

transported to neurons by active transport. Tyrosine is transformed to 

dihyroxyphenylalanine (DOPA) by the tyrosine hydroxylase (TH) enzyme. DA is a 

catecholamine neurotransmitter which is synthetized from levo-

dihydroxyphenylalanine (L-DOPA) by the enzyme aromatic L-amino acid 

decarboxylase (DOPA decarboxylase) in cytoplasm of dopaminergic neurons. DA 

is stored in dopaminergic neurons in vesicles where is ready for exocytosis 

release (Siegel and Sapru 2011). And also DA is a precursor to noradrenaline in 

central and peripheral noradrenergic neurons (Webster 2002). D2 agonists (e.g. 

bromocriptine) have a great value in the PD treatment by reproducing the action of 

the dopamine lost but it is also possible to use them for reducing undesirable 

effects of prolactinaemia. Antagonists of D2 receptors (e.g. haloperidol, 

chlorpromazine) are mainly used in therapy of schizophrenia. Others D2 antagonist 

such as metoclopramide and domperidon are used  to control drug and fever-

induced vomiting (Webster 2002).  

 

1.3 Current treatment 

There is currently no pharmacological treatment available that has been 

shown to slow down the progression of PD. But there are wide range of possible 

therapies which can mild symptoms and improve the patient´s quality of life 

(Tugwell 2008). 

Current pharmacotherapy of PD is based on administration of precursor of 

dopamine L-DOPA to replace or mimic the action of dopamine in SNpc (Patel and  
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Chang 2014). It is impossible to use DA itself because it cannot cross the blood-

brain barrier and it has plenty of peripheral side effect (Nicholls et al. 2012), such 

as nausea and vomiting. On the other hand, L-DOPA enters the brain via an L-

amino acid transporter. In the brain, L-DOPA is decarboxylated to DA.  Usually L-

DOPA therapy is combined with a peripheral decarboxylase inhibitors such as 

carbidopa or with catecholamine-o-methyl-transferase inhibitors such as 

entacapone and tolcapone to increase amount of L-DOPA in brain and to reduce 

peripheral side-effects (Katzung et al. 2012). 

However, there are a few adverse effects in L-DOPA therapy which may 

complicate the treatment. Gastrointestinal effects such as nausea and vomiting  

occur very often, especially when L-DOPA is given without a peripheral 

decarboxylase inhibitor. In some patients, cardiovascular effects such as 

tachycardia or ventricular extrasystoles may be seen. The other common side 

effect is postural hypotension but it usually diminishes with continuing L-DOPA 

treatment. A great value of behavioral effects have been reported, including 

depression, anxiety, insomnia, somnolence, confusion and other changes in the 

patient´s mood as well (Katzung et al. 2012). 

We considered L-DOPA induced dyskinesia (LID) as one of the more severe 

adverse effect in the treatment. The most common presentations of dyskinesia are 

choreoathetosis of the face and distal extremities. Dyskinesias occur in more than 

80% patients treated with L-DOPA for more than 10 years and it is dose related 

(Katzung et al. 2012). There are other drugs include amantadine and 

anticholinergics which are used much less often than L-DOPA in PD therapy 

(Tugwell 2008).  There are also other non-pharmacological approaches in PD  
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therapy which have been tested in vivo. The non-pharmacological treatment 

includes surgical procedures such as ablative surgery and deep brain stimulation. 

For some years, gene therapy was also considered as a potential way in PD 

treatment as well. This therapy is focused on introducing specific genes into 

patients to induce process that prevent cell destruction or improve regeneration of 

cells and to undertake the role of damaged genes which are responsible for 

causing PD (Tugwell 2008).  It has been suggested that neural transplantation 

might be the new approach in PD therapy. However, transplantation of the 

neurons is still at an experimental stage in PD (Lindvall and Björklund 2004).  

Cell therapy is considered as one of other possibilities in PD therapy as well. 

“The clinical trials with cell therapy in PD patients are based on the idea that 

restoration of striatal DA transmission by grafted dopaminergic neurons would 

induce long-lasting clinical improvement, even if the disease is chronic and also 

affects other brain regions and neuronal systems” (Lindvall and Björklund 2004). 

Studies focused on neural cell transplantation in PD patients started in 1987. They 

have been using neuronal cells from human fetal ventral mesencephalic tissue, 

which is rich in dopamineric neurons, for transplanting to the striatum in PD 

patients. Since then, clinical trials in PD patients have had three main objectives to 

explore whether: 1) the transplantation has a measurable clinical effect in PD 

patients, 2) the patient´s brain tissue can accept the graft and integrate it, and 3) 

the grafted dopaminergic neurons can survive and make connections in the 

patient´s brain (Lindvall and Björklund 2004).  
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1.4 Ghrelin 

“The name ghrelin is based on “ghre,” a word root in Proto-Indo-European 

languages for “grow,” in reference to its ability to stimulate growth hormone (GH) 

release (Kojima and Kangawa 2005). Ghrelin which circulates in a blood stream is 

mainly produced by X/A like cells in stomach mucosa. However, the ghrelin is also 

produced in other tissues including ovary, testis, placenta, small intestine, kidney, 

pancreas and brain. The ghrelin expression in brain is mainly localized in 

hypothalamus (Ferrini et al. 2009). 

  “Ghrelin is a GH-releasing and appetite-stimulating peptide“ (Kojima and 

Kangawa 2005). The secretion of ghrelin depends on food intake and release of 

this peptide varies during the day in human as well. Fasting, anorexia and 

cachexia causes increase of ghrelin levels in blood and vice versa. Body mass 

index is also negatively associated with circulating ghrelin levels. And it has been 

suggested that ghrelin may play role as a signal of the metabolic balance to the 

central nervous system (Ghigo et al. 2005). Ghrelin also plays a fundamental role 

in maintaining body weight, blood glucose and adiposity (Andrews 2011). It has 

also other functions which are not connected with metabolism. It enhances 

learning skills and memory (Diano et al. 2006), it has an anxiolytic effect (Lutter et 

al. 2009) and is neuroprotective in neurodegenerative disease as PD or 

Alzheimer´s disease (Gahete et al. 2011). 

Ghrelin consists of 28 amino acids. In blood stream, we can find two forms of 

the peptide: acetylated ghrelin and des-acyl ghrelin. The serine 3 is acetylated with 

octanoic acid (Fig. 1.2) (Hwang et al. 2009) by the enzyme the ghrelin O-acyl 

transferase (GOAT) (Yang et al. 2008) which is expressed in stomach mucosa as  
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well (Smith et al. 2012). The acylation of octanoic acid is important for binding 

ghrelin to the growth hormone secretagogue receptor 1a (GHSR1a receptor) 

(Yang et al. 2008). The des-acyl ghrelin is in the higher concentration in blood 

stream than acylated ghrelin (Kojima et al. 1999). But we suggest that des-acyl 

ghrelin does not have an endocrine function in human body (Kojima and Kangawa 

2005). 

Fig. 1. 2 – Structures of human and rat ghrelin. They differs only in two amino acids. The 

modification on Ser3 is necessary for binding to GSHR1a receptor. Adapted from (Kojima and 

Kangawa 2005). 
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1.5 Ghrelin receptors 

GHSR is a G-protein with seven transmembrane alfa-helices domains and 

belongs to the small family of receptors for peptide hormones and neuropeptides 

as the motiline receptor or neuropeptide receptor. The GHSR1a is mainly 

expressed in a pituitary gland and in a hypothalamus in the brain. However, we 

can find GHSR1a in other tissues as thyroid glands, pancreas, kidney, testes, 

ovaries, stomach and other parts of brain as the substantia nigra, the 

hippocampus or the raphae nucleus (Camiña 2006). 

