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Abstract 

The association between obesity and sucrose consumption has been well 

established. It has been found that sucrose consumption incurs many neurological and 

cognitive deficits. It has been previously reported that sucrose consumption reduced 

hippocampal neurogenesis and changed glial cells behaviour, however its effects on 

other neurogenic areas such as the subventricular (SVZ) remain unclear. Therefore, 

we studied the effects of long-term sucrose on a well-established drinking mouse 

model with ad libitum access to a 25% sucrose drink for 13 weeks. The results showed 

that there were no changes to SVZ neurogenesis. However, there was a reduction of 

neuroblasts in the vertical arm of the rostral migratory stream (RMS) with no change 

in the elbow of the RMS. At the level of the olfactory bulb (OB), sucrose consumption 

was found to cause an increase in the population of calbindin juxtaglomerular cells, 

however there were no changes to the populations of calretinin, tyrosine hydroxylase 

juxtaglomerular cells, and granule cell populations. The data regarding glial cell 

behaviours did not show any significant changes to the microglia of the SVZ, RMS or 

OB however, sucrose consumption affected astrocyte behaviour in these regions. All 

together, these results contribute to the growing body of research surrounding the 

effect of diet on the neurogenic regions of the brain which leads to cognitive deficits.   
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Chapter 1:  Introduction 

1.1 Background 

Obesity is highly prevalent in modern society (GBD 2015 Obesity Collaborators 

et al., 2017; OECD, 2019). With almost 60% of adults being overweight, of which 

25% are classified as obese (OECD, 2019). It causes a number of health and financial 

burdens to the society (Apovian, 2016; PwC Australia, 2015) and individuals with 

obesity also endure a lower quality of life (Y.-K. Wu & Berry, 2018). The association 

between sugar consumption and obesity has received a lot of scrutiny, as it is known 

to drive weight gain and predict body mass index (Lin et al., 2018; Luger et al., 2017; 

Malik et al., 2013). Australian adolescents and children consume copious amounts of 

ultra processed, high-sugar foods, as it makes up for more than 50% of energy intake, 

far surpassing recommended 10% cutoff of energy consumption via free sugars 

(Machado et al., 2020). With the grave toll of obesity, and the excessive intake of sugar 

in modern diets, it is important to research the impact of this obesogenic diet on the 

brain.  

The effects of sugar consumption on memory has been reported previously 

(Beecher, Alvarez Cooper, et al., 2021; Beilharz et al., 2014, 2016). Our lab recently 

found that long-term sucrose consumption causes deficits in spatial and episodic 

memory due to  reductions in hippocampal (memory part of the brain) neurogenesis 

(Beecher, Alvarez Cooper, et al., 2021). The overconsumption of sugar-sweetened 

beverages have been shown to affect sleep quality and motor coordination, while also 

producing attention deficit hyperactivity disorder (ADHD) in children (Anjum et al., 

2018). While these pathologies are more commonly known, the effect of sugar 

consumption on neurogenic areas of the forebrain remains obscure.  
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Neurogenesis is the process which involves the production of new neurons. 

There are only a few areas in the brain which undergo neurogenesis postnatally: the 

dentate gyrus of the hippocampus and the subventricular zone (SVZ) in rodents and 

humans (Abdissa et al., 2020; Lalli, 2014; Leiter et al., 2022). However, the topic of 

human neurogenesis remains highly controversial (Gage, 2019; Kempermann et al., 

2018). It seems, SVZ neurogenesis declines in childhood (Coletti et al., 2018; Paredes 

et al., 2016; Wang et al., 2011). However, early-post-natal SVZ neurogenesis in 

humans has been proposed to have a necessary role in synaptic plasticity (Sanai et al., 

2011). Therefore, this region remains a viable research avenue for assessing the effect 

of sugar consumption on forebrain adult neurogenesis.  

The SVZ undergoes neurogenesis to send the newborn neurons, or neuroblasts, 

to the olfactory bulb. Once they have arrived at the olfactory bulb the neuroblasts then 

differentiate into olfactory interneurons, a cell type which aims to regulate the 

surrounding circuitry (Burton, 2017; Matsuno et al., 2017; Najac et al., 2015; Schoppa 

& Urban, 2003). Many lifestyle and dietary factors including glucose intake, vitamin 

C intake and physical activity have been found to affect SVZ neurogenesis (Jara et al., 

2022; Lang et al., 2009; Nicolis di Robilant et al., 2019). However, the effect of long-

term sucrose consumption on SVZ neurogenesis remains understudied. Additionally, 

obesogenic diets are known to cause neuroinflammation in the hypothalamus, the 

appetite hub of the brain (Gao et al., 2017; Horvath et al., 2010; Lainez et al., 2018). 

It has also been found that overactivation of glial cells in the hypothalamus causes an 

increases in appetite (Valdearcos et al., 2017). Given that the olfactory system does 

have an important role in appetite regulation (Palouzier-Paulignan et al., 2012), there 

is a need to study the glial cell behaviour of the olfactory system in response to sucrose 

consumption.  
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1.2 Hypothesis and Aims 

 The project aims to investigate the effect of long-term sucrose consumption on 

SVZ neurogenesis and the olfactory bulb which receive neurons from this region 

throughout life. Quantifying SVZ neurogenic cellular populations, and olfactory 

neuron populations along with assessing glial cell behaviour will be required to 

determine the effects of sucrose consumption on the olfactory system. It is 

hypothesised that sucrose consumption will cause deficits in SVZ neurogenesis, which 

will correlate with reduced olfactory interneuron populations. These reductions are 

expected alongside a more neuroinflammatory glial cell profile in the areas of the SVZ, 

rostral migratory stream and olfactory bulb. These hypotheses will be tested with the 

following aims: 

Aim 1: To determine the effect of long-term sucrose consumption on SVZ 

neurogenesis and olfactory interneuron populations. 

Aim 2: To determine the effect of long-term sucrose consumption on astrocyte 

and microglial behaviour (population and cell volume) of the SVZ, rostral migratory 

stream and olfactory bulb. 
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Chapter 2:  Literature Review 

2.1 Obesity 

Obesity is a disease process characterized by an excessive accumulation of body 

fat which may result in health complications (Bray et al., 2017). In 2018, the Australian 

Bureau of Statistics found that 67% of Australian adults were overweight or obese 

(Australian Bureau of Statistics, 2018). In addition, the cumulative economic cost of 

obesity in Australia is estimated to reach $87.7 billion by 2025 (PwC Australia, 2015). 

