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I. Introduction 

 

1 Alzheimer’s disease 

 

Alzheimer’s disease (AD) is most common form of dementia (Selkoe, 2001a). It was first 

described by the psychiatrist and neuropathologist Alois Alzheimer (1864-1915), who 

observed the symptoms of memory disorder in Auguste Deter in 1901. After her death in 

1906, he examined her brain and found amyloid plaques and loss of neurons 

The disease occurs in a common sporadic and a familiar form (FAD). Both forms show a very 

similar clinical and pathological picture. Most patients developing sporadic AD are 65 years 

or older and have no family record of AD. For this reason, it is also called late-onset AD. 

Patients suffering from FAD are commonly much younger (early-onset AD) and show 

mutations on the APP-, PS1- and PS2-gene. Neither the cause nor the pathogenesis have 

been understood completely till today, although several risk factors have been described, 

such as age, trisomy 21, stress and genetic predisposition. Such a possible genetic risk factor 

for sporadic AD is the apolipoprotein E4 (apoE-ε4) (Corder et al., 1993), a component of 

lipoproteins which plays an important role in the lipoprotein metabolism (Andersen and 

Willnow, 2006). Since the pathological and clinical picture is very similar in both forms, there 

are good chances that the analysis of genetic components may help to understand the 

sporadic form as well. 

Being mostly a disease of older age and having a continuing exponential increase in the aged 

population worldwide (Hynd et al., 2004), the number of persons affected by this disease is 

rising.  Nursing and medical care cause immense costs, and AD is among the most expensive 

diseases. Therefore, without effective therapy, AD will present significant social, ethical and 

socio-economic demands in the years to come. 

 

 

2 Pathological condition 

 

AD is characterized by cortical atrophy, neuron and synapse loss, neuritic plaques (chapter 

4.1), and neurofibrillary tangles (Terry et al., 1991; Twamley et al., 2006) which consist 

mainly of the protein tau. Especially the cholinergic neurons in the cortex and hippocampus 
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are affected (Price et al., 1998). The neuropathological changes of AD start well before the 

disease becomes clinically apparent (Braak and Braak, 1991). The brain may initially 

compensate for such changes until cognitive decline becomes obvious. 

AD frequently takes a typical clinical course which reflects the underlying expanding 

neuropathology (Förstl and Kurz, 1999). The disease course is divided into four phases, the 

pre-dementia, the mild dementia, the moderate dementia and the severe dementia stage. 

From the diagnosis till death it takes five to eight years generally (Bracco et al., 1994).  

In the beginning, patients show non-specific symptoms as learning disability, headache and 

reduced short term memory. Later on the long term memory gets affected as well.  As the 

disease progresses, speech and cognitive performance as well as spatial and temporal 

orientation are impaired. During this process, changes in mood can occur, often 

accompanied by depression and anxiety. Motor symptoms are rigidity, taking very small 

steps and stereotypical movements. 

 

 

3  APP and the generation of plaques 

3.1 Plaques 

 

Plaques mainly consist of a peptide with the size of 4 kDa, the so called β-amyloid (Aβ) 

(Glenner and Wong, 1984), which is generated by proteolytic cleavage of the amyloid 

precursor protein (APP). Additional plaque components are for example laminin, 

glycosaminoglycans and apolipoproteins. The generation of plaques occurs in the 

extracellular space.  

One can discriminate between two forms of plaques, namely diffuse and senile plaques. 

Senile plaques are largely observed in the gray matter of the brain and have a core of β-

amyloid. They are surrounded by dystrophic neurites. Reactive astrocytes and microglia can 

be observed. In contrast to senile plaques, diffuse plaques also consist of Aβ but do not 

possess a core. Furthermore, there are no or only few neuritic alterations visible. Diffuse 

plaques represent the earliest visible structural change and can be observed in older people 

without dementia as well (Price and Morris, 1999).  
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3.2 Amyloid Precursor Protein (APP) 

 

APP is an ubiquitously expressed integral membrane protein (Wolfe and Guenette, 2007), 

which exists in multiple isoforms due to alternative splicing (Sandbrink et al., 1994; Selkoe, 

1994). The most common transcripts are APP695, APP751 and APP770, with APP695 being 

the predominant form in neuronal tissue (Ling et al., 2003). APP is coded by a gene of 19 

exons, which in humans is located on chromosome 21 and has a length of 400kb (Goldgaber 

et al., 1987; Kang et al., 1987; Lamb et al., 1993). The protein itself is made of a large 

extramembranous N-terminal region, a single transmembrane domain and a small 

cytoplasmic C-terminal tail (Kang et al., 1987). During its processing, it is trafficking through 

the endocytic pathway (4.2.3), thereby taking two possible pathways, the non-

amyloidogenic and the amyloidogenic way. 

 

3.2.1 Non-amyloidogenic pathway  

 

A large number of newly synthesized APP molecules are processed at the cell surface by α-

secretase (Lee et al., 2008), a member of the ADAM (A disintegrin and metalloprotease) 

family. Because α-secretase cleaves within the Aβ sequence between the amino acid 16 and 

17 (Anderson et al., 1991; Sisodia, 1992), it prevents generation of Aβ (Figure 1). This step 

results in the soluble N-terminal APP fragment sAPPα (100-120 kDa) and the C-terminal 

fragment αCTF (10 kDa), the latter one still remaining anchored in the membrane 

(Weidemann et al., 1989). sAPPα is released in the extracellular space (Racchi and Govoni, 

2003). There is growing evidence that sAPP is involved in many physiological processes, such 

as neuroprotection, neurite outgrowth, the modulation of ion channels and synaptic 

plasticity and neurogenesis (Mattson et al., 1993; Furukawa et al., 1996; Mattson and 

Furukawa, 1998; Caille et al., 2004; Ring et al., 2007; Gakhar-Koppole et al., 2008; Taylor et 

al., 2008). In early endosomes and the plasma membrane the αCTF fragment is cleaved 

within the transmembrane domain by γ-secretase (Kaether et al., 2006). The γ-secretase is a 

protease complex consisting of the transmembrane proteins presenilin 1 (PS1) or presenilin 

2 (PS2), as well as nicastrin, Aph-1 (anterior pharynx-defective 1) and Pen-2 (presenilin 

enhancer 2) as accessory proteins. PS1 or PS2 are the catalytic subunits (Kimberly et al., 
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2003). Hereby the peptide P3 and the APP-intracellular domain (AICD, 6 kDa) are generated 

(Haass and Selkoe, 1993; Kimberly et al., 2003) (Figure 1). 

 

3.2.2 Amyloidogenic pathway 

 

Not all APP molecules are processed at the cell surface. Part of APP is internalized from the 

plasma membrane and delivered to the endocytic compartments. Here, they are processed 

by a β-secretase, also referred to as BACE1, β-site APP-cleaving enzyme 1 (Kinoshita et al., 

2003), which cleaves the extracellular domain at the N-terminus of the Aβ sequence. This 

leads to the soluble sAPPβ and the C-terminal fragment βCTF (C99, 12 kDa), which is 

attached to the membrane. The latter one gets cleaved in the transmembrane domain by γ-

secretase, forming Aβ peptides of different lengths (39-43 amino acids) as well as the APP 

intracellular domain AICD (LaFerla et al., 2007) (Figure 1). Aβ is released in the extracellular 

space (Haass et al., 1993; Haass and Selkoe, 1993). The most important forms of Aβ in AD 

are considered Aβ40 and Aβ42. 

 

 

Figure 1: Proteolytic cleavage of APP, demonstrating both possible pathways. Taking the  
non-amyloidogenic pathway, APP is processed by α-secretase, cleaving within the Aβ sequence. This pathway 
results in the fragments sAPPα, P3 and AICD. Taking the amyloidogenic pathway, APP is processed by β-
secretase, leading to APPβ, AICD and Aβ, which accumulates to plaques. 
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3.2.3 Endocytic transport of APP 

 

APP is synthesized in the rough endoplasmic reticulum (ER) and delivered to the cell 

membrane using the secretory pathway (Haass and Selkoe, 1993). Alternatively it may also 

be transported to an endosomal compartment (Haass et al., 2012). During its transit through 

the Golgi apparatus, major posttranslational modifications such as glycosylation, 

phosphorylation and sulfation take place (Rajendran and Annaert, 2012). At the cell 

membrane, APP can be processed directly by α- and γ-secretase, as outlined above. The part 

of APP which is not processed by α-secretase is reinternalized into endosomal 

compartments (Haass et al., 2012). Thereby, the low density lipoprotein receptor-related 

protein 1 (LRP1) plays an important role. LRP1 belongs to the LDL receptor gene family (Herz 

and Strickland, 2001) and is expressed in all neurons in the brain (Herz and Strickland, 2001; 

Ling et al., 2003). It interacts with APP at the cell membrane and in the Golgi apparatus and 

therefore enhances the endocytosis and modifies its metabolism.  LRP1 seems to interact 

with all secretases, too, thus manipulating the access of APP to proteolytic cleavage. 

Furthermore, it mediates the clearance of Aβ, either alone or in complexes of Aβ with apoE 

(Andersen and Willnow, 2006; Cam and Bu, 2006) as well as the transport of Aβ across the 

blood-brain barrier (Shibata et al., 2000; Deane et al., 2004). Cleavage by β-secretases occurs 

in the early and late endosomes. γ-secretases activity is present in endosomes and at the cell 

surface (O'Brien and Wong, 2011) (Figure 2). 
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Figure 2: Schematic overview of the endocytic trafficking of APP. It is synthesized and modified in the ER, 
further modifications take place in the Golgi apparatus. Parts of APP molecules are transported to the plasma 
membrane, followed by cleavage by α- and γ-secretases. Unprocessed molecules are internalized and 
processed by β- and γ-secretases in endosomal compartments. 

 

 

3.2.4 Neurotoxicity of Aβ 

 

For the pathogenic effect, the ratio between Aβ40 and Aβ42 seems to play an important 

role. Aβ42 is hydrophobic and therefore aggregates faster than Aβ40. Due to this, it forms 

stable Aβ oligomers at an early stage of AD (Burdick et al., 1992; Bitan et al., 2003; Chen and 

Glabe, 2006) and tends to generate stable trimeric and tetrameric oligomers (Chen and 

Glabe, 2006; Haass and Selkoe, 2007). Especially oligomers seem to disturb learning (Cleary 

et al., 2005). The resulting oligomers and fibrils are a possible cause of the neurotoxic effect 

(Haass and Selkoe, 2007). 

There are several theories concerning the neurotoxic effect of Aβ. One of them is the 

amyloid cascade hypothesis. According to this theory increased generation of Aβ leads to 

more insoluble Aβ and therefore more plaques are formed. These plaques are the cause for 
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neurodegeneration in the brain and symptoms like neurofibrillary tangles and degeneration 

of neurons are the consequence of plaque generation (Hardy and Selkoe, 2002). Reasons for 

an increased level of plaques may be changes in the processing of APP or a shift in 

Aβ40/Aβ42 ratio. During transition from the soluble to insoluble form Aβ undergoes a 

conformational change from α-helix to β- sheet (Zagorski and Barrow, 1992). This 

transformation starts from the carboxyterminal end, therefore Aβ with an extended C-

terminal end accumulates faster than those with a truncated C-terminal end (Jarrett et al., 

1993b, a). Furthermore, Aβ42 is more resistant to degeneration (Selkoe, 1999; Glabe, 2001). 

As Aβ42 is found in diffuse plaques, it is assumed that Aβ40 and fibril Aβ42 are enclaved in 

diffuse plaques, which causes senile plaques (Selkoe, 2001b). The amyloid cascade theory is 

supported by the fact that mutations in the tau gene alone cause no condition comparable 

to AD (Hardy et al., 1998). However, there are some arguments against the amyloid cascade 

hypothesis. The most important point is the weak correlation of plaques and early cognitive 

decline (Terry et al., 1991; McLean et al., 1999). Furthermore, in brains of some elderly 

people without AD, diffuse plaques can be observed (Price and Morris, 1999). These plaques 

have no associated neuritic alterations and do not seem to be toxic (Selkoe, 1996). Taken 

together, these facts indicate that plaques play an important role in the generation of AD, 

but are not the exclusive cause. 

Alternatively soluble Aβ42 oligomers are discussed as the primary cause of AD (Lambert et 

al., 1998; Selkoe, 2002). Recent studies have shown impairment of the cognitive function 

provoked by Aβ oligomers (Walsh et al., 2002; Cleary et al., 2005; Shankar et al., 2008). 

Furthermore, they are able to bind at the surface of synapses and dendrites which can lead 

to synaptic dysfunction (Lacor et al., 2004). Since they can be generated with only few 

monomers, formation of oligomers is an early event in the course of the disease.  

There is also increasing evidence that Aβ, besides the formation of plaque deposition, 

accumulates intracellularly which is initially involved in AD (Wirths et al., 2004). Recent 

studies have shown that Aβ exists not only as insoluble extracellular plaques, but also 

intracellularly as soluble oligomers. One theory is that Aβ monomers and oligomers first 

accumulate intracellularly and are secreted afterwards in the extracellular space. There, 

oligomers can further aggregate into plaques (LaFerla et al., 2007). Due to this theory, 

accumulation of intracellular Aβ could be a cause of AD. It occurs earlier than the generation 

of extracellular plaques and correlates well with the appearance of cognitive decline in 
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patients (McLean et al., 1999) and mouse models (Oddo et al., 2003). The toxic effect of Aβ 

is summarized in Figure 3. 

 

 

Figure 3: Simplified schematic overview of the toxic effect of Aβ. Due to risk factors, intracellular levels of Aβ 
increase and/or ratio of Aβ40/42 shifts, leading to accumulation of intracellular Aβ. In parallel, extracellular Aβ 
deposition increases, thus forming extracellular plaques. Uptake of Aβ increases the intracellular level of Aβ, 
thereby increasing the neurotoxic effects. 

 

 

4 Genetics of AD  

 

As mentioned before, AD is subdivided in sporadic AD and FAD. FAD is an autosomal 

dominant inherited variant. For most of the cases of FAD, the genes responsible for the 

disease have been identified. The ones which are known to be important in the etiology of 

FAD are the APP gene on chromosome 21 (Goate et al., 1991), the presenilin 1 (PS1) gene on 

chromosome 14 (Sherrington et al., 1996) and the presenilin 2 (PS2) gene on chromosome 1 

(Levy-Lahad et al., 1995).  All mutations linked to FAD known so far lead to a higher secretion 

of all forms of Aβ or to a specific raise of Aβ42 (Citron et al., 1992; Cai et al., 1993; Suzuki et 
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al., 1994; Tamaoka et al., 1994; Borchelt et al., 1996; Duff et al., 1996; Scheuner et al., 1996; 

Citron et al., 1997; Haass and Steiner, 2002). In PS1, more than 100 mutations, spread 

throughout the molecule, are known. All of these mutations lead to an increased ratio of 

Aβ42 to Aβ40, increased plaque deposition and early age of onset (Berezovska et al., 2005). 

The generation of Aβ also occurs in persons without cognitive impairment. Here, Aβ can be 

found in the cerebrospinal fluid (Seubert et al., 1992). It is also found in the supernatant of 

mixed-brain cell culture and human kidney 293 cells transfected with APP (Haass et al., 1992; 

Seubert et al., 1992). All processing products seem to play a physiological role. Under normal 

conditions, intracellular Aβ is efficiently secreted. But certain mutations, like the Artic and 

Swedish mutation of APP, cause an enhancement of the intracellular retention (Rajendran et 

al., 2007). All these alterations cause impaired Aβ processing, leading to increased plaque 

deposition. The consequence is an early onset of the disease, usually between 50 and 65 

years of age, though it can occur much earlier. 

 

 

5 Mouse models 

 

For this study, well established mouse models of AD were used. The mouse models 

displayed some neuropathological and behavioral features of AD, such as enhanced levels of 

Aβ or plaque deposition and cognitive impairment. However, no model did reflect the 

disease completely, since they generate no tau tangles and in tgArcAβ mice no 

neurodegeneration occurs. However, animal models mirror some aspects of the pathology, 

therefore, they prove to be a useful tool to investigate the pathogenesis of AD. 

 

5.1 TgArcAβ 

 

The transgenic (tg) ArcAβ mouse model overexpresses human APP with the Swedish and the 

Arctic mutation combined in a single construct (Knobloch et al., 2007). The Swedish 

mutation is a double mutation, which is located right before the N-terminus of the Aβ 

domain of APP. Lysine is substituted to asparagine at codon 670 and methionine to leucine 

at codon 671 (K670N, M671L) (Mullan et al., 1992). This causes a three to six times increase 

in the production of total Aβ (Citron et al., 1992; Cai et al., 1993; Oakley et al., 2006). 
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Furthermore, P3 is decreased by several times in the supernatant of cultured cells (Citron et 

al., 1992). The Arctic mutation is located at codon 693 within the Aβ region of APP, where 

glutamic acid is replaced by glycine (E693G) (Nilsberth et al., 2001). This mutation causes 

reduced extracellular Aβ levels (Nilsberth et al., 2001). Aβarc40 has been shown to 

aggregate faster than wild type Aβ40 (Murakami et al., 2002) and to form soluble protofibrils 

more rapidly (Nilsberth et al., 2001). The same holds true for Aβarc42 (Johansson et al., 

2006).  

The tgArcAβ model shows age-dependent increases in Aβ levels in neuronal tissues and 

develops strong intraneuronal Aβ aggregation at three months of age, prior to extracellular 

plaque formation (Lord et al., 2006). The maximum of intracellular deposits attains between 

7 and 15 months (Knobloch et al., 2007). Plaque deposition starts around 7 months of age, 

with a dramatic increase between 9 and 15 months. Memory is impaired from the age of 6 

months on (Knobloch et al., 2007). 

 

5.2 Tg5xFAD 

 

Tg5xFAD is a transgenic mouse line that co-overexpresses human APP695 harboring the 

Swedish, Florida and London mutation in the same APP molecule and human PS1 containing 

two FAD mutations (M146L and L286V). The Swedish mutation was described above 

(chapter 5.1). 

In the Florida mutation isoleucine is changed to valine at codon 716. This mutation causes 

about a 2-fold increase in the ratio of Aβ42 to Aβ40 (Eckman et al., 1997). The London 

mutation causes an amino-acid substitution as well. At codon 717, valine is changed to 

isoleucine. This takes place within the transmembrane domain, two residues apart from the 

carboxy terminus of the β-amyloid peptide (Goate et al., 1991). 

Previous studies have suggested that mutations which elevate the Aβ42 level, act in an 

additive manner to increase Aβ42 generation when integrated within the same molecule 

(Oakley et al., 2006). In the tg5xFAD mouse model, the combination of the London and the 

Florida mutation within APP doubled Aβ42 production when compared to each mutation 

alone (Oakley et al., 2006). The same is true for the two PS1 mutations when introduced 

together into the PS1 gene (Citron et al., 1998). Moreover, the combination of mutations in 

APP and PS1 also add to each other to increase the Aβ42 generation (Citron et al., 1998). 
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Due to this effect, tg5xFAD mice show a very high level of Aβ42 and develop cerebral 

amyloid plaques and gliosis at the age of two months. Furthermore, synaptic markers are 

reduced and neuron loss as well as memory impairment in the Y-maze can be observed 

(Oakley et al., 2006). 

 

5.3 LRP1 knockout mice 

 

The low density lipoprotein receptor related protein (LRP1) is highly expressed in neurons of 

the central nervous system (CNS) (Bu et al., 1994; Andersen and Willnow, 2006). 

An essential component of neuronal membrane is cholesterol, therefore having a great 

importance for synaptic integrity and neuronal function (Liu et al., 2010). Efficacy of 

synapses requires interaction of cholesterol with apolipoprotein (apoE) and its receptors 

(Mauch et al., 2001), thus, depletion of cholesterol/sphingolipid causes gradual loss of 

synapses and dendritic spines (Hering et al., 2003; Liu et al., 2010). Cholesterol and other 

lipids are transported to neurons via apoE receptors. The presence of the ε4 allele apoE gene 

has been identified as a strong risk factor for sporadic AD (Corder et al., 1993). It is likely, 

that apoE4 promotes Aβ fibrillogenesis and amyloid plaque formation (Liu et al., 2007). 

Another risk factor found for sporadic AD is α2-macroglobulin (α2M), a plasma protein which 

is part of the innate immune system (Blacker et al., 1998). Besides the ability to bind APP, Aβ 

and secretases, as described in chapter 3.2.3, LRP1 interacts with both apoE and α2M.  

Moreover, LRP1 mediates the clearance of Aβ, which for example involves cellular uptake 

and degradation and clearance through the blood brain barrier (Bu, 2009; Kanekiyo et al., 

2011). Furthermore, γ-secretases-dependent APP processing seems to be involved in the 

regulation of brain cholesterol via transcriptional repression of LRP1 (Liu et al., 2007; Bu, 

2009). Increasing evidence point towards a role of abnormal cholesterol metabolism in AD, 

such as reduced level of cholesterol and LRP1 in the brain of AD patients (Kang et al., 2000; 

Vance et al., 2006).  

Since LRP1 full knockout mice (LRP1 mice) are embryonic lethal, neuronal conditional LRP1 

knockout mice were used.  Initially, they have the same size and weight compared to wt 

mice, but fall behind in their growth rate eventually. LRP1 mice show increased voluntary 

movement and a constant muscle tremor. At the age of 18 months, LRP1 mice traveled 

longer distances compared to control animal, indicating hyperactivity in LRP1 mice. 
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Furthermore, behavioral test showed memory impairment at 24 months of age as well as 

LTP deficiency measured in slices (Liu et al., 2010). 

 

 

6 Aims of the study  

 

In this work, the density and distribution of neurotransmitter receptor binding sites was 

analyzed in four mouse models of AD using quantitative receptor autoradiography in unfixed 

frozen brain tissue (Zilles et al., 2002b; Zilles et al., 2004). Since receptors interact with each 

other, alterations of a single receptor often affect other receptors as well. For that reason, 

17 to 19 different receptors, relevant for seven different neurotransmitter systems, were 

investigated in eight brain regions. 

The aim of the present study is the characterization of the neurotransmitter receptor 

expression in the brain of four mouse models of AD. Two models (tgArcA, tg5xFAD) reflect 

mutations associated with FAD. These models express enhanced levels of Aβ, a crucial 

hallmark of AD.  LRP1 knockout mice are analyzed, which show a reduced clearance of Aβ 

and an impaired cholesterol metabolism as a possible risk factors of AD. Finally, the density 

and distribution of receptors are investigated in a mouse model (tg5xFAD/LRP1), which 

combines both factors, enhanced Aβ levels and LRP1 knockout. The correlation between 

alterations of receptor and neuropathological changes (i.e., presence of Aβ and plaque 

deposition) in AD will be discussed.  
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II. Material and Methods 

 

1 Animals  

 

All animals were kept under standard conditions with free access to food and water. The 

experiments were carried out according to the German animal welfare guidelines and 

approved by the responsible government agency (Landesamt für Natur, Umwelt und 

Verbraucherschutz). All mice used were adult males.   

Transgene ArcAβ (tgArcAβ) and the corresponding control mice (C57Bl/6) were kindly 

provided by Dr. Jan Deussing, Molecular Neurogenetics, Max Planck Institute of Psychiatry, 

Munich. Their age was 8 months. 

Transgene 5xFAD (tg5xFAD), LRP1 knock out (LRP1 mice) and tg5xFAD/ LRP1  as well as 

corresponding control mice (129xBl/6) were kindly provided by the group of Prof. Dr. 

Thomas Willnow, Molecular Physiology, Max Delbrück Center for Molecular Medicine 

(MDC). LRP1, tg5xFAD and tg5xFAD/LRP1 mice were between 4 and 6 months old.  

Mice were anesthetized with CO2 and sacrificed by decapitation. Brains were removed from 

the skull and frozen in isopentane at -50°C for 2 minutes. For storage, brains were packed in 

plastic bags and kept at -80°C.  

 

 

2 Preparations of slices 

2.1 Receptor autoradiography and histological staining 

 

Brains were kept for 30 minutes at -15°C in the cryostat microtome (Leica Instruments 

GmbH, Germany), and fixed for sectioning using a tissue freezing medium (Tissue Tec, Jung). 

Coronal serial sections were prepared at -15°C. In case of the tgArcAβ mice, 20μm slices 

were thaw-mounted on pre-cooled gelatin-coated glass slides. The sections of LRP1, tg5xFAD 

and tg5xFAD/LRP1 mice were 10μm thick and thaw-mounted on pre-cooled silanized glass 

slides. Sections were dried on a heating plate at 37°C for 20 minutes, packed in freezer bags, 

vacuum sealed and stored at -80°C.  
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2.2 Immunohistochemistry 

 

Preparation of sections for immunohistochemistry was done according to the same protocol 

as described in chapter 2.1.  Sections were shortly thawed and stored in plastic boxes at  

-15°C during preparation, immersion-fixed in 4% (w/v) paraformaldehyde for 10 minutes, 

dried at room temperature for 10 minutes, vacuum sealed and stored at   -80°C. 

 

 

3 Receptor autoradiography  

3.1 Binding experiments 

 

One hour before binding experiments started, sections were defrosted on a heating plate at 

37°C.  

Receptor labeling using autoradiography was carried out according to previously described 

standardized protocols (Zilles et al., 2002; Palomero-Gallagher et al., 2003).  Each protocol 

consists of three steps, pre-washing, main incubation and rinsing. During the first step, the 

sections are incubated in the respective buffer, to rehydrate the slices, to wash out 

endogenous ligands and to adapt pH value.  