There are two isoforms of GHSR: GHSR1a and GHSR1b. Acylated ghrelin 

binds only GHSR1a whereas GHSR1b is not activated by ghrelin and other 

peptides (Leung et al. 2007). 

 

1.5.1 Neuroprotective action of ghrelin 

There is a few hypothesis of neuroprotective action of ghrelin. Firstly, ghrelin 

maintains integrity of mitochondria if oxygen-glucose deprivation occurs (Chung et 

al. 2007) and enhances mitochondrial function (Andrews et al. 2009). The 

mitochondrial dysfunction is considered as one of the factors causing cell loss in 

PD (Abou-Sleiman et al. 2006). Ghrelin increases production of uncoupling protein 

2 (UCP2) (Andrews 2011). Previous studies has shown that UCP2 is an crucial 

mitochondrial protein that regulates nigrostriatal function of DA. The UCP2 buffers 

ROS production produced by mitochondria during oxidative stress, enhances 

mitochondrial respiration and increases mitochondrial biogenesis (Conti et al. 

2005). Secondly, ghrelin inhibits apoptosis via GHSR and it regulates intracellular 

apoptotic signaling molecules such as anti-apoptotic B-cell lymphoma 2 (Bcl-2), 

pro-apoptotic Bcl-2-associated X protein (Bax) and caspase-3. Ghrelin reverses 
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down regulation of Bcl-2 and up regulation of Bax and decreases action of 

caspase-3 hence protecting neurons from oxygen–glucose deprivation insult 

(Jiang et al. 2008). Ghrelin has also an anti-inflammatory effect on tissues 

including brain via reducing pro-inflammatory markers, such as interleukin 1b and 

tumor necrosis factor-a (Andrews 2011). 
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1.6 Animal models of PD 

There are a wide range of animal models of PD which are used in vivo tests in 

PD research ranging in species from drosophila (Coulom and Birman 2004), 

nematodes (Caenorhabditis elegans) (Nass and Blakely 2003), and zebrafish 

(Danio rerio) (Anichtchik et al. 2004) to rodents (Ungerstedt 1968) and nonhuman 

primates (Burns et al. 1983). However, any of those species can be reliable and 

reproducible models that fulfil all aspects of PD. We can classify current animal 

models in two main groups: The first group of PD models have toxins-induced 

lesions. Toxins (see below) are administered centrally or peripherally and they 

destroy dopaminergic cells in nigrostriatal pathway more or less selectively and 

the damage leads to motor deficit. The second group of PD models includes 

animals with mutations in genes which are responsible for PD (Smith et al. 2011). 

In my thesis I would like to focus on unilateral toxin-induced lesions in rats. 

“Unilateral dopamine depletion produces a number of deficits on the contralateral 

side, including spontaneous circling toward the (ipsilateral) lesioned side, reduced 

use of the contralateral forelimb, and a neglect of the contralateral side” (Smith et 

al. 2011). 
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1.6.1 Toxins in animal models of PD 

1.6.1.1 6-hydroxydopamine 

6–hydroxydopamine (6–OHDA) is a neurotoxic catecholaminergic derivate. An 

administration of 6-OHDA directly in to the target area in the brain causes increase 

of oxidative stress and cell death within a few days. The administration of 6-OHDA 

has to be direct because 6-OHDA causes damage in dopaminergic but also in 

noradrenergic neurons and does not cross the blood-brain barrier (Smith et al. 

2011). 6-OHDA administration provides required cell death and the lesions are 

very stable. When the lesion is unilateral the animals can look after themselves 

and the animals loose a few body function which can be measured. And also a 

progression after cell transplantation can be measured and compared with those 

animals who undergo 6-OHDA lesions only. 

1.6.1.2 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

The 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a neurotoxin that 

can be administered peripherally because it can cross the blood-brain barrier. 

Than MPTP is converted in 1-methyl-4-phenylpyridinium (MPP+) by monoamine 

oxidase B. MPP+ is an active metabolite causing damage of neurons and it is 

transported into dopaminergic neurons and accumulated in mitochondria. The 

mechanism of destroying neurons hasn´t been known yet but we suggest that it 

may disrupt the respiratory chain and increase the oxidative stress in cells. The 

MPTP is usually used in nonhuman primates such as macaques which are very 

sensitive to MPTP effect (Smith et al. 2011). The MPTP can be administered 

directly into the rats brain but it is not particularly effective (Prou and Przedborski 

2005). 
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1.7 Assessment of motor and sensory motor deficit 

6-OHDA-lesioned rat models have been used in assessment of motor and 

sensory motor deficit since 1968. The most commonly used rat strain is the 

Sprague-Dawley strain. The leading pros of these motor tests are “its simplicity, 

flexibility its suitability for a diverse range of motor, cognitive, and therapeutic 

strategy-driven tests“ (Smith et al. 2011). 

1.7.1 Drug-induced circling (rotation test) 

Drug-induced circling was one of the first behavioural test described in the 

unilateral model and in addition, it is considered as the gold standard in unilateral 

dopamine depletion assessment. The dopamine imbalance in the nigrostriatal 

pathway changes motor behaviour in rats. They tend to rotate spontaneously in an 

ipsilateral direction which means towards the side of the lesion (Ungerstedt and 

Arbuthnott 1970). An administration of the methamphetamine or d-amphetamine 

stimulates the ipsilateral rotation which can be quantified by automatic rotometers. 

These toxins stimulate the ipsilateral rotation by massive releasing of dopamine 

and they prevent reuptake of dopamine as well. It leads to a great difference in 

amount of dopamine between hemispheres which is nature of ipsilateral rotations 

(Smith et al. 2011). A high amount of ipsalateral rotations is expected in lesioned 

rat, on the contrary a decrease of ipsalateral rotations is expected in transplanted 

rats by a few weeks after ventral mesencephalon (VM) transplantation.  
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1.7.2 Whisker test 

Whisker test is based on a stimulation of rat´s whiskers. The rat is moved up, 

brushing the whiskers against a ledge. Rats response typically by touching the 

ledge with their paw or by placing paw onto the ledge. Rats with a lesion react with 

the paw contralateral to the lesion significantly less frequently (Anstrom et al. 

2007). 

1.7.3 Adjusting step test 

Adjusting step test is based on moving the animal sideways across a surface 

and counting adjusting stepping movements that rat do. “The rat is held by the 

experimenter such that the body is supported with some weight on one 

unrestrained forelimb that is in contact with the surface of the bench. Then, the 

animal is moved sideways along the bench at a steady rate, over a prescribed 

distance (normally 70–100 cm) and must make adjusting steps of the forepaw in 

both the forehand and backhand directions. The paw contralateral to the 

hemisphere with a 6-OHDA lesion will make far fewer adjusting steps, in particular 

in the forehand direction; dragging the paw along the bench top instea.” (Smith et 

al. 2011). 

1.7.4 Spontaneous Forelimb test (Cylinder test) 

The cylinder test assesses the laterality of forelimb use in a new unknown 

environment. The rats which are unilateraly lesioned are videotaped in a 

transparent cylinder placed in front of a wedge of mirrors placed at a 90° angle. A 

non- lesioned rat would typically use the left and right forelimbs equally, whereas 

rats with a dopaminergic unilateral lesion would use the paw contralateral to the 
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 lesion significantly less frequently (Schallert et al. 2000). “Preference for the limb 

ipsilateral to the lesion is usually expressed as a percentage of the first 20 weight-

bearing touches“ (Smith et al. 2011). 

In my thesis I will compare results in pre-transplantation rats and rats after 

different treatments. We suppose that rats after 8 weeks treatments would use 

contralateral limb more frequently than pre-transplantation rats. 
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2 Project objectives 

Elucidate the expression of Ghrelin receptor and GOAT in specific areas of 

the adult and developing brain which relate to transplantation in Parkinson’s 

disease.  