Obese individuals are also at a higher risk of developing other comorbidities such as 

type 2 diabetes mellitus, coronary artery disease, stroke and some types of cancer 

(Apovian, 2016). The mental health of individuals with obesity is also likely to suffer, 

as there is a positive correlation between obesity and mental health conditions such as 

anxiety and depression (Gariepy et al., 2010; Luppino et al., 2010). In 2016, high body 

mass was recognized to have an immense contribution for total disease burden as it 

was ranked second only to tobacco consumption (Australian Institute of Health and 

Welfare, 2016). While long-term sugar consumption cannot be attributed as the sole 

cause of obesity (Bortolin et al., 2018; J. Li et al., 2020), it is still considered as a 

contributing dietary factor to the disease (de Oliveira Neves et al., 2020). Further, 

excessive sugar consumption has been suggested to lead to sugar addiction (Avena et 

al., 2008), which is an important factor in obesity as it drives the individual to maintain 

an excessive consumption of food or increase their caloric intake (Gaysinskaya et al., 

2011), resulting in obesity. There is a growing collection of literature supporting the 

correlation between high caloric diets and declined cognitive function, including 

deficits in attentional bias and episodic memory (Beecher, Alvarez Cooper, et al., 

2021; Gunstad et al., 2020). Given the grave toll of obesity, there is an obvious need 
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for research into the long-term consumption of sugar and its effects on brain 

inflammation which can contribute to cognitive dysfunctions.  

2.2 Feeding and Olfaction 

Food intake relies on homeostatic regulation and hedonic sensations, with 

olfaction largely driving food choice as a key sensory modality for assessing the 

hedonic value of food (Palouzier-Paulignan et al., 2012). The appetite controlling 

hormones and modulators are highly integrated in the olfactory bulb (OB), olfactory 

mucosa (Palouzier-Paulignan et al., 2012) and the olfactory cortex (Caillol et al., 2003; 

Getchell et al., 2006; Hill et al., 1986; Tong et al., 2011), as there are high 

concentrations of their signalling molecules and receptors present in these areas 

(Palouzier-Paulignan et al., 2012). Some of these modulators include insulin, ghrelin, 

leptin, neuropeptide Y and cholecystokinin (Brunert & Rothermel, 2021; Konishi et 

al., 2017). These hormones also work to modulate olfactory activity. Orexigenic 

hormones such as ghrelin and orexins, which have maximal levels before meals, 

enhance olfactory performance (Baier et al., 2008; Bayard et al., 2010; Tong et al., 

2011) to aid food localization. Fittingly, anorexigenic molecules such as insulin and 

leptin decreases smelling abilities and induce satiety-related behaviors (Getchell et al., 

2006; Guthoff et al., 2009; Ketterer et al., 2011), such as food avoidance. Olfaction is 

also closely related to the autonomic regulation of the digestive organs as it is required 

to prepare the digestive tract for food intake (Powley, 2000). Anatomically, as 

demonstrated through Figure 1, olfactory information is carried from the OB to the 

hypothalamus, the primary neurological structure for appetite control (Challet, 2019), 

through a multi-synaptic pathway. Together, this information shows how important 

olfaction is for mediating appetite. 
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Figure 1: Diagram of Olfactory Circuitry 

Black arrows indicate efferent projections and double-headed black arrows indicate two-way 

communication. Grey arrows indicate centrifugal input to the olfactory bulb. AOB = accessory 

olfactory bulb, AON = Anterior olfactory nucleus, Raphe = dorsal and median raphe nuclei, SS nigra 

= substantia nigra, SCN = suprachiasmatic nucleus, VTA = ventral tegmental area. Modified from 

Kelly, Wrynn, and Leonard (1997), and Krout et al. (2002) and Palouzier-Paulignan et al. (2012). 

Created with BioRender.com  

When investigating obesogenic diets on the brain, it is important to look at the 

effect of obesity on the appetite-related neurological structures. As mentioned 

previously, the hypothalamus is the primary appetite controlling centre in the brain 

(Challet, 2019). It regulates appetite through receiving peripherally derived hormones, 

such as insulin or ghrelin (Palouzier-Paulignan et al., 2012) to initiate a hormone 

cascade, to cause feelings of hunger or satiety, which influences the individual to act 

accordingly (Challet, 2019). It has been found that if an individual were to consume 

an obesogenic diet, the hypothalamus would become inflamed (Chen et al., 2021; 

Dorfman & Thaler, 2015; Gao et al., 2017; Lainez et al., 2018). This changes the 

hypothalamic feeding pathways and causes insulin and leptin resistance within the 

hypothalamus, dysregulating its ability to supress hunger and feeding and further 

contributing to a high-caloric intake and weight-gain (Miller & Spencer, 2014; Thaler 

& Schwartz, 2010). This information highlights the importance of investigating the 

effect of obesogenic diets on appetite-related brain structures, including the olfactory 
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bulb. The effect of high-sucrose consumption on the olfactory system requires further 

investigation. The olfactory bulb is also suitable candidate for obesity research as the 

olfactory bulb continually receives new neurons throughout life to replenish certain 

neuron populations (Obernier & Alvarez-Buylla, 2019), and it has been found recently 

that sucrose consumption may affect the post-natal production of neurons (Beecher, 

Alvarez Cooper, et al., 2021). Altogether, this information shows that the olfactory 

system is a viable candidate for investigating the effect of sucrose consumption on the 

brain as it is both appetite-related and has neurogenic properties. 

2.3 Neurogenesis  

Neurogenesis is the process which involves the production of neurons from 

progenitor cells. During embryonic development, specialized cells called radial glia 

undergo neurogenesis to form the neurological structures of the central nervous system 

(CNS) and the peripheral nervous system (Urbán & Guillemot, 2014). However, after 

birth, very few neurogenic niches of the brain persist to continually produce neurons 

(Götz & Huttner, 2005; Urbán & Guillemot, 2014). The production of neurons which 

occurs postnatally is given the name adult neurogenesis and has been researched 

extensively in murine models in the two main neurogenic niches: the dentate gyrus of 

the hippocampus and the subventricular zone (SVZ; Lalli, 2014). The presence of adult 

neurogenesis in humans was first depicted in 1998 through the use of 

bromodeoxyuridine injection, which demonstrated the presence of newly generated 

neurons in the dentate gyrus and the SVZ (Eriksson et al., 1998). Various studies using 

immunohistochemical techniques and 14C dating have provided a strong case for adult 

neurogenesis in humans (Boldrini et al., 2018; Ernst et al., 2014; Kempermann et al., 

2018). However, the presence of adult neurogenesis in the human brain has remained 

a controversial topic with significant evidence against the notion of adult neurogenesis 
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in humans (Abbott & Nigussie, 2020; Sorrells et al., 2021). For example, a recent study 

showed that hippocampal neurogenesis steeply declines before birth and drops to 

undetectable levels after 13 years of age in humans (Sorrells et al., 2018). 

Subventricular neurogenesis in humans seems to have similar trends, with robust 

neurogenesis in infancy followed by a steep decline after two years of age (Coletti et 

al., 2018; Paredes et al., 2016; Wang et al., 2011). Despite its relatively short 

appearance in post-natal life, it is worth noting that early post-natal SVZ neurogenesis 

in humans may be necessary to maintain functional synaptic plasticity, and disruption 

to this pathway could cause the development of neurological conditions in infancy 

(Sanai et al., 2011). Given the growing rate of sugar consumption in modern society, 

and indeed even in baby food (Beal, 2020), there is a need to investigate the effect of 

sugar consumption on SVZ neurogenesis.   