In a second step (main incubation), sections were incubated either in a buffer solution 

containing a [3H]-labeled ligand in nM concentrations (total binding), or a [3H]-ligand 

together with M concentrations of a respective non-radioactive displacer (non-specific 

binding). Concentrations of the respective radioactive ligand in buffer solution were 

measured by three-fold liquid scintillation. The specific binding is the difference between 

total binding and non-specific binding, identified in alternating sections. In general, the non-

specific binding was lower than 10%. Therefore, the total binding is a good measure of the 

specific binding. 

The third step (rinsing in water) terminated the incubation, and eliminated the non-bound 

ligands and buffer salts. The specific protocols of each binding experiment are listed in  

Table 1.   

The sections were air-dried under a cold-air fan and stored on wooden tables at room 

temperature.  
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Table 1: Summary of the used [
3
H]-ligands with corresponding displacer and incubation buffer 

Receptor/ 
[3H]-ligand  

Displacer Incubation buffer Preincubation Main incubation Rinsing 

AMPA/ 
AMPA [10nM] 
only tgArcAβ 

Quisqualate  
[10µM] 

50mM Tris-acetate [pH 7.2]  
+ 100mM KSCN* 

3 x 10min, 4°C 45min, 4°C 4 x 4sec, 4°C 
2 x2 sec in 2.5% 
glutaraldehyde in 
acetone 

Kainate/ 
Kainate [9.4nM] 

SYM 2081 
[100µM] 

50mM Tris-citrate (pH 7.1)  
+ 10mM Ca-acetate 

3 x 10min, 4°C 45min, 4°C 3 x 4sec, 4°C 
2 x2 sec in 2.5% 
glutaraldehyde in 
acetone 

NMDA/ 
MK 801 [3.3nM] 

MK 801 
[100µM] 

50mM Tris-HCl (pH 7.2)  
+ 50µM Glutamate  
+ 30µM Glycine  
+ 50µM Spermidine 

15 x 10min, 4°C 60min, 22°C 2 x 5min, 4°C 
1sec in distilled water 

mGlu2/3/ 
LY 341,495 [1nM] 

L-Glutamate  
[1mM] 

Phosphate buffer (pH 7.6):  
137mM NaCl;  
2.7mM KCl;  
4.3mM Na2HPO4 x H2O;  
1.4mM KH2PO4  
+ 100mM KBr* 

2 x 5min, 22°C 60min, 4°C 2 x 5min, 4°C 
1sec in distilled water 

GABAA/ 
Muscimol [7.7] 

GABA  
[10µM] 

50mM Tris-citrate (pH 7.0) 3 x 5min, 4°C 40min, 4°C 3 x 3sec, 4°C 
1sec in distilled water 

GABAA/ 
SR 95531 [3nM] 

GABA  
[1mM] 

50mM Tris-citrate (pH 7.0) 3 x 5min, 4°C 40min, 4°C 3 x 3sec, 4°C 
1sec in distilled water 

GABAB/ 
CGP 54626 [2nM] 
 
 
 
 

CGP 55845  
[100µM] 

50mM Tris-HCl (pH 7.2)  
+ 2.5mM CaCl2 

3 x 5min, 4°C 60min, 4°C 3 x 2sec, 4°C 
1sec in distilled water 
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BZ  
(GABAA 
associated 
benzodiazepine 
binding sites)/ 
Flumazenil [1nM] 

Clonazepam  
[2µM] 

170mM Tris-HCl (pH 7.4) 1 x 15min,4°C 60min, 4°C 3 x 1min, 4°C 
1sec in distilled water 

M1/ 
Pirenzepine 
[10nM] 

Pirenzepine dehydrate  
[2µM] 

Modified Krebs-buffer (pH7.4): 
5.6mM KCl;  
30.6mM NaCl;  
1.2mM MgSO4;  
1.4mM KH2PO4;  
5.6mM D-Glucose;  
5.2mM NaHCO3;  
2.5mM CaCl2 

1 x 15min,4°C 60min, 4°C 3 x 1min, 4°C 
1sec in distilled water 

M2/ 
Oxotremorine-M 
[1.7nM] 

Carbachol  
[10µM] 

20mM Hepes-Tris (pH 7.5)  
+ 10mM MgCl2 

1 x 20min,22 °C 60min, 22°C 2 x 2min, 4°C 
1sec in distilled water 

M2/ 
AF-DX 384 [5nM] 

 
only tg5xFAD, 
LRP1 , 
tg5xFAD/LRP1  

Atropine sulphate 
[100µM] 

Modified Krebs-buffer (pH7.4): 
4.7mM KCl;  
120mM NaCl;  
1.2mM MgSO4;  
1.4mM KH2PO4;  
5.6mM D-Glucose;  
25mM NaHCO3;  
2.5mM CaCl2 

1 x 15min,22 °C 
 

60min, 22°C 3 x 4min, 4°C 
1sec in distilled water 

M3/ 
4-DAMP [1nM 

Atropine sulphate [10µM] 50mM Tris-HCl (pH 7.4)  
+0.1mM PMSF  
+ 1mM EDTA 

1 x 15min,22 °C 
 

45min, 22°C 2 x 5min, 4°C 
1sec in distilled water 

α1/ 
Prazosin 
[0.09nM] 
 
 

Phentolamine mesylate  
[10µM] 

50mM Na/K-phosphate buffer 
(pH 7.4) 

1 x 15min,22 °C 
 

60min, 22°C 2 x 5min, 4°C 
1sec in distilled water 
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α2/ 
UK14,304 
[0.64nM] 

Phentolamine mesylate  
[10µM] 

50mM Tris-HCl (pH 7.7)  
+ 100µM MnCl2 

1 x 15min,22 °C 
 

90min, 22°C 1 x 5min, 4°C 
1sec in distilled water 

5-HT1A/ 
8-OH-DPAT 
[0.3nM] 

5-HT  
[1µM] 

170mM Tris-HCl (pH 7.7) 
+ 0.01% Ascorbate*  
+ 4mM CaCl2* 

1 x 30min,22 °C 
 

60min, 22°C 1 x 5min, 4°C 
3 x 1sec in distilled water 

5-HT2A/ 
Ketanserin 
[1.14nM] 

Mianserin  
[10µM] 

170mM Tris-HCl (pH 7.7) 1 x 30min,22 °C 
 

120min, 22°C 2 x 10min, 4°C 
3 x 1sec in distilled water 

D1/ 
SCH 23390 
[1.67nM] 

SKF 83566 [1µM] 50mM Tris-HCl (pH 7.4) 
+ 120mM NaCl  
+ 5mM KCl  
+ 2mM CaCl2 

+ 1mM MgCl2  
+ 1µM Mianserin* 

1 x 20min,22 °C 
 

90min, 22°C 2 x 10min, 4°C 
1sec in distilled water 

D2/  
Raclopride 
[0.55nM] 

Butaclamol [1µM] 50mM Tris-HCl (pH 7.4)  
+ 150mM NaCl 
+ 0.1% Ascorbate 

1 x 20min,22 °C 
 

45min, 22°C 6 x 1min, 4°C 
1sec in distilled water 

D2/D3 

Fallyprid [4nM] 
Haloperidol [10µM] 50mM Tris-HCl (pH 7.4) 

+ 5mM KCl 
+ 120mM NaCl  

1 x 30min,22 °C 
 

60min, 37°C 2 x 2min, 4°C 
1sec in distilled water 

A2A/ 

ZM 241 385 
[0.42nM] 

2-Chloroadenosine 
[2[10µM]0µM] 

120mM Tris-HCl (pH 7.4) 
+ 1mM EDTA 
(only preincubation) 
+2U/L adenosine deaminase 
(only pre- and main incubation) 
+ 10mM MgCl2 (only prerinsing 
and main incubation) 
 

1 x 30min,37 °C 
 
Prerinsing 
2 x 10min, 22°C 

120min, 22°C 2 x 5min, 4°C 
1sec in distilled water 

* Only added to main incubation 
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3.2 Film exposure  

 

Glass slides with the labeled sections were fixed on paper sheets with double-sided adhesive 

tape and co-exposed to tritium-sensitive film (Kodak, PerkinElmer LAS GmbH, Germany) 

together with either plastic or tissue 3[H]-standards with increasing concentrations of 

radioactivity. Sheets were fixed between plastic plates, and hold together with several metal 

clips. Depending on the ligand, slices were exposed to the film 9 to 15 weeks. Exposure time 

of each ligand used is listed in Table 2. During exposure, the plates were stored in wooden 

boxes, thus ensuring that the films were not exposed to light. Finally, films were developed 

under red light using a Hyperprocessor Automatic Film Processor (Amersham Biosciences, 

Europe). 

 

Table 2: List of exposure times of all used [
3
H]-ligands 

[3H]-ligand Exposure times [weeks]  

AF-DX 384 10 

AMPA 15 

CGP 54626 10 

4-DAMP 9 

Fallyprid 15 

Flumazenil 9 

Kainate 12 

Ketanserin 15 

LY 341,495 10 

MK 801 12 

Muscimol 12 

8-OH-DPAT 15 

Oxotremorine-M 15 

Pirenzepine 12 

Prazosin 15 

Raclopride 15 

SCH 23390 15 

SR 95531 12 

UK 14,304 15 

ZM 241 385 15 
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3.3 Digitization and analysis of the autoradiographic images 

 

The autoradiographic images were digitized and analyzed using a video based technique 

(Zilles and Schleicher, 1991). Images were placed on a homogenously illuminated table, and 

digital images were taken using a fixed CCD-camera (Zeiss, Carl Zeiss Mikro Imaging GmbH, 

Germany), and the AxioVision-Software system, Version 4.8 (Zeiss, Carl Zeiss Mikro Imaging 

GmbH, Germany). Images were saved 8-bit coded in 256 gray values, at which 0 means black 

and 256 white, having a resolution of 4164x3120 pixels. To avoid diffuse and uneven 

illumination, shading correction was done each day. Furthermore, at the beginning of 

digitization of each series of images, the intensity of the light source and the aperture of the 

macro lens were adjusted measuring a blank area of the exposed film. Additional steps were 

reduction of stray light and sufficient warm-up of the light source and the camera to avoid 

shifts in the system (Zilles et al., 2002). 

 

3.4 Calibration, analysis and color coding   

 

The standards with known concentrations were used to calculate a non-linear 

transformation curve, respectively, to define the correlation between the measured gray 

values of the autoradiograph and the receptor concentration (Zilles et al., 2004).  

Based on the transformation curve, the autoradiograph itself was converted into images 

with pixel values representing concentrations of radioactivity, given in fmol/mg protein 

(Zilles and Schleicher, 1995; Zilles et al., 2002a). The consequence is an image in which the 

gray values are a linear function of the concentration of radioactivity. 

Eight brain regions, the regions of interest (ROI), were defined. ROIs were the olfactory bulb, 

the motor, somatosensory and piriform cortex, striatum (caudatus-putamen), as well as CA1 

region, mossy fiber termination fields/hilus and stratum moleculare/granulosum in the 

hippocampus (Figure 4). The receptor density was analyzed in each of these ROIs using the 

AxioVision software. Per ROI and animal, three sections were measured. 
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To provide a clear impression of the regional distribution of receptor density, linearized 

images were color coded. The full range of 256 gray values is color coded, at which the gray 

values are assigned to a scale of eleven colors to equally spaced density ranges (Figure 5). 

These contrast-enhanced images were used only for illustration, not for the measurement of 

the receptor densities. 

 

 

4 Statistical analysis 

 

Data are indicated as means and standard deviations. For each ligand, differences between 

the two groups control and experimental model were tested applying analysis of variance 

(ANOVA) using SYSTAT®Version 13. Each ligand was tested for group differences using a 

repeated measures design, the within factor set to brain region and the response factor to 

density of the receptor tested. If a group effect was found to be significant (P ≤ 0.05), each 

brain region of that compartment was subjected to a one way, univariate post hoc test. 

The dopamine receptor ligands [3H]-Fallyprid, [3H]-Raclopride, [3H]-SCH 23390 and [3H]-ZM 

241 385 were tested with univariate, one way ANOVA and subsequent Bonferroni 

correction, since their densities were above the detection limit of receptor autoradiography 

only in the striatum. 

 

Figure 4: Overview of the brain 

regions investigated. 

B: olfactory bulb, M1: motor 

cortex, S1: somatosensory cortex, 

Pir: piriform cortex, CPu: 

caudatus-putamen (striatum), 

CA1: CA1 region of the 

hippocampus, MGr: stratum 

moleculare/granulosum, MosHil: 

mossy fiber termination fields. 
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5 Histological staining  

 

Silver staining was performed (Merker, 1983) to visualize cell bodies and cytoarchitecture. 

Alternating cryostat sections of the same brains, in which the receptor binding was 

performed, were defrosted for one hour using a heating plate at 37°C and fixated in 4% 

buffered formalin for 30 minutes. After fixation, sections were washed in purified water for 

30 minutes, put into 4% formic acid for three hours and in formic acid/hydrogen peroxide 

mixture over night. For the formic acid/hydrogen peroxide mixture, 60 vol% purified water, 

30 vol% hydrogen peroxide and 10 vol% concentrated formic acid were mixed together. The 

next day, slices were washed in purified water for 30 minutes and rinsed with acetic acid (1 

vol%) two times for five minutes. During this step, the three components of the developer 

Figure 5: Overview of the generation of linearized images 

using a transformation curve and color coded image using a 

transformation curve. The original autoradiograph (A) was 

converted into a linearized image (C) using a transformation 

curve (B), demonstrating the non-linear correlation between 

the measured gray values of the autoradiograph and the 

receptor concentration. For better visualization of receptor 

density and distribution, color coding was performed (D). 

The ligand used in that image was [
3
H]-Muscimol. 
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solution were mixed together, and sections were incubated directly after mixing. The 

substances used for the developer solution are listed in Table 3. The cell body staining was 

checked using a microscope and stopped with 1 vol% acetic acid. Afterwards, slices were 

rinsed with purified water for five minutes, fixated with T-MAX for 2 minutes and rinsed with 

purified water again. Using increasing isopropanol concentrations (70%, 80%, 97% and 

100%), followed by incubation in xylol, slices were dehydrated. Finally, slices were 

coverslipped with DPX. 

 

Table 3: Amount of substances used for the developer solution in histological Nissl staining 

Amount Solution 

Developer solution A 

1000 ml purified water 

50 g absolute sodium carbonate 

Developer solution B 

500 ml purified water 

1 g ammonium nitrate 

1 g silver nitrate 

5 g tungstosilicic acid 

Developer solution C 

1000 ml purified water 

2 g ammonium nitrate 

2 g silver nitrate 

10 g tungstosilicic acid 

7.3ml Formaldehyde 
 

 

 

6 Immunohistochemical staining 

 

To analyze the presence of Aβ plaques, immunohistochemical staining was performed. For 

immunohistochemical staining, frozen brain sections were immersion-fix in 4% (w/v) 

paraformaldehyde for 10 minutes, dried at room temperature for 10 minutes and stored at   

-80°C. For antigen retrieval, frozen sections were incubated in 70% formic acid for five 
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minutes. Afterwards, sections were equilibrated in three changes of ice cold (1 vol%) TBS-

Triton for one minutes each and permeabilized in TBS-Triton solution (1 vol%) at room 

temperature for 10 minutes. Subsequently, sections were washed in TBS-Triton three times 

for one minute each. The sections were surrounded with PAP pen and the glass slides were 

stored in plastic boxes. Blocking of the staining took place using M.O.M. (Mouse on Mouse; 

Vector Labs, Burlingame, USA; one drop in 1.25µl TBS-Triton) for 30 minutes. Sections were 

probed with a primary antibody which is diluted in 1 vol% BSA/TBS-Triton one hour at room 

temperature, then over night at 8°C. Sections were double stained with G2-10 (Millipore, 

Schwalbach, Germany; 1:100) for Aβ40 and 1-11-3 (Covance, Munich, Germany; 1:200) for 

Aβ42. 

The next morning, sections were washed in TBS-Triton three times for four minutes and 

incubated with the secondary antibodies G-M A488 (Life Technologies GmbH, Darmstadt, 

Germany; 1:500) and G-R A568 (Life Technologies GmbH, Darmstadt, Germany; 1:150) in 1 

vol% BSA/TBS-Triton for four hours at room temperature. Next, washing took place in TBS-

Triton two times for 4 minutes. Nuclei were stained by adding 0.5µg/ml DAPI (Sigma-Aldrich 

Chemie GmbH, Steinheim, Germany) for three minutes, and sections were washed with TBS-

Triton for four minutes. The tissue was coverslip-mounted with Aqua Poly/Mont (DAKO, 

Agilant Technologies, Hamburg, Germany). 
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III. Results 

 

1 Neurotransmitter receptor densities in brains of tg5xFAD, LRP1 and 

tg5xFAD/LRP1 mice 

 

The principal regional receptor distribution patterns were similar between control mice and 

all three models of AD. However, the absolute receptor densities differed between controls 

and transgenic mice in various, but not all brain regions.  

 

1.1 Glutamate receptors 

 

Ionotropic and metabotropic glutamate receptors were present throughout all areas 

investigated. Kainate receptors showed the lowest mean density in the CA1 region of the 

hippocampus and highest in the mossy fiber termination fields, with intermediate densities 

in the olfactory bulb, motor cortex, somatosensory and piriform cortex, hilus and stratum 

moleculare/granulosum. NMDA receptors had a very similar distribution within the brain, 

with the notable exception of the hippocampus area, especially the CA1 region. Here the 

mean density was higher. The density of the metabotropic Glu2/3 (mGlu2/3) receptors was 

higher in the neocortical areas, striatum and the stratum moleculare/granulosum than in the 

olfactoric bulb and the remaining areas of the hippocampus. In the following chapters, 

changes of the receptor density between AD mouse models and control mice, respectively, 

are described in detail (compare Figure 6 - Figure 9). 
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Figure 6: Color coded image of kainate receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 

 

 
Figure 7: Color coded image of kainate receptor density (fmol/mg protein) in the hippocampus of 
tg5xFAD/LRP1 mice in detail. Mossy fibers can clearly be distinguished and are increased in tg5xFAD/LRP1 mice 
compared to control.  
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Figure 8: Color coded image of NMDA receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 

 

 
Figure 9: Color coded image of mGlu2/3 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 
and tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this 
receptor in all strains but differences in absolute receptor densities (see text). 

 

 

1.1.1 Kainate receptor 

 

The densities of kainate receptors of LRP1 mice compared to controls were decreased in all 

brain regions investigated. Differences were statistically significant in the olfactory bulb 
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(28%; p=0.0005), the piriform cortex (24%; p=0.01) and in the hippocampal regions CA1 

(17%; p=0.02) and stratum moleculare/granulosum (22%; p=0.004). 

The tg5xFAD model revealed a reduced density in the olfactory bulb (23%; p=0.02) and the 

piriform cortex (17%; p=0.03), compared to the corresponding control.  

Between tg5xFAD/LRP1 and control mice, down- as well as upregulation in three regions 

could be observed. In two regions, the mean density of kainate receptors was significant 

lower in tg5xFAD/LRP1 than in control mice, i.e. in the olfactory bulb  

(15%; p=0.02) and the piriform cortex (15%; p=0.03). In termination regions of the mossy 

fibers/hilus, it was increased by 15% (p=0.03, compare Figure 7). Figure 10 summarizes the 

kainate receptor data.  

 

 

Figure 10: Bar charts demonstrating mean kainate receptor density together with standard deviation in all 
brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

1.1.2 NMDA receptor 

 

In comparison to wild type mice, NMDA receptor densities of LRP1 mice were increased in 

the CA1 region by 16% (p=0.03) and in the stratum moleculare/granulosum by 12% (p=0.04). 

In tg5xFAD mice, a trend towards decrease was observed in the olfactory bulb, 

somatosensory and piriform cortex, but did not reach significance. 

*** 

* 

* 

*** 

* 
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In tg5xFAD/LRP1 mice, the olfactory bulb showed a significant reduction by 12% (p=0.04). In 

the mossy fiber termination fields/hilus, however, an upregulation by 14% (p=0.02) was 

observed (Figure 11).   

 

 

Figure 11: Bar charts demonstrating mean NMDA receptor density together with standard deviation in all 
brain regions investigated of control (black), LRP1(dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1(white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

1.1.3 mGlu2/3 receptor 

 

In the brains of LRP1 mice, only one significant difference could be observed. The mGlu2/3 

receptor was downregulated by 35% (p=0.02) in the CA1 region.  

The same regional preference could be observed in tg5xFAD/LRP1 mice. Here, a significant 

lower mean receptor density was shown (31%; p=0.003) in the hippocampal CA1 region. 

In tg5xFAD mice, the mGlu2/3 receptor density of the olfactory bulb was reduced by 38% 

(p=0.03). Furthermore, the CA1 region showed lower mean receptor density by 29% 

(p=0.02).  

 

* 
* 

* 
* 
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Figure 12: Bar charts demonstrating mean mGlu2/3 receptor density together with standard deviation in all 
brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

1.2 Cholinergic receptors 

 

The receptors of the cholinergic system, M1, M2 and M3 receptors, demonstrated different 

regional distribution patterns. M1 receptor density was lowest in the olfactory bulb and the 

termination fields of mossy fibers. Highest density was seen in the striatum and the CA1 

region, with intermediate density in the motor, somatosensory and piriform cortices, the 

hilus and stratum moleculare/granulosum. 

M2 receptor density revealed by agonist and antagonist binding was high in the olfactory 

bulb, the striatum and the somatosensory cortex. Intermediate levels were found in the 

piriform cortex and the termination fields of mossy fibers. The lowest density was observed 

in the hippocampal regions CA1, hilus and stratum moleculare/granulosum.  

M3 receptors showed the lowest mean density in the olfactory bulb, the hilus and the mossy 

fiber regions (600-4,700 fmol/mg protein), and intermediate densities in most of the other 

cortical areas. The highest density could be found in the striatum, the CA1 region and the 

stratum moleculare/granulosum, with concentrations ranging between 8,900 and 12,000 

fmol/mg protein (see Figure 13 - Figure 16).  

 

*** 
* 
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Figure 13: Color coded image of M1 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar distribution of this receptor in all 
strains. 

 

 
Figure 14: Color coded image of M2 ([

3
H]-Oxotremorine-M) receptor densities (fmol/mg protein) in the brains 

of tg5xFAD, LRP1 and tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional 
distribution of this receptor in all strains but differences in absolute receptor densities (see text). 
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Figure 15: Color coded image of M2 ([

3
H]-AF-DX 384) receptor densities (fmol/mg protein) in the brains of 

tg5xFAD, LRP1 and tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional 
distribution of this receptor in all strains but differences in absolute receptor densities (see text). 

 

 
Figure 16: Color coded image of M3 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar distribution of this receptor in all 
strains. 
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1.2.1 Muscarinic acetylcholine receptor M1  

 

No significant differences could be observed in any area between LRP1, tg5xFAD, 

tg5xFAD/LRP1 and control mice (Figure 17).  

 

 

Figure 17: Bar charts demonstrating mean M1 receptor density together with standard deviation in all brain 
regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice.  

 

 

1.2.2 Muscarinic acetylcholine receptor M2  

 

Binding of the agonist [3H]-Oxotremorine-M showed a significant downregulation in all 

hippocampal regions of LRP1. Receptor density was lower in CA1 by 35% (p=0.005), in mossy 

fiber termination fields/hilus by 31% (p=0.002) and in the stratum moleculare/granulosum 

by 40% (p=0.02). Binding of the antagonist of the M2 receptor, [3H]-AF-DX 384, revealed 

reduced receptor density in the CA1 region (17%; p=0.02) and the stratum 

moleculare/granulosum (16%; p=0.02). An upregulation was observed in the striatum (17%; 

p=0.01).  

In the tg5xFAD model, binding of the agonist [3H]-Oxotremorine-M to the M2 receptors was 

decreased by 22% (p=0.05) in the mossy fiber termination fields/hilus and by 24% (p=0.03) in 
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the stratum moleculare/granulosum, respectively. Using the antagonist [3H]-AF-DX 384, no 

differences were seen. 

Reduced density was observed in the tg5xFAD/LRP1 mice by binding of the agonist as well 

as the antagonist. Binding of [3H]-Oxotremorine-M revealed a downregulation in the 

olfactory bulb by 17% (p=0.02). The M2 receptor densities appeared downregulated when 

using the antagonist of the M2 receptor, [3H]-AF-DX 384 in the olfactory bulb (21%; p=0.02), 

the motor (14%; p=0.01) and the somatosensory cortex (12%; p=0.02) as well as the striatum 

(12%; p=0.01). See Figure 18 and Figure 19. 

 

 

Figure 18: Bar charts demonstrating mean M2 receptor density ([
3
H]-Oxotremorine-M binding) together with 

standard deviation in all brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) 
and tg5xFAD/LRP1 (white) mice. Significant differences are shown by *, p<0.05. 

 

* ** 
** 

* 
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Figure 19: Bar charts demonstrating mean M2 receptor density ([
3
H]-AF-DX 384 binding) together with 

standard deviation in all brain regions investigated of control (black), LRP1(dark grey), tg5xFAD (light grey) and 
tg5xFAD/LRP1 (white) mice. Significant differences are shown by *, p<0.05. 

 

 

1.2.3 Muscarinic acetylcholine receptor M3  

 

The receptor densities of LRP1 and tg5xFAD/LRP1 mice did not show any significant 

differences compared to control mice (Figure 20). In tg5xFAD mice, M3 receptor density was 

enhanced in the CA1 region by 15% (p=0.03). 