Determining the efficacy of Ghrelin supplementation on transplantation of 

embryonic ventral mesencephalon. 
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3 Methods 
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3.1 Animals 

50 Sprague Dawley rats were obtained from Harlan, UK, 200g at the start of 

experiment, housed in groups of 4, maintained at 21oC with ad libitum access to 

food (standard lab chow) and water. Pregnant Wistar dams were obtained from 

Harlan, UK and embryo was taken at either E12 (week 12) or E14 (week 14) for 

transplantation or ex vivo culture. 

 

3.2 Drugs and chemicals 

A list of all chemicals which were used in this study are attached in 

appendices. 

3.3 Surgical procedure 

In experiment, 6-OHDA lesions and after a few weeks VM transplantation 

were performed in rats.  

3.3.1 Unilateral lesion 

For lesions, rats were 200g, given free access to food and water before and 

after surgery, housed in group of 2-4, maintained at 21oC. For the unilateral lesion, 

the animals were anaesthetized in an induction chamber with 4% isoflurane in 

medical air (in 95% O2/ 5%CO2) and then the rats were maintained at 1.5-2% 

isoflurane in medical air and NO2. Once the rats were anaesthetized they were 

placed in a stereotaxic frame whilst the coordinates were located (see Tab 2.1 

below) and the toothbar was always at -4.4mm. Then the incision in the scalp was 

performed and the rats were injected in the medial forebrain bundle with 4μl of 6- 
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OHDA (25mM) with 0.01% Ascorbic acid (preservative in 6-OHDA solution). 

Injection rate is 1ul per minute controlled by a syringe driver. The needle was left 

in place for 3 mins and then retracted. The vial with 6-OHDA solution was replaced 

every 3hrs kept on ice throughout the surgery (4oC, in the dark). After suturing, the 

rats were given metacam and saline glucose s.c. (5ml) and given time to recover 

in a heated chamber. Then the animals were returned to their home cage and 

monitored daily. 

3.3.2 VM transplantation 

 The protocol for 6-OHDA lesions was adapted. The coordinates are recorded 

in the table below (Tab. 3.1). The rats were injected into striatum with 1μl of cell 

suspension (see 3.4 VM suspension) at -5mm D/V and then 1μl of cell suspension 

at -4mm D/V. Then the needle was left for 2 mins and then was retracted. Cell 

suspension was kept at room temperature throughout surgery. 

 

Coordinates (mm) 
Anterior/Posterior 

(AP) 

Medial/Lateral  

(ML) 

Dorsal/Ventral  

(DV) 

Lesion -4 -1.3 -7 

Graft +0.5 -1.3 -4; -5 

Tab. 3.1 Summary of coordinates in lesion and graft surgery.  

Fig 3.1 Cell transplantation in rat brain. VM suspension was 

transplanted directly into striatum. The coordinates are mentioned in Tab. 

3.1. Adapted from (Dunnett and Björklund 2000). 



34 
 

 

3.3.3 Embryonic dissection 

Pregnant Wistar dams were obtained from Harlan, UK and embryo was taken 

at either E12 or E14 for transplantation or ex vivo culture.  The age of 

development was confirmed via crown-rump measures at the time of dissection. 

The average crown-rump length of donor rats used being between 5.5 - 6.5 mm 

(Fricker et al. 2012). The ventral mesencephalon (see Fig 3.2 below) was cut free 

of whole embryos in dissection media called Dulbecco's modified eagle medium 

(DMEM). The outer meningeal tissue was removed. 

Fig 3.2 Process of embryonic VM dissection. After crown-rump measuring, the ventral 

mesencephalon was dissected free of whole embryo. Adapted from (Dunnett and Björklund 2000). 
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3.4 VM suspension 

VM pieces were transformed into a 1.5ml Eppendorf and the rest of the 

hibernation medium from the VM tube was removed.  1.5ml DMEM/TM was added 

(3x) and suspension was pipetted up and down gently to wash properly. Then 1.5 

ml of TE/DA  was added and suspension was pipetted up and down gently a few 

times again. The VM suspension was incubated (20min in 37oC) and after 

removing TE/DA the tissue pieces were rinsed in 1.5ml of DMEM/DA/TM (3x). 

Then 500µl of DMEM/DA/TM were added. The VM suspension was drawn in and 

out into pipette tip to make sure that all visible tissue clumps were decoupled. The 

final VM suspension was centrifuged (380G, 3min, room temperature). The 

supernatant was discarded and cells were rinsed in 50µl DMEM/DA/TM and gently 

re-suspended. The final volume was made up with DMEM/DA/TM  to 34µl and 2 µl 

from this volume were used for a viability assay. The cell suspension was divided 

to 8x4 µl aliquots. 

The VM suspension protocol was adapted for plates for immunocytochemistry. 

Then the cells were washed with DMEM (3x, 0.4ml) and were left after 4 hrs in 

500µl PFA (10 min). The wells were rinsed with phosphate buffered saline (PBS) 

(1ml, 3x) leaving the last wash in the wells. For later fixation (after 24hrs and 48 

hrs) cells were kept in DMEM in 37oC and 5%CO2 and then fixed with para-

formaldehyde (PFA).  The fixed cells were kept in 4oC. 
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3.5 Protocol of treatments 

The rats were divided into five different groups (see Tab. 3.2). 

Group 
Number of 

rats 

6-OHDA 

lesion 

Transplantation 

(VM) 
Treatment after transplantation 

A 10 yes no no treatment 

B 10 yes yes 
JMV 2894 (ghrelin agonist) 

inj. once a day for 8 weeks 

C 10 yes yes 

high dose of ghrelin 

(50ug/kg ghrelin) 

inj. once a day for 8 weeks 

D 10 yes yes 
saline 

inj. once a day for 8 weeks 

E 10 yes yes 

low dose of ghrelin 

(10ug/kg ghrelin) 

inj. once a day for 8 weeks 

 
 
 

 

Group A: Ten rats were lesioned and non-transplanted. This group didn´t 

undergo any treatment during experiment. Group A was used as a control group. 

 

Group B: Ten rats were lesioned and transplanted with VM 14 suspension 6 

week later. This group similarly underwent daily subcutaneous administration of 

JMV 2894 (ghrelin agonist) for a period of eight weeks. 

 

Group C: Ten rats were lesioned and transplanted with VM 14 suspension 6 

week later. This group similarly underwent daily subcutaneous administration of 

high dose of ghrelin (50ug/kg) for a period of eight weeks. 

Tab. 3.2 – Summarization of five test groups used in experiment. Table shows the total number of 
rats in each groups and their treatment. 
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Group D: Ten rats were lesioned and transplanted with VM 14 suspension 6 

week later. This group similarly underwent daily subcutaneous administration of 

saline for a period of eight weeks. 

 

Group E: Ten rats were lesioned and transplanted with VM 14 suspension 6 

week later. This group similarly underwent daily subcutaneous administration of 

low dose of ghrelin (10ug/kg) for a period of eight weeks. 
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3.6 Experiment design 

 

 

 

 

At the end of the experiment, each rat was killed by perfusion. Every rat was 

terminally anaesthetised by injection of sodium pentobarbital and then rats were 

transcardially perfused with 100 ml PBS over 2 mins to remove blood from all 

tissues. followed by 200 ml 4% PFA over 4 mins. The brains were post-fixed 4 hrs 

in 4% PFA and then placed in 25% sucrose. Every brain was cut on freezing 

microtome at 30ƞm thickness and stored in anti-freeze solution in -4oC.   