2.3.1 Olfactory neurogenesis 

The neurogenesis of olfactory interneurons begins in the SVZ, the largest 

neurogenic niche in the adult brain (Mirzadeh et al., 2008). Along with ependymal 

cells, the walls of the lateral ventricles are lined with adult neural stem cells known as  

B1 cells (Mirzadeh et al., 2008; Obernier & Alvarez-Buylla, 2019; Shah et al., 2018). 

This layer of cells is regarded as the subventricular zone. The B1 cells hold many 

similarities to radial glia (Lacar et al., 2011; Lim & Alvarez-Buylla, 2016). The 

replenishment of olfactory interneurons begins when B1 cells asymmetrically divide 

to produce transient amplifying intermediate progenitor cells (IPCs, or C cells) 

(Ortega, Berninger, et al., 2013; Ortega, Gascón, et al., 2013; Rasool et al., 2022; 

Yadirgi & Marino, 2009). These cells then divide a further three to four times before 

giving rise to neuroblasts (A cells) primed for migration (Jara et al., 2022; 

Martoncikova et al., 2014). The A-cells proceed to travel towards the OB from the 
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SVZ through homophilic chain migration (Martončíková et al., 2021) along 

specialized structures known as the rostral migratory stream (RMS; Figure 2 A-C). 

The RMS is vital for optimizing neuroblast travel to the OB as it is constituted of a 

meshwork of structurally supportive astrocytes and blood vessels (Angelidis et al., 

2018; Martončíková et al., 2021). Once the neuroblasts have arrived at the OB, they 

detach from the chains and migrate radially towards their target destination where they 

will differentiate into various types of olfactory interneurons and integrate into the 

existing olfactory circuitry (Alfonso et al., 2015; Obernier & Alvarez-Buylla, 2019).  

 

Figure 2: Depictions of neuroblast migration from the subventricular zone through the rostral 

migratory stream to the olfactory bulb. 

A) Schematic diagram of the Subventricular zone, rostral migratory stream and olfactory bulb (CC = 

corpus collosum, LV = lateral ventricle, OB = olfactory bulb, RMS = rostral migratory stream and SVZ 

= subventricular zone). Adapted from Gengatharan et al. (2016). B) Confocal image of a sagittal section 

of mouse brain that has been labelled with 5-Ethynyl-2-deoxyuridine (EdU) to label proliferative cells 

in the subventricular zone, rostral migratory stream and the olfactory bulb. The green nuclei are EdU 

positive cells, and the blue is 4’,6-diamidino-2-phenylindole (DAPI). The scale bar is 300 µm. C) A 

small collection of neuroblasts labelled with doublecortin (green) and DAPI (blue) indicates homophilic 

chain migration.  

It is worthy to note that the B1 cells have an element of heterogeneity depending 

on their location within the SVZ, which influences the type of olfactory interneurons 

the adult stem cells may produce (Fiorelli et al., 2015; Mizrak et al., 2019). The walls 
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of the lateral ventricle contain adult stem cells, however the SVZ is regarded as being 

regionally specific in the interneurons they give rise to. Refer to Figure 3 for a visual 

representation of some examples of different types olfactory interneurons and their 

regions of origin in the SVZ. The B1 cell heterogeneity is specific to the cells 

themselves and do not occur as a result of their respective location as they are highly 

resilient to changes in cell fate. This is shown when transplanting B1 cells from dorsal 

to ventral regions, and vice versa, had no effect on the types of cells they generated 

(Merkle et al., 2007).  
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Figure 3: B1 cell heterogeneity 

Depending on their location in the SVZ, the B1 cells are region specific in terms of the types of olfactory 

interneurons they give rise to. This heterogeneity exists along the anterior-posterior and the medial-

lateral axis. B1 cells give rise to at least 10 different subtypes of interneurons. The B1 cells located in 

the posterior dorsal region of the SVZ (indicated in the coronal section on the right) give rise to 

superficial granule cells (GC; shown in green) and tyrosine-hydroxylase (TH)+ periglomerular cells 

(PGC; shown in pink). B1 cells of the posterior ventral region produce calbindin (CB)+ PGCs. B1 cells 

located in the anterior medial region (indicated in the coronal section on the left) generate calretinin 

(CR) + PGC (shown in orange). The cells of the anterior ventral region of the SVZ gives rise to 4 

additional types of interneurons of the granule layer (type 1-4), and a stripe along the ventral surface, 

which spans across both the anterior and posterior regions, forms deep GC (shown in blue). Image 

retrieved from Obernier and Alvarez-Buylla (2019). 
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2.3.2 Olfactory interneurons and their classifications 

Once the neuroblasts arrive to the OB, they are now able to differentiate into 

their predetermined cell fate as olfactory interneurons (Mizrak et al., 2019). Bulbar 

interneurons will largely inhabit the glomerular layer, as juxtaglomerular cells, or the 

granular layer, as granular cells. To understand the way in which the OB interneurons 

relate to the surrounding circuitry, we must first give an explanation to how olfactory 

information is transduced from the nasal cavity to the OB (Figure 4).  

 

Figure 4: Schematic diagram of the OB circuitry  

The circuity of the nasal cavity, olfactory epithelium and OB involved in transducing olfactory 

information from the olfactory sensory neurons (OSNs) in the nasal cavity to the mitral cells and tufted 

cells of the OB. A collection of other olfactory interneurons is also involved in this circuit including the 

juxtaglomerular cells (Type 1 and Type 2 PG cells, ET cells, and TH+ sSA cells) in the glomerular layer, 

and the granule cells in the granule layer. ONL = olfactory nerve layer. GL = Glomerular layer. EPL = 

External plexiform layer. MCL = Mitral cell layer. IPL = Internal plexiform layer. GrL = Granule layer. 

PG = Periglomerular. ET = External tufted. TH = Tyrosine hydroxylase. sSA = Superficial short axon. 

Image retrieved from Capsoni et. al (2021).  
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Olfaction begins in the nasal cavity, where odorant molecules bind to the 

receptors of olfactory sensory neurons (OSN) which are located in the olfactory 

epithelium (Capsoni et al., 2021). The OSNs then transduce the odorant information 

through the lamina cribrosa and into the OB, where their axons will travel through the 

olfactory nerve layer (ONL) and terminate in their designated glomeruli in the 

glomerular layer (GL) (Tufo et al., 2022). The OSNs which express the same odorant 

receptor will each terminate in the same corresponding glomerulus, as shown through 

the colour coded OSN and glomeruli. The OSN terminals make a synapse with the 

dendrites of the OB projection neurons: mitral cells and tufted cells. These neurons 

transduce the olfactory information to other cortical structures for high order olfactory 

processing (Mori et al., 2013; Nishizumi et al., 2019). At the level of the glomerulus 

there are a number of juxtaglomerular neurons. Figure 4 makes note of external tufted 

(ET) cells, short surface axon (sSA) cells, and type 1 and type 2 periglomerular (PG) 

cells. All of these cells make synaptic connections with other neurons in the glomerular 

region, such as the OSNs, projection neurons or other interneurons (Capsoni et al., 

2021). The cell bodies of the tufted cells are located in the external plexiform layer 

(EPL), whereas the cell bodies of the mitral cells are located in the mitral cell layer 

(MCL). The granule cells are another type of olfactory interneuron, and their cell 

bodies are located in the granule cell layer (GrL), they also make synaptic connections 

with the projection neurons (Takahashi et al., 2018). 