 

* 
* 

* 

* 

* 

* 
* 
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Figure 20: Bar charts demonstrating mean M3 receptor density together with standard deviation in all brain 
regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

 

1.3 Serotonin receptors 

 

5-HT2A receptors reached their highest density in the striatum, the motor cortex and the 

somatosensory cortex. Intermediate concentrations were observed in the CA1 region of the 

hippocampus. The lowest concentration could be seen in the olfactory bulb. Comparison 

between control and models of AD showed a similar regional receptor distribution in all 

brains (Figure 21) but differences in absolute densities in some brain regions (see below). 

 

* 
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Figure 21: Color coded image of 5-HT2A receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 

 

 

1.3.1 5-HT2A receptor 

 

Significant differences in receptor densities could not be observed by comparing LRP1 and 

tg5xFAD with control mice in any area.  

In tg5xFAD/LRP1 mice, higher mean receptor densities were observed in the striatum (18%; 

p=0.04) and in the CA1 region (31%; p=0.02). See Figure 22. 
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Figure 22: Bar charts demonstrating mean 5-HT2A receptor density together with standard deviation in all 
brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

1.4 GABA receptors 

 

GABA receptors had a similar regional distribution in all mice strains. GABAA receptor density 

was lowest in the striatum, both by binding of [3H]-Muscimol and [3H]-SR 95531. [3H]-

Muscimol binding revealed the highest receptor concentration in the olfactory bulb and the 

somatosensory cortex. Intermediate concentrations were present in the hippocampus. The 

highest GABAA receptor density was found by [3H]-SR 95531 binding in the hippocampal 

areas CA1 and stratum moleculare/granulosum. 

The lowest density of BZ binding sites of the GABAA receptors was found in the striatum, 

mossy fiber termination fields and hilus, the highest in the motor, somatosensory and 

piriform cortices, CA1 region and stratum moleculare/granulosum. GABAB receptors showed 

the lowest mean density in the olfactory bulb, followed by mossy fiber termination fields, 

striatum and CA1 region. The highest concentrations were found in the motor, 

somatosensory and piriform cortices and the stratum moleculare/granulosum (see 

Figure 23 - Figure 26).  

 

* 

* 
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Figure 23: Color coded image of GABAA ([
3
H]-Muscimol) receptor densities (fmol/mg protein) in the brains of 

tg5xFAD, LRP1 and tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional 
distribution of this receptor in all strains but differences in absolute receptor densities (see text). 

 

 

 

Figure 24: Color coded image of GABAA ([
3
H]-SR 95531) receptor densities (fmol/mg protein) in the brains of 

tg5xFAD, LRP1 and tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional 
distribution of this receptor in all strains but differences in absolute receptor densities (see text). 
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Figure 25: Color coded image of BZ receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 

 

 

Figure 26: Color coded image of GABAB receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 
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1.4.1 GABAA receptor 

 

The binding of the GABAA receptor agonist [3H]-Muscimol as well as the antagonist [3H]-SR 

95531 showed no significant differences between LRP1 and controls in all areas analyzed.  

Binding of the antagonist [3H]-SR 95531 revealed no difference in either tg5xFAD, 

tg5xFAD/LRP1 mice compared to control mice. [3H]-Muscimol binding, on the other hand, 

revealed a lower mean receptor density in the stratum moleculare/granulosum by 24% 

(p=0.003) in tg5xFAD mice, and by 19% (p=0.01) in tg5xFAD/LRP1 mice (see Figure 27 and 

Figure 28). 

 

 

Figure 27: Bar charts demonstrating mean GABAA receptor density (agonist) together with standard deviation 
in all brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 
(white) mice. Significant differences are shown by *, p<0.05. 

 

 

** 
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Figure 28: Bar charts demonstrating mean GABAA ANT receptor density (antagonist) together with standard 
deviation in all brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and 
tg5xFAD/LRP1 (white) mice.  

 

1.4.2 GABAA associated benzodiazepine binding sites (BZ) 

 

Neither in the LRP1 nor in the tg5xFAD or tg5xFAD/LRP1 mice, any up- or downregulation 

was observed in any brain region (Figure 29). 

 

 

Figure 29: Bar charts demonstrating mean BZ receptor density together with standard deviation in all brain 
regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice.  
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1.4.3 GABAB receptors 

 

Statistical tests revealed a lower mean receptor density (21%; p=0.03) in the olfactory bulb 

of the LRP1 compared to control mice. In the other regions, no changes could be observed.  

 Analyzing tg5xFAD mice, only a non-significant trend towards downregulation in the 

olfactory bulb could be observed. 

In the tg5xFAD/LRP1 mice, no decrease or increase of the mean receptor densities could be 

shown in any brain region, compare Figure 30. 

 

 

Figure 30: Bar charts demonstrating mean GABAB receptor density together with standard deviation in all 
brain regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) 
mice. Significant differences are shown by *, p<0.05. 

 

 

 

  

* 
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1.5 Adrenergic receptors 

 

A Comparison of the two adrenergic receptors α1 und α2 revealed different regional 

distributions (Figure 31, Figure 32). 

α1 receptors showed the lowest mean density in the striatum and hippocampus, whereas 

piriform and somatosensory cortices showed intermediate densities. The highest density 

was found in the motor cortex and the olfactory bulb.  

The highest density of α2 receptors was observed in the stratum moleculare/granulosum and 

the piriform cortex. The lowest concentration was revealed in the striatum. Intermediate 

densities were observed in the CA1 region, hilus and mossy fiber termination fields and all 

other cortical areas (Figs. 30-31). 

 

 

Figure 31: Color coded image of α1 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 
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Figure 32: Color coded image of α2 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 

 

 

1.5.1 α1 receptor 

 

In several regions of the brain of the LRP1 mouse, the α1 receptor was significantly 

downregulated, i.e. the olfactory bulb (23%; p=0.03), piriform (31%; p=0.05) and 

somatosensory (26%; p=0.05). A generally but not significantly lower mean density could be 

observed in all other regions of the LRP1 model. 

In neither of the other two models, tg5xFAD and tg5xFAD/LRP1, significant differences were 

found compared to control mice, although a generally lower mean density was visible in all 

regions analyzed (Figure 33). 
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Figure 33: Bar charts demonstrating mean α1 receptor density together with standard deviation in all brain 
regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice. 
Significant differences are shown by *, p<0.05. 

 

 

1.5.2 α2 receptor 

 

The mean densities of α2 receptors were increased in all brain regions of the LRP1 mouse. All 

differences were significant, with exception of the piriform cortex and stratum 

moleculare/granulosum of the fascia dentata. In the olfactory bulb α2 receptor density was 

upregulated by 57% (p=0.02), in the motor cortex by 33% (p=0.05), in the somatosensory 

cortex by 47% (p=0.01) and in the striatum by 89% (p=0.0002). The receptor density was also 

increased in the hippocampal areas CA1 by 36% (p=0.01), in the mossy fiber termination 

fields/hilus by 41% (p=0.01). 

The tg5xFAD mouse revealed a significant receptor upregulation in all brain regions. In the 

olfactory bulb, the mean receptor density was higher by 27% (p=0.01), in the motor cortex 

by 36% (p=0.004), in the somatosensory cortex by 31% (p=0.001), in the piriform cortex by 

42% (p=0.04) and in the striatum by 55% (p=0.000004). In the hippocampal areas α2 

receptors were increased by 55% (p=0.0001) in CA1, by 49% (p=0.00002) in the mossy fiber 

termination fields/hilus and in the stratum moleculare/granulosum by 28% (p=0.005). 

With exception of the stratum moleculare/granulosum of FD, all investigated brain regions in 

tg5xFAD/LRP1 mice showed significant upregulations as well. The cortical areas revealed an 

* 

* * 
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upregulation by 50% (p=0.0009) in the motor cortex, by 54% (p=0.0007) in the 

somatosensory cortex and by 57% (p=0.002) in the piriform cortex. In the olfactory bulb 

mean densities of α2 receptors were increased by 38% (p=0.0001), in the striatum by 81% 

(p=0.00001), in CA1 by 53% (p=0.00002), in the mossy fiber termination fields/hilus by 61% 

(p=0.0001). The mean receptor density of the stratum moleculare/granulosum was not 

significantly different from controls, but showed a higher density as well (Figure 34).  

 

 

Figure 34: Bar charts demonstrating mean α2 receptor density together with standard deviation in all brain 
regions investigated of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice. 
Significant differences are shown by *, p<0.05. 

 

 

1.6 Dopamine receptors  

 

Dopamine receptor densities were below detection limit in most of the analyzed brain 

regions with exception of the striatum (D1, D2 and D2/3 receptors), respectively  

(Figure 35 - Figure 37).  

 

*** *** *** 

** 

*** *** *** 

* 
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Figure 35: Color coded image of D1 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains (see text). 

 

 

 

Figure 36: Color coded image of D2 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains but differences in absolute receptor densities (see text). 
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Figure 37: Color coded image of D2/3 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of these 
receptors in all strains (see text). 

 

 

1.6.1 D1 receptor 

 

No significant differences were observed in the striatum of LRP1, tg5xFAD/LRP1 and 

tg5xFAD compared to control mice (Figure 38). 

 

 

Figure 38: Bar charts demonstrating mean D1 receptor density together with standard deviation in the 
striatum of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice. CPu 
caudatus-putamen (striatum).  
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1.6.2 D2 receptor 

 

In the LRP1 and tg5xFAD/LRP1 mice, no decrease or increase of the mean receptor density 

could be shown in the striatum. In all other brain regions, receptor density was below 

detection limit using receptor autoradiography. The comparison of tg5xFAD and control 

mice revealed an upregulation in the striatum of tg5xFAD mice (Figure 39). 

 

 

Figure 39: Bar charts demonstrating mean D2 receptor density together with standard deviation in the 
striatum of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice. Significant 
differences are shown by *, p<0.05. 

 

 

1.6.3 D2/3 receptor 

 

D2/3 receptor density was not significantly different in any region analyzed in the LRP1, 

tg5xFAD/LRP1, and tg5xFAD mice compared to control mice (Figure 40).  

* 
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Figure 40: Bar charts demonstrating mean D2/3 receptor density together with standard deviation in the 
striatum of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice.  

 

 

1.7 Adenosine receptor A2 

 

As seen in dopamine receptors, adenosine A2 receptors were only detectable in the striatum. 

All other analyzed brain regions were below detection limit (Figure 41). 

 

Figure 41: Color coded image of A2 receptor densities (fmol/mg protein) in the brains of tg5xFAD, LRP1 and 
tg5xFAD/LRP1 mice compared to control mice. The images show a similar regional distribution of this receptor 
in all strains (see text). 
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1.7.1 A2 receptor 

 

The LRP1, tg5xFAD/LRP1 and tg5xFAD mice did not show significant differences of the mean 

receptor densities when compared to controls in the striatum (Figure 42).  

 

Figure 42: Bar charts demonstrating mean A2 receptor density together with standard deviation in the 
striatum of control (black), LRP1 (dark grey), tg5xFAD (light grey) and tg5xFAD/LRP1 (white) mice.  
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Summary of all significant differences between LRP1, tg5xFAD and  

tg5xFAD/LRP1 mice compared to controls 
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Figure 43: Polar plots of mean receptor densities in 8 different brain regions of control (grey), LRP1 (green), 

tg5xFAD (red) and tg5xFAD/LRP1 mice (purple). Values were normalized to the mean value of control animals, 

respectively. Significant differences are indicated by *. 
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2 Neurotransmitter receptor densities in brains of tgArcAβ mice 

2.1 Glutamate receptors 

 

The principal regional distribution patterns of AMPA, NMDA, kainate and mGlu2/3 receptors 

were similar between control mice and tgArcAβ mice (Figure 44).  

The lowest mean density of AMPA receptors was found in the olfactory bulb, followed by 

the striatum and cortical regions. The highest concentration was found in the hippocampus. 

Kainate receptors showed the lowest mean density in the CA1 region of the hippocampus 

and highest values in the mossy fiber termination fields, the olfactory bulb, motor, 

somatosensory and piriform cortices, hilus and stratum moleculare/granulosum. NMDA 

receptors had a regional distribution within the brain similar to that of kainate receptors. 

Only the hippocampal area differed, with a higher density of NMDA receptors in the CA1 

region. Furthermore, the mossy fiber termination fields showed a lower density compared to 

kainate receptors. The density of the metabotropic Glu2/3 (mGlu2/3) receptors is higher in 

the cortical areas, the striatum and the stratum moleculare/granulosum than in the olfactory 

bulb and the remaining areas of the hippocampus.  

 

 

Figure 44: Color coded image of AMPA receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar regional distribution of this receptor in both strains. 
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Figure 45: Color coded image of kainate receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar regional distribution of this receptor in both strains but 
differences in absolute receptor densities (see text). 

 

 

Figure 46: Color coded image of NMDA receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar regional distribution of this receptor in both strains but 
differences in absolute receptor densities (see text). 
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Figure 47: Color coded image of mGlu2/3 receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar regional distribution of this receptor in both strains. 

 

 

2.1.1 AMPA receptor  

 

No significant differences could be observed in any brain region between tgArcAβ and 

control mice (Figure 48). 
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Figure 48: Bar charts demonstrating mean AMPA receptor density together with standard deviation in all brain 
regions investigated of control (black) and tgArcAβ (grey) mice.  

 

 

2.1.2 Kainate receptor 

 

In the motor cortex of tgArcAβ mice, the mean density of kainate receptors was significantly 

lower by 15% (p=0.02) when compared to controls.  In the striatum, kainate receptors were 

downregulated by 14% (p= 0.0006) (Figure 49). Significant differences were not found in any 

other brain region. 
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Figure 49: Bar charts demonstrating mean kainate receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *, 
p<0.05. 

 

 

2.1.3 NMDA receptor 

 

Comparison of the mean density of tgArcAβ and control mice revealed an upregulation of 

the NMDA receptors in several cortical areas. The mean density in the motor cortex was 

increased by 22% (p=0.04) and in the piriform cortex by 26% (p=0.02; Figure 50). 

 

 

* 
* 
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Figure 50: Bar charts demonstrating mean NMDA receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *, 
p<0.05. 

 

 

2.1.4 mGlu2/3 receptor 

 

In all brain regions, no significant differences in mGlu2/3 receptor density between tgArcAβ 

and control mice were found (Figure 51). 

 

* * 
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Figure 51: Bar charts demonstrating mean mGlu2/3 receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice.  

 

 

2.2 Cholinergic receptors 

 

The M1 receptor density reached lowest levels in the olfactory bulb, mossy fiber terminal 

fields and hilus. Highest densities were found in the striatum, stratum 

moleculare/granulosum and the CA1 region, and intermediate values in the other cortical 

areas. 

M2 receptor density reached highest values in the olfactory bulb, striatum, and 

somatosensory cortex. Intermediate values were observed in the piriform cortex and mossy 

fiber termination fields. The density was lowest in the hippocampal regions CA1, hilus and 

stratum moleculare/granulosum (Figure 52 - 52).  
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Figure 52: Color coded image of M1 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains. 

 

 

Figure 53: Color coded image of M2 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains but differences in 
absolute receptor densities (see text). 
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2.2.1 Muscarinic acetylcholine receptor M1 

 

In a comparison of tgArcAβ with control mice, no significant differences could be observed 

in any area (Figure 54).  

 

 

Figure 54: Bar charts demonstrating mean M1 receptor density together with standard deviation in all brain 
regions investigated of control (black) and tgArcAβ (grey) mice.  

 

 

2.2.2  Muscarinic acetylcholine receptor M2  

 

Analyzing the mean receptor density of the acetylcholine receptor M2 between tgArcAβ and 

control mice a higher density was found in the somatosensory cortex of tgArcAβ (16%; 

p=0.02) In the CA1 region, M2 receptors were decreased by 10% (p=0.03; Figure 55).  
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Figure 55: Bar charts demonstrating mean M2 receptor density ([
3
H]-Oxotremorine-M) together with standard 

deviation in all brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are 
shown by *. 

 

 

2.3  Serotonin receptors 

The 5-HT1A und 5-HT2A receptors showed a considerably different regional distribution 

(Figure 56 - Figure 57). 5-HT1A receptors had their lowest mean density in the olfactory bulb, 

whereas cortical areas showed intermediate values. The highest density could be found in 

the CA1 region of the hippocampus. In the striatum, the density was close to the detection 

limit (Figure 56).  

The 5-HT2A receptor had a higher mean density than the 5-HT1A receptor throughout the 

whole brain, with its highest density in the striatum and intermediate values in cortical 

areas. 

 

* 

* 
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Figure 56: Color coded image of 5-HT1A receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar distribution of these receptors in both strains but 
differences in absolute receptor densities (see text). 

 

 

Figure 57: Color coded image of 5-HT2A receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar distribution of these receptors in both strains but 
differences in absolute receptor densities (see text). 
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2.3.1 5-HT1A receptor 

 

No significant differences were observed in the brains of tgArcAβ compared to control mice, 

except for the CA1 region. The mean receptor density of 5-HT1A receptors is upregulated by 

13% (p=0.03; Figure 58). 

 

 

Figure 58: Bar charts demonstrating mean 5-HT1A receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *. 

 

 

2.3.2 5-HT2A receptor 

 

5-HT2A receptors were upregulated in several regions. The motor (10%; p=0.02) and 

somatosensory cortices (10%; p=0.01) reached slightly higher densities in tgArcAβ compared 

to control mice. In the striatum, a significantly higher density could also be observed (12%; 

p=0.002; Figure 59).  

 

* 
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Figure 59: Bar charts demonstrating mean 5-HT2A receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *. 

 

 

2.4 GABA receptors 

 

All receptors of the GABAergic system showed a similar regional distribution throughout the 

brain, as demonstrated in Figure 60 - Figure 62. An exception is the mean density of BZ 

receptor binding sites in the olfactory bulb, which is higher than GABAA and GABAB 

receptors. GABAA and GABAB receptors showed the highest mean densities in the olfactory 

bulb, and in the cortical areas including the hippocampal regions CA1 and stratum 

moleculare/granulosum. The mossy fiber termination fields showed the lowest values.  

Highest densities of BZ receptor binding sites were found in the olfactory bulb. 

 

* * 

* 
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Figure 60: Color coded image of GABAA receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar distribution of these receptors in both strains but 
differences in absolute receptor densities (see text). 

 

 

Figure 61: Color coded image of BZ receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains. 
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Figure 62: Color coded image of GABAB receptor densities (fmol/mg protein) in the brains of tgArcAβ 
compared to control mice. The images show a similar distribution of these receptors in both strains but 
differences in absolute receptor densities (see text). 

 

 

 

2.4.1 GABAA receptor 

 

Statistical tests revealed a significant reduction of GABAA receptor densities in the olfactory 

bulb (19%; p=0.01), the striatum (12%; p=0.01) and the hippocampal region mossy fiber 

terminal field/hilus (10%; p=0.007), compare Figure 63. 
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Figure 63: Bar charts demonstrating mean GABAA receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *. 

 

 

2.4.2 GABAA associated benzodiazepine binding sites (BZ) 

 

The comparison of tgArcAβ and control mice revealed no up- or downregulation of GABAA 

associated benzodiazepine binding sites in any of the brain areas (Figure 64).  

 

* 
* 

* 
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Figure 64: Bar charts demonstrating mean BZ receptor density together with standard deviation in all brain 
regions investigated of control (black) and tgArcAβ (grey) mice.  

 

2.4.3 GABAB receptor 

 

In tgArcAβ mice the receptor density was not significantly different in any region analyzed 

compared to control mice (Figure 65). 

 

 

Figure 65: Bar charts demonstrating mean GABAB receptor density together with standard deviation in all 
brain regions investigated of control (black) and tgArcAβ (grey) mice. Significant differences are shown by *. 
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2.5 Adrenergic receptors 

 

The α1 and α2 receptors had a different regional distribution. α1 receptors reached the 

highest densities in the olfactory bulb and motor cortex.  Striatum, piriform cortex and 

hippocampus showed the lowest mean α1 receptor densities.  

Contrastingly, the highest density of α2 receptors was found in the piriform cortex. Cortical 

areas, striatum and hippocampus showed lowest mean receptor densities, with exception of 

the stratum moleculare/granulosum. This region had intermediate values. Density in the 

cortical areas and striatum was similar compared to α1 receptors (Figure 66 - Figure 67).  

 

 

Figure 66: Color coded image of α1 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains. 
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Figure 67: Color coded image of α2 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains but differences in 
absolute receptor densities (see text). 

 

 

2.5.1 α1 receptor 

 

The α1 receptor density was significantly increased by 14% in the striatum of the tgArcAβ 

model compared to control mice (p=0.0005; Figure 68). 
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Figure 68: Bar charts demonstrating mean α1 receptor density together with standard deviation in all brain 
regions investigated of control (black) and tgArcAβ (grey). 

 

 

2.5.2 α2 receptor 

 

The mean densities of α2 receptors of tgArcAβ were increased in several brain regions when 

compared to control mice. Differences were statistically significant in the olfactory bulb 

(16%; p=0.02), the piriform cortex (32%; p=0.002) and in the hippocampal region stratum 

moleculare/granulosum (17%; p=0.01), see Figure 69. 

* 
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Figure 69: Bar charts demonstrating mean α2 receptor density together with standard deviation in all brain 
regions investigated of control (black) and tgArcAβ (grey). Significant differences are shown by *. 

 

 

2.6 Dopamine receptors 

 

Dopamine receptor densities were below detection limit in most of the analyzed brain 

regions with exception of the striatum (D1, D2 and D2/3 receptors). See Figure 70 - Figure 

72).  

 

Figure 70: Color coded image of D1 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains. 

* 

* 

* 
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Figure 71: Color coded image of D2 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared to 
control mice. The images show a similar distribution of these receptors in both strains. 

 

 

Figure 72: Color coded image of D2/3 receptor densities (fmol/mg protein) in the brains of tgArcAβ compared 
to control mice. The images show a similar distribution of these receptors in both strains. 
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2.6.1 D1 receptor 

No significant differences were observed in the brains of tgArcAβ compared to control mice 

(Figure 73). Only a trend towards downregulation was seen. 

 

 

Figure 73: Bar charts demonstrating mean D1 receptor density together with standard deviation in the 
striatum of control (black) and tgArcAβ (grey). 

 

 

2.6.2 D2 receptor 

 

In tgArcAβ mice compared to control mice, the mean density of D2 receptors was not altered 

in the striatum (Figure 74). 
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Figure 74: Bar charts demonstrating mean D2 receptor density together with standard deviation in the 
striatum of control (black) and tgArcAβ (grey). 

 

 

2.6.3 D2/3 receptor 

 

In the tgArcAβ mouse compared to controls, no decrease or increase of the mean receptor 

density could be shown in the striatum (Figure 75). 

 

 

Figure 75: Bar charts demonstrating mean D2/3 receptor density together with standard deviation in the 
striatum of control (black) and tgArcAβ (grey).  
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2.7 Adenosine A2 receptor 

 

As described for dopamine receptors, A2 adenosine receptor densities were only detectable 

in the striatum. All other analyzed brain regions were below the detection limit (Figure 76). 

 

 

Figure 76: Color coded image of A2 receptor densities (fmol/mg protein) in the striatum of tgArcAβ compared 
to control mice. The images show a similar distribution of these receptors in both strains. 

 

 

2.7.1 A2 receptors 

 

The A2 receptor density was not significantly different in any region analyzed in the tgArcAβ 

mouse compared to control mice (Figure 77). 
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Figure 77: Bar charts demonstrating mean A2 receptor density together with standard deviation in the striatum 
of control (black) and tgArcAβ (grey).  
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2.8 Summary of all significant differences in tgArcAβ mice compared to 

controls 
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Figure 78: Polar plots of mean receptor densities in 8 different brain regions of control (grey) and tgArcAβ 

(black) mice. Values were normalized to the mean value of control animals, respectively. Significant differences 

are indicated by *.  

  



Results 

94 

3 Immunohistochemical staining  

3.1 LRP1, tg5xFAD and tg5xFAD/LRP1 mice 

 

Brain sections were double stained with antibodies against Aβ40 and Aβ42 (Figure 79 - 

Figure 82). In LRP1 mice, no plaques were observed in any of the areas investigated  

(Figure 80). However, immunohistochemical staining indicated a beginning aggregation of 

Aβ. The greatest plaque generation was observed in tg5xFAD mice. Figure 81 demonstrates 

plaques in the motor cortex and the hippocampus of this strain. tg5xFAD/LRP1 mice showed 

plaque generation in the motor cortex and the hippocampus as shown in Figure 82. Aβ40 

and Aβ42 were found to be co-localized to a great extent in these two mouse models, with 

Aβ42 being more conspicuous. Plaques together with aggregated Aβ were not present in any 

of the mouse models. 
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Figure 79: Double immunofluorescence staining against Aβ40 and Aβ42 in control mice. No specific staining of 
Aβ40 and Aβ42 is visible. The round red dots are caused by non-specific staining, and differ from the specific 
staining of red-stained plaques containing Aβ42 in shape and size (see Figs. 81-82). Cell nuclei are stained blue. 
An overview of the staining is given in A-B. M1 (C-D), hippocampus (E-F). Left column in C and E: 20x 
magnification; right column in D and F: 40x magnification. 
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Figure 80: Double immunofluorescence staining against Aβ40 (green) and Aβ42 (red) in LRP1 mice. Cell nuclei 
are stained blue. Green and red background is unspecific staining. An overview of the staining is given in A-B. 
M1 (C-D), hippocampus (E-F). Left column in C and E: 20x magnification; right column in D and F: 40x 
magnification. No plaques are present in any of the regions, though there seems to be some aggregation of 
Aβ.  
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Figure 81: Double immunofluorescence staining against Aβ40 (green) and Aβ42 (red) in tg5xFAD mice. Cell 
nuclei are stained blue. An overview of the staining is given in A-B. M1 (C-D), hippocampus (E-F). Left column 
in C and E: 20x magnification; right column in D and F: 40x magnification. Plaques are shown in the motor 
cortex and the hippocampus. A co-localization of Aβ40 and Aβ42 can be observed (yellow), with Aβ42 being 
more conspicuous. 
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Figure 82: Double immunofluorescence staining against Aβ40 and Aβ42 in tg5xFAD/LRP1 mice. Cell nuclei are 
stained blue. Green background is unspecific staining. An overview of the staining is given in A-B. M1 (C-D), 
hippocampus (E-F). Left column in C and E: 20x magnification; right column in D and F: 40x magnification. 
Plaques are shown in the motor cortex and the hippocampus (Aβ40 green, Aβ42 red). Co-localization of Aβ40 
and Aβ42 can be observed (yellow) in C-F, with Aβ42 being more conspicuous, especially in the motor cortex. 
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3.2 tgArcAβ mice 

In tgArcAβ mice, intracellular Aβ was observed in the motor cortex and the hippocampus 

(Figure 84). In control mice no intracellular Aβ was observed (Figure 83). No accumulation of 

Aβ was observed in the olfactory bulb and piriform cortex. 