Tab. 3.3 – Summarization of experiment timing. The experiment began at week 0 and all groups 
were lesioned using 6-OHDA. At week 6, groups B, C, D and E were transplanted using VM 
suspension. Behavioural tests were provided in pre-transplantation time and at week 10, week 12 
and  week 14 with all groups. After last behavioural test at week 14, all rats were killed by 
perfusion.  
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3.7 Immunocytochemistry 

Using the suspended VM cells plated down onto cover slips. A series of 

fluorescent immunocytochemistry (ICC) experiments were carried out for GHSR, 

GHSR 1α, GOAT, SOX2, BIII tubulin and TH in VM of E12 and E14  embryos.  

3.7.1 ICC in E12 VM suspension 

Cells were washed with 0.5ml phosphate buffered saline with triton (PBS-T) 

(2x 1 min) and with 0.5ml PBS (2x 1min) before staining. Samples were blocked in 

5% Normal donkey serum (NDS) in PBS for 1 hr. Primary Ab were applied (Tab 

3.4 see below) in 300 ƞl PBS-T and incubated for 24 hours at 4oC. Primary Ab 

were removed and cells were washed with 0.5ml PBS-T (3x 5 min). Secondary Ab 

were applied (Tab. 3.4 see below) in 300 ƞl PBS-T and incubated for 1 hour at 

room temperature in the dark. Secondary Ab were removed and cells were 

washed with 0.5ml PBS-T once and with 300ƞl  PBS-T containing Hoeachst 

nuclear stain (1:7500) (2x 10 min). Cells were rinsed twice in 0.5ml PBS leaving 

the second wash in the wells. The plate was immediately imaged on fluorescent 

microscope by using blue DAPI light (all cells nuclei are displayed) and green 

FITC light (required cell targets are displayed). 

 Negative control was performed in the same way without applying primary 

Ab. 
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Target Role in cell 1o Ab Concentration 2o Ab Concentration 

GHSR ghrelin receptor 
Rabbit – Anti 

GHSR 
1:100 
1:200 

Donkey 
Anti - 

Rabbit AF 
488 

1:500 

GHSR 
1α 

specific ghrelin 
receptor 

Goat - Anti - 
GSHR1α 

1:50 
1:100 

Donkey 
Anti - Goat 

AF 488 
1:500 

TH 

important 
enzyme in 
dopamine 
synthesis 

Rabbit - Anti 
TH 

1:500 

Donkey 
Anti - 

Rabbit AF 
488 

1:500 

SOX2 
stem cell 
marker 

Goat - Anti 
SOX-2 

 
1:50 

Donkey 
Anti - Goat 

AF 488 
1:500 

BIII 
neuronal cell 

marker 

Rabbit - Anti 
Beta III 

Tubulin (BIII) 
1:100 

Donkey 
Anti - 

Rabbit AF 
488 

1:500 

Tab 3.4 – Summarization of the targets and antibodies in E12 cells. Table outlining targets and 
their role in cell, primary and secondary antibodies that were used and their concentration.  
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3.7.2 ICC in E14 VM suspension 

For staining in E14 VM suspension the protocol was adapted from ICC in E12 

VM suspension. Primary and secondary antibodies that were used are outlined in 

table below (Tab. 3.5). 

Negative control was performed in the same way however block peptide (goat 

serum) was applied with primary Ab to block its binding to the cells. 

Target Role in cells 1o Ab Concentration 2o Ab Concentration 

GHSR 
1α 

specific ghrelin 

receptor 

Goat - Anti - 

GSHR1α 

1:50 

1:100 

Donkey Anti 

- Goat AF 

488 

1:500 

GOAT 

important enzyme 

in ghrelin 

synthesis 

Rabbit – Anti - 

GOAT 

1:200 

1:500 

1:1000 

Donkey Anti 

- Rabbit AF 

488 

1:500 

TH 

important enzyme 

in dopamine 

synthesis 

Rabbit - Anti 

TH 
1:500 

Donkey Anti 

- Rabbit AF 

488 

1:500 

SOX2 stem cell marker 
Goat - Anti 

SOX-2 
1:50 

Donkey Anti 

- Goat AF 

488 

1:500 

BIII 
neuronal cell 

marker 

Rabbit - Anti 

Beta III Tubulin 

(BIII) 

1:100 

Donkey Anti 

- Rabbit AF 

488 

1:500 

Tab. 3.5 – Summarization of the targets and antibodies in E14 cells. Table outlining targets and their 

role in cell, primary and secondary antibodies that were used and their concentration.  
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3.7.3 Co-expresssion of BIII + GHSR1α and SOX2 + GOAT in E14 

suspension 

For double staining the protocol was adapted and the second primary 

antibody was added in the same time as first primary antibody (see Tab. 3.6). 

Negative control was performed in the same way however block peptide (goat 

serum) was applied with primary Ab to block its binding to the cells. 

3.7.4 Co-expresssion of BIII + GOAT and SOX2 + GHSR1α in E14 

suspension 

 For double staining the protocol was adapted for first primary and 

secondary antibodies. The protocol was repeated after removing first secondary 

antibodies, than second primary and second secondary antibodies were used (see 

Tab. 3.6). Negative control was performed in the same way however block peptide 

(goat serum) was applied with primary Ab to block its binding to the cells. 
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Target 1o Ab Concentration 2o Ab Concentration 

GHSR 1α 
and BIII 

Goat - Anti - 
GSHR1α 

 
Rabbit - Anti 

Beta III Tubulin 
(BIII) 

1:100 
1:100 

Donkey Anti - 
Goat AF 488 

 
Donkey Anti - 
Rabbit AF 568 

1:500 
1:500 

GHSR 1α 
and SOX 2 

Goat - Anti - 
GSHR1α 

 
Goat - Anti SOX-

2 

1:100 
1:50 

Donkey Anti - 
Goat AF 488 

 
Donkey Anti - 
Goat AF 568 

1:500 
1:500 

GOAT and 
BIII 

Rabbit – Anti – 
GOAT 

 
Rabbit - Anti 

Beta III Tubulin 
(BIII) 

1:200 
1:100 

Donkey Anti - 
Rabbit AF 488 

 
Donkey Anti - 
Rabbit AF 568 

1:500 
1:500 

GOAT and 
SOX2 

Rabbit – Anti – 
GOAT 

 
Goat - Anti SOX-

2 

1:200 
1:50 

Donkey Anti - 
Rabbit AF 488 

 
Donkey Anti - 
Goat AF 568 

1:500 
1:500 

 
Tab. 3.6 – Summarization of the targets and antibodies in E12 cells used in co-
expression IHC. Table outlining targets, first and second primary and secondary antibodies 
that were used and their concentration.  
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3.8 Behavioural tests 

Behavioural tests were carried out in pre-transplantation time and in 4 weeks, 

6 weeks and 8 weeks after transplantation (see 3.6. Experiment design). 

3.8.1 Rotation test 

The rats received 5mg/kg of d-amphetamine and were placed in plastic 

cylinders. An automatic rotometer was used for recording their turning behaviour 

for 90 min. 

3.8.2 Stepping test 

Each rat was moved sideways across a surface (1 m length) and adjusting 

steps  were counted (see 1.6. Assessment of motor and sensory motor deficit). 

This test was carried out for both left and right forepaw.  

3.8.3 Whisker test 

Each rat was moved up, brushing the whiskers against a ledge. Every touch 

by forepaw onto the ledge was counted. This test was carried out for both left and 

right forepaw.  

3.8.4 Cylinder test 

This test were carried out in pre-transplantation time and in week 8 after 

transplantation. Each rat was placed into a transparent cylinder and was 

videotaped for 3min. First 20 touches by both forepaws onto cylinder were 

counted.  
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3.9 Immunohistochemistry 

30um free-floating brain sections were placed into pots. The sections were 

washed in tris-buffered saline (TBS) (3x 5mins, pH 7.4) and then washed with 

Quench solution (1x 15mins, see list of chemicals) once. Subsequent TBS washes 

(3x 10mins) were followed by addition 3% normal serum in tris-buffered saline with 

triton (TXTBS) (1hr, pH 7.4). Primary TH antibodies (1:1000) were applied in 

TXTBS with 1% normal serum and incubated in room temperature overnight. 