The interneurons of the OB are largely GABAergic (Burton, 2017; Parrish-

Aungst et al., 2007), meaning that their overall role in the OB is mainly to enforce 

inhibition on the surrounding circuitry. More specifically, interneurons use lateral and 

recurrent inhibition to closely regulate the activation of the olfactory projection 
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neurons to allow for a more synchronised stimulation of the olfactory cortex (Burton, 

2017; Matsuno et al., 2017; Najac et al., 2015; Schoppa & Urban, 2003). Olfactory 

interneurons have been found to aid in olfactory cognition as they are directly involved 

with functions such as odour detection and value judgement of odour information, as 

well as long-term odour memory (Lazarini et al., 2009; Sakamoto et al., 2014). They 

are also highly active during difficult sensory discrimination tasks (Wu et al., 2020). 

Both juxtaglomerular cells and granule cells can be further categorised via 

morphological features and their immunoreactivity.  

The glomerular layer of the OB contains three main anatomical subdivisions of 

juxtaglomerular cells: external tufted (ET) cells, short surface axon (sSA) cells, and 

periglomerular (PG) cells (Capsoni et al., 2021; Pinching & Powell, 1971). ET cells 

can be further subdivided based on the presence, or absence, of secondary dendrites 

(Macrides & Schneider, 1982; Schoenfeld et al., 1985). The subpopulation with 

secondary dendrites is the more common of the two, and are mostly observed closer 

to the border between the GL and the EPL (Nagayama et al., 2014). sSA cells can be 

identified through their long interglomerular axons, which interconnect a variable 

number of glomeruli (Kiyokage et al., 2010). For example, a single sSA cell can have 

an axon of up to 1 mm in length, with its dendrites innervating up to 50 glomeruli 

(Capsoni et al., 2021). PG cells are characterised through their lack of axons, extensive 

dendritic arborisation and a small soma diameter (Batista-Brito et al., 2008; Fogli 

Iseppe et al., 2016), and they mostly innervate only one glomeruli (Kiyokage et al., 

2010; Pinching & Powell, 1971). They can be further characterised into two different 

types depending on whether they synapse with  OSNs (Type 1) or not (Type 2; Kosaka 

& Kosaka, 2007; Shao et al., 2009). ET cells, sSA cells and type 1 PG cells are all 

immunoreactive to tyrosine hydroxylase (TH), the enzyme responsible for the rate 
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limiting step of dopamine synthesis (Capsoni et al., 2021; Kaushik et al., 2007). Type 

2 PG cells are immunoreactive for calbindin and calretinin (Kosaka & Kosaka, 2007; 

Nagayama et al., 2014), which are calcium binding proteins often used as a general 

cell marker for identification purposes. Expression of TH, calbindin and calretinin in 

periglomerular cells is mutually exclusive, further characterising them as different 

subtypes.  

Olfactory interneurons are also present in the granule layer of the olfactory bulb. 

The granule cells have a variety of subpopulations, which have been categorised based 

on the location of their cell body, their connectivity with the surrounding environment 

and their expression of calretinin (Fernández Acosta et al., 2022; Lim & Alvarez-

Buylla, 2014). The more common subtypes of granule cells are type-I, type-II, type-

III, type-IV (otherwise referred to as deep-branching), type V (otherwise referred to as 

shrub) and type-S (Merkle et al., 2014; Naritsuka et al., 2009; Orona et al., 1983). 

It is important to reiterate that the olfactory interneurons are largely inhibitory 

to the surrounding circuitry, as 95% of the interneurons are GABAergic (Burton, 2017; 

Parrish-Aungst et al., 2007). This includes the dopaminergic interneurons as 97% of 

them are also GAD67+ (Kiyokage et al., 2010), making them DAergic-GABAergic 

neurons.  

Although there are different ways of classifying interneurons, for this research 

project, they will be defined by their immunoreactivity. 

2.3.3 Factors Affecting Neurogenesis  

While adult neurogenesis persists throughout life, many factors can alter its 

effectiveness. Aging is known to cause reduced neurogenesis in the SVZ (Jin et al., 

2003). Mastication has been shown to play an important role in optimal SVZ 

proliferation as a soft diet impairs neurogenesis of the SVZ (Noguchi et al., 2017; 
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Utsugi et al., 2014). This diet caused a decrease in neurogenic cell migration to the OB 

which impaired olfactory cognitive functions such as avoidance of unpleasant odors 

(Noguchi et al., 2017). Vitamin C deficiency has been found to reduce SVZ 

neurogenesis and proliferation in guinea pigs (Jara et al., 2022). Maintaining physical 

activity has been consistent with enhanced SVZ neurogenesis and the number of 

functionally active neurons in the OB (Nicolis di Robilant et al., 2019). Fructose 

consumption has been found to impair hippocampal neurogenesis (Cisternas et al., 

2015; Fierros-Campuzano et al., 2020; van der Borght et al., 2011). Long-term 

hyperglycaemia induced by increased glucose consumption, in a rat model of Type 2 

diabetes, is reported to increase neurogenesis in both the SVZ and hippocampus, 

however, lower survival rates of the newborn cells followed as a result (Lang et al., 

2009). Recently, our lab also found that long-term sucrose consumption affects the 

hippocampal neurogenesis which caused deficits in spatial and episodic memory 

(Beecher, Alvarez Cooper, et al., 2021). However, it remains unknown whether long-

term sucrose consumption also affects other adult neurogenic areas including the SVZ 

and the OB.  

2.4 Neuroinflammation  

In a healthy brain environment, neuroglia are integral in maintaining brain 

homeostasis by providing a range of supporting functions. Astrocytes perform an array 

of neurosupportive tasks including their role in forming the blood-brain barrier (Serlin 

et al., 2015). Microglia are distinct for their myeloid origin and are designed to 

phagocytose debris within the CNS (Ginhoux et al., 2010). While these cell types are 

supportive under healthy conditions, they often exacerbate CNS insults, and thus, 

contribute to neuroinflammation (Guillamón-Vivancos et al., 2015).  
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Figure 5: Confocal images of neuroglial cells 

 (A) The sagittal section of the hippocampus showing astrocytes immunolabeled with GFAP and 

microglia with TMEM119 (B). Scale bar is 20 µm for (A) and 15 µm for (B). 