 

 

Figure 83: Double immunofluorescence staining against Aβ40 (green) and Aβ42 (red) in control mice. Cell 
nuclei are stained blue. Green and yellow background is unspecific staining. An overview of the staining is 
given in A-B. M1 (C-D), hippocampus (E-F). Left column in C and E: 20x magnification; right column in D and F: 
40x magnification. 
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Figure 84: Double immunofluorescence staining against Aβ40 (green) and Aβ42 (red) in tgArcAβ mice. Cell 
nuclei are stained blue. Green background is unspecific staining. An overview of the staining is given in in A-B. 
M1 (C-D), hippocampus (E-F). Left column in C and E: 20x magnification; right column in D and F: 40x 
magnification. Aβ aggregation can be observed in the motor cortex and hippocampus with co-localization of 
Aβ40 and Aβ42 (yellow). 
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IV. Discussion 

 

Alterations in several neurotransmitter systems were demonstrated in all mouse models. 

Raw data and corresponding mean values ± standard deviation are demonstrated in the 

Appendix. 

 

1 Glutamate receptors 

 

The excitatory neurotransmitter glutamate is found in more than 80% of all neurons in the 

brain (Gao and Bao, 2011). Glutamate passes through the blood brain barrier via amino acid 

transporters, and is synthetized in neurons and glial cells. Glutamate plays an essential role 

in synaptic plasticity, learning and memory. Furthermore, glutamate concentrations in 

temporal areas showed a significant reduction in AD patients (Ellison et al., 1986). Glutamate 

induced signaling is mediated through ionotropic and metabotropic glutamate receptors 

(Frisardi et al., 2011). The ionotropic AMPA, kainate and NMDA receptors contain ligand 

gated ion channels, whereas mGlu2/3 receptors are metabotropic receptors, which are 

coupled to second messenger systems. Eight different types of mGlu receptor exist, which 

are divided into three main groups, group I (mGlu1 and mGlu5), group II (mGlu2 and mGlu3) 

and group III (mGlu4 and mGlu7-8).  

NMDA receptor:  

LRP1 mice: The NMDA receptor density was increased in the CA1 region and the stratum 

moleculare/granulosum of LRP1 mice. The present results of an increased NMDA receptor 

density correspond well with a previous report by Qiu et al. (2002). One of the numerous 

ligands for LRP1 is the macroglobulin α2M*, which is associated with neurodegeneration and 

glutamate signaling. α2M* is able to bind a variety of small molecules, such as endogenous, 

soluble Aβ peptides, and is a ligand for binding and clearance by LRP1. Moreover, calcium 

signaling, which was induced by NMDA stimulation, can be reduced by treatment with 

α2M*. It seems that α2M* alters calcium signaling via the LRP1-mediated mechanism (Qiu et 

al., 2002). Thus, knockout of LRP1 can impair glutamate induced neurotransmission. 

Contrastingly, Liu et al. (2010) found a decrease of the receptor subunit NMDAR1 in the 

forebrain of a LRP1 KO mouse. Since NMDA is a heteromeric complex consisting of the 

obligatory subunit NMDAR1 and several, cell type specific NNMDAR2 subunits, the reduction 
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of NMDAR1 may not affect the binding of the antagonist MK801. Moreover, mice tested in 

the study of Liu et al. (2010) were 18 months old, while in the present study, mice were 

significantly younger (between four and six months of age). 

Furthermore, recent studies have shown that an increase in the intracellular calcium level, 

either induced by mutations or depolarization, leads to an elevation of intracellular Aβ42 

(Pierrot et al., 2004). Moreover, Aβ oligomers co-immunoprecipitate NMDA receptors, i.e. 

they interact with each other. Blocking of the subunit NMDAR1 reduces oligomer binding 

(De Felice et al., 2007). Furthermore, Aβ is known to accumulate extracellular glutamate. 

Glutamate gives rise to increased receptor activation, which leads to even more Aβ (Paula-

Lima et al., 2005). Due to the enhanced number of NMDA receptors, an increasing toxic 

effect may lead to neurodegeneration. 

tgArcAβ mice: In tgArcAβ mice, increased NMDA receptor density was found in the primary 

motor and piriform cortex. These findings are in agreement with LRP1 mice and were 

discussed above.   

tg5xFAD mice: In tg5xFAD mice, NMDA receptors only show a trend towards decrease in the 

olfactory bulb, the somatosensory and piriform cortices. The results will be discussed 

together with the findings for tg5xFAD/LRP1 mice. 

tg5xFAD/LRP1 mice: In tg5xFAD/LRP1 mice, a significant decrease of NMDA receptor 

density was found in the olfactory bulb. In the mossy fiber termination fields/hilus, NMDA 

receptor density was increased. Mutations in PS1 linked to FAD were shown to increase 

Aβ42 production, and reduce calcium influx across the plasma membrane (Yoo et al., 2000). 

Since both the tg5xFAD and tg5xFAD/LRP1 mice contain two PS1 mutations, the decrease is 

in agreement with the study described above.  

A study of AMPA receptors found that Aβ induces loss of the AMPA subunit GluR1 in 

cultured primary neurons of APP transgenic mice (Almeida et al., 2005). There is evidence 

that the loss of the subunit is caused by the reduction of Ca(2+)/calmodulin-dependent 

protein kinase II (CaMKII),  a signaling molecule critical for AMPA receptor trafficking and 

function. The experiment was performed on cortical neurons from APP transgenic mice (Gu 

et al, 2009). However, in the current study, a decrease in the NMDA receptor density was 

found. It seems plausible, that NMDA receptors are affected in a similar way. CaMKII is 

activated by calcium entry and translocates to the synapse. Here it binds to NMDA 

receptors. Therefore a reduction of CaMKII caused by Aβ might cause a reduction of NMDA 
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receptors as well. The Aβ induced loss of receptors might explain both the increase and 

decrease of NMDA receptors in the current study. The increase of NMDA receptors leads to 

enhanced calcium influx, causing increased Aβ42. This in turn causes a reduction of CaMKII, 

leading to reduced NMDA receptors. In tg5xFAD and tg5xFAD/LRP1 mice, plaques were 

observed (see Figure 81, 82). Therefore, more Aβ42 was present. In LRP1 and tgArcAβ mice, 

no plaques were observed (see Figure 80, 84). It might be that as the disease progresses, 

NMDA receptor density decreases. 

In the pathogenesis of AD, pathological changes occur in the hippocampus as well as in 

entorhinal, frontal and temporal cortices. Glutamate is the main excitatory neurotransmitter 

in these brain regions, which are involved in higher cognitive functions (Bernareggi et al., 

2007). Therefore, a reduction of NMDA receptors may cause memory impairment, which 

was described in tg5xFAD and LRP1 mice (Oakley et al., 2006; Liu et al., 2010). 

 In the hilus of tg5xFAD/LRP1 mice, NMDA receptor density was increased. This is 

interesting, since it provides two prominent features of LRP1 and tg5xFAD mice; these are 

reduced density of NMDA receptors in the olfactory bulb and increased density in the 

hippocampus. It is possible, that some regions are more prone to the Aβ induced effect on 

glutamate receptors than others.   

 

Kainate receptor: In the past, kainate receptors have only rarely been studied in AD models, 

although there is evidence, that kainate receptors are affected in AD. Electrophysiological 

observations on glutamate receptors transplanted from human AD and non-AD-brains to 

frog oocytes reported essentially the same functional properties in both cases with the 

notable finding that the amplitudes of the currents elicited by glutamate were consistently 

larger in case of glutamate receptors from non-AD samples compared to those of AD 

samples (Bernareggi et al., 2007). Quantification of mRNA coding for the kainate subunit 

GluR5 revealed a smaller amount in the AD brain. Thus, a diminished number of 

corresponding receptors seemed likely (Bernareggi et al., 2007). 

LRP1 mice: The most conspicuous changes were revealed in LRP1 mice, where the olfactory 

bulb, piriform cortex and most hippocampal regions were affected. Behavioral test showed 

memory impairment at 24 months of age as well as LTP deficiency measured in slices (Liu et 

al., 2010). Since the trisynaptic pathway of the hippocampus (Henze et al., 2000) with an 

exceptionally high density of kainate receptors at the mossy fiber termination fields is known 
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to play a major role in learning and memory (Squire, 1992), the reduction of kainate 

receptors might contribute to the memory impairment. Although LTP is mainly dependent 

on NMDA receptors, there is evidence that altered kainate receptor availability also 

contributes to LTP impairment (Boer et al., 2010). It is interesting that LRP1 mice show the 

most conspicuous changes, since plaque generation was not observed at this age (compare 

Figure 80). Impaired synaptic plasticity might contribute to this effect. LRP1 mediates the 

uptake of cholesterol into neurons by apoE (Spuch et al., 2012). Cholesterol, however, is 

important for synaptic plasticity (Frank et al., 2008).  Moreover, a former study found 

kainate receptors to be involved in synaptic transmission and to interact with cholesterol 

(Frank et al., 2008). In LRP1 mice, uptake of cholesterol is impaired due to the knockout of 

LRP1.  

tgArcAβ mice: In tgArcAβ mice, kainate receptor density was reduced in the motor cortex 

and the striatum, while in mossy fibers only a trend towards downregulation was revealed. 

These results are in agreement with behavioral findings by Knobloch et al. (2007). From the 

age of six months on, tgArcAβ mice are cognitively impaired in the Morris Water Maze, the 

Y-maze and active avoidance behavior (Knobloch et al., 2007). The described reductions in 

kainate receptors might underlie these behavioral alterations. 

Szegedi et al. (2005) investigated the effect of Aβ on neuronal firing evoked by agonist for 

AMPA, NMDA and kainate in CA1 neurons of Wistar rats. While NMDA elicited firing was 

increased, the response mediated by AMPA and kainate was reduced. In both the LRP1 and 

tgArcAβ mice, the density of NMDA receptors was increased. Kainate receptor density was 

decreased, which fits well with the findings of Szegedi et al. (2005). AMPA was not affected 

in tgArcAβ mice. This might be due to their relatively young age (8 months). In LRP1 mice, 

AMPA was not investigated. 

tg5xFAD and tg5xFAD/LRP1 mice: Kainate receptors are significantly reduced in the 

olfactory bulb and the piriform cortex of tg5xFAD and tg5xFAD/LRP1 mice (see chapter 10). 

However, in contrast to LRP1 mice, the mossy fiber termination fields of tg5xFAD/LRP1 mice 

had a significant higher density of kainate receptors compared to controls. No significant 

receptor changes were found in the tg5xFAD mouse, but a trend towards increase was 

shown in the mossy fiber termination fields. In studies of rats, where the perforant path was 

lesioned by destroying the angular bundle, a redistribution and spreading of kainate 

receptors was found in the stratum moleculare (Geddes et al., 1985). This is in agreement 
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with the findings in tg5xFAD and tg5xFAD/LRP1 mice. Furthermore, plaques were found in 

the hippocampus of tg5xFAD and tg5xFAD/LRP1 mice (see Figure 81,Figure 82). In mice 

without extracellular plaques in the hippocampus (tgArcAβ and LRP1 mice; see Figure 

80Figure 84), the kainate receptor density in the mossy fiber termination fields was not 

enhanced. This may indicate a disturbance of the synaptic transmission caused by plaques. 

Plaques were also found in neocortical areas of tg5xFAD and tg5xFAD/LRP1 mice (see Figure 

81, Figure 82). It is possible, that the increase was only observed in the mossy fiber terminal 

fields/hilus, because here the density of kainate receptors is exceptionally high. Since in 

tg5xFAD mice only a trend can be observed, it might be that the additional knockout of LRP1 

aggravates the effect. 

However, as described above, the density of kainate receptors was significantly lower in 

numerous other brain regions of all AD models compared to controls. Apparently, the lower 

kainate receptor density of the transgenic mice is the result of a more complex adaptation, 

which cannot be mirrored by a surgical removal of the perforant path inducing plastic 

changes in the hippocampus. 

 

mGlu2/3:  

The metabotropic glutamate receptors mGlu2/3 were downregulated in the CA1 region of 

LRP1 and tg5xFAD/LRP1 mice. In tg5xFAD mice, mGlu2/3 receptors were decreased in the 

CA1 region and the olfactory bulb. tgArcAβ mice were not affected in any region. mGlu2/3 

metabotropic glutamate receptor was found to be neuroprotective in cortical neurons 

against neuronal toxicity induced by a brief NMDA pulse or by a prolonged exposure to 

kainic acid (Bruno et al., 1995). A possible mechanism of neuroprotection is reduced 

glutamate release. mGlu2/3 receptors belong to group II. mGlu receptors of group II/III 

reduce the vesicular release of glutamate by inhibition of presynaptic calcium influx, thereby 

optimizing synaptic transmission (Coutinho and Knopfel, 2002; Parameshwaran et al., 2008). 

However, receptors of group III are more important for glutamate release than mGlu2/3 

receptors (Bruno et al., 2001).  Therefore, another mechanism has to contribute to the 

neuroprotective effect.  

 

It was shown that agonists of mGlu2/3 receptors enhance the production of TGF-β1 in the 

mouse brain (D'Onofrio et al., 2001). Former studies have demonstrated a role for TGF-β1 in 
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neuroprotection (Brionne et al., 2003; Vivien and Ali, 2006). TGF-β1 is a member of the TGF-

β family, whose members have an important role as modulators of cell survival, 

inflammation and apoptosis, as well as in immune suppression and post-lesional repair 

(Taipale et al., 1998; Li et al., 2006). TGF-β1 is only expressed in specific brain regions, such 

as the hippocampus and the cortex (Vivien and Ali, 2006). In mouse models of AD, 

disturbance of TGF-β signaling promoted Aβ deposition  and lead to neuritic dystrophy and 

increased levels of secreted Aβ and β-secretase-cleaved soluble amyloid precursor protein 

(Tesseur et al., 2006). Taken together, TGF-β1 seems to reduce Aβ accumulation in the brain. 

Furthermore, the TGF-β1 signaling pathway has been demonstrated to be impaired 

particularly in the early phase of the disease (Caraci et al., 2012; Krieglstein et al., 2012). 

Since D’Onofrio showed that activation of mGlu2/3 receptors enhance the production of 

TGF-β1 in the mouse brain (D'Onofrio et al., 2001), the results of the present study fit well to 

this finding. Less activation of mGlu2/3 receptors due to their reduced expression might 

cause reduced production of TGF-β1. 

 Furthermore, Lee et al. (1995) found that the activation of mGlu receptors accelerate non-

amyloidogenic processing of APP in hippocampal neurons of fetal rats by stimulation of PKC. 

Hence, the downregulation of mGlu2/3 receptors found in LRP1, tg5xFAD and tg5xFAD/LRP1 

mice might favor Aβ production.  

 

2 Acetylcholine receptors 

 

Acetylcholine receptors are integral membrane proteins, which can be divided into either 

muscarinic (mACh) or nicotinic (nACh) receptors, according to their affinities and sensitivities 

(Xu et al., 2012). Cholinergic neurons, which project to all layers of cortical regions, including 

the olfactory bulb, hippocampal areas and the amygdala, are found in the basal forebrain 

(Struble et al., 1982; Whitehouse et al., 1982; Nyakas et al., 2011). The nucleus basalis 

Meynert (MBN) is part of the basal forebrain. Under physiological conditions, the cholinergic 

system is critically involved - beside other functions - in the control of cognition (Everitt and 

Robbins, 1997) and memory. In the pathogenesis of AD, dysfunction and severe loss of MBN 

cholinergic neurons and cortical projections are one of the earliest hallmarks observed 

(Nyakas et al., 2011). Likewise, drugs which potentiate central cholinergic functions have so 

far proven to be one of the most effective therapeutic treatments (Auld et al., 2002).  
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LRP1 mice: In the present study, only the M2 receptor expression was found to differ 

significantly from that of controls in various brain regions in LRP1 mice. Agonist binding of 

the M2 receptor revealed reduced density in all hippocampal regions. Binding of M2 

antagonist showed decreased density in the CA1 and stratum moleculare/granulosum and 

an increase the striatum. M1 receptors were not affected.  

The signaling mechanism of the M2 receptor differs from M1 and M3 receptors. The M2 

receptor is bound to a G protein, which activates potassium channels. Due to the increased 

conductance for potassium, hyperpolarization is induced.  Reduced density of M2 receptors 

causes less hyperpolarization; hence, depolarization may occur more easily. As has been 

discussed (see glutamate receptors), that increased influx of calcium through NMDA 

receptors leads to increased Aβ formation. In LRP1 mice, NMDA receptor density was 

increased in two hippocampal areas, i.e. the CA1 region and stratum 

moleculare/granulosum. Likewise, M2 density revealed by agonist binding was found to be 

reduced in the CA1 region and stratum moleculare/granulosum. Thus, the decreased density 

of M2 receptors could further increase the calcium influx via the depolarization together 

with the increased density of NMDA receptors and their effect on calcium influx. 

Furthermore, it is striking that cholinergic reduction in LRP1 mice occurs in the hippocampus. 

Cognitive function and short-term memory are disrupted when mACh receptors are blocked 

(Coyle et al., 1983), while drugs increasing cholinergic function improve short-term memory 

(Sitaram et al., 1978). Thus, cholinergic receptor reduction, which was found in LRP1 mice, 

might contribute to the LTP and memory impairment found (Liu et al., 2010) 

Binding studies using an antagonist revealed increased M2 receptor density only in the 

striatum. This increase might be a compensatory mechanism, a trial to compensate reduced 

acetylcholine level in the brain, as was described in Hoshi et al. (1997). Alternatively, the 

regionally specific de- or increase of M2 receptors (decrease with agonist binding and 

increase with antagonist binding) may be caused by different receptor affinities of the used 

ligands with the antagonist preferring low affinity and the agonist high affinity binding sites, 

and also by different relations between high- and low affinity binding sites of this receptor in 

the different brain regions. 

tg5xFAD/LRP1 mice: In tg5xFAD/LRP1 mice, M2 receptor density revealed by antagonist 

binding was reduced in the olfactory bulb, the motor and somatosensory cortex as well as 
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the striatum.  Agonist binding of the M2 receptor showed downregulation in the olfactory 

bulb. In tg5xFAD/LRP1 mice, plaques were observed in the neocortex and hippocampus (see 

Figure 81). Former studies found evidence that the cholinergic system is affected by the 

presence of Aβ. Due to the formation of plaques, it can be assumed, that the Aβ level is high 

in tg5xFAD/LRP1 mice. Therefore, it is plausible that Aβ influences cholinergic receptors. 

However, plaques do not seem to be the exclusive cause, since LRP1 mice show reductions 

in the cholinergic system as well, but did not display any plaques (see Figure 80). Therefore, 

the impairment of synaptic transmission (discussed for kainate receptors) might contribute 

to alterations in the cholinergic system. Furthermore, acetylcholine synthesis is suppressed 

in the presence of Aβ in primary cultures of MBN neurons (Hoshi et al., 1997), and its release 

is reduced in the neocortex of humans (Nilsson et al., 1986) as well as in the hippocampus of 

rats (Kar et al., 1996). Therefore, the reduced density of M2 receptors may be a response to 

lower levels of acetylcholine. In transgenic mice carrying combined mutations in APP and 

PS1, which is also the case for tg5xFAD/LRP1 mice, a decline in size and density of cholinergic 

synapses was reported in the frontal cortex (Wong et al., 1999).  

Cholinergic markers are altered as well, e.g. acetyltransferase (ChAT). Araujo et al. (1988) 

found a significant decrease in the ChAT level in several brain regions, i.e. various neocortical 

areas, hippocampus and the MBN. Furthermore, the density of M2 receptors in patients was 

lowered in all cortical areas and in the hippocampus (Araujo et al., 1988). This is in 

agreement with the finding of the current study. In tg5xFAD/LRP1 mice, the M2 receptors 

are reduced in the motor and somatosensory cortex. In LRP1 mice, the CA1 region and 

stratum moleculare/granulosum revealed decreased M2 density (see discussion above). 

Differences between the affected areas described by Araujo et al. (1988) may be caused by 

the less specific ligands and the human brain tissue used by these authors. 

tg5xFAD mice: In tg5xFAD mice, the M2 receptor density was decreased in the mossy fiber 

terminal fields/hilus and the stratum moleculare/granulosum. A reduction of M2 receptors 

was already discussed in the discussion of LRP1 mice. Moreover, M3 receptors were 

increased in the striatum. In addition to the impact of Aβ peptides on the cholinergic system 

described above, the cholinergic system also seems to affect Aβ signaling. Activation of 

muscarinic receptors causes modification of APP processing, thus inhibiting amyloidogenic 

Aβ production and promoting the non-amyloidogenic pathway (Nitsch et al., 1992; Hung et 

al., 1993). Additionally, in healthy as well as cholinergic denervated rats, treatment with a 
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muscarinic agonist lowers APP levels (Lin et al., 1999). Taken all this together, an interaction 

of Aβ and muscarinic receptors can be assumed. Thus, the enhanced M3 receptor density 

might be a compensatory mechanism to reduce the Aβ level. This effect is only observed in 

tg5xFAD mice. A possible cause is that they generated the most numerous plaques of all AD 

models (see Figure 81). 

tgArcAβ mice: Only the M2 receptor density analyzed by agonist binding was significantly 

decreased in the CA1 region of tgArcAβ mice, as well as increased in the somatosensory 

cortex. The reduction of this receptor was already discussed in the discussion of LRP1 mice. 

The increase, however, may be a regionally specific compensatory mechanism caused by the 

reduced acetylcholine level (Hoshi et al., 1997).  

 

In summary, LRP1 and tg5xFAD/LRP1 mice revealed the strongest alterations in the 

cholinergic system of all mouse models investigated. Since LRP1 is missing in both mouse 

lines, LRP1 seems to play a major role in the cholinergic system. Given the fact that no 

plaques were observed in the LRP1 mouse model (see Figure 80), degeneration of the 

cholinergic systems may start well before plaque generation (see discussion above). This 

supports the hypothesis that the alteration of the cholinergic system is an early event in the 

generation of AD with regard to sporadic AD.  

 

3 Serotonin receptors 

 

Sixteen different types of serotonin receptors are known. Based on their primary 

physiological mechanism, they can be divided into 7 sub-families (Hoyer and Martin, 1997; 

Xu et al., 2012), 5-HT1 to 5-HT7.  The receptor groups investigated in this study, 5-HT1A and 5-

HT2A are G protein coupled receptors (Gerhardt and van Heerikhuizen, 1997).  

Serotonergic neurons of the dorsal and median raphe nuclei innervate regions of the 

neocortex and the limbic system (Siever et al., 1991; Lanctot et al., 2001). They influence 

aggression, anxiety, mood, feeding, sleep, temperature and motor behavior (Siever et al., 

1991; Lanctot et al., 2001). 

 

No alterations of serotonin receptors were observed in the LRP1 and tg5xFAD mice. 

tg5xFAD/LRP1 mice revealed increased 5-HT2A receptor density in the striatum and the CA1 
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region of the hippocampus. This indicates that the mutations associated with FAD together 

with knockout of LRP1 might further aggravate the effects on the serotonergic system.  

In tgArcAβ mice, an enhanced level of 5-HT2A receptors was seen in the motor and 

somatosensory cortex, and in the striatum. In addition, increased 5-HT1A receptor density 

was found in the CA1 region.  

The results of tg5xFAD/LRP1 and tgArcAβ mice support the finding of former studies. 

Enhanced serotonin fiber sprouting was observed in the striatum and the hippocampus after 

accumulation of Aβ (Harkany et al., 2000; Harkany et al., 2001; Noristani et al., 2011). 

Moreover, the serotonin transporter (SERT) as well as the density of SERT axons and 

terminals was increased in the hippocampus of a mouse model of AD (Noristani et al., 2011). 

Serotonergic neurons are associated with neurotrophic factors, such as brain-derived 

neurotrophic factor, somatostatin and neuropeptide Y (Lanctot et al., 2001). In addition, 

serotonin has been shown to be a co-transmitter of noradrenaline. Noradrenergic α2 

receptors were increased in tg5xFAD/LRP1 and tgArcAβ mice (see chapter 5), implying lower 

adrenaline level. Thus, the increased density of 5-HT2A receptors might reflect a 

compensatory mechanism. 