Primary antibodies were removed and brain sections were washed in TBS (3x 

10mins). Biotinylated Secondary TH antibodies (1:200) in TBS with 1% normal 

serum were applied and incubated for 2 hrs. After another three TBS washes 

(3x10mins) ABC kit in TBS was applied and incubated for 2 hrs in room 

temperature. Brain sections were washed in TBS (3x10mins) and TNS (see 8.1. 

Drugs and chemicals) (2x5mins, pH 7.4) and then DAB (see 8.1. Drugs and 

chemicals)  solution was applied until the brain sections turn to light brown. 

Sections were washed in TNS (3x5mins) and then mounted on gelatinised slides. 

The mounted sections were air dried overnight, dehydrated in ascending series of 

alcohol (75% ethanol, 95% ethanol, 100% ethanol) and xylene and cover slipped 

with Di-n-butyl phthalate in xylene (DPX). 

http://en.wikipedia.org/wiki/Dibutyl_phthalate
http://en.wikipedia.org/wiki/Xylene
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4 Results 
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4.1 ICC 

Results of ICC were assessed visually on the grounds of optimize the entire 

plating and imaging process. 

4.1.1 E 12 plates 

4.1.1.1 Plating after 4 hrs 

As hypothesised, expression of BIII tubulin decreased within plating time. A 

population of neural cells marked with Anti-BIII tubulin antibodies was significantly 

high (Fig. 4.1 A). A noticeable high expression of SOX2 (Fig. 4.2 A) as well as TH 

expression (Fig. 4.3 A) were observed after promptly fixation. As shown in the 

images Fig. 4.4 A and Fig. 4.5 A, non-specific as well as specific ghrelin receptors 

were expressed after immediate plating on e12 VM cells. 

4.1.1.2 Plating after 24 hrs 

BIII tubulin expression decreased after 24hrs fixation (Fig. 4.1 B) as well as 

expression of SOX2 (Fig. 4.2 B). As hypothesised, cell population expressing TH 

(Fig. 4.3 B) was noticeable lower within plating time. Non-specific ghrelin receptors 

markers (GHSR, Fig. 4.4 B) were expressed significantly low after 24hrs fixation 

compare with immediate plating (Fig. 4.4 A). Contrarily, a number of cells 

expressing GHSR1α (Fig. 4.5 B) after later plating was comparable to image Fig. 

4.5 A. 

4.1.1.3 Plating after 48 hrs 

As hypothesised, a cell population expressing TH (Fig. 4.3 C) was noticeable 

lower after plating in 48hrs compare with images Fig. 4.3 A and Fig. 4.3 B.
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Fig. 4.1 – Expression of BIII tubulin on e12 VM cells. BIII tubulin 

(1:100) expression (green) decreases within 24hrs. 

A) BIII tubulin expression (cells fixed after 4hrs). Neural population 

after immediate plating was significantly high. 

B) BIII tubulin expression (cells fixed after 24hrs). BIII tubulin 

expression was noticeable lower than after immediate plating. 

Magnification 10x 

Fig. 4.2 – Expression of SOX2 on e12 VM cells. High level of SOX2 

(1:50) expression (green) was after immediate plating compare to plating 

after 24 hrs. 

A) SOX2 expression (cells fixed after 4hrs). The significant stem cells 

population is shown in the image. 

B) SOX2 expression (cells fixed after 24hrs). SOX2 expression was 

slightly visible after fixation after 24hrs and the stem cell population 

decreased in comparison with image A. 

Magnification 10x 

Fig. 4.3 - Expression of TH on e12 VM cells. The highest expression of 

TH (1:500, green) was after promptly fixation. 

A) TH expression (cells fixed after 4hrs). As shown in the image, TH 

expression is very high after immediate plating. 

B) TH expression (cells fixed after 24hrs). The population of 

dopaminergic cells noticeable decreased after 24 hrs.  

C TH expression (cells fixed after 48hrs). After 48hrs plating, TH 

expression is significantly low in comparison with image A. 

Magnification 10x 

A 

A 

A 

B 

B 

B C 

A B 

A 

A 

A 

A 

B 

B 

B C 
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Fig. 4.4 – Expression of GHSR on e12 VM cells. Expression of GHSR 

(1:100, green) significantly decreased within 24 hrs. 

A) GHSR expression (cells fixed after 4hrs). As shown in the image, 

population of cells expressing GHSR was relatively high after promptly 

plating. 

B) GHSR expression (cells fixed after 24hrs). GHSR expression 

decreased within 24hrs compare with image A. 

Magnification 10x 

Fig. 4.5 –  Expression of GHSR1α on e12 VM cells. A number of cells 

expressing GHSR1α (1:200, green) after immediate plating was 

comparable to plating after 24hrs. 

A) GHSR1α expression (cells fixed after 4hrs). Expression of specific 

GHSR receptor is significantly high after immediate fixation. 

B) GHSR1α expression (cells fixed after 24hrs). A number of cells 

expressing GHSR1α after later plating was comparable to image A. 

Magnification 10x 

A 

A B 

B 

A 

A B 

B 
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4.1.2 E 14 plates 

4.1.2.1 Plating after 4 hrs 

As hypothesised, BIII tubulin staining with anti-BIII tubulin antibodies was 

clearly visible (Fig 4.6. A, BIII green).  BIII tubulin is a neural cell marker so its 

expression meant presence of neural cells. As shown in the image BIII tubulin was 

not expressed on all cells. It was therefore important to establish the state of the 

cell populations, which could still be in a stem like state if they did not have 

neuronal markers present. Therefore SOX2 was used as a marker of 

undifferentiated cells. There was a relatively high expression of SOX2, indicating 

the presence of stem cells in the VM cultures and therefore in the suspension 

transplanted into the rats (Fig 4.7. A). As shown in the image (Fig 4.8 A), there 

was significant expression of GOAT on majority of cells in the VM suspension. The 

expression of GHSR1α (Fig. 4.9 A) was not as significant as GOAT expression. 

There was a relatively high expression of TH (Fig. 4.10 A), indicating presence of 

dopamine synthesis in neural cells in suspension. 

4.1.2.2 Plating after 24hrs 

As hypothesised, BIII tubulin staining was clearly visible but as shown in the 

image (Fig. 4.6 B) BIII tubulin was expressed less intensively in cells after 24hrs 

fixation than in cells which were fixed immediately (see Fig. 4.6 A). There was a 

relatively high expression of SOX2 comparable with SOX2 expression in Fig. 3.7C.  

As shown in the image (Fig 4.8 B) expression of GOAT wasn´t clearly visible but 

GOAT staining was observed on majority of the cells in suspension. There was not 

a significant contrast between Fig. 4.9 A and GHSR1α expression (Fig. 4.9 B) after 

24hrs fixation. As shown in the image (Fig. 4.10 B) TH expression was as 
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significant in the majority of the cells as in the image Fig. 4.10 A, indicating 

presence of dopamine synthesis in neural cells in suspension 

4.1.2.3 Plating after 48 hrs 

BIII tubulin expression was still clearly visible but as shown in the image(Fig. 

4.6 C), BIII tubulin was expressed considerably less than on Fig. 4.1 and 4.6.  As 

shown in the image (Fig. 4.7 C), cells showed a very low level of SOX2 expression 

in comparison with Fig. 4.7 B. The expression of GOAT was relatively high (Fig. 