2.4.1 Astrocytes 

Under healthy conditions, astrocytes are characterized by a small bulbous soma 

with an array of thin and distinct processes called branches with further secondary and 

tertiary branches known as branchlets (Figure 5A; Khakh & Sofroniew, 2015). 

Astrocytes have a range of structures that help to optimize overall brain function. They 

have a specific cellular process called an astrocytic end foot which interacts with a 

cerebral blood vessel and helps to form the blood-brain barrier (BBB; Kubotera et al., 

2019). The astrocytic end feet closely control the diffusion of substances such as 

nutrients and gasses between the brain parenchyma and systemic circulation to 

maintain brain homeostasis (Johnsen et al., 2017; Loiola et al., 2021). They also 

regulate the blood flow to the surrounding brain tissue by controlling blood vessel 

dilation and constriction (Kubotera et al., 2019; Quintana, 2017). Peri-synaptic 

astrocytic processes encapsulate neuronal synapses (Khakh & Sofroniew, 2015) to 

prevent diffusion of neurotransmitters to the extracellular space thus preventing 

unwanted accessory neuronal activation. They also uptake synaptic ions and 

neurotransmitters to maintain synaptic homeostasis (Stogsdill et al., 2017; Zhou et al., 

2019). This intricate relationship between astrocytes and neurons shows how 

astrocytes regulate synaptic connection and contribute to synaptic plasticity (Ma et al., 

2016; Zhou et al., 2019).  
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Astrocytes respond to all forms of CNS injury and will undergo a process called 

reactive astrogliosis  (Guillamón-Vivancos et al., 2015). The astrogliosis is not merely 

a binary state of activation, rather a spectrum of changes that may occur to their 

morphology and molecular expression (Escartin et al., 2021). In the instance of severe 

injury to the CNS, increased astrocytic proliferation and hypertrophy have been 

reported (Sofroniew, 2009). The astrocytic branches may also lengthen, overlap, and 

interdigitate with those of other astrocytes, causing long-term alterations to the neural 

tissue architecture known as a glial scar (Guillamón-Vivancos et al., 2015). This is 

important as the glial scar isolates the site of injury to prevent the spread of 

neuroinflammatory markers and the arrival of additional inflammatory cells, thus 

helping to restrict the extent of neuroinflammation (Guillamón-Vivancos et al., 2015). 

However a glial scar will also act as a physical barrier for axonal regeneration and 

cellular migration, making it nearly impossible to restore the tissue after the initial 

injury (Rodríguez-Gómez et al., 2020; Sofroniew, 2009). 

As mentioned, astrocytes are integral in maintaining a functional neurological 

environment. They are also essential in neuroblast migration along the SVZ and RMS 

(Lalli, 2014). Structurally, the RMS utilizes a scaffold of blood vessels and an 

‘envelope’ of astrocytes, commonly referred to as a glial tube (Fujioka et al., 2019), to 

serve as a physical substrate for neuroblast migration (Bozoyan et al., 2012; 

Martoncikova et al., 2014). The astrocytes of the RMS line the blood vessels in a 

parallel manor  (Fujioka et al., 2019), adopt a polarized appearance instead of the 

characteristic stellate shape (Whitman et al., 2009) and use their processes to 

interdigitate with the migrating neuroblasts (Martončíková et al., 2021). Refer to 

Figure 6 which shows the bipolar appearance of RMS astrocytes. The neuroblasts can 

also release a diffusible protein which repulses astrocyte processes, enabling the 
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neuroblasts to remodel the astrocytic scaffold and move through the RMS (Kaneko et 

al., 2010; Peretto et al., 1999). Interestingly, electron-microscopy has demonstrated 

that neuroblasts in the RMS can make direct contact with blood vessels without any 

astrocyte or pericyte involvement (Peretto et al., 2005; Whitman et al., 2009). In a 

similar manor, B1 cells and C cells of the SVZ can make direct contact with the blood 

vessels at sites devoid of astrocyte or pericyte coverage (Tavazoie et al., 2008; Zhang 

et al., 2014), a unique modification to the blood brain barrier specific to the SVZ. In 

the case of the SVZ, the resident neural stem cells may be exposed to direct contact 

with blood vessels without any protection from the blood brain barrier. This is 

especially interesting considering the blood vessels of the SVZ have been found to 

have a lower permeability (Colín-Castelán et al., 2016), indicating that plasma-infused 

molecules may be able to diffuse into the SVZ with more ease than in other parts of 

the brain. Both of these findings imply that the stem cells of the SVZ experience a 

higher exposure to blood-borne molecules, including those with higher molecular 

weights (Colín-Castelán et al., 2016; Tavazoie et al., 2008). 

       

Figure 6: An isolated astrocyte of the RMS 

A confocal image of an astrocyte of the RMS with its processes arranged in a bipolar manor instead of 

the typical star shape. Astrocyte immunolabeled for glial fibrilliary astrocytic protein (GFAP) in 

magenta and DAPI in cyan. Scale bar is 10 µm. 

Not only do astrocytes serve the structural integrity of the RMS but they also 

have been proposed to aid in the vasophilic migration of neuroblasts through the RMS 

(Bovetti et al., 2007; Snapyan et al., 2009). In 2009, the Saghatelyan group proposed 

a molecular pathway utilizing bone-derived neurotrophic factor (BDNF) as a 

mechanism for neuroblast migration (Snapyan et al., 2009). The endothelial cells of 
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the blood vessels in the RMS produce BDNF which binds to p75NTR, a low-affinity 

receptor for BDNF expressed on neuroblasts, causing the neuroblasts to enter the 

‘migratory phase’ in which the cell body will ‘leap’ to the end of their leading process.  

2.4.2 Microglia 

Microglia are another type of glial cell that are crucial for maintaining CNS 

homeostasis. Microglia originate from a myeloid lineage, making them the resident 

immune cells of the CNS (Ginhoux et al., 2010; Graham et al., 2016). In this role, 

microglia play a crucial part in initiating an inflammatory response to CNS injury. 

They take part in phagocytosing cellular debris and foreign cells while also releasing 

crucial mediators which recruit microglia and other glial cells (Siddiqui et al., 2016; 

Tremblay et al., 2011). Furthermore, microglia have roles in regulating neural tissue 

such as synaptic pruning; whereby microglia will phagocytose unused or dysfunctional 

synapses (Kettenmann et al., 2013). This is a task mainly undertaken during 

development, however, it persists throughout adult life (Cornell et al., 2021).  

Microglia in the healthy CNS show a ramified phenotype with numerous 

ramified processes extending from their cell body (Figure 5B); these processes 

undergo dynamic behaviour and are continuously monitoring their environment 

(Colonna & Butovsky, 2017; Tang & Le, 2016; Zhou et al., 2019). Under pathological 

conditions, the phenotype of microglia rapidly changes, and they transform from a 

ramified morphology to an amoeboid morphology (Colonna & Butovsky, 2017; Tam 

& Ma, 2014). Amoeboid microglia have enlarged cell bodies with shorter cell 

processes. 