However, a reduction of 5-HT2A receptors was found in former studies, both in rodents and 

in humans. PET studies showed reduced 5-HT2A binding in patients with AD (Blin et al., 1993; 

Meltzer et al., 1998). In a rodent model of FAD, intrahippocampal injection of aggregated Aβ 

caused reduced 5-HT2A receptor level and, moreover, impairment in memory (Holm et al., 

2010). An explanation for the controversial results found by Holm et al. (2010) and in the 

current study might be the age of the mice. Mice used in this study were between four to six 

months or eight months old, while Holm investigated groups of mice being four, eight and 

eleven months old. A reduction was only found in the mice being eleven months old. 

Another study found increase of the 5-HT1A receptor in patients with mild cognitive 

impairment. In patients with AD, the receptor was reduced (Truchot et al., 2007). This might 

indicate that the serotonergic system decreases as the disease progresses. The same might 

be true for 5-HT2A receptors. Another explanation might be different radioactive ligand used 

by Holm et al. (2010). The affinity for their 5-HT2A receptor differs from the one used in the 

current study (Lopez-Gimenez et al., 1998). Furthermore, the PS1 gene was partly deleted. 

The mice in the current study carried mutated PS1 (tg5xFAD/LRP1 mice) or wt PS1 (tgArcAβ 

mice). 
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Additionally, serotonergic neurons interact with dopaminergic neurons. For example, 

neurons emerging from the raphe nuclei control dopamine release in the midbrain, striatum 

and nucleus accumbens (Meltzer, 1992; Lanctot et al., 2001). Moreover, serotonergic 

neurons are able to enhance the release of dopamine (Lanctot et al., 2001). In tg5xFAD/LRP1 

mice, a trend towards increase was observed in dopaminergic D2 receptors (compare  

chapter 6).  The increased dopamine release may be caused by the increase in the 

serotonergic system.  

 

4 GABA receptors 

 

GABA is the major inhibitory transmitter in the mammalian brain. GABAergic transmission 

plays an important role in inhibitory modulation of pyramidal cell and interneuron firing in 

both the mnemonic and sensorimotor phases of the working memory process and in the 

construction of spatial tuning (Rao et al., 2000; Constantinidis et al., 2002; Parameshwaran 

et al., 2008). Detrimental effects of Aβ fragments on GABAergic interneurons have been 

described (Pakaski et al., 1998). Significant reductions in cortical GABA concentrations were 

also observed in AD brains (Ellison et al., 1986). However, other authors described the 

GABAergic system as relatively spared in AD compared to the glutamatergic and cholinergic 

systems (Rissman et al., 2007) and even be resistant to Aβ toxicity (Pike and Cotman, 1993). 

 

This is in agreement with the lack of impairment of the antagonist binding sites of GABAA 

receptors and benzodiazepine binding sites in LRP1, tg5xFAD and tg5xFAD/LRP1 mice in the 

current study. GABAB receptors were significant reduced only in the olfactory bulb of LRP1 

mice. Tg5xAFD and tg5xFAD/LRP1 mice showed a significant downregulation of the 

agonistic binding sites of GABAA receptors only in the stratum moleculare/granulosum (for 

discussion of this finding, see discussion of the tgArcAβ mice below). 

In contrast, the tgArcAβ mouse was affected. The agonistic binding sites of GABAA receptors 

were downregulated in the olfactory bulb, the striatum and the mossy fiber terminal 

fields/hilus. GABAB receptors and benzodiazepine binding sites were not affected. 

As described in chapter 1, Aβ can lead to accumulation of glutamate and thus to neuronal 

depolarization. GABA stimulates GABAA receptors, leading to influx of Cl- and 

hyperpolarization. GABAB receptors, which are coupled to G protein and activate K+ 
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conductance, cause hyperpolarization of the membrane. Thus, activation of GABA receptors 

counteracts the depolarization caused by the activation of glutamate receptors. Taurine, a 

naturally occurring β-amino acid in the mammalian brain, is involved in several physiological 

processes, e.g. calcium ion regulation amongst others (Huxtable, 1992). Interestingly, taurine 

activates GABAA receptors, and therefore enhances the Cl- conductance of the membrane 

(Okamoto et al., 1983; del Olmo et al., 2000). Furthermore, taurine, GABA and Muscimol, a 

GABA agonist, are able to block the neurotoxicity of Aβ to cortical and hippocampal neurons 

(Paula-Lima et al., 2005). Similar findings were also made by Lee and colleagues (Lee et al., 

2005).  

Treatment of cortical neurons with Muscimol protected neurons against apoptosis, inhibited 

both the increase of calcium influx and the elevation of glutamate release as well as the 

generation of reactive oxygen species, all processes induced by Aβ. Further evidence of 

GABA receptors and taurine as factors in the generation of AD rises from the findings that 

GABA (Grachev and Apkarian, 2001) and taurine (Benedetti et al., 1991) levels are decreased 

in the brain of aged humans and rats as well as in the brain of AD patients (Paula-Lima et al., 

2005). Decrease of GABA and taurine in the brain of the mouse models could occur during 

ageing and accumulation of glutamate would aggravate this effect.  Downregulation of GABA 

receptors might indicate loss of this protective effect in the tgArcAβ mice. Since our tgArcAβ 

mice were 2 -4 months older than the other mouse models, this downregulation of GABA 

receptors was not found in the latter mice strains with the exception of a downregulation of 

the agonistic binding sites of GABAA receptors in the stratum moleculare/granulosum of 

tg5xAFD and tg5xFAD/LRP1 mice and a downregulation of GABAB in the olfactory bub of 

LRP1 mice.  

 

5 Noradrenaline receptors 

 

Adrenergic receptors belong to the group of G protein coupled receptors. They are divided 

into two main groups, α and β, which can be subdivided further into α1 and α2 and β1, β2 and 

β3. The corresponding neurotransmitter and hormones are adrenaline and noradrenaline, 

which are produced in the adrenal medulla and the locus coeruleus (LC), respectively. The 

adrenergic system is supposed to have a role in learning and memory, sleep-wake cycle 
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regulation, affective psychosis and regulation of aggression (Russo-Neustadt and Cotman, 

1997).  

 

In the current study, the adrenergic system was affected in all mouse models, the strongest 

effect was found in LRP1, tg5xFAD and tg5xFAD/LRP1 mice. 

LRP1 mice: The density of α2 receptors was significantly enhanced in all regions, with 

exception of the stratum granulosum/moleculare and the piriform cortex. In the piriform 

cortex, LRP1 mice showed a trend towards upregulation. Significantly reduced levels of α1 

receptors were found in the olfactory bulb, the somatosensory and the piriform cortex. 

Furthermore, LRP1 showed reduced, though not significant, levels of α1 receptors in all other 

regions analyzed, particularly in the olfactory bulb. 

tg5xFAD and tg5xFAD/LRP1 mice: In all regions, the α2 receptor density was significantly 

increased, with exception of the stratum granulosum/moleculare of tg5xFAD/LRP1 mice. 

Still, tg5xFAD/LRP1 mice revealed a trend toward upregulation in stratum 

granulosum/moleculare. In tg5xFAD and tg5xFAD/LRP1 mice, a trend towards 

downregulation of α1 receptors in all brain regions was observed as well. This implicates that 

lower levels of α1 receptors are linked especially to the knockout of LRP1 and PS1 mutations. 

A possible explanation for the fact that most reductions were not significant could be the 

age of the mice. Since AD is a disease of age, the observed modulations where only visible as 

trend and may aggravate over time. 

Reduction of α1 receptors indicates that noradrenaline may be reduced in the brain of the 

used mouse models. Moreover, α2 receptors proved to be strongly upregulated in nearly all 

brain regions. Activation of α2 receptors by noradrenaline and adrenaline leads to decreased 

release of neurotransmitters, caused by negative feedback. Therefore, it seems that those 

adrenergic neurotransmitters are reduced in the investigated mouse models. This is 

interesting since the cholinergic system is affected as well. Release of adrenaline and 

noradrenaline from the adrenal medulla is exclusively regulated by cholinergic synapses. 

Cholinergic receptors are reduced in LRP1, tg5xFAD and tg5xFAD/LRP1 mice, with the 

exception of the M2 antagonist binding site in the striatum of LRP1 and of the M3 receptor in 

the CA1 region of tg5xFAD mice. This could at least partly account to a low level of 

adrenergic transmitters. 
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Furthermore, noradrenaline seems to exert anti-inflammatory and anti-oxidative 

mechanisms within the CNS (Feinstein et al., 2002; Heneka et al., 2002; Jardanhazi-Kurutz et 

al., 2011), both being associated with AD. Reduction of noradrenaline by the neurotoxin   

N-(2-chloroethyl)-N-ethyl-2 bromobenzylamine (DSP4) caused increased cortical 

inflammatory reaction in response to injection of aggregated Aβ (Heneka et al., 2002). 

Antagonists of α2 receptors exert a positive effect regarding neuroprotection. They increase 

growth factor expression and on the contrary reduce apoptosis (Bauer et al., 2003; Debeir et 

al., 2004). Noradrenaline release is increased as well. Kalinin et al. (2006) proved that 

injection of Aβ caused expression of the nitric oxide synthase NOS2 in cortical neurons if the 

noradrenaline level was reduced first (Kalinin et al., 2006). Likewise, disruption of LC 

increases Aβ burden, neuronal damage and behavioral deficits in tgAPP mice (Heneka et al., 

2006). 

tgArcAβ mice: In the tgArcAβ mouse model increased density of α2 receptors was observed 

in fewer regions compared to the other AD models, but was affected in the olfactory bulb, 

the piriform cortex and the hippocampus. Additionally, α1 receptor density was increased in 

the striatum. Increased density of α2 receptors was already explained above (see LRP1, 

tg5xFAD and tg5xFAD/LRP1 mice).  The increase of the α1 receptor in this strain needs 

further examination. 

 

Due to its neuroprotective actions, the adrenergic system might be considered as a novel 

therapeutic target. Since the α2 receptor reduces the release of noradrenaline, and 

increased receptors may further aggravate this effect, a reduction of this α2 receptor may 

improve cognitive abilities. This has been shown using a chronic treatment with the α2 

receptors antagonist fluparoxan. This procedure prevented memory deficits in APP/PS1 mice 

in cognitive tests where noradrenaline plays an integral role in (Scullion et al., 2011).  

 

6 Dopamine receptors 

 

Dopamine is synthesized in midbrain neurons, i.e. in the ventral tegmental area and the 

substantia nigra, and contributes importantly to synaptic plasticity, thereby innervating the 

hippocampus, neocortex and basal ganglia (Martorana et al., 2013). The five dopamine 

receptors are differentiated in two main subclasses, the D1-like (comprising the D1 and D5 



Discussion 

115 

receptors) and D2-like (comprising the D2, D3 and D4 receptors). All are coupled to a G-

protein and influence cyclic adenosine monophosphate (cAMP),  

D1-like by activating adenylate cyclase and D2-like by inhibiting cAMP. Dopaminergic control 

of cortical activity is performed particularly by D2 and D3 receptors. Binding of dopamine to 

D2 receptors causes reduced excitability (Gulledge and Jaffe, 1998; Tseng and O'Donnell, 

2007), while D3 receptors innervate cortical acetylcholine release (Millan et al., 2007). 

However, the role of dopamine in AD is still not quite well understood.  

 

In the present study, the density of D2 receptors was increased significantly only in tg5xFAD 

mice. Analysis of D2/3 receptor density revealed a trend towards upregulation. A trend 

towards increase was also observed in the LRP1 and tg5xFAD/LRP1 mouse model in the D2 

receptor and D2/3 receptor density. In the tgArcAβ mouse model a trend towards 

upregulation of the D2/3 receptor density was shown. 

 

The enhanced level of D2 receptors may play an important role in the reduction of the 

cholinergic system, due to its close interaction with each other. Increased D2 receptors 

density may also contribute to modification of motor behavior, although the mouse models 

do not show any motor symptoms. An exception is the LRP1 mouse model, which shows 

muscle tremor and dystonia (May et al., 2004). However, it is well known that rodents are 

able to compensate even large alterations in their brain. 

In the current study, D2 receptors were only investigated in the striatum. In recent studies, 

abnormalities in the ventral striatum, i.e. rostral medial caudate head and the ventral lateral 

putamen, have been found in AD patients. Moreover, cognitive impairment was associated 

with the degree of surface alterations in the ventral areas of the caudate and putamen as 

well as the accumbens area (de Jong et al., 2011). It seems that the volume reduction of the 

putamen and the nucleus accumbens are closely related to cognitive decline (de Jong et al., 

2012). Former studies indicate a functional interaction between the prefrontal cortex and 

the nucleus accumbens, thus having great importance in cognitive and motor behavior 

(Ongur and Price, 2000; Tzschentke, 2001). Likewise, the stimulation of prefrontal D2 

receptors decreased the extracellular level of dopamine and acetylcholine in the nucleus 

accumbens. Moreover, stimulation of D2 receptors in nucleus accumbens caused reduction 

in the release of acetylcholine (Brooks et al., 2007; Del Arco et al., 2007).  
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Furthermore, in tg5xFAD mice, the glutamatergic receptors are reduced together with 

enhanced D2 receptor density. Whether the reduction in the glutamatergic system is linked 

to the reduced excitability caused by D2 receptors as mentioned above cannot be answered 

in this study. 

 

7 Correlations between behavior, transmitter and receptor alterations 

 

Beside the cognitive impairment, the most frequent symptoms of AD are apathy (45%), 

depression (44%) and aggression (40%) (Lyketsos et al., 2002). There is evidence that 

alteration in neurotransmitter systems, especially in the cholinergic system, contribute to 

these changes (Cummings and Kaufer, 1996; Lanari et al., 2006).  Deficits in the cholinergic 

system of the basal forebrain correlate positively with behavioral disturbance. For instance, 

ChAT activity was reduced in brains of AD patients,  which showed hyperactivity, compared 

to controls (Minger et al., 2000). Liu et al. reported that 18 months old LRP1 mice traveled 

significantly longer distance than control mice, indicating that LRP1 deletion causes 

hyperactivity in mice (Liu et al., 2010). Since M2 receptor density was decreased in 

hippocampal areas, it may at least partly explain the hyperactivity found in LRP1 mice.  

Hyperactivity was also observed in tgArcAβ mice in the first three months. However, only a 

slight increase of M2 receptors was found in the present study. This correlates with the 

results of Knobloch et al. (2006), who observed hyperactivity in tgArcAβ mice during the first 

three months. With age, hyperactivity disappeared and changed to hypoactivity between 6 

and 9 months of age. In the present study, tgArcAβ mice were 8 months old, thus starting to 

change to hypoactivity. 

 

Besides the cholinergic system, the adrenergic system seems to be involved in mood 

alteration. Several studies have found LC neuron loss in AD patients with depression 

(Zubenko and Moossy, 1988; Zweig et al., 1988; Förstl et al., 1992). As already mentioned in 

chapter 5, noradrenaline is produced in the LC. Therefore, less noradrenaline might be 

present due to LC neuron loss. Among the most common symptoms of AD are aggression, 

irritability and agitation, causing great problems in the care of the patients (Russo-Neustadt 

and Cotman, 1997). Enhanced density of α2 receptors in the cerebellum has been found to 

correlate with aggressive behavior in AD patients (Russo-Neustadt and Cotman, 1997). In the 
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present study, the cerebellum was not investigated. However, in all mouse models used and 

all regions analyzed in this study, α2 receptors were increased. As a result, an involvement of 

the adrenergic system in behavioral changes seems plausible.  

 

Antidepressant drugs directly or indirectly reduce NMDA receptor function (Zarate et al., 

2003) and seem to raise GABA levels (Krystal et al., 2002). This is in agreement with the 

findings according to the tgArcAβ mouse model, in which NMDA receptors are upregulated 

while in the GABAergic system a downregulation could be observed.  

 

Dysfunction of the dopaminergic system is also often associated with behavioral alteration. 

Common therapy for schizophrenic symptoms in AD are D2 receptor antagonists (Lanari et 

al., 2006). Enhanced levels of striatal D2 receptors were reported in AD patients showing 

delusional symptoms (Reeves et al., 2009). Likely, attention performance was poor when 

density of dopaminergic D2 receptors was increased (Reeves et al., 2010). Notably, an 

increased D2 receptor density was found in the 5xFAD model of the present study. 

 

8 Olfactory function 

 

One of the greatest problems in the treatment of AD is an early clinical diagnosis. At the time 

when AD is first diagnosed, neurodegeneration has already started. Therefore, therapies 

should start as early as possible, prior clinical manifestation, and an early marker is required 

to identify AD as early as possible. 

Deficits in olfactory functioning, with respect to odor detection, discrimination, recognition 

identification and naming are a well-known hallmarks of AD (Cassano et al., 2011), and occur 

early in the pathogenesis of dementia (Hawkes, 2003). About 90% of all patients suffering 

from FAD exhibit severe olfactory dysfunction (Hawkes, 2003). Olfactory processing involves 

several steps, from sensory neuron input to the olfactory bulb, decoding and plasticity in the 

piriform cortex and downstream neurons in the hippocampus (Brennan and Keverne, 1997; 

Cassano et al., 2011).  

 

The patterns of neurotransmitter receptor changes in the olfactory bulb and piriform cortex 

were most similar between tg5xFAD and tg5xFAD/LRP1 mice. Both mouse models revealed 
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altered levels of neurotransmitter receptors in the glutamatergic, cholinergic and adrenergic 

system compared to control mice. LRP1 mice proved similar regulation, with reduced density 

in the glutamatergic system and increased density in the adrenergic α2 receptor. 

Furthermore, they exhibited significantly enhanced levels of GABAB in the olfactory bulb. 

Only minor changes were revealed in the olfactory bulb and piriform cortex of tgArcAβ mice. 

The transmitter systems affected were the glutamatergic, adrenergic and GABAergic system. 

The NMDA receptor density was increased in the piriform cortex, while in the adrenergic 

system the α2 receptor was enhanced in the olfactory bulb as well as in the piriform cortex. 

Changes are summarized in Figure 43 and Figure 78. 

Besides the different degree of changes, the glutamatergic and adrenergic system seems to 

be impaired in all mouse models investigated. However, while in LRP1, tg5xFAD and 

tg5xFAD/LRP1 mice the glutamate receptors are decreased, NMDA receptor density is 

increased in the tgArcAβ model, implicating a diverse mechanism of involvement. In all 

models, the adrenergic system was altered, suggesting an association of this system with 

olfactory deficits found in former studies.  Noradrenergic neurons have been shown to 

intensely innervate the olfactory bulb in rodents. 40% of efferent LC neurons, where 

noradrenaline is produced, project to different layers of the olfactory bulb (Shipley et al., 

1985). Treatment of APP/PS1 mice with the neurotoxin DSP4 caused impaired short term 

olfactory memory and discrete weakening of olfactory discrimination abilities (Rey et al., 

2012). Moreover, noradrenaline modulates olfactory discrimination ability (Doucette et al., 

2007) and odor habituation and discrimination after LC lesion can be restored by infusion of 

noradrenaline (Guerin et al., 2008). 

Little is known about the role of Aβ in olfactory dysfunction. Evidence that Aβ seems to 

influence the olfactory processing comes from Wesson et al. (2010), who revealed a 

correlation between perceptual olfactory function and temporal-spatial pattern of Aβ in a 

mouse model of AD. Although the alteration in neurotransmitter receptors were found in 

the olfactory bulb and piriform cortex, plaques were observed in the mouse models neither 

in the olfactory bulb nor in the piriform cortex. However, olfactory testing was not 

performed with the mice used in the present study. Therefore, it is possible that the mice 

already showed alterations of receptor density in the olfactory bulb and piriform cortex 

preceding impairments in olfactory performance caused by plaque formation. 
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9 Conclusion 

 

In all models, the glutamatergic, the cholinergic, the GABAergic and the adrenergic systems 

were affected. Additionally, the serotonergic system revealed differences in the tgArcAβ and 

tg5xFAD/LRP1 mice compared to controls, while the dopaminergic system was affected in 

the tg5xFAD mice. Furthermore, a trend towards upregulation of the dopaminergic D2 

receptors was observed in LRP1 and tg5xFAD/LRP1 mice. NMDA receptor density was 

increased in tgArcAβ and LRP1 mice, while it was reduced in tg5xFAD and tg5xFAD/LRP1 

mice, therefore pointing to different alterations in the course of AD.  

tgArcAβ, tg5xFAD and tg5xFAD/LRP1 mice all reflect mutations found in cases of FAD. All 

these mutations cause increased levels of Aβ. Since alterations of neurotransmitter 

receptors are similar in most cases, Aβ seems to play an important role in receptor 

alterations. The presence of mutations in the PS1 gene causes a shift in the ratio of Aβ40/ 

Aβ42, which is believed to be more neurotoxic. Furthermore, the tg5xFAD mouse model is 

known to suffer from a very aggressive plaque generation. Indeed, numerous differences 

were observed in tg5xFAD and tg5xFAD/LRP1 mice, although they were only between four 

and six months of age and therefore much younger than tgArcAβ mice. 

LRP1 mice, however, reflect the loss of LRP1 protein that interacts with two factors that are 

connected to sporadic AD. Receptor alterations of LRP1 mice did not differ from mouse 

models expressing mutations associated with FAD, with exception of the serotonergic and 

dopaminergic system. Extracellular plaques were only observed in tg5xFAD and 

tg5xFAD/LRP1 mice. In LRP1 mice, plaques were not found, although a beginning 

aggregation of Aβ seemed to be present in the motor cortex and hippocampus. However, 

this has to be confirmed using additional staining, such as Thioflavin S. Intracellular 

accumulation of Aβ was observed in the tgArcAβ mouse model. It is striking that several 

regions and neurotransmitter receptors were affected in all mouse models. Changes 

occurred also in regions and mouse models, which did not express plaques. For example, 

LRP1 mice revealed the strongest reduction of kainate receptors of all mouse models and 

strong alterations in the cholinergic system without plaques generation. Impaired synaptic 

plasticity might contribute to the changes in the receptor systems. The uptake of cholesterol 

into neurons by apoE is mediated by LRP1. Cholesterol, however, is important for synaptic 
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plasticity. Mutations causing enhanced levels of Aβ also lead to altered receptor density. It 

seems that Aβ as well as impairment of cholesterol metabolism has an effect on receptor 

systems. Furthermore, γ-secretase-dependent APP processing seems to be involved in the 

regulation of brain cholesterol by transcriptional repression of LRP1. Increased APP 

processing by γ-secretase, as it was found in mice harboring FAD mutations, might lead to 

reduced levels of LRP1. In summary, these results indicate similar receptor changes, 

although the mechanism behind the plaque generation is different in FAD and sporadic AD.  
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V. Summary 

 

The aim of the study was to analyze the distribution and density of neurotransmitter 

receptors of the glutamatergic, cholinergic, GABAergic, serotonergic, adrenergic, 

dopaminergic and adenosinergic system in several mouse models of AD. The tgArcAβ und 

tg5xFAD mouse models mirror mutations found in familiar AD (FAD), while LRP1 mice reflect 

a risk factor found in sporadic AD. tg5xFAD/LRP1 mice combine both factors. Using 

quantitative receptor autoradiography, eight brain regions were investigated, i.e. the 

olfactory bulb, the motor, somatosensory and piriform cortex, the hippocampal regions CA1, 

mossy fiber termination regions/hilus and stratum moleculare/granulosum. Presence of Aβ, 

a hallmark of AD, was tested by the use of immunohistochemistry.  

In all models, the glutamatergic, cholinergic, GABAergic and adrenergic system was affected. 

The cholinergic and GABAergic system revealed reduced receptor density, while the 

adrenergic receptors were increased in several regions. This indicates a similar mechanism in 

AD regarding these receptor systems. The glutamatergic kainate and mGlu2/3 receptors 

were reduced in all mouse models, with exception of increased kainate receptor density 

tg5xFAD/LRP1 mice. NMDA receptor density was increased in in tgArcAβ and LRP1 mice, 

while it was reduced in tg5xFAD and tg5xFAD/LRP1 mice, pointing to different alterations in 

the course of AD. The serotonergic receptors revealed differences in the tgArcAβ and 

tg5xFAD/LRP1 mice compared to controls, while the dopaminergic system was significantly 

affected only in the tg5xFAD mice.  