4.8 C) and GOAT staining was observed on majority of cells. The GHSR1α 

expression (Fig. 4.9 C) was relatively low and was slightly visible in comparison 

with Fig 4.9 A and Fig. 4.9 B. The cells observed in the image (Fig. 4.10 C) 

showed a very low level of TH expression  in comparison with Fig. 4.10 A and 4.10 

B. 

 

 

 
e12 e14 

 
4hr 24hrs 48hrs 4hr 24hrs 48hrs 

BIII 

tubulin 
+++ + x ++ + + 

SOX2 +++ + x ++ ++ + 

TH +++ + + +++ +++ + 

GOAT x x x +++ + ++ 

GHSR1α +++ ++ x ++ ++ + 

GHSR +++ + x x x x 

Tab. 4.1 – Semi-quantitative summary of ICC results. As shown in the table, the most ideal time 

for plates fixation was after 4 hrs. The expression of required targets decreased within plating time. 

Results of ICC were assessed visually (this experiment was a trial in order to optimize whole 

process). 
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Fig. 4.6 - Expression of BIII tubulin on e14 VM cells. BIII tubulin (1:100) expression decreases in 

different plating time (4hrs, 24hrs, 48hrs)  

A) BIII tubulin expression (cells fixed after 4hrs). BIII tubulin (green, FITC light, see white arrow) is a 

marker of neuronal cells. As shown in the image BIII expression was clearly visible.  

B) BIII tubulin expression (cells fixed after 24hrs). BIII tubulin (green, FITC light, see white arrow) 

expression was clearly visible but the neural cell population decreased compare with image A. 

C) BIII tubulin expression (cells fixed after 48hrs). BIII tubulin (green, FITC light, see white arrow) 

expression was still clearly visible but as shown in the image, BIII tubulin wasn´t expressed on all cells  

All cells nuclei were stained by Hoechst and for visualization we used DAPI light (blue, see red arrow). 

Magnification 40x. 

Fig. 4.7 - Expression of SOX2 on e14 VM cells. The highest level of SOX2 (1:50) expression was after 

promptly plating compare with plating after 24hrs and 48hrs. 

A) SOX2 expression (cells fixed after 4hrs). SOX2 was used as a marker of undifferentiated cells 

(green, FITC light, see white arrow). As shown in the image, SOX 2 expression was relatively high.  

B) SOX2 expression (cells fixed after 24hrs).  As shown in the image B, SOX 2 expression was 

relatively high (green, FITC light, see white arrow). in comparison with image A 

C) SOX2 expression (cells fixed after 48hrs).  As shown in the image, cells showed a very low level of 

SOX2 expression (green, FITC light, see white arrow) in comparison with image A  

All cells nuclei were stained by Hoechst and for visualization we used DAPI light (blue, see red arrow). 

Magnification 40x. 

A 

A B C 

B C 
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Fig. 4.8 – Expression of GOAT on e14 VM cells. The significantly highest GOAT (1:200) expression 

was observed after immediate plating compare to fixation after 24hrs and 48hrs.  

A) GOAT expression (cells fixed after 4hrs). As shown in the image GOAT expression was 

significantly high on majority of cells (green, FITC light, see white arrow).. 

B) GOAT expression (cells fixed after 24hrs). GOAT expression wasn´t clearly visible but GOAT 

staining was observed on majority of cells (green, FITC light, see white arrow). 

C) GOAT expression (cells fixed after 48hrs). As shown in the image GOAT expression was 

relatively high and GOAT staining was observed on majority of cells (green, FITC light, see white 

arrow). 

All cells nuclei were stained by Hoechst and for visualization we used DAPI light (blue, see red arrow). 

Magnification 40x 

Fig. 4.9 - Expression of GHSR1α on e14 VM cells. GHSR1α (1:100) expression decreased in plating 

time.  

A) GHSR1α expression (cells fixed after 4hrs). As shown in the image GHSR1α expression was 

relatively high (green, FITC light, see white arrow).  

B) GHSR1α expression (cells fixed after 24hrs). As shown in the image GHSR1α expression was 

relatively high (green, FITC light, see white arrow). There wasn´t significant contrast between image A 

and image B in GHSR1α expression 

C) GHSR1α expression (cells fixed after 48hrs). GHSR1α expression was relatively low (green, FITC 

light, see white arrow) in comparison with image A and B.  

All cells nuclei were stained by Hoechst and for visualization we used DAPI light (blue, see red arrow). 

Magnification 40x. 

A 

A 

B 

B 

C 

C 
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Fig. 4.10 - Expression of TH on e14 VM cells. TH (1:500) expression was noticeable high after 

promptly fixation and decreased in plating time (24hrs and 48hrs). 

A) TH expression (cells fixed after 4hrs). As shown in the image TH expression was significant in the 

majority of the cells (green, FITC light, see white arrow), indicating presence of dopamine synthesis in 

neural cells in suspension.  

B) TH expression (cells fixed after 24hrs). TH expression was as significant in the majority of the cells 

as in the image A (green, FITC light, see white arrow). 

C) TH expression (cells fixed after 48hrs). The cell population observed in the image showed a very 

low level of TH expression (green, FITC light, see white arrow) in comparison with image A and B.  

All cells nuclei were stained by Hoechst and for visualization we used DAPI light (blue, see red arrow). 

Magnification 40x. 

C B A 
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4.1.3 Co-expression 

As show in the image (Fig. 4.11 A and B), BIII tubulin (Fig. 4.11 B, purple) and 

GOAT (Fig. 4. 11 A, green) were co-expressed in a large number of the cells in 

plate which means that GOAT was expressed in neuronal cells. As hypothesised, 

co-expression of GHSR1α (Fig. 4.12 A, green) and BIII tubulin (Fig. 4.12. B, 

purple) was observed in VM cell population but neural cell marker and ghrelin 

receptor weren´t co-expressed on large number of cells. As shown in the image 

Fig. 4.13 A and B, GOAT was expressed on stem cells which are marked by Anti-

SOX2 antibodies. The cell population co-expressing SOX2 (Fig. 4.14 B, purple) 

and GHSR1α (Fig. 4.14 A, green) wasn´t significantly high in VM cells. 
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A B 

Fig. 4.11 – Co-expression of GOAT and BIII tubulin on e14 VM 

cells. GOAT (A, green, FITC light) was co-expressed on BIII tubulin 

cells (B, purple, TRITC light).  As shown in the images, co-expression 

of GOAT on neural cells is relatively high. 

All cells nuclei were stained by Hoechst and for visualization we used 

DAPI light (blue).  

Magnification 40x. 

 

  

Fig. 4.12 - Co-expression of GHSR1α and BIII tubulin on e14 VM 

cells. GHSR1α (A, green, FITC light) and BIII tubulin (B, purple, 

TRITC light) were co-expressed but as shown in the images the co-

expression was on relatively low number of cells. 

All cells nuclei were stained by Hoechst and for visualization we used 

DAPI light (blue).  

Magnification 40x. 

 

A B 

A B 

Fig. 4.13- Co-expression of GOAT and SOX2 on e14 VM cells. 

GOAT (A, green, FITC light) was expressed on stem cells (B, purple, 

TRITC light) marked with anti-SOX2 antibodies. 

All cells nuclei were stained by Hoechst and for visualization we used 

DAPI light (blue).  

Magnification 40x. 
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A 

A 

B 
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Fig. 4.14 – Co-expression of GHSR1α and SOX2 

on e14 VM cells. Co-expression of GHSR1α (A, 

green, FITC light) and SOX2 (B, purple, TRITC light)  

wasn´t noticeable visible. But as shown in the 

images, GHSR1α was expressed on a few stem cells 

marked with anti-SOX2 antibodies. 

All cells nuclei were stained by Hoechst and for 

visualization we used DAPI light (blue).  