Microglia have been found to have specialized roles in the SVZ/RMS. The blood 

vessel scaffold and astrocytic envelope of the adult RMS do not develop until several 

weeks postnatally (Bozoyan et al., 2012; Law et al., 1999). Instead, the early postnatal 
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RMS is supported by ameboid-shaped microglia which line the RMS borders prior to 

the development of the characteristic blood vessel and astrocytic features (Meller et 

al., 2023). These microglia were found to undergo homeostatic maintenance of the 

RMS by controlling the domain of the early postnatal RMS through phagocytosing 

any “excessive” neuroblasts and apoptotic cells (Meller et al., 2023). The microglia of 

the adult SVZ/RMS/OB have been found to have a distinct morphology, in that, they 

display an enlarged cell body with relatively few and notably thick processes (Ribeiro 

Xavier et al., 2015). Vastly different from their counterparts in the cerebral cortex 

which are regarded for their smaller cell bodies and highly ramified processes (Ribeiro 

Xavier et al., 2015). Normal and healthy microglia of SVZ/RMS also have a lower 

expression of P2RY12 than the microglia of surrounding areas (Ribeiro Xavier et al., 

2015). P2RY12 is a purine receptor which has been associated with microglial process 

extension and is found to have a high expression during a normal homeostatic state 

and a markedly lower expression in reactive microglia  (Haynes et al., 2006; Hua et 

al., 2023). When noting that there is evidence to suggest that purine signaling promotes 

the proliferation of type A and type C cells in the RMS (Suyama et al., 2012). Riberio 

Xavier et al. speculate that the microglia of the RMS/SVZ may have a lower resting 

P2RY12 expression so as to avoid inappropriate activation in response to locally 

purigenic mitogens (2015). Microglial P2Y12 signaling has been found to regulate 

neurogenesis in the SVZ from post-natal day 1 (Cserép et al., 2022), and promote 

proliferation in the adult mouse SVZ (Suyama et al., 2012). Altogether, this 

information shows that the microglia of the SVZ and RMS are highly specialized cells 

which specifically aid in the normal neurogenic function of the SVZ and RMS.   
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2.4.3 Diet and Neuroinflammation  

Pathological glial activity has been linked to the development of disease states 

such as Parkinson’s disease, Huntington’s disease, Alzheimer’s disease and multiple 

sclerosis (Brambilla, 2019; Joers et al., 2017; Long & Holtzman, 2019; Sellgren et al., 

2019). Similarly, correlations between pathological glial activity and obesogenic diets 

have been observed. High-fat diets have been shown to initiate neuroinflammation in 

the hypothalamus, through activation of both astrocytes and microglia (Chen et al., 

2021; De Souza et al., 2005; Dorfman & Thaler, 2015; Horvath et al., 2010; Lainez et 

al., 2018). In a similar way, high sugar and fat diets can cause increases in 

hypothalamic neuroinflammation (Gao et al., 2017). It has been shown that microglial 

(mouse model) activity in the hypothalamus greatly influences energy homeostasis, as 

reduced hypothalamic microgliosis causes hypophagic behavior and conversely, 

inducing hypothalamic microgliosis resulted in hyperphagic behavior and weight gain 

(Valdearcos et al., 2017).  This is significant as it establishes hypothalamic 

neuroinflammation as a mediator of dysregulated energy balance.  

The current literature on the inflammatory effect of sugar consumption is 

conflictive. An in vitro model demonstrated that when exposed to sugar, microglia 

would react to stimuli that they normally ignore (Zhang et al., 2015). Fructose 

overconsumption in rats can cause neuroinflammation (Djordjevic et al., 2015). 

Whereas others have found that a high-fructose diet could not induce signs of 

neuroinflammation, however, cognitive deficits were evident (Beilharz et al., 2016). It 

is worth noting that differences in species and experimental design could be the cause 

of these discrepancies. Further, different types of sugar such as high-fructose corn 

syrup, fructose or sucrose also showed discrepancy in the amount of 

neuroinflammation in animal models (Hsu et al., 2015; van der Borght et al., 2011). 
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Long-term consumption of a 5% sucrose drink was also found to reduce the number 

of microglia in the dentate gyrus of the hippocampus (Beecher, Wang, et al., 2021). 

Together this information proves that there is a need to investigate more into the 

reaction of glial cells in response to long-term sugar consumption to indicate the 

neuroimmune status of brain parenchyma.   

2.5 Research Problem 

As obesity is becoming more prevalent in society, it is important to identify any 

pathological neurobiology that may occur as a result of obesogenic diets. Obesity is an 

inflammatory disease which can cause neuroinflammation in the hypothalamus, a 

crucial structure for appetite control (Challet, 2019). We have shown that long-term 

sucrose consumption caused gliosis in the hippocampus (Beecher, Alvarez Cooper, et 

al., 2021), however it remains unclear whether the obesogenic diet of long-term 

sucrose consumption will cause neuroinflammation in other brain structures closely 

related to appetite, such as the OB. Forebrain adult neurogenesis is important to 

regulate brain function. Our lab recently found that hippocampal neurogenesis (which 

is essential for memory) was reduced after long-term sucrose consumption, causing 

memory deficits (Beecher, Alvarez Cooper, et al., 2021). However, it is currently 

unknown if long-term sucrose consumption affects other neurogenic niches of the 

brain, such as the SVZ and the OB. Subventricular neurogenesis is especially relevant 

to diet regulation as it constantly replenishes the neurons of the OB which has an 

important role in appetite control through its neural pathways to the hypothalamus, 

and its high integration of appetite-controlling hormones.  
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Chapter 3:  Research Design 

3.1 Ethics Statement  

All procedures and protocols involving the use of mice were approved by The 

University of Queensland and The Queensland University of Technology Animal 

Ethics Committees (approval number: QUT/053/18). All experimentation was 

undertaken in accordance with the Animal Research Act 2001 (Qld), the associated 

Animal Care and Protection Regulation 2012 (Qld) and the Australian Code for the 

Care and Use of Animals for Scientific Purposes, 8th Edition. 

 

3.2 Overview of Methodology and Timeline 

Two groups of animals (n = 4/group) were used to investigate the aims of this 

thesis. Based on the previous work from the laboratory (Beecher et al, 2021), where 

sucrose consumption produced a 20% change in neurogenesis, G*power (Dusseldorf 

University, Germany) power calculations using G*power software (Dusseldorf 

University, Germany) suggest that to observe a significant difference of 20%, with a 

large effect size of 0.8, using a two-tail student t-test, a total sample size of minimum 

15 animals within 2 groups (n = 8/group) is needed. Hence, as a pilot study, this 

investigation includes 4 animals/group to establish the feasibility of this study. This 

limitation is discussed further in Chapter 6.  