In conclusion, comparison of the neurotransmitter receptor changes of all mouse models 

revealed similar changes. tgArcAβ, tg5xFAD and tg5xFAD/LRP1 mice mirrored the effects of 

mutation associated with FAD, generating increased Aβ. Aβ seems to repress LRP1, causing 

impaired cholesterol transport into neurons. LRP1, however, interacts with two risk factors 

of sporadic AD, i.e. apoE and 2M. LRP1 mice reflect impaired LRP1 metabolism, which may 

be also a possible cause of AD.  In summary, these results indicate similar receptor changes, 

although the mechanisms behind the plaque generation is different in FAD and sporadic AD. 
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VII. Appendix 

1 Chemicals, solutions and technical equipment  

 

Preparation of slices  

 Cryostat Leica CM3050 (Leica Instruments GmbH, Wetzlar, Germany)  

 Paraformaldehyde (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

 Phosphate buffered saline (PBS) (Invitrogen, Life Technologies GmbH, Darmstadt, 

Germany)  

 Silan-coated slides (Paul Marienfeld GmbH & Co. KG, Lauda-Königshofen, Germany)  

 

 [3H]-receptor autoradiography  

 Liquid Scintillation Analyzer Tri-Carb 2100 TR (Packard BioScience, PerkinElmer, 

Rodgau, Germany)  

 Liquid Scintillation Cocktail Ultima Gold XR (PerkinElmer, Rodgau, Germany) 

 

 [3H]-ligands:  

o AF-DX 384 (Perkin Elmer, Rodgau, Germany)  

o AMPA (Perkin Elmer, Rodgau, Germany)  

o CGP 54626 (Biotrend Chemikalien GmbH, Köln, Germany)  

o 4-DAMP (Perkin Elmer, Rodgau, Germany)   

o Fallyprid (Institute for Nuclear Chemistry, Johannes Gutenberg Universität Mainz, 

Mainz, Germany)  

o Flumazenil (Perkin Elmer, Rodgau, Germany)  

o Kainate (Perkin Elmer, Rodgau, Germany)  

o Ketanserin (Perkin Elmer, Rodgau, Germany)  

o LY 341,495 (Biotrend Chemikalien GmbH, Köln, Germany)  

o MK 801 (Perkin Elmer, Rodgau, Germany)  

o Muscimol (Perkin Elmer, Rodgau, Germany)  

o 8-OH-DPAT (Perkin Elmer, Rodgau, Germany)  

o Oxotremorine-M (Perkin Elmer, Rodgau, Germany)  

o Pirenzepine (Perkin Elmer, Rodgau, Germany)  

o Prazosin (Perkin Elmer, Rodgau, Germany)  
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o Raclopride (Perkin Elmer, Rodgau, Germany)  

o SCH 23390 (Perkin Elmer, Rodgau, Germany)  

o SR 95531 (Perkin Elmer, Rodgau, Germany)  

o UK14,304 (Perkin Elmer, Rodgau, Germany)  

o ZM 241 385 (Biotrend Chemikalien GmbH, Köln, Germany)  

 Displacer:  

o Atropine sulphate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Butaclamol hydrochloride (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Carbachol (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o CGP 55845 (Biotrend Chemikalien GmbH, Köln, Germany)  

o 2-Chloroadenosine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Clonazepam (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o GABA (Biotrend Chemikalien GmbH, Köln, Germany)  

o Haloperidol (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o L-Glutamate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Mianserin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o MK 801 (Biotrend Chemikalien GmbH, Köln, Germany)  

o Nicotine-di-d-tartrate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany  

o Phentolamine mesylate (Biotrend Chemikalien GmbH, Köln, Germany)  

o Pirenzepine dehydrate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Serotonin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o SKF 83566 (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o SYM 2081 (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Quisqualate (Biotrend Chemikalien GmbH, Köln, Germany)  

 Buffers and solutions:  

o Adenosine deaminase (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Ascorbate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Acetone (VWR International, Langenfeld, Germany)  

o Calcium acetate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Calcium chloride (CaCl2) (Merck KGaA, Darmstadt, Germany)  

o D-Glucose (Merck KGaA, Darmstadt, Germany)  
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o Ethylenediaminetetraacetic acid (EDTA) dihydrat (Sigma-Aldrich Chemie GmbH, 

Steinheim, Germany)  

o Glutamate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Glutaraldehyde (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Glycine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o HEPES (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Magnesium chloride (MgCl2) (Merck KGaA, Darmstadt, Germany)  

o Magnesium sulfate (MgSO4) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Manganese(II) chloride (MnCl2) (Sigma-Aldrich Chemie GmbH, Steinheim, 

Germany)  

o Mianserin (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Phenylmethanesulfonyl fluoride (PMSF) (Sigma-Aldrich Chemie GmbH, Steinheim, 

Germany)  

o Potassium bromide (KBr) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Potassium chloride (KCl) (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Potassium phosphate monobasic (KH2PO4) (Merck KGaA, Darmstadt, Germany)  

o Potassium thiocyanate (KSCN) (Sigma-Aldrich Chemie GmbH, Steinheim, 

Germany)  

o Sodium bicarbonate (NaHCO3) (Merck KGaA, Darmstadt, Germany)  

o Sodium chloride (NaCl) (Merck KGaA, Darmstadt, Germany)  

o Sodium phosphate dibasic dihydrate (Na2HPO4 x 2H2O) (Merck KGaA, Darmstadt, 

Germany)  

o Spermidine (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Tris-acetate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Tris-citrate (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

o Tris-HCl (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)   

 

Film exposition and development  

 BioMax MR β--sensitive films (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, 

Germany)  

 GBX-Developer (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  

 GBX-Fixer (Kodak, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)  



Appendix 

139 

 Hyperprocessor SRX-101A (Amersham Biosciences, GE Healthcare Europe GmbH, 

Europe)  

 Radioactive standards (GE Healthcare GmbH, München, Germany)  

 

Digital processing of autoradiographic films  

 AxioVision image analyzing software Rel. 4.8.2 (Zeiss, Carl Zeiss MikroImaging GmbH, 

Göttingen, Germany)  

 Digital camera AxioCam HRm (Zeiss, Carl Zeiss MikroImaging GmbH, Göttingen, 

Germany)  

 

Histological staining  

 Acetic acid (Merck KGaA, Darmstadt, Germany) 

 Ammonium nitrate (Merck KGaA, Darmstadt, Germany) 

 DPX mountant for histology (Fluka, Sigma-Aldrich Chemie GmbH, Steinheim, 

Germany) 

 Formaldehyde solution (Merck KGaA, Darmstadt, Germany) 

 Formic acid (Milipore, Schwalbach, Germany) 

 Hydrogen peroxide (Milipore, Schwalbach, Germany) 

 2-Propanol (Merck KGaA, Darmstadt, Germany)  

 Silver nitrate (Merck KGaA, Darmstadt, Germany) 

 Sodium carbonate  (Millipore, Schwalbach, Germany) 

 Tungstosilicic acid (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) 

 XEM 200 (DiaTec, Diagostische System-Technik, Bamberg, Germany)  

 

9.7. Immunohistochemistry  

 Aqua Poly/Mont (DAKO,  Agilant Technologies, Hamburg, Germany) 

 DAPI (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) 

 Formic acid (Millipore, Schwalbach, Germany) 

 G2-10  (Millipore, Schwalbach, Germany) 

 G-M A488 (Life Technologies GmbH, Darmstadt, Germany) 

 G-R A568 (Life Technologies GmbH, Darmstadt, Germany) 

 M.O.M.  (Vector Labs, Burlingame, USA) 



Appendix 

140 

 NaCl (VWR International, Langenfeld, Germany) 

 Paraformaldehyde (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) 

 Tris (AppliChem, Darmstadt, Germany) 

 Triton X (AppliChem, Darmstadt, Germany) 

 1-11-3 (Covance, Munich, Germany) 
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2 Raw data 

Table 4: Receptor density of kainate (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1592 1078 905 755 1495 569 1485 1340 

2 wt 1463 1480 1346 1075 1915 640 1739 1428 

3 wt 1705 1239 1107 908 1767 578 1876 1454 

4 wt 1492 1052 888 885 1535 572 1894 1519 

5 wt 1287 1261 1315 860 1480 568 1525 1245 

20 wt 1533 1484 1300 911 1874 650 1500 1366 

 mean 1512 1266 1143 899 1678 596 1670 1392 

 SD 140 187 209 104 198 38 191 96 

6 LRP1 1160 1178 1241 755 2123 592 1732 1290 

7 LRP1 1133 929 847 685 1140 419 1484 946 

8 LRP1 1024 995 911 664 1307 476 1398 1030 

9 LRP1 1031 1185 1104 632 1468 489 1632 1065 

 mean 1087 1072 1026 684 1509 494 1562 1083 

 SD 69 130 180 52 430 72 149 147 

 

Table 5: Receptor density of NMDA (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 853 1308 1233 1215 807 3854 1160 3441 

2 wt 955 1458 1412 1933 1008 3634 1197 3613 

3 wt 1082 1781 1654 1705 1100 4458 1496 3952 

4 wt 981 1536 1444 1558 944 3921 1355 3614 

5 wt 831 1420 1278 1817 893 3674 1332 3254 

20 wt 916 1650 1594 1653 1059 4849 1293 4115 

 mean 936 1525 1436 1647 968 4065 1306 3665 

 SD 92 170 167 248 109 485 120 319 

6 LRP1 1050 1876 1746 1718 1256 4685 1468 3998 

7 LRP1 863 1370 1451 1424 789 4751 1405 4238 

8 LRP1 902 1638 1543 1534 954 4786 1317 4261 

9 LRP1 759 1547 1436 1571 839 4598 1309 3912 

 mean 893 1608 1544 1562 959 4705 1375 4102 

 SD 120 210 143 121 210 83 76 174 

 

Table 6: Receptor density of mGlu2/3 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3484 7346 7816 8929 5854 3912 3343 7817 

2 wt 4664 10968 11807 16575 9079 6414 4890 11436 

3 wt 3176 7862 8443 10081 7613 4047 3967 10460 

4 wt 4989 11563 11755 14716 10242 6690 5470 11806 

5 wt 2830 9800 9862 14717 10411 5033 4206 11073 

20 wt 2267 8442 9488 9699 8170 4721 4204 10481 

 mean 3568 9330 9862 12453 8562 5136 4347 10512 

 SD 1060 1719 1656 3252 1726 1176 742 1422 
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6 LRP1  2646 10942 10826 8760 8976 3378 3497 10338 

7 LRP1 3427 7704 7684 9451 6208 3258 4173 10131 

8 LRP1 1979 9367 9856 9952 8381 2909 3747 7504 

9 LRP1 3195 10358 9942 8979 8131 3714 4479 9566 

 mean 2812 9593 9577 9286 7924 3315 3974 9385 

 SD 644 1417 1336 530 1198 332 437 1296 

  

Table 7: Receptor density of M1 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1560 2349 2211 2331 3562 4127 2301 4201 

2 wt 2474 4188 4233 4701 7843 7546 4078 8215 

3 wt 1632 2462 2343 2488 4589 4068 2268 4108 

4 wt 1565 2449 2263 2742 4269 4259 3301 4674 

5 wt 1517 2601 2695 3358 4782 4699 2622 4762 

20 wt 1631 3461 3614 2894 6336 6475 2948 5993 

 mean 1730 2918 2893 3086 5230 5196 2920 5325 

 SD 367 743 839 868 1573 1463 690 1567 

6 LRP1  1221 2276 2148 2055 4607 3637 1995 3508 

7 LRP1 1810 2841 2757 3320 7163 6718 3568 5785 

8 LRP1 1521 2509 2520 2592 5717 4506 2610 4584 

9 LRP1 2003 2970 3132 3307 7472 5971 3586 6399 

 mean 1639 2649 2639 2819 6240 5208 2940 5069 

 SD 342 315 413 612 1331 1393 778 1285 

 

Table 8: Receptor density of M2 AG (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2993 998 1299 490 1373 613 624 447 

2 wt 3074 1168 1696 540 1637 792 752 540 

3 wt 2816 1105 1461 544 1586 645 735 433 

4 wt 2945 988 1282 484 1237 787 718 456 

5 wt 2570 1135 1322 609 1647 650 638 464 

20 wt 2328 1151 1621 503 1593 611 632 381 

 mean 2788 1091 1447 528 1512 683 683 453 

 SD 286 78 177 47 168 84 58 52 

6 LRP1 2717 1092 1732 515 1819 605 611 485 

7 LRP1 2683 943 1493 322 1183 387 442 166 

8 LRP1 2611 1125 1673 366 1742 349 420 212 

9 LRP1 2793 1298 1922 501 1837 423 426 233 

 mean 2701 1115 1705 426 1645 441 475 274 

 SD 76 146 177 97 311 113 91 144 

 

Table 9: Receptor density of M2 ANT (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3602 1745 2237 1041 4553 1442 889 1034 

2 wt 2620 1812 2281 1028 4293 1409 795 875 

3 wt 3322 1707 2095 744 4565 1282 716 890 
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4 wt 4006 1882 2356 912 4840 1510 779 1047 

5 wt 2255 2035 2276 1169 5228 1282 694 920 

20 wt 2793 1819 2477 888 4961 1308 618 850 

 mean 3100 1833 2287 964 4740 1372 749 936 

 SD 657 116 127 147 335 96 94 84 

6 LRP1 3392 1919 2841 1115 5839 1384 832 875 

7 LRP1 3037 1682 2264 841 5619 1040 552 700 

8 LRP1 3169 1556 2375 569 4992 1021 553 757 

9 LRP1 3429 1962 2805 1023 5766 1115 633 822 

 mean 3257 1780 2571 887 5554 1140 642 789 

 SD 186 193 294 241 386 168 132 76 

 

Table 10: Receptor density of M3 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3812 4743 4364 3599 6687 7705 4977 6765 

2 wt 3148 5136 5417 5058 8053 7770 4320 7297 

3 wt 2335 4413 4116 3353 7304 6597 3777 6174 

4 wt 3061 4422 4452 3908 6874 6530 3455 6006 

5 wt 2735 4568 4259 4372 7724 7776 4102 7097 

20 wt 2131 5297 5389 3491 7541 7940 4388 7315 

 mean 2870 4763 4666 3963 7364 7386 4170 6776 

 SD 609 374 581 647 517 643 527 569 

6 LRP1 2383 3885 4137 3151 7082 7245 3590 6484 

7 LRP1 2649 3923 3824 3229 7879 6419 4015 7808 

8 LRP1 2359 4515 4605 3787 7377 6834 4087 6849 

9 LRP1 2620 4343 4432 4353 8246 6953 3956 6616 

 mean 2503 4167 4250 3630 7646 6862 3912 6939 

 SD 153 311 343 559 518 343 221 598 

 

Table 11: Receptor density of 5-HT2A (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 180 430 402 279 754 175 212 140 

2 wt 154 474 436 220 755 184 162 138 

3 wt 178 537 485 351 892 200 181 216 

4 wt 182 503 450 343 806 191 156 203 

5 wt 174 555 468 289 1113 247 214 289 

20 wt 242 628 542 354 887 345 337 231 

 mean 185 521 464 306 868 224 210 203 

 SD 30 69 48 53 134 65 67 58 

6 LRP1 186 693 518 309 997 269 232 271 

7 LRP1 198 490 493 329 912 184 229 178 

8 LRP1 170 442 457 256 894 207 209 193 

9 LRP1 151 397 400 306 817 179 177 186 

 mean 176 506 467 300 905 210 212 207 

 SD 20 131 51 31 74 41 25 43 

 

 



Appendix 

144 

Table 12: Receptor density of GABAA AG (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1738 1820 2000 1389 1208 1540 1022 2333 

2 wt 2281 2249 2430 1733 1498 1854 1458 3372 

3 wt 2405 1882 2445 1814 1351 1647 1127 2706 

4 wt 2716 1572 2362 1843 1113 1507 1207 2777 

5 wt 1745 1262 1497 1550 1106 1284 868 2447 

20 wt 1973 2372 2753 1960 1751 2009 1301 2767 

 mean 2143 1860 2248 1715 1338 1640 1164 2734 

 SD 392 414 439 210 252 259 208 361 

6 LRP1 2024 1846 1978 1712 1700 1917 1246 3295 

7 LRP1 1361 1272 1538 1403 1347 876 848 1965 

8 LRP1 1928 1451 1717 1639 1628 1194 860 2213 

9 LRP1 1740 1619 1767 1813 1520 1314 1044 2151 

 mean 1763 1547 1750 1642 1549 1325 999 2406 

 SD 293 244 181 174 153 436 187 602 

 

Table 13: Receptor density of GABAA ANT (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1925 2039 1825 1403 1223 3270 2167 3906 

2 wt 2258 1857 1733 1780 1219 3903 2538 4361 

3 wt 1917 2056 1983 1877 1347 3380 2367 4177 

4 wt 2242 2002 1986 1827 1212 3352 2153 3979 

5 wt 1820 1928 1703 1600 1053 3466 2114 3396 

20 wt 1417 2641 2733 2305 1293 3930 2386 3656 

 mean 1930 2087 1994 1799 1224 3550 2287 3912 

 SD 310 281 382 303 99 291 168 349 

6 LRP1 2294 1824 1831 1456 917 2583 1587 2960 

7 LRP1 3240 1960 2144 1956 1374 3486 2490 3689 

8 LRP1 1789 2422 2206 1768 1471 3473 2484 4364 

9 LRP1 986 1904 1815 1530 1123 3118 1973 3022 

 mean 2077 2027 1999 1677 1221 3165 2133 3508 

 SD 944 269 205 229 250 424 437 659 

 

Table 14: Receptor density of BZ (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 4232 4021 4771 3479 1426 5946 3157 6688 

2 wt 6885 4999 6064 2156 1779 5547 3291 6623 

3 wt 5587 4407 5874 4223 1794 4521 2977 5392 

4 wt 6741 4259 4680 3943 1430 4230 2989 5346 

5 wt 5002 4334 4687 3284 1439 5085 2812 5022 

20 wt 4952 4708 5864 4406 1649 6170 2739 6182 

 mean 5566 4455 5323 3582 1586 5250 2994 5875 

 SD 1058 347 674 819 177 777 206 715 

6 LRP1 6038 4151 5054 3948 1418 5269 2812 5521 

7 LRP1 6089 4772 5396 3873 1726 4843 2702 5766 

8 LRP1 6550 4796 5550 4076 1959 4984 3217 6327 
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9 LRP1 4907 4364 5094 3815 1623 4899 2914 5114 

 mean 5896 4521 5273 3928 1682 4999 2912 5682 

 SD 698 316 239 113 225 189 222 507 

 

Table 15: Receptor density of GABAB (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2857 8318 7268 7728 3777 7114 5086 9726 

2 wt 3445 10535 10151 8971 6426 11326 7480 15183 

3 wt 3043 8673 9741 8705 4841 7174 5190 10040 

4 wt 2802 9748 9300 8743 5222 9299 7313 11894 

5 wt 2442 7241 6527 6488 3754 7158 5508 10222 

20 wt 3246 8782 8578 7818 3678 8055 4951 9860 

 mean 2973 8883 8594 8075 4616 8354 5921 11154 

 SD 354 1144 1433 933 1098 1684 1158 2126 

6 LRP1 2922 10098 8460 8696 4287 7988 5770 11417 

7 LRP1 1956 6233 5758 5598 3086 4428 3344 5975 

8 LRP1 2274 7619 7166 6872 3794 6457 5108 9914 

9 LRP1 2275 8754 7399 8154 3989 5994 4206 7907 

 mean 2357 8176 7196 7330 3789 6217 4607 8803 

 SD 406 1644 1112 1385 511 1466 1058 2371 

 

Table 16: Receptor density of α1 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 845 1230 737 572 361 366 345 467 

2 wt 818 1018 654 486 273 200 218 286 

3 wt 663 561 401 420 151 143 111 196 

4 wt 687 700 407 370 133 124 129 196 

5 wt 637 738 461 324 139 170 140 211 

20 wt 891 853 532 518 168 212 161 275 

 mean 757 850 532 448 204 203 184 272 

 SD 107 241 138 93 92 87 87 103 

6 LRP1 684 580 361 375 96 105 95 154 

7 LRP1 468 580 344 345 102 121 118 184 

8 LRP1 624 653 381 313 108 141 127 203 

9 LRP1 543 635 374 290 113 149 113 205 

 mean 580 612 365 331 105 129 113 186 

 SD 95 37 16 37 7 20 14 24 

 

Table 17: Receptor density of α2 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 221 282 221 223 104 104 83 284 

2 wt 202 173 153 79 82 120 107 333 

3 wt 161 229 206 394 105 129 125 364 

4 wt 175 184 155 342 84 108 100 294 

5 wt 142 195 195 298 81 118 98 285 

20 wt 163 199 194 267 107 153 120 368 
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 mean 177 210 187 267 94 122 105 321 

 SD 29 40 27 110 13 18 15 39 

6 LRP1 177 228 240 290 152 136 142 305 

7 LRP1 377 274 272 336 163 174 141 338 

8 LRP1 279 357 340 403 214 185 160 357 

9 LRP1 277 259 250 345 180 169 154 314 

 mean 277 280 275 344 177 166 149 328 

 SD 82 55 45 47 27 21 10 24 

 

Table 18: Receptor density of D1 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3643    

2 wt     2975    

3 wt     3483    

4 wt     3207    

5 wt     4307    

20 wt     3231    

 mean     3474    

 SD     469    

6 LRP1     4266    

7 LRP1     3133    

8 LRP1     2576    

9 LRP1     4121    

 mean     3524    

 SD     808    

 

Table 19: Receptor density of D2 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     321    

2 wt     319    

3 wt     406    

4 wt     392    

5 wt     385    

20 wt     465    

 mean     381    

 SD     55    

6 LRP1     560    

7 LRP1     377    

8 LRP1     490    

9 LRP1     565    

 mean     498    

 SD     88    
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Table 20: Receptor density of D2/3 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     2083    

2 wt     2267    

3 wt     2095    

4 wt     2236    

5 wt     2214    

20 wt     2423    

 mean     2220    

 SD     125    

6 LRP1     2566    

7 LRP1     2302    

8 LRP1     2307    

9 LRP1     2471    

 mean     2412    

 SD     129    

 

Table 21: Receptor density of A2 (fmol/mg protein) of brain regions investigated of LRP1 mice. Mean density ± 

standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3746    

2 wt     2972    

3 wt     3242    

4 wt     3046    

5 wt     2771    

20 wt     3538    

 mean     3219    

 SD     367    

6 LRP1     3681    

7 LRP1     2748    

8 LRP1     2909    

9 LRP1     3438    

 mean     3194    

 SD     439    

 

Table 22: Receptor density of kainate (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1592 1078 905 755 1495 569 1485 1340 

2 wt 1463 1480 1346 1075 1915 640 1739 1428 

3 wt 1705 1239 1107 908 1767 578 1876 1454 

4 wt 1492 1052 888 885 1535 572 1894 1519 

5 wt 1287 1261 1315 860 1480 568 1525 1245 

20 wt 1533 1484 1300 911 1874 650 1500 1366 

 mean 1512 1266 1143 899 1678 596 1670 1392 

 SD 140 187 209 104 198 38 191 96 

10 5xFAD 824 1403 1134 908 1691 630 2090 1345 

11 5xFAD 1264 1168 1038 845 1493 719 2314 1408 

12 5xFAD 1013 1176 1156 706 1543 566 1885 1174 
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13 5xFAD 1213 974 996 617 1524 595 1731 1113 

14 5xFAD 1594 1058 1112 739 1587 631 1761 1448 

21 5xFAD 1110 867 754 643 1290 501 1469 1157 

 mean 1170 1108 1032 743 1521 607 1875 1274 

 SD 260 186 149 114 133 73 296 143 

 

Table 23: Receptor density of NMDA (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 853 1308 1233 1215 807 3854 1160 3441 

2 wt 955 1458 1412 1933 1008 3634 1197 3613 

3 wt 1082 1781 1654 1705 1100 4458 1496 3952 

4 wt 981 1536 1444 1558 944 3921 1355 3614 

5 wt 831 1420 1278 1817 893 3674 1332 3254 

20 wt 916 1650 1594 1653 1059 4849 1293 4115 

 mean 936 1525 1436 1647 968 4065 1306 3665 

 SD 92 170 167 248 109 485 120 319 

10 5xFAD 663 1457 1302 1465 786 3883 1129 3368 

11 5xFAD 837 1381 1341 1395 815 4706 1288 4116 

12 5xFAD 760 2081 1186 1144 1055 4295 1331 3800 

13 5xFAD 730 1186 1102 1074 717 4364 1185 3544 

14 5xFAD 710 1170 1145 968 786 3546 1011 2885 

21 5xFAD 781 1359 1257 1326 813 4058 1131 3690 

 mean 747 1439 1222 1229 829 4142 1179 3567 

 SD 60 334 93 196 117 405 117 418 

 

Table 24: Receptor density of mGlu2/3 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3484 7346 7816 8929 5854 3912 3343 7817 

2 wt 4664 10968 11807 16575 9079 6414 4890 11436 

3 wt 3176 7862 8443 10081 7613 4047 3967 10460 

4 wt 4989 11563 11755 14716 10242 6690 5470 11806 

5 wt 2830 9800 9862 14717 10411 5033 4206 11073 

20 wt 2267 8442 9488 9699 8170 4721 4204 10481 

 mean 3568 9330 9862 12453 8562 5136 4347 10512 

 SD 1060 1719 1656 3252 1726 1176 742 1422 

10 5xFAD 1010 8622 10723 9467 8244 3445 3845 9154 

11 5xFAD 3201 8823 9398 9719 7460 3124 3773 9729 

12 5xFAD 2210 7591 8187 8591 7170 3423 3592 8266 

13 5xFAD 2405 11342 11119 10584 9249 3596 3583 10540 

14 5xFAD 1907 9025 8224 11445 8337 4163 3908 10155 

21 5xFAD 2563 9308 11580 13514 8220 4214 4845 9876 

 mean 2216 9119 9872 10553 8113 3661 3924 9620 

 SD 732 1238 1482 1749 733 437 470 807 

 

Table 25: Receptor density of M1 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 
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animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1560 2349 2211 2331 3562 4127 2301 4201 