Magnification 10x. 

 

A 

B 
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4.2 Behavioural tests 

4.2.1 Whisker test 
Prior to transplantation, all animals showed a very low level of responding with 

the paw contralateral to the lesion in the whisker test, but had a good performance 

on the paw on the ipsilateral side to the lesion.  Over the post transplantation 

assessments the performance of the non transplanted group (group A) did not 

improve, however the transplanted animals ability to use the contralateral paw 

improved over time. By 8 weeks all transplanted groups were performing at 50 %. 

Fig 4.15 Graph summarizing whisker test results of each group over time. Groups 

B, C, D and E showed significant improvement in whisker test over time. On the 

contrary, non transplanted group (group A) didn´t performed high improvement in 

responding with the paw contralateral to the lesion in the whisker test. 
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4.2.2 Stepping test 
Prior to transplantation, rats ability to use the paw contralateral to the lesion 

was very low. An improvement in stepping test was observed in all rat groups, 

however as shown in Fig. 4.17 the non transplanted group performed less 

noticeable progress in their stepping abilities over time. Transplanted groups 

improved their stepping performance and by 8 weeks they were performing at 

40%.  

Fig 4.16 Graph summarizing stepping test results of each group over time. All 

groups showed very low level of using the paw contralateral to the lesion in pre 

transplantation time. However improvement was observed in all animal groups over time 

but the non transplanted group performed less noticeable progress in their stepping 

abilities.     
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4.2.3 Cylinder test 
As shown in the graph (Fig 4.18), all transplanted rats showed significant 

improvement (approximately 40%) in ability to use the contralateral paw to the 

lesion over time. Group B performed  ability to use contralateral paw as frequently 

as the ipsilateral side to the lesion. As hypothesised, non transplanted group didn´t 

showed significant improvement over time. 

Fig. 4.17 - Graph summarizing cylinder test results of each group over time. All 

groups showed hardly any abilities to use the contralateral paw to the lesion in week 0. All 

transplanted animals showed significant improvement (approximately 40%) in ability to 

use the contralateral paw to the lesion over time. The lowest level of improvement over 

time, as hypothesized, was observed in non transplanted group (group A).  
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4.2.4 Rotation test 
As hypothesised, all groups showed equal results in CW rotations  per minute 

in pre-transplantation test. However, there was significant improvement in CW 

rotations in transplanted rats over time (approximately 30%). But as shown in the 

graph (Fig. 4.19), any considerable contrasts weren´t observed within transplanted 

groups. Non transplanted group didn´t show any improvements or changes in their 

performance over time. 

Fig. 4. 18 - Graph summarizing rotation test results of each group over time. All 

animals showed equal results in pre-transplantation time in CW rotations. Transplanted 

groups showed significant improvement (approximately 30%) in reducing CW rotations 

per minutes over time. Any improvements weren´t observed in group A. 
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4.3 IHC 

IHC protocol was performed in order to define transplanted DA neurons in 

lesioned side of brain. DA neurons were detected by TH markers and number of 

DA neurons was reflected by number of TH cells. Number of TH cells has been 

counted in each treated group2. The higher number of TH cells was observed the 

more DA neurons survived.  

4.3.1 Group B results 

As shown in the image A (Fig. 4.19, A), a recognizable difference between 

transplanted side (see red arrow) and intact side (see blue arrow) of the brain was 

observed. As hypothesised, intact striatum was significantly marked by TH 

markers (see blue arrow, DA neurons marked with TH markers was observed as 

brown-coloured striatum). As supposed, DA neurons in transplanted hemisphere 

was TH marked notably in the place of graft (Fig. 4.19, A, B, C, see red arrow). As 

shown in the images below (Fig. 4.19, A, B, C) transplantation of the DA neurons 

was successful but results weren´t encouraging as supposed. 

4.3.2 Group C results 

As hypothesised, difference between intact and transplanted striatum was 

observed (Fig. 4.20). As  shown in the image (Fig. 4.20, A, see blue arrow), intact 

striatum was TH marked significantly more than grafted striatum (Fig. 4.20, see 

red arrows) but DA neurons were observed in transplanted striatum. As supposed, 

transplantation was successful  but results wasn´t encouraging as supposed. 

                                            
2
 Complete data wasn´t included in this thesis because TH cells calculation was in the process 

at this time in Cardiff University. Counts of survival cells will be compared among groups. 
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A B 

C 

Fig. 4.19 – TH marked DA neurons in grafted striatum (group B). 

A) Comparison of intact (see blue arrow) and grafted (see red arrow) striatum marked 

with TH markers. Intact striatum was significantly marked by TH markers (see blue arrow). 

Transplanted DA neurons was observed only in the grafted line in striatum (see red arrow) so 

transplantation of DA neurons was successful.  Magnification 1.25x.  

B) Grafted dopaminergic neurons marked with TH markers (see red arrow). 

Magnification 1.6x. 

C) Grafted dopaminergic neurons marked with TH markers (see red arrow). 

Magnification 10x. 



64 
 

A B 

C 

Fig. 4.20 – TH marked DA neurons in grafted striatum (group C). 

A) Comparison of intact (see blue arrow) and grafted (see red arrow) striatum 

marked with TH markers. Intact striatum was significantly marked by TH markers (see 

blue arrow). Transplanted DA neurons was observed in the grafted line in striatum (see red 

arrow) so transplantation of DA neurons was successful. Magnification 1.25x.  

B) Grafted dopaminergic neurons marked with TH markers (see red arrow). 

Magnification 1.6x. 

C) Grafted dopaminergic neurons marked with TH markers (see red arrow). 

Magnification 10x. 
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5 Discussion 

Neural cell transplantation is one of the alternative therapies in PD. Clinical 

studies in rats, non-human primates and humans have shown that transplantation 

of VM embryonic cells to patient brain has potential to improve quality of patient 

life with PD and to increase number of dopaminergic cells in striatum and in 

substantia nigra. However the results of clinical trials in humans are unequal and  

depend on each patient and the grafts don´t survive well in patient brain. Previous 

experiments have shown that only 5-20% of grafted cells survive in host brain 

(Björklund et al. 2003) (Fricker et al. 2012) (Hagell and Brundin 2001) (Burns et al. 

1983). There is definitely a need for grafts to survive better to make cell 

transplantation more effective. Previous studies (Nakao et al. 1994) (Grasbon-

Frodl et al. 1996) (Othberg et al. 1997) (Karlsson et al. 2002) have focused on 

lazaroids (trilazard mesylate) as neuroprotective agents and those studies have 

confirmed positive effect on neuronal cell survival in grafted cells in vitro as well as 

in vivo. As supposed in my experiment, ghrelin is considered to be a 

neuroprotective agent which can improve cell survival in graft. According to 

number of studies, ghrelin has neuroprotective as well as anti-inflammatory 

properties (Frago et al. 2011) (Chung et al. 2007) (Conti et al. 2005) (Andrews 

2011). In addition, the presence of ghrelin receptor and other crucial enzymes has 

been confirmed in adult as well as in embryonic rat brain.  According to those 

results the presence of ghrelin receptor and related enzymes confirms hypothesis 

that ghrelin can play protective role in brain. However as results from behavioural 

tests in this experiment shown, significant contrast wasn´t observed within 

A B 

C 
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transplanted groups. But it is necessary to mention that grafted groups showed  

noticeable improvement compare to non-transplanted group in all behavioural test 

and behavioural performance does not reflect entirely the graft performance, 

therefore in vivo histological analysis is necessary to perform. Animals 

performance also depends on many factors such as a stress, previous tests or 

abilities of examiner and in addition, rats tend to get use to those tests (especially 

to cylinder test). 