Figure 7 provides an overview of the experimental techniques used to help 

investigate the effects of ad libitum access to sucrose on olfactory neurogenesis and 

neuroinflammation. 
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Figure 7: Timeline of experimental techniques 

The animals were treated with ad libitum access to either sucrose or water (control) from week 0, which 

continued throughout the course of animal housing. The mice received three EdU injections to label 

proliferative, cells and were harvested during week 13. Tissue processing and immunohistochemistry 

and microscopy imaging were then completed on the extracted brain tissue. 

  

3.3 Animals and Housing 

Five-week-old male C57BL/6J mice were delivered and housed at the Pharmacy 

Australia Centre of Excellence (PACE) for one week of acclimatisation prior to 

experimentation. The mice were kept under reversed light cycle conditions (room lit 

between 9pm-9am) with climate control with ad libitum access to food and water. Mice 

were weighed twice a week for welfare checks, and to record their weight gain. 

3.4 Sucrose Consumption Models 

After one week of habituation, the mice were housed separately and were made 

subject to a modified two bottle choice model with continuous access to either water 

(control group) or 25% sucrose (w/v; treatment group). The sucrose/water was 

presented in 50 mL plastic falcon tubes fitted with rubber stoppers and a 6.35 cm 

stainless-steel sipper tube with double ball bearings. The bottles were weighed and 

refilled twice a week to track sucrose consumption.  

3.5 EdU injection, tissue harvesting and immunohistochemistry. 

Following 10 weeks of sucrose consumption, the mice were subjected to three 

injections of the cell proliferation marker, 5-ethynyl-2´-deoxyuridine (EdU; 50 mg/kg 

intraperitoneal) over two weeks at days 0, 7 and 15 (Figure 7) as previously described 

(Belmer et al., 2018; Patkar et al., 2019). EdU is used to label all actively dividing 
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precursor cells in the SVZ, RMS and the OB. One week after the last EdU injection, 

the mice were anesthetized with sodium pentobarbital (100 mg/kg, Lethabarb, Virbac, 

Australia) and transcardially perfused with 4% (w/v) paraformaldehyde (PFA). Brains 

were extracted and post-fixed overnight in 4% PFA (w/v) at 4oC. The brains were 

divided into hemispheres, embedded in 5% agar and sectioned into sagittal sections of 

40 µm thickness using a vibratome in 0.1 M phosphate buffer saline (PBS).  The 

sections for each hemisphere were stored in 0.02% sodium azide in PBS. The sections 

containing the RMS and SVZ were found through preliminary 4′,6-diamidino-2-

phenylindole (DAPI) staining. In total, every stain had 1-5 sections from 2-4 animals 

per group. Sections were rinsed in 1X PBS initially, then incubated in 1:1000 solution 

of DAPI in 1X PBS for 5 mins followed by rinses in 1X PBS. Initial optimisation 

methods showed that all immunolabelling combinations were efficient when the EdU 

Click-iT™ assay was performed before the immunohistochemical techniques. 

Therefore, the sections were permeabilised in 1X PBS containing 1% Triton and 0.1% 

Tween for 30mins at room temperature. Then, the sections were washed in an EdU 

blocking solution of 3% (w/v) Bovine Serum Albumin (BSA) and 0.3% (v/v) Triton 

X100 in 1X PBS prior to 30 min incubation in the EdU Click-iT™ assay according to 

the EdU Click-iT™ EdU Alexa Fluor™ 488 Imaging Kit (Thermo-Fisher Scientific, 

C10637). Sections were rinsed in EdU blocking then 1X PBS, marking the completion 

of EdU staining and the commencement of the immunohistochemical stains. 

Depending on the type of the primary antibody, the sections would then undergo 

antigen retrieval to further expose the antigens and allow for better staining in a 

mixture of 10mM of sodium citrate and 0.05% (v/v) tween-20 (pH 6) at 80oC for 

between 5-15 mins. Sections were then brought back to room temperature in the 

sodium citrate then washed in 1X PBS and incubated for 1 hour in 
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immunohistochemical blocking (2% (v/v) normal goat serum/normal donkey serum, 

0.3% (v/v) Triton X100 and 0.05% (v/v) Tween-20). The primary antibodies for 

Calbindin, Calretinin, and TH were used to label the interneurons of the OB. OMP was 

used to label the olfactory axons in nerve fibre and  glomerular layers of OB. Primary 

antibodies against DCX, GFAP, Ki-67 and Nestin were all used to label the neurogenic 

cells of the SZV and RMS. DCX is a microtubule-associated protein expressed by 

immature neurons (Type A cells), Ki67 is a general proliferative marker expressed in 

cells that divided shortly prior to death of the specimen. Nestin is an intermediate 

filament protein expressed in dividing neural stem cells (B1 cells). Glial fibrillary 

acidic protein (GFAP) is expressed by both astrocytes and early-stage neural stem cells 

(B1 cells). Antibodies against TMEM119 were used to stain for microglia. The 

sections were incubated in the primary antibodies overnight at room temperature on 

an orbital shaker (sections labelled with Nestin required a second ‘overnight’ period 

at 4 OC). The next day, the sections were rinsed in immunohistochemical blocking then 

incubated for 2 hours in an associated secondary antibody solution. If an antibody 

required a biotinylated secondary, the sections would then be incubated in streptavidin-

CY3 in PBS for 30 mins at room temperature followed rinses in PBS. Sections were 

then mounted with Prolong gold antifade mountant (Thermofisher Scientific, 

#P10144). 
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Table 1: Antibodies and concentration used to label different cellular populations associated 

with olfactory neurogenesis and neuroinflammation 
 

Purpose Primary Antibodies  Secondary Antibodies 

Neurogenic areas (SVZ, 

RMS) 

- Mouse anti-Ki67 

(BDPharmingen, 550609, 1:20) 

- Rabbit anti-DCX (Cell 

Signalling, A8L1U, 1:500) 

- Goat anti-Mouse IgG, Alexa 

Fluor 594 (Invitrogen, A11032, 

1:500) 

- Goat anti-Rabbit IgG, Alexa 

Fluor 647 (Invitrogen, A21245, 

1:500) 

 - Mouse anti-Nestin (Merck, 

MAB353, 1:500) 

- Rabbit anti-Ki67 (Abcam, 

ab15580, 1:250) 

- Goat anti-Mouse IgG, Alexa 

Fluor 594 (Invitrogen, A11032, 

1:500) 

- Goat anti-Rabbit IgG, Alexa 

Fluor 647 (Invitrogen, A21245, 

1:500) 

Glial cells/ 

Neuroinflammation 

- Rabbit anti-GFAP (Dako, Z0334, 

1:500) 

- Mouse anti-TMEM119 (synaptic 

systems, 400011, 1:500) 

- Goat anti-Rabbit IgG, Alexa 

Fluor 555 (Invitrogen, A32732, 

1:500) 

- Goat anti-Mouse IgG, Alexa 

Fluor Cy5 (Life Technologies, 

A10524, 1:500) 

Olfactory bulb interneurons - Rabbit anti-Calbindin (Swant, 

CB38, 1:1500) 

- Mouse anti-Calretenin 

(Millipore, MAB1568, 1:500) 

- Goat anti-Rabbit IgG, Alexa 

Fluor 555 (Invitrogen, A32732, 

1:500) 

- Horse anti-Mouse IgG, 

biotinylated (vector labs, 1:200) 

+ Streptavidin-CY5 (1:1000)  

- Rabbit anti-TH (Abcam, AB152, 

1:500) 

- Goat anti-OMP (WAKO, 544-

10001-WAKO, 1:500) 

- Donkey anti-Rabbit IgG, Alexa 

Fluor 568 (Invitrogen, A10042, 

1:500) 

- Donkey anti-Goat IgG, Alexa 

Fluor 647 (Invitrogen, A32849, 

1:500) 

 

3.6 Image acquisition and analysis 

3.6.1 SVZ and RMS image acquisition and data collection 

The images for all three labelling of the neurogenic areas (Ki67 and DCX, Nestin 

and Ki67) were acquired via an Olympus FV3000 Laser Scanning Confocal 

microscope. To commence imaging, a slide would be loaded into the microscope and 

a 4x map in 401nm would be captured of the sections on the slide to help identify the 

regions of interest and to ensure uniformity between sections. Three main regions of 

interest (ROIs) were determined for imaging of the neurogenic labelling (Figure 8A). 

The ROIs were chosen and named based on Martoncikova et al. (2021). The first ROI 
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is at the level of the SVZ, the second ROI is at the most proximal part of the RMS 

where the RMS extends ventrally. This area is known as the vertical arm. The third 

ROI is at the region where the RMS deviates rostrally to form an angle known as the 

elbow.  

All confocal images taken for analysis were obtained using a 30x oil objective 

with a depth of 15 µm and a z-step of 0.5 µm (30 z-stacks). These images were then 

loaded into Huygens Professional v16.10 (Scientific Volume Imaging) for 

deconvolution to restore volumes without light scattering. The images were 

deconvolved with a maximum of 50 iterations, with a signal to noise ratio of 1:10 and 

a quality threshold of 0.001. The deconvolved images were then loaded onto 

Neurolucida 360 for manual cellular quantification. While only having the DAPI 

channel active, the maximum projection setting on Neurolucida would be used to 

define the area of the RMS or SVZ within an image by using the contour function to 

draw a polygon around the outline of the neurogenic region shown. The surface area 

of the contour would then be noted for further statistical analysis. The cells quantified 

within the contour were defined as ‘RMS’ or ‘SVZ’ cells (depending on the location), 

cells <50 µm outside of either side of the contour were also quantified and defined as 

’0-50 µm’ cells. This is visually represented in Figure 8B.  
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Figure 8: Visual guides for quantification methods 

(A) A confocal image of the SVZ and RMS in a sagittal section. Small square boxes have been 

superimposed on the image to represent the ROIs based on Martoncikova et al. methods (2021). The 

ROI at the SVZ is depicted (#1), along with the three ROIs of the RMS at the vertical arm (#2), and the 

elbow (#3). Blue = DAPI, green = EdU, red = Ki67 and magenta = DCX. Scale bar is 300 µm. (B) A 

confocal image of the vertical arm of the RMS with the DAPI channel. A polygon has been drawn 

around the RMS (light blue) to allow for manual quantification. (C) A confocal image of the elbow of 

the RMS with the DAPI channel active. A 50 µm rectangle has been superimposed onto the ‘hinge’ of 

the elbow’ and a polygon has been drawn around the RMS within the rectangle to allow for manual 

quantification. 

The quantification undertaken at the vertical arm used these techniques to define 

the ROIs. However, due to the dynamic contours of the SVZ and RMS and the 

variations of cellular population density, the ROIs at the SVZ and elbow required 

different quantification techniques.  

The SVZ is located along the border of the lateral ventricles, which contain 

cerebrospinal fluid and are absent of solid tissue. After observing the SVZ images, it 



 

32 Chapter 3: Research Design 

appeared that its boarders would shift in one direction along the X and Y planes as you 

travelled through the Z-stack. To combat this, a representative region of 10 stacks (5 

µm) was chosen for each SVZ image. The chosen region would then be made into a 

maximum projection image on ImageJ. This image would then be uploaded into 

Neurolucida, and while only activating the DAPI channel, the contour function would 

be used to define the borders of the SVZ for the desired quantifiable region. This 

contour would then be used for quantification on the original image in Neurolucida, 

while ensuring to only quantify cells within the predetermined representative range of 

10 stacks.  

The elbow of the RMS is an area far more densely populated with cells than the 

other parts of the RMS. This is because the elbow of the RMS has a smaller footprint 

than other parts (eg. the vertical arm) causing the cells to be more densely packed 

together. This feature makes manual quantification very challenging. To combat this, 

a premade rectangular contour of 50 µm by 300 µm and placed it over the ‘angle’ of 

the elbow in each image, and only quantified within that region. To define the 

quantified area of the elbow, a maximum projection image would be made and a 

contour was drawn around the elbow of RMS within the premade rectangle (Figure 

8C).  

3.6.2 OB interneuron and GFAP TMEM image acquisition and data 

collection 

All sections from the interneuron and neuroinflammatory labelled sections were 

imaged using an Olympus VS200 Slidescanner on a 20x zoom with a z-step of 1.18 

µm (14.16 µm total thickness) at the level of the OB. The GFAP/TMEM sections of 

the SVZ, RMS and OB were imaged to obtain an insight on the glial cell behaviour in 

these areas. All images were then opened on QuPath 0.3.0 where the relevant brain 
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structure was cropped, downsized by 1:2 pixels and exported onto ImageJ, to then be 

saved as a .tif file.  

The data from the CB/CR and Th/OMP stains immunolabelling combinations 

were all collected using similar techniques. The image would be opened on 

Neurolucida where 3 ROIs across glomerular layer and 2-3 ROIs in the granule layer 

were defined using the contour function. Each ROI was composed of 3 glomeruli each. 

The TH interneurons and the Calbindin interneurons were quantified throughout the 

whole stack of the 13 images (14.16 µm), except the CR quantification used 5 images 

because the cells were more defined across this area (4.72 µm). 

Due to the obscure morphology of astrocytes and microglia, these cell types were 

not manually quantified, the primary source of data collection for the 

GFAP/TMEM119 stain was through Imaris. Firstly, to prepare the images for analysis, 

each olfactory bulb image was cropped on ImageJ to distinguish two separate layers, 

the GL and the GrL. This occurred using the polygon selections tool and creating a 

contour that encompassed the whole of the GL of that image, then using the ‘Clear 

Outside’ feature to remove the image surrounding the contour, followed by the ‘Crop