2 wt 2474 4188 4233 4701 7843 7546 4078 8215 

3 wt 1632 2462 2343 2488 4589 4068 2268 4108 

4 wt 1565 2449 2263 2742 4269 4259 3301 4674 

5 wt 1517 2601 2695 3358 4782 4699 2622 4762 

20 wt 1631 3461 3614 2894 6336 6475 2948 5993 

 mean 1730 2918 2893 3086 5230 5196 2920 5325 

 SD 367 743 839 868 1573 1463 690 1567 

10 5xFAD 1047 1514 1572 1803 2386 2596 1484 2302 

11 5xFAD 1202 2135 2072 2448 4703 6609 2241 5421 

12 5xFAD 1031 1489 1468 1485 2442 2815 1520 2527 

13 5xFAD 1206 1837 1848 1683 4126 4776 2013 4280 

14 5xFAD 1765 3162 3116 3063 6179 7811 3064 6496 

21 5xFAD 1756 2773 2548 2502 4770 5334 2728 5437 

 mean 1334 2152 2104 2164 4101 4990 2175 4411 

 SD 338 686 628 604 1471 2059 638 1699 

 

Table 26: Receptor density of M2 AG (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2993 998 1299 490 1373 613 624 447 

2 wt 3074 1168 1696 540 1637 792 752 540 

3 wt 2816 1105 1461 544 1586 645 735 433 

4 wt 2945 988 1282 484 1237 787 718 456 

5 wt 2570 1135 1322 609 1647 650 638 464 

20 wt 2328 1151 1621 503 1593 611 632 381 

 mean 2788 1091 1447 528 1512 683 683 453 

 SD 286 78 177 47 168 84 58 52 

10 5xFAD 2566 1139 1686 514 1701 675 440 360 

11 5xFAD 2502 1110 1481 533 1723 607 547 314 

12 5xFAD 2271 1123 1649 609 2009 621 511 295 

13 5xFAD 2107 1158 1191 322 1335 531 384 213 

14 5xFAD 2740 1124 1534 505 1563 675 607 407 

21 5xFAD 2546 1241 1661 512 1478 735 712 476 

 mean 2456 1149 1534 499 1635 641 533 344 

 SD 228 48 186 95 233 71 118 92 

 

Table 27: Receptor density of M2 ANT (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3602 1745 2237 1041 4553 1442 889 1034 

2 wt 2620 1812 2281 1028 4293 1409 795 875 

3 wt 3322 1707 2095 744 4565 1282 716 890 

4 wt 4006 1882 2356 912 4840 1510 779 1047 

5 wt 2255 2035 2276 1169 5228 1282 694 920 

20 wt 2793 1819 2477 888 4961 1308 618 850 

 mean 3100 1833 2287 964 4740 1372 749 936 

 SD 657 116 127 147 335 96 94 84 

10 5xFAD 3452 1881 2583 859 4599 1301 575 809 

11 5xFAD 3188 1899 2185 1029 4657 1596 817 995 
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12 5xFAD 2558 1841 2535 1093 5184 1351 657 929 

13 5xFAD 2559 1749 2342 1071 4852 1415 603 816 

14 5xFAD 3531 1993 2724 797 5095 1555 671 948 

21 5xFAD 2121 1393 1852 799 3763 1025 612 708 

 mean 2901 1793 2370 941 4691 1374 656 867 

 SD 570 212 317 138 511 205 87 108 

 

Table 28: Receptor density of M3 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3812 4743 4364 3599 6687 7705 4977 6765 

2 wt 3148 5136 5417 5058 8053 7770 4320 7297 

3 wt 2335 4413 4116 3353 7304 6597 3777 6174 

4 wt 3061 4422 4452 3908 6874 6530 3455 6006 

5 wt 2735 4568 4259 4372 7724 7776 4102 7097 

20 wt 2131 5297 5389 3491 7541 7940 4388 7315 

 mean 2870 4763 4666 3963 7364 7386 4170 6776 

 SD 609 374 581 647 517 643 527 569 

10 5xFAD 2409 5742 5840 4987 8189 8724 4144 7204 

11 5xFAD 2575 5105 4695 4347 7748 8446 3676 7319 

12 5xFAD 2547 5581 5322 3710 8749 9234 4305 7922 

13 5xFAD 2594 4757 5036 4318 8408 8289 4009 7228 

14 5xFAD 3149 4796 5456 4041 7639 9540 3887 7978 

21 5xFAD 2228 3202 3211 2584 6289 6915 3230 5944 

 mean 2584 4864 4927 3998 7837 8525 3875 7266 

 SD 310 908 925 811 863 919 383 734 

 

Table 29: Receptor density of 5-HT2A (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 180 430 402 279 754 175 212 140 

2 wt 154 474 436 220 755 184 162 138 

3 wt 178 537 485 351 892 200 181 216 

4 wt 182 503 450 343 806 191 156 203 

5 wt 174 555 468 289 1113 247 214 289 

20 wt 242 628 542 354 887 345 337 231 

 mean 185 521 464 306 868 224 210 203 

 SD 30 69 48 53 134 65 67 58 

10 5xFAD 142 626 394 336 749 253 179 181 

11 5xFAD 174 427 386 279 713 241 199 158 

12 5xFAD 183 486 436 303 849 259 231 200 

13 5xFAD 184 456 454 338 820 277 275 195 

14 5xFAD 252 481 468 414 1049 325 277 240 

21 5xFAD 170 437 433 274 858 229 252 172 

 mean 184 485 429 324 840 264 235 191 

 SD 36 72 32 52 117 34 40 29 

 

Table 30: Receptor density of GABAA AG (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 
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animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1738 1820 2000 1389 1208 1540 1022 2333 

2 wt 2281 2249 2430 1733 1498 1854 1458 3372 

3 wt 2405 1882 2445 1814 1351 1647 1127 2706 

4 wt 2716 1572 2362 1843 1113 1507 1207 2777 

5 wt 1745 1262 1497 1550 1106 1284 868 2447 

20 wt 1973 2372 2753 1960 1751 2009 1301 2767 

 mean 2143 1860 2248 1715 1338 1640 1164 2734 

 SD 392 414 439 210 252 259 208 361 

10 5xFAD 1321 1983 2105 1635 1241 1504 1063 2220 

11 5xFAD 1887 1664 1954 1684 1400 1758 1118 2191 

12 5xFAD 1976 2071 2223 1558 1423 1659 990 2364 

13 5xFAD 1393 1776 1907 1586 1349 1156 930 1833 

14 5xFAD 2031 1649 1837 1481 1110 1205 883 1901 

21 5xFAD 1688 1564 1940 1388 1206 1326 915 1988 

 mean 1716 1784 1994 1555 1288 1435 983 2083 

 SD 302 201 143 107 123 246 92 207 

 

Table 31: Receptor density of GABAA ANT (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1925 2039 1825 1403 1223 3270 2167 3906 

2 wt 2258 1857 1733 1780 1219 3903 2538 4361 

3 wt 1917 2056 1983 1877 1347 3380 2367 4177 

4 wt 2242 2002 1986 1827 1212 3352 2153 3979 

5 wt 1820 1928 1703 1600 1053 3466 2114 3396 

20 wt 1417 2641 2733 2305 1293 3930 2386 3656 

 mean 1930 2087 1994 1799 1224 3550 2287 3912 

 SD 310 281 382 303 99 291 168 349 

10 5xFAD 1060 1060 1060 1060 1060 1060 2419 1060 

11 5xFAD 1655 1655 1655 1655 1655 1655 2272 1655 

12 5xFAD 1094 1094 1094 1094 1094 1094 1837 1094 

13 5xFAD 1218 1218 1218 1218 1218 1218 1657 1218 

14 5xFAD 2422 2422 2422 2422 2422 2422 2536 2422 

21 5xFAD 1753 1753 1753 1753 1753 1753 2207 1753 

 mean 1534 1534 1534 1534 1534 1534 2155 1534 

 SD 523 523 523 523 523 523 341 523 

 

Table 32: Receptor density of BZ (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 4232 4021 4771 3479 1426 5946 3157 6688 

2 wt 6885 4999 6064 2156 1779 5547 3291 6623 

3 wt 5587 4407 5874 4223 1794 4521 2977 5392 

4 wt 6741 4259 4680 3943 1430 4230 2989 5346 

5 wt 5002 4334 4687 3284 1439 5085 2812 5022 

20 wt 4952 4708 5864 4406 1649 6170 2739 6182 

 mean 5566 4455 5323 3582 1586 5250 2994 5875 

 SD 1058 347 674 819 177 777 206 715 

10 5xFAD 5839 5366 6120 4457 1660 6890 3292 7182 

11 5xFAD 6550 5553 6107 4627 1545 6233 3474 6514 
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12 5xFAD 5074 4882 5691 4130 1686 6411 3198 6679 

13 5xFAD 5135 4209 5098 3789 1513 5289 2478 5825 

14 5xFAD 5464 3623 4132 3542 1508 4026 2484 4641 

21 5xFAD 6870 4131 4742 3639 1489 5449 2776 5905 

 mean 5822 4627 5315 4031 1567 5716 2951 6124 

 SD 747 761 799 447 85 1023 430 885 

 

Table 33: Receptor density of GABAB (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2857 8318 7268 7728 3777 7114 5086 9726 

2 wt 3445 10535 10151 8971 6426 11326 7480 15183 

3 wt 3043 8673 9741 8705 4841 7174 5190 10040 

4 wt 2802 9748 9300 8743 5222 9299 7313 11894 

5 wt 2442 7241 6527 6488 3754 7158 5508 10222 

20 wt 3246 8782 8578 7818 3678 8055 4951 9860 

 mean 2973 8883 8594 8075 4616 8354 5921 11154 

 SD 354 1144 1433 933 1098 1684 1158 2126 

10 5xFAD 1379 9371 8832 7349 3792 7215 4837 9280 

11 5xFAD 2923 7527 7383 11492 3475 9849 7364 12462 

12 5xFAD 2313 8300 7713 5550 3257 7410 5670 9621 

13 5xFAD 2218 8367 8003 7024 3297 8046 5685 10781 

14 5xFAD 2617 9685 9383 5779 3983 10156 6496 12549 

21 5xFAD 2384 8758 7699 8790 4020 7231 5425 9430 

 mean 2306 8668 8169 7664 3637 8318 5913 10687 

 SD 520 783 773 2211 339 1343 889 1505 

 

Table 34: Receptor density of α1 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 845 1230 737 572 361 366 345 467 

2 wt 818 1018 654 486 273 200 218 286 

3 wt 663 561 401 420 151 143 111 196 

4 wt 687 700 407 370 133 124 129 196 

5 wt 637 738 461 324 139 170 140 211 

20 wt 891 853 532 518 168 212 161 275 

 mean 757 850 532 448 204 203 184 272 

 SD 107 241 138 93 92 87 87 103 

10 5xFAD 559 749 441 439 142 163 125 228 

11 5xFAD 690 833 449 318 126 157 137 246 

12 5xFAD 584 668 384 331 117 122 114 227 

13 5xFAD 649 587 389 340 120 125 114 194 

14 5xFAD 689 569 391 365 123 121 111 184 

21 5xFAD 828 783 471 453 180 179 168 257 

 mean 667 698 421 374 135 145 128 223 

 SD 96 108 37 58 24 25 22 29 

 

Table 35: Receptor density of α2 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean density 

± standard deviation quoted 
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animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 221 282 221 223 104 104 83 284 

2 wt 202 173 153 79 82 120 107 333 

3 wt 161 229 206 394 105 129 125 364 

4 wt 175 184 155 342 84 108 100 294 

5 wt 142 195 195 298 81 118 98 285 

20 wt 163 199 194 267 107 153 120 368 

 mean 177 210 187 267 94 122 105 321 

 SD 29 40 27 110 13 18 15 39 

10 5xFAD 216 288 248 329 139 184 151 387 

11 5xFAD 251 242 235 429 142 185 153 384 

12 5xFAD 212 271 227 337 150 183 166 407 

13 5xFAD 259 287 263 417 153 176 158 363 

14 5xFAD 197 300 248 359 143 178 154 492 

21 5xFAD 211 326 258 412 143 232 163 436 

 mean 224 286 246 381 145 190 157 411 

 SD 25 28 14 44 5 21 6 47 

 

Table 36: Receptor density of D1 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3643    

2 wt     2975    

3 wt     3483    

4 wt     3207    

5 wt     4307    

20 wt     3231    

 mean     3474    

 SD     469    

10 5xFAD     3287    

11 5xFAD     3122    

12 5xFAD     3686    

13 5xFAD     2552    

14 5xFAD     3848    

21 5xFAD     2787    

 mean     3214    

 SD     502    

 

Table 37: Receptor density of D2 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     321    

2 wt     319    

3 wt     406    

4 wt     392    

5 wt     385    

20 wt     465    

 mean     381    

 SD     55    

10 5xFAD     495    

11 5xFAD     488    
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12 5xFAD     525    

13 5xFAD     484    

14 5xFAD     417    

21 5xFAD     480    

 mean     481    

 SD     35    

 

Table 38: Receptor density of D2/3 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     2083    

2 wt     2267    

3 wt     2095    

4 wt     2236    

5 wt     2214    

20 wt     2423    

 mean     2220    

 SD     125    

10 5xFAD     2376    

11 5xFAD     2488    

12 5xFAD     2483    

13 5xFAD     2449    

14 5xFAD     2196    

21 5xFAD     2179    

 mean     2362    

 SD     141    

      2376    

 

Table 39: Receptor density of A2 (fmol/mg protein) of brain regions investigated of tg5xFAD mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3746    

2 wt     2972    

3 wt     3242    

4 wt     3046    

5 wt     2771    

20 wt     3538    

 mean     3219    

 SD     367    

10 5xFAD     2713    

11 5xFAD     3243    

12 5xFAD     2960    

13 5xFAD     2862    

14 5xFAD     2996    

21 5xFAD     3065    

 mean     2973    

 SD     180    
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Table 40: Receptor density of kainate (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1592 1078 905 755 1495 569 1485 1340 

2 wt 1463 1480 1346 1075 1915 640 1739 1428 

3 wt 1705 1239 1107 908 1767 578 1876 1454 

4 wt 1492 1052 888 885 1535 572 1894 1519 

5 wt 1287 1261 1315 860 1480 568 1525 1245 

20 wt 1533 1484 1300 911 1874 650 1500 1366 

 mean 1512 1266 1143 899 1678 596 1670 1392 

 SD 140 187 209 104 198 38 191 96 

15 5xFAD/ 
LRP1  

1337 1589 1523 885 1868 640 1992 1309 

16 1158 1463 1360 693 1886 693 2355 1495 

17 1243 1210 1061 774 1829 699 2000 1374 

35 1341 956 1005 621 1537 565 1681 1318 

36 1217 990 1004 726 1496 581 1937 1230 

37 1378 1143 1061 758 1690 504 1643 1198 

38 1007 1455 1379 937 1780 594 1930 1306 

39 1289 986 1048 648 1750 605 1928 1382 

40 1629 1273 1182 823 1760 588 1869 1471 

 mean 1160 1229 1180 763 1733 608 1926 1343 

 SD 438 233 193 105 137 62 205 99 

 

Table 41: Receptor density of NMDA (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 853 1308 1233 1215 807 3854 1160 3441 

2 wt 955 1458 1412 1933 1008 3634 1197 3613 

3 wt 1082 1781 1654 1705 1100 4458 1496 3952 

4 wt 981 1536 1444 1558 944 3921 1355 3614 

5 wt 831 1420 1278 1817 893 3674 1332 3254 

20 wt 916 1650 1594 1653 1059 4849 1293 4115 

 mean 936 1525 1436 1647 968 4065 1306 3665 

 SD 92 170 167 248 109 485 120 319 

15 5xFAD/ 
LRP1 

653 1436 1278 1381 924 4207 1382 3207 

16 818 1343 1351 1331 920 4615 1760 3621 

17 874 1841 1678 1756 987 5103 1516 3793 

35 821 1332 1223 1305 858 4575 1288 3587 

36 748 1461 1372 1511 855 4205 1490 3372 

37 837 1533 1395 1652 941 4424 1475 3498 

38 794 1605 1494 1562 927 4483 1669 3591 

39 897 1437 1453 1518 923 4447 1469 3559 

40 982 1627 1535 1526 967 4225 1402 3554 

 mean 743 1513 1420 1505 922 4476 1495 3531 

 SD 275 160 138 147 44 282 144 164 

 

Table 42: Receptor density of mGlu2/3 (fmol/mg protein) of brain regions investigated of tg5x FAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 
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1 wt 3484 7346 7816 8929 5854 3912 3343 7817 

2 wt 4664 10968 11807 16575 9079 6414 4890 11436 

3 wt 3176 7862 8443 10081 7613 4047 3967 10460 

4 wt 4989 11563 11755 14716 10242 6690 5470 11806 

5 wt 2830 9800 9862 14717 10411 5033 4206 11073 

20 wt 2267 8442 9488 9699 8170 4721 4204 10481 

 mean 3568 9330 9862 12453 8562 5136 4347 10512 

 SD 1060 1719 1656 3252 1726 1176 742 1422 

15 5xFAD/ 
LRP1 

3511 8406 9515 11455 6525 4164 4718 11680 

16 3447 9787 10840 11785 7523 3491 4001 9112 

17 3324 9203 9437 13281 7330 3106 3694 9329 

35 2901 7855 8952 8900 6614 2995 3573 9697 

36 2657 9216 10861 9492 8400 3150 3808 9966 

37 3239 9523 10131 12374 7585 3596 3841 10326 

38 2671 6485 7243 8893 6335 3827 3999 9253 

39 3050 7574 8322 12250 7128 3443 4410 10311 

40 3036 9782 11187 13506 7732 4297 4421 12097 

 mean 2783 8648 9610 11326 7241 3563 4052 10197 

 SD 1022 1146 1302 1800 664 460 383 1058 

 

Table 43: Receptor density of M1 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1560 2349 2211 2331 3562 4127 2301 4201 

2 wt 2474 4188 4233 4701 7843 7546 4078 8215 

3 wt 1632 2462 2343 2488 4589 4068 2268 4108 

4 wt 1565 2449 2263 2742 4269 4259 3301 4674 

5 wt 1517 2601 2695 3358 4782 4699 2622 4762 

20 wt 1631 3461 3614 2894 6336 6475 2948 5993 

 mean 1730 2918 2893 3086 5230 5196 2920 5325 

 SD 367 743 839 868 1573 1463 690 1567 

15 5xFAD/ 
LRP1 

1645 2707 2634 2529 5109 5663 2565 4850 

16 1642 3071 2755 3429 5523 6959 2801 5777 

17 1474 3182 2913 2907 5807 6577 2840 5811 

35 1417 2027 2064 2245 4209 6099 2483 4916 

36 1584 2870 2823 2861 6094 5876 2825 5296 

37 1306 2611 2596 2557 4776 4936 2370 4494 

38 1687 3333 3063 2553 5519 6997 3249 6397 

39 1684 3608 3452 3660 6251 7292 3245 6505 

40 1880 3312 3408 3156 5223 7063 3170 6579 

 mean 1432 2969 2856 2877 5390 6385 2839 5625 

 SD 528 475 427 464 644 790 329 777 

 

Table 44: Receptor density of M2 AG (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2993 998 1299 490 1373 613 624 447 

2 wt 3074 1168 1696 540 1637 792 752 540 

3 wt 2816 1105 1461 544 1586 645 735 433 

4 wt 2945 988 1282 484 1237 787 718 456 

5 wt 2570 1135 1322 609 1647 650 638 464 
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20 wt 2328 1151 1621 503 1593 611 632 381 

 mean 2788 1091 1447 528 1512 683 683 453 

 SD 286 78 177 47 168 84 58 52 

15 5xFAD/ 
LRP1 

2530 1069 1266 666 1595 680 696 359 

16 2630 1137 1520 604 1567 706 732 400 

17 2261 1135 1439 672 1687 650 589 443 

35 2261 970 1259 475 1445 641 551 447 

36 1961 879 1187 354 1037 692 630 448 

37 2223 1131 1580 549 1372 714 615 532 

38 1630 1152 1814 556 1632 623 486 402 

39 2393 1182 1798 557 1604 734 667 501 

40 2963 1239 1594 607 1577 835 785 541 

 mean 2085 1099 1495 560 1502 697 639 453 

 SD 817 111 228 98 199 63 93 62 

 

Table 45: Receptor density of M2 ANT (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3602 1745 2237 1041 4553 1442 889 1034 

2 wt 2620 1812 2281 1028 4293 1409 795 875 

3 wt 3322 1707 2095 744 4565 1282 716 890 

4 wt 4006 1882 2356 912 4840 1510 779 1047 

5 wt 2255 2035 2276 1169 5228 1282 694 920 

20 wt 2793 1819 2477 888 4961 1308 618 850 

 mean 3100 1833 2287 964 4740 1372 749 936 

 SD 657 116 127 147 335 96 94 84 

15 5xFAD/ 
LRP1 

1898 1540 1802 990 4649 1678 821 1012 

16 2756 1669 1955 917 4571 1392 833 917 

17 2119 1645 2023 798 4567 1433 652 793 

35 2307 1446 1828 969 3951 1376 668 822 

36 2566 1468 1903 816 3984 1448 742 855 

37 2601 1438 1989 3279 3567 1165 560 741 

38 2616 1985 2543 1137 4391 1533 689 1042 

39 2395 1455 2036 915 3733 1292 549 798 

40 2669 1607 2009 807 4289 1329 627 855 

 mean 2193 1584 2010 1181 4189 1405 682 871 

 SD 815 175 217 794 394 146 101 101 

 

Table 46: Receptor density of M3 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 3812 4743 4364 3599 6687 7705 4977 6765 

2 wt 3148 5136 5417 5058 8053 7770 4320 7297 

3 wt 2335 4413 4116 3353 7304 6597 3777 6174 

4 wt 3061 4422 4452 3908 6874 6530 3455 6006 

5 wt 2735 4568 4259 4372 7724 7776 4102 7097 

20 wt 2131 5297 5389 3491 7541 7940 4388 7315 

 mean 2870 4763 4666 3963 7364 7386 4170 6776 

 SD 609 374 581 647 517 643 527 569 

15 5xFAD/ 
LRP1 

2669 4708 5028 4544 6562 7060 3694 5347 

16 2572 4209 4434 2731 7656 7981 3922 6053 
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17 2133 4332 4504 3620 6328 7087 3483 5983 

35 2542 4283 4226 3747 7551 8312 4272 7216 

36 2189 4293 4356 2932 6528 7183 3774 6025 

37 2079 4452 4486 3053 7360 7059 3462 5985 

38 2295 4409 4574 4590 6321 6671 3750 5896 

39 2579 4861 5250 3794 6981 7907 3908 6361 

40 2520 5832 5934 4368 8020 9261 3915 7078 

 mean 2158 4598 4755 3709 7034 7613 3798 6216 

 SD 787 509 550 700 635 820 248 591 

 

Table 47: Receptor density of 5-HT2A (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 180 430 402 279 754 175 212 140 

2 wt 154 474 436 220 755 184 162 138 

3 wt 178 537 485 351 892 200 181 216 

4 wt 182 503 450 343 806 191 156 203 

5 wt 174 555 468 289 1113 247 214 289 

20 wt 242 628 542 354 887 345 337 231 

 mean 185 521 464 306 868 224 210 203 

 SD 30 69 48 53 134 65 67 58 

15 5xFAD/ 
LRP1 

236 607 617 446 1108 331 275 213 

16 237 593 619 284 1141 347 370 234 

17 223 555 517 362 996 344 316 237 

35 197 438 398 290 952 266 214 168 

36 199 605 453 344 1102 270 267 216 

37 200 507 483 371 1189 280 234 181 

38 170 507 376 305 752 252 175 169 

39 172 465 473 310 964 285 263 238 

40 184 465 487 389 1012 263 268 172 

 mean 182 527 492 345 1024 293 265 203 

 SD 68 65 84 53 131 37 56 31 

 

Table 48: Receptor density of GABAA AG (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1738 1820 2000 1389 1208 1540 1022 2333 

2 wt 2281 2249 2430 1733 1498 1854 1458 3372 

3 wt 2405 1882 2445 1814 1351 1647 1127 2706 

4 wt 2716 1572 2362 1843 1113 1507 1207 2777 

5 wt 1745 1262 1497 1550 1106 1284 868 2447 

20 wt 1973 2372 2753 1960 1751 2009 1301 2767 

 mean 2143 1860 2248 1715 1338 1640 1164 2734 

 SD 392 414 439 210 252 259 208 361 

15 5xFAD/ 
LRP1 

1523 1854 1823 1938 1457 1746 1201 2375 

16 1792 1718 1935 1757 1341 1281 872 1853 

17 1990 1951 2121 1888 1461 1478 1341 2533 

35 1971 1550 1753 1596 1174 1286 899 1985 

36 1945 1655 1918 1370 1154 1271 956 2196 

37 1370 1598 1749 1402 997 1440 894 2072 

38 2209 1766 2292 1975 1275 1457 874 1899 
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39 1903 2130 2480 1832 1452 2116 1358 2811 

40 1726 1827 2107 1422 969 1496 1020 2222 

 mean 1643 1783 2020 1687 1253 1508 1046 2216 

 SD 626 182 251 243 192 272 200 314 

 

Table 49: Receptor density of GABAA ANT (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 1925 2039 1825 1403 1223 3270 2167 3906 

2 wt 2258 1857 1733 1780 1219 3903 2538 4361 

3 wt 1917 2056 1983 1877 1347 3380 2367 4177 

4 wt 2242 2002 1986 1827 1212 3352 2153 3979 

5 wt 1820 1928 1703 1600 1053 3466 2114 3396 

20 wt 1417 2641 2733 2305 1293 3930 2386 3656 

 mean 1930 2087 1994 1799 1224 3550 2287 3912 

 SD 310 281 382 303 99 291 168 349 

15 5xFAD/ 
LRP1 

1610 2686 2376 2442 1424 3529 2233 3267 

16 1550 2351 2127 2176 1524 3680 2801 4479 

17 1829 2505 2159 2221 1371 3436 2505 3542 

35 1758 1260 1364 1782 840 2281 1583 2507 

36 1343 2073 1881 1464 1183 3510 2399 3981 

37 1942 1790 1798 1675 1153 3836 2257 4439 

38 1785 2207 1935 1712 1230 3977 2270 4130 

39 1135 2163 2299 1713 1154 4147 2521 4307 

40 1763 2514 2343 2008 1355 3658 2477 4169 

 mean 1471 2172 2031 1910 1248 3562 2339 3869 

 SD 571 435 325 318 201 533 334 650 

 

Table 50: Receptor density of BZ (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 4232 4021 4771 3479 1426 5946 3157 6688 

2 wt 6885 4999 6064 2156 1779 5547 3291 6623 

3 wt 5587 4407 5874 4223 1794 4521 2977 5392 

4 wt 6741 4259 4680 3943 1430 4230 2989 5346 

5 wt 5002 4334 4687 3284 1439 5085 2812 5022 

20 wt 4952 4708 5864 4406 1649 6170 2739 6182 

 mean 5566 4455 5323 3582 1586 5250 2994 5875 

 SD 1058 347 674 819 177 777 206 715 

15 5xFAD/ 
LRP1 

5465 3703 4394 3578 1482 3562 2376 3862 

16 6322 4054 4625 3123 1644 5005 3037 5609 

17 5588 4249 4370 4184 1648 5034 2845 5984 

35 5628 4209 4669 3553 1372 5372 2753 6159 

36 5391 4035 4383 3779 1546 5080 2978 5567 

37 5417 5665 5613 4176 2469 6692 3311 7487 

38 6535 5325 6307 4443 1532 6466 2907 6794 

39 4427 4063 4809 3438 1329 5366 2717 5746 

40 6682 4630 5422 4081 1502 6503 3300 6407 

 mean 5146 4437 4955 3817 1614 5453 2914 5957 

 SD 1924 653 678 430 338 985 293 1000 



Appendix 

160 

Table 51: Receptor density of GABAB (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. 