Although rat models of PD are considerably useful for better understanding of 

processes ongoing in PD, those models have certain limitations that should be 

mentioned. Firstly, 6-OHDA lesions are static lesions with no progression in time 

(Lotharius and Brundin 2002) compare to PD that is progressive 

neurodegenerative disease where degeneration and loss of dopamine are 

observed within a few years. Secondly, the Lewy bodies, typical hallmarks of PD 

(Gibb and Lees 1988), do not occur in the 6-OHDA lesioned rats. And finally, 6-

OHDA is taken up by noradrenergic neurons as well as serotonergic neurons and 

can damaged serotonin system in brain (Smith et al. 2011). Nevertheless 6-OHDA 

rat models are widely used in PD models in rats because of its simplicity, flexibility 

and suitability for diverse motor tests (Smith et al. 2011). The unilateral lesion 

model was selected for this experiment because it is less damaging for rats health 

and rats are able to take care about themselves. In addition, thanks to unilateral 

model, intact and lesioned side of brain can be compared in  behavioural tests as 

well as in imunohistochemistry. According  to Andrews (2011), ghrelin has anti-

inflammantory properties.  In future experiment inflammatory markers would be 

measured in histological analysis of brain for better understanding how ghrelin 
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 influences inflammation in brain. Moreover additional immunohistochemical 

experiments should be focused on neuronal population in transplanted 

hemisphere and whether 6-OHDA lesions, grafts and ghrelin treatment influence 

a9/a10 ratio and serotonergic system in brain. A9 neural cells are typical for 

substantia nigra pars compacta, those cells are primarily damaged with 6-OHDA 

lesion and are optimal for transplantation and on the contrary a10 cells are found 

in ventral tegmental area (Moore et al. 2001).  

It has been for the first time when the plates were used for 

immunocytochemistry in this study.  The protocol has been optimised and 

according to results of our experiment, lower concentration of cells (less than 

100 000 cells per μl) in each well has been considered as more ideal. Imaging of 

co-expression of required targets (see 3.7 Immunocytochemistry) is in the process 

using confocal microscope in order to obtain more accurate images of double-

stained cells. In addition, it is necessary to confirm presence of the receptors and 

related enzymes by PCR and Western blotting in future experiment.  

In this study, ghrelin hasn´t shown significant neuroprotective effect  on the 

graft in vivo. It is necessary to mention that ghrelin has short half-life in organism 

(Akamizu et al. 2004) so it can be potentially one of the reasons why ghrelin 

treatment hasn´t successfully worked. Ghrelin agonist have been used on the 

grounds of the short half-life of ghrelin.  The doses of ghrelin and ghrelin agonists 

play an important role in this experiment. Have the right dose been used or hasn´t 

it been enough to get effect? And, according to many studies with lazaroids 

(Nakao et al. 1994) (Grasbon-Frodl et al. 1996)(Othberg et al. 1997) (Karlsson et 

al. 2002), could graft incubation in media with ghrelin and ghrelin agonists 
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 potentially be more effective compared to post-transplantation ghrelin/ghrelin 

agonists treatment? Those question should be  answered in future experiments. It 

is also important to mention that transplantation of VM cells can be deprecated 

from ethical point of view. Because of this stem cells experiment will be tested in 

future. 

Experiment in this thesis is only a small part of extensive study that will be 

done about ghrelin and another hormones produced in gastrointestinal tract.  

Transplantation of dopaminergic or stem cells can be potentially promising 

treatment in PD but there is definitely aplenty of studies and experiments which 

should be done to better understand post-transplantation process and how it can 

be influenced by gastrointestinal hormones used in addition treatment. 
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6 Conclusion 

One of my aim of this study was to elucidate expression of ghrelin receptors 

and other related enzymes in embryonic brain in rat. This experiment has 

successfully indicated that ghrelin receptor and enzymes crucial for ghrelin and 

dopamine synthesis are expressed in embryonic e12 as well as in e14 ventral 

mesencephalon cell population in rats. In addition, the highest expression of 

required targets was observed after immediate plating (after 4 hrs). Co-expression 

of BIII and both GHSR1α and GOAT was observed as well as co-expression of 

SOX2 and GHSR1α or GOAT. Therefore ghrelin could be useful in future stem cell 

based transplantation. 

As supposed, transplanted animals showed significant improvement in 

behavioural tests but noticeable contrast wasn´t observed within transplanted 

groups.  However the most positive results in majority of tests showed group B 

which was treated with ghrelin agonist (JMV2894). Non-transplanted control group 

didn´t show any improvements in their performance over time. Further work will be 

done to fully characterise the effect of ghrelin on the graft and the environment of 

the striatum to determine any beneficial effects. 

As hypothesised, transplantation of DA neurons to striatum was successful 

and DA neurons were marked with TH markers in grafted striatum. In this theses, 

data were tentative and complete data will be obtained in future work in Cardiff 

University. 
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8  Appendices 

8.1 Drugs and chemicals 

Antifreeze solution (Sigma®) 

D-amphetamine (Cayman chemical) 

Dulbecco's Modified Eagle Medium (DMEM-F12 - filtered) (Gibco®) 

Embryonic E12 ventral mesencephalic cell suspension (100 000cells per 30ƞl) 

Embryonic E14 ventral mesencephalic cell suspension (100 000cells per 30ƞl) 

Foetal calf serum (FCS) 10% 

Ghrelin (TOCRIS bioscience) 

Ghrelin agonist (JMV2894, Aeterna Zentaris) 

Goat Serum (16210, Gibco, invitrogenTM) 

Hoechst nuclear stain (1:7500) (Invitrogen™ Molecular Probes) 

NDS (5%) Normal donkey serum (Gibco, invitrogenTM) 

Phosphate buffered saline (PBS) 1% (Lonza BioWhitTaker®) 

Phosphate buffered saline with triton (PBS-T) 1% (Lonza BioWhitTaker®) 

Poly-L lysine (PLL) 0,01% (Sigma®) 

Sodium chloride (1339942, Fisher Scientific) 

Triton (TritonTM X-100, SLBH4329V, Sigma-Aldrich) 

Trizma base (Tris Base, BP152-1, Fisher Scientific) 
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8.2 Antibodies 

Rabbit-Anti-GHSR (Alomone® labs) 

Goat-Anti-GSHR1α (Santa Cruz® biotechnology) 

Rabbit - Anti Beta III Tubulin (BIII) (Abcam® labs) 

Goat- anti SOX-2 (Santa Cruz® biotechnology) 

Rabbit -anti Tyrosine Hydroxylase (TH) (Abcam® labs) 

Rabbit- anti GOAT (Phoenix Pharmaceuticals, Inc.) 

Donkey anti-Rabbit AF 488 (Abcam® labs) 

Donkey anti-Goat AF 488 (Abcam® labs) 

Donkey anti-Goat AF 568 (Abcam® labs) 

Donkey anti-Rabbit AF 568 (Abcam® labs) 

8.3 Solutions 

Quench (Methanol : Hydrogen peroxide 30% : Distilled water 1 : 1 : 8) 

TBS (Trizma base : Sodium chloride : Distilled water 12 : 9 : 1000, pH 

adjusted to 7.4 with concentrated HCl) 

TXTBS (TBS : Triton X-1000 0.002 : 1, pH adjusted to 7.4 with concentrated 

HCl) 

ABC solution (DAKO Streptavidin kit; Solution A : Solution B : TBS with 1% 

Normal serum 1 : 1 : 200) 

TNS (Trizma base : Distilled water 6 : 1000) 

DAB solution (DAB sol : TNS : Hydrogen peroxide 30%  1 :  20 : 0,06) 

8.4 Equipment 

Fluorescent microscope Olympus IX51 (CellSense dimension program) 

Microtome Bright series 8000, Instrument company LTD 
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