Mean density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 2857 8318 7268 7728 3777 7114 5086 9726 

2 wt 3445 10535 10151 8971 6426 11326 7480 15183 

3 wt 3043 8673 9741 8705 4841 7174 5190 10040 

4 wt 2802 9748 9300 8743 5222 9299 7313 11894 

5 wt 2442 7241 6527 6488 3754 7158 5508 10222 

20 wt 3246 8782 8578 7818 3678 8055 4951 9860 

 mean 2973 8883 8594 8075 4616 8354 5921 11154 

 SD 354 1144 1433 933 1098 1684 1158 2126 

15 5xFAD/ 
LRP1 

1963 11458 10794 11257 5491 11936 8489 15243 

16 2570 11561 11505 2397 3895 12373 8861 15305 

17 3005 11958 11170 11686 4498 11313 7373 14270 

35 2718 8305 7266 7515 3311 8975 5301 10218 

36 2690 8121 7555 5696 3019 7475 5077 9515 

37 2666 9804 9093 7313 4283 10466 6854 13334 

38 2551 7944 7534 7173 3665 9215 5495 11309 

39 2174 7006 6724 5273 2719 6683 4379 7915 

40 3128 8690 8178 8040 3589 6785 5280 8700 

 mean 2347 9428 8869 7372 3830 9469 6345 11757 

 SD 893 1830 1842 2876 841 2184 1607 2856 

 

Table 52: Receptor density of α1 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 845 1230 737 572 361 366 345 467 

2 wt 818 1018 654 486 273 200 218 286 

3 wt 663 561 401 420 151 143 111 196 

4 wt 687 700 407 370 133 124 129 196 

5 wt 637 738 461 324 139 170 140 211 

20 wt 891 853 532 518 168 212 161 275 

 mean 757 850 532 448 204 203 184 272 

 SD 107 241 138 93 92 87 87 103 

15 5xFAD/ 
LRP1 

747 663 448 339 120 138 120 221 

16 728 818 448 338 145 136 141 235 

17 696 764 472 469 137 159 132 239 

35 674 758 433 309 162 170 160 265 

36 711 749 485 427 166 162 167 260 

37 771 783 478 416 176 152 149 265 

38 571 764 462 244 165 149 151 241 

39 511 761 470 391 166 166 152 219 

40 871 831 484 568 158 164 146 252 

 mean 628 766 465 389 155 155 146 244 

 SD 242 48 18 96 18 12 14 17 

 

Table 53: Receptor density of α2 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt 221 282 221 223 104 104 83 284 
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2 wt 202 173 153 79 82 120 107 333 

3 wt 161 229 206 394 105 129 125 364 

4 wt 175 184 155 342 84 108 100 294 

5 wt 142 195 195 298 81 118 98 285 

20 wt 163 199 194 267 107 153 120 368 

 mean 177 210 187 267 94 122 105 321 

 SD 29 40 27 110 13 18 15 39 

15 5xFAD/ 
LRP1 

217 305 264 467 160 181 135 338 

16 236 250 220 388 138 168 141 310 

17 231 259 215 443 130 155 137 296 

35 274 272 260 371 162 188 181 392 

36 243 372 362 437 184 200 183 366 

37 259 379 319 472 204 205 192 389 

38 268 361 325 404 184 201 193 439 

39 235 295 301 382 178 211 200 453 

40 232 341 317 404 190 170 177 369 

 mean 220 315 287 419 170 187 171 373 

 SD 79 50 50 37 25 19 26 53 

 

Table 54: Receptor density of D1 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3643    

2 wt     2975    

3 wt     3483    

4 wt     3207    

5 wt     4307    

20 wt     3231    

 mean     3474    

 SD     469    

15 5xFAD/ 
LRP1 

    3984    

16     3417    

17     3226    

35     2865    

36     2788    

37     3314    

38     3287    

39     2549    

40     2499    

 mean     3103    

 SD     474    

 

Table 55: Receptor density of D2 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     321    

2 wt     319    

3 wt     406    

4 wt     392    

5 wt     385    

20 wt     465    
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 mean     381    

 SD     55    

15 5xFAD/ 
LRP1  

    578    

16     567    

17     576    

35     426    

36     378    

37     395    

38     468    

39     397    

40     498    

 mean     476    

 SD     83    

 

Table 56: Receptor density of D2/3 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     2083    

2 wt     2267    

3 wt     2095    

4 wt     2236    

5 wt     2214    

20 wt     2423    

 mean     2220    

 SD     125    

15 5xFAD/ 
LRP1  

    2511    

16     2263    

17     2330    

35     2324    

36     2595    

37     2350    

38     2013    

39     1957    

40     2442    

 mean     2310    

 SD     211    

 

Table 57: Receptor density of A2 (fmol/mg protein) of brain regions investigated of tg5xFAD/LRP1 mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

1 wt     3746    

2 wt     2972    

3 wt     3242    

4 wt     3046    

5 wt     2771    

20 wt     3538    

 mean     3219    

 SD     367    

15 5xFAD/ 
LRP1  

    3261    

16     3661    

17     3895    

35     2645    
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36     2559    

37     2974    

38     2803    

39     3155    

40     3042    

 mean     3110    

 SD     445    

 

Table 58: Receptor density of AMPA (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 699 1028 973 1827 734 2017 1836 1909 

9 wt 600 1114 1004 2193 848 1942 1506 1811 

10 wt 931 1263 1185 1913 897 2317 2205 1957 

11 wt 860 986 870 2057 699 2394 2099 2316 

12 wt 740 765 824 1896 1170 2176 2106 1888 

13 wt 779 1083 1052 1747 837 1994 2255 2016 

14 wt 849 882 939 1808 830 1992 1854 1683 

 mean 780 1017 978 1920 859 2119 1980 1940 

 SD 111 162 120 155 153 179 264 197 

1 ArcAβ 676 881 753 1552 679 2121 1577 1531 

2 ArcAβ 813 1067 878 2050 877 2057 1895 1619 

3 ArcAβ 1216 831 1023 1534 861 2286 2308 1891 

4 ArcAβ 661 1147 1181 1955 931 2618 2351 2116 

5 ArcAβ 657 1122 969 2126 885 2511 2227 2166 

6 ArcAβ 885 1155 1198 2284 821 2478 2156 2016 

7 ArcAβ 688 1019 837 1674 760 2057 1651 1586 

 mean 799 1032 977 1882 831 2304 2024 1846 

 SD 203 130 169 297 86 234 316 266 

 

Table 59: Receptor density of kainate (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 2049 1868 1618 1327 2072 653 1898 1883 

9 wt 2186 1954 1614 1022 2234 731 2213 1985 

10 wt 2102 1967 1787 1014 2200 653 2022 1618 

11 wt 2432 2018 1758 1272 2542 853 3029 1995 

12 wt 2272 2341 1774 1194 2301 813 2427 1869 

13 wt 2547 2003 1812 809 2335 789 2433 1841 

14 wt 2484 2157 1923 1039 2417 833 2577 1909 

 mean 2296 2044 1755 1097 2300 761 2371 1871 

 SD 195 157 109 178 153 83 377 126 

1 ArcAβ 2022 1414 1320 590 1769 713 1927 1859 

2 ArcAβ 2093 1667 1693 1127 1953 806 2618 2071 

3 ArcAβ 2029 2220 1763 916 1994 841 2819 1868 

4 ArcAβ 2634 1574 1511 580 2103 761 2087 1891 

5 ArcAβ 1852 1529 1525 773 1979 741 1882 2030 

6 ArcAβ 2990 1785 1864 898 1998 756 2180 1882 

7 ArcAβ 2100 1925 1600 1153 2056 843 2078 2207 

 mean 2246 1730 1611 863 1979 780 2227 1973 

 SD 409 274 181 231 105 50 355 133 
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Table 60: Receptor density of NMDA (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 813 813 1191 1398 825 3341 1467 3127 

9 wt 682 682 707 608 433 2086 1016 2171 

10 wt 781 781 1445 1269 1013 4288 1571 3476 

11 wt 715 715 1319 1347 1072 3558 1420 3066 

12 wt 764 764 1166 1300 959 3425 1780 3275 

13 wt 984 984 1551 1566 949 2545 1234 1612 

14 wt 751 751 1119 1298 848 2244 895 1926 

 mean 784 784 1214 1255 871 3070 1340 2665 

 SD 98 98 273 302 211 801 312 742 

1 ArcAβ 748 1301 1065 1381 773 2998 1308 2724 

2 ArcAβ 802 1559 1443 1626 1021 3973 1587 3293 

3 ArcAβ 1182 1571 1373 1573 1048 3883 1641 3493 

4 ArcAβ 988 1814 1614 1656 1110 4399 2240 3603 

5 ArcAβ 807 1587 1383 1452 938 3029 1339 2939 

6 ArcAβ 952 1778 1504 1693 962 3975 1418 3409 

7 ArcAβ 905 1682 1461 1648 932 3473 1573 3533 

 mean 912 1613 1406 1576 969 3676 1587 3285 

 SD 147 171 171 116 108 526 316 331 

 

Table 61: Receptor density of mGlu2/3 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 1983 3896 3867 3535 3015 2464 2381 3922 

9 wt 2127 2875 3180 3710 2041 2291 2261 4026 

10 wt 2128 2972 2967 2487 2036 1711 1727 2919 

11 wt 1915 3856 3854 3138 2599 2503 2461 4185 

12 wt 1871 3125 2964 4124 2516 1949 2055 3313 

13 wt 1988 3801 4101 4180 2442 2511 2042 3268 

14 wt 2187 3045 3243 3928 2292 2074 2046 3684 

 mean 2028 3367 3453 3586 2420 2215 2139 3616 

 SD 120 460 474 603 342 312 249 464 

1 ArcAβ 2739 2722 2658 2573 2074 1992 1924 3340 

2 ArcAβ 1908 3297 3423 1790 2709 2321 2263 3804 

3 ArcAβ 2258 3666 3815 2707 2537 2591 2440 4053 

4 ArcAβ 1912 2977 3153 3211 2202 2339 1982 3735 

5 ArcAβ 1858 3650 3292 2414 2775 2082 1980 3688 

6 ArcAβ 2040 3571 3867 3822 2537 2061 2136 3799 

7 ArcAβ 2092 3369 3344 3566 2646 2000 2277 3524 

 mean 2115 3322 3365 2869 2497 2198 2143 3706 

 SD 307 358 410 707 263 225 192 226 

 

Table 62: Receptor density of M1 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 4216 6676 7061 7350 11172 11639 6661 13129 

9 wt 3830 6327 6216 6224 10499 9824 6941 13075 
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10 wt 3071 6228 6224 6912 9379 10257 5044 9527 

11 wt 4245 8084 7623 7424 12558 15122 7929 15932 

12 wt 3126 8005 7821 8869 11432 8899 4794 9168 

13 wt 3497 9991 9551 8789 14731 14617 9441 17413 

14 wt 5463 8104 7989 7489 12561 11494 6941 12763 

 mean 3921 7631 7498 7579 11762 11693 6821 13001 

 SD 828 1337 1157 957 1723 2370 1603 3025 

1 ArcAβ 4304 4527 4402 5284 7546 8262 4203 8111 

2 ArcAβ 4853 7043 7205 7970 12443 12679 6714 12885 

3 ArcAβ 3923 5484 5135 5856 8075 7189 4409 7650 

4 ArcAβ 4534 7889 7195 7282 13248 13692 7107 14026 

5 ArcAβ 4221 7132 7186 6901 12010 10545 5707 11259 

6 ArcAβ 3467 7387 7006 7941 11884 13596 6685 13604 

7 ArcAβ 4698 8262 7556 8948 14697 14615 7002 14640 

 mean 4286 6818 6526 7169 11415 11511 5975 11739 

 SD 476 1338 1230 1276 2642 2895 1228 2845 

 

Table 63: Receptor density of M2 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 2994 1179 1586 613 1689 683 655 521 

9 wt 2797 1223 1569 601 1793 692 622 550 

10 wt 2421 1291 1661 604 2142 714 565 527 

11 wt 2760 1358 1754 684 2202 668 711 531 

12 wt 2781 1197 1442 523 1389 803 720 597 

13 wt 3323 1482 2072 807 2611 862 748 714 

14 wt 3143 1432 1956 747 2192 706 731 629 

 mean 2888 1309 1720 654 2002 733 679 581 

 SD 294 119 225 98 405 72 67 71 

1 ArcAβ 2927 1350 1822 599 2047 558 545 467 

2 ArcAβ 3011 1334 1953 495 2196 599 580 464 

3 ArcAβ 2148 1291 1774 677 1705 692 723 565 

4 ArcAβ 2867 1626 2143 506 2166 696 647 527 

5 ArcAβ 2877 1392 2093 425 2137 716 1030 1785 

6 ArcAβ 2803 1464 2197 654 2180 663 678 482 

7 ArcAβ 2889 1312 1955 643 2076 611 610 460 

 mean 2789 1396 1991 571 2073 648 688 679 

 SD 289 116 160 96 171 59 162 490 

 

Table 64: Receptor density of 5-HT1A (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 35 152 133 54 17 699 89 141 

9 wt 37 173 115 45 20 656 69 159 

10 wt 45 157 164 35 20 992 107 280 

11 wt 47 223 156 41 20 906 114 333 

12 wt 49 179 111 53 20 798 67 136 

13 wt 54 162 112 52 20 873 82 133 

14 wt 48 145 115 53 21 644 75 116 

 mean 45 170 129 48 20 795 86 185 

 SD 7 26 22 7 1 134 18 85 
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1 ArcAβ 34 160 114 27 16 777 119 339 

2 ArcAβ 34 123 115 33 17 864 84 174 

3 ArcAβ 48 134 110 50 17 1004 91 329 

4 ArcAβ 49 202 143 46 19 1078 96 203 

5 ArcAβ 34 148 85 68 18 1070 121 242 

6 ArcAβ 46 129 92 56 20 915 94 214 

7 ArcAβ 46 143 120 54 23 982 94 176 

 mean 42 148 111 48 18 956 100 240 

 SD 7 27 19 14 2 110 14 68 

 

Table 65: Receptor density of 5-HT2A (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 522 1197 979 1008 1645 843 1016 697 

9 wt 563 1231 977 995 1464 832 940 672 

10 wt 562 1137 1080 1029 1762 922 883 808 

11 wt 560 1108 971 907 1620 839 964 663 

12 wt 490 1166 1088 715 1559 863 903 659 

13 wt 528 1209 1012 919 1572 781 879 619 

14 wt 577 1257 1046 998 1654 778 884 654 

 mean 543 1186 1022 939 1611 837 924 682 

 SD 31 52 50 109 93 49 52 60 

1 ArcAβ 535 1486 1171 1196 1913 827 816 1026 

2 ArcAβ 530 1285 1255 1106 1936 823 1010 755 

3 ArcAβ 605 1278 1093 978 1699 848 897 702 

4 ArcAβ 544 1364 1120 982 1709 762 823 680 

5 ArcAβ 534 1257 1078 847 1814 840 919 727 

6 ArcAβ 503 1214 1161 1041 1753 720 763 630 

7 ArcAβ 497 1221 1005 945 1800 617 820 544 

 mean 535 1301 1126 1014 1803 777 864 723 

 SD 35 96 79 114 93 84 83 151 

 

Table 66: Receptor density of GABAA (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 2243 2686 3090 2781 1853 2451 2039 3453 

9 wt 2061 3371 3592 3056 2077 2527 2308 3881 

10 wt 2397 2958 3120 2496 1733 2791 2237 3695 

11 wt 2321 3200 3236 2801 1926 2780 2465 3918 

12 wt 2167 2548 2469 1966 1677 2430 2280 3493 

13 wt 2473 3054 3528 3039 1817 2485 2035 3497 

14 wt 2110 2565 3133 2845 1552 2577 2349 3829 

 mean 2253 2912 3167 2712 1805 2577 2245 3681 

 SD 152 321 368 378 172 150 159 200 

1 ArcAβ 2345 3029 3375 2804 1568 2903 2142 3668 

2 ArcAβ 1522 2452 2821 2592 1436 2348 1836 2986 

3 ArcAβ 1390 3021 3222 2437 1680 2244 1804 3063 

4 ArcAβ 2152 2584 2825 1310 1604 2585 1905 3047 

5 ArcAβ 1591 2688 3167 2705 1570 2817 2011 3808 

6 ArcAβ 2124 3016 3917 2943 1707 2567 2046 3512 

7 ArcAβ 1576 2950 2911 2151 1615 2827 2146 3693 

 mean 1814 2820 3177 2421 1597 2613 1984 3397 
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 SD 379 241 389 553 88 252 139 353 

 

Table 67: Receptor density of BZ (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 52273 36803 29886 38031 12678 22184 21989 52108 

9 wt 39400 31950 23788 22116 12740 31972 22028 17142 

10 wt 42739 41810 43349 14782 13850 26982 17674 17112 

11 wt 48008 28962 31976 22203 10120 46791 26811 53050 

12 wt 44200 43008 42117 35644 13331 24282 25799 45085 

13 wt 48937 41214 31331 41264 13365 36553 24435 44478 

14 wt 37919 36268 37142 27192 14604 39658 21509 45017 

 mean 52273 36803 29886 38031 12678 22184 22892 39142 

 SD 39400 31950 23788 22116 12740 31972 3079 15434 

1 ArcAβ 44503 12365 25576 37100 12623 33657 15736 18422 

2 ArcAβ 46523 31790 36627 19437 11170 42951 18699 44351 

3 ArcAβ 32257 26638 39027 32689 12712 42413 23364 37652 

4 ArcAβ 46652 36216 31160 31685 11413 30278 19754 43456 

5 ArcAβ 41745 36960 37813 33435 7967 39748 21456 44794 

6 ArcAβ 48090 38399 43030 36766 12006 37631 20443 43704 

7 ArcAβ 35952 34883 41989 38035 5857 39321 12975 46318 

 mean 42246 31036 36460 32735 10535 38000 18918 39814 

 SD 6008 9124 6174 6348 2612 4608 3529 9818 

 

Table 68: Receptor density of GABAB (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 2731 5158 4973 5412 2625 5202 4515 6517 

9 wt 3027 6933 5866 5596 2997 6030 4714 7969 

10 wt 3153 6422 6010 4902 2623 7195 5645 8425 

11 wt 2808 6127 5871 6770 3087 5914 4831 7708 

12 wt 3348 6392 6397 6239 3369 7322 5583 8659 

13 wt 3000 6143 5911 6004 2943 5545 4847 6833 

14 wt 3452 8042 7120 6031 3397 7766 6255 10690 

 mean 3074 6460 6021 5851 3006 6425 5199 8115 

 SD 265 879 646 607 313 990 636 1379 

1 ArcAβ 2993 4872 4764 5358 2445 6051 4919 7735 

2 ArcAβ 2902 6485 5709 5237 3077 5822 4721 7234 

3 ArcAβ 2736 5841 5564 5463 2563 6995 5875 8976 

4 ArcAβ 3411 5385 5642 6047 2794 6191 5726 7590 

5 ArcAβ 2892 5996 5157 4930 2745 6100 4315 7771 

6 ArcAβ 3250 6858 6100 6943 2948 6056 5191 7984 

7 ArcAβ 2775 5480 5736 7080 2867 5206 4379 6837 

 mean 2994 5845 5525 5865 2777 6060 5018 7732 

 SD 249 677 436 852 218 529 615 669 
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Table 69: Receptor density of α1 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 546 540 401 458 154 198 169 235 

9 wt 519 494 370 405 154 197 162 232 

10 wt 488 422 330 356 151 188 167 227 

11 wt 526 527 386 370 163 201 177 244 

12 wt 517 533 367 369 152 202 190 243 

13 wt 550 539 387 416 156 188 174 240 

14 wt 554 597 397 375 156 203 179 250 

 mean 528 522 377 393 155 197 174 239 

 SD 23 54 24 36 4 6 9 8 

1 ArcAβ 555 518 392 398 166 203 180 249 

2 ArcAβ 509 542 393 368 169 205 180 244 

3 ArcAβ 326 600 397 410 176 178 171 217 

4 ArcAβ 514 540 409 423 184 211 202 281 

5 ArcAβ 388 519 398 385 195 192 171 247 

6 ArcAβ 537 617 417 391 180 212 200 262 

7 ArcAβ 431 484 367 389 164 184 165 230 

 mean 466 546 396 395 176 198 181 247 

 SD 86 47 16 18 11 13 14 21 

 

Table 70: Receptor density of α2 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt 338 417 334 555 188 251 211 500 

9 wt 346 297 261 422 175 207 148 408 

10 wt 323 265 209 380 173 234 217 427 

11 wt 303 327 267 465 177 233 328 397 

12 wt 316 470 363 489 207 239 219 451 

13 wt 324 334 289 433 206 237 224 483 

14 wt 313 315 278 515 211 224 211 429 

 mean 323 346 286 465 191 232 223 442 

 SD 15 72 50 59 17 14 53 38 

1 ArcAβ 379 304 243 567 155 219 177 491 

2 ArcAβ 286 344 309 559 198 284 233 514 

3 ArcAβ 423 309 246 572 174 193 178 448 

4 ArcAβ 396 344 296 566 201 275 263 502 

5 ArcAβ 379 413 342 661 209 217 217 535 

6 ArcAβ 335 380 329 783 210 262 267 565 

7 ArcAβ 420 370 363 603 241 255 218 518 

 mean 374 352 304 616 198 244 222 510 

 SD 49 39 46 82 28 34 36 36 
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Table 71: Receptor density of D1 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt     5204    
9 wt     6139    

10 wt     6323    
11 wt     6487    
12 wt     5626    
13 wt     5775    
14 wt     5054    

 mean     5801    
 SD     548    

1 ArcAβ     4118    
2 ArcAβ     4927    
3 ArcAβ     4601    
4 ArcAβ     4646    
5 ArcAβ     5584    
6 ArcAβ     5499    
7 ArcAβ     4946    
 mean     4903    
 SD     516    

 

Table 72: Receptor density of D2 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt     941    
9 wt     924    

10 wt     947    
11 wt     996    
12 wt     979    
13 wt     1004    
14 wt     1062    

 mean     979    
 SD     47    

1 ArcAβ     1013    
2 ArcAβ     932    
3 ArcAβ     973    
4 ArcAβ     1011    
5 ArcAβ     1010    
6 ArcAβ     1025    
7 ArcAβ     1052    
 mean     1002    
 SD     39    
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Table 73: Receptor density of D2/3 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean 

density ± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt     3968    
9 wt     4174    

10 wt     4097    
11 wt     3933    
12 wt     3533    
13 wt     3916    
14 wt     4139    

 mean     3966    
 SD     217    

1 ArcAβ     4567    
2 ArcAβ     4049    
3 ArcAβ     4092    
4 ArcAβ     4673    
5 ArcAβ     4184    
6 ArcAβ     4562    
7 ArcAβ     4508    
 mean     4377    
 SD     259    

 

Table 74: Receptor density of A2 (fmol/mg protein) of brain regions investigated of tgArcAβ mice. Mean density 

± standard deviation quoted 

animal Group OB M1 S1 Pir CPu CA1 MosHil MGr 

8 wt     4309    
9 wt     4909    

10 wt     5880    
11 wt     5006    
12 wt     4063    
13 wt     5409    
14 wt     4637    

 mean     4888    
 SD     626    

1 ArcAβ     4001    
2 ArcAβ     4407    
3 ArcAβ     4683    
4 ArcAβ     4507    
5 ArcAβ     4206    
6 ArcAβ     4596    
7 ArcAβ     5225    
 mean     4518    
 SD     390    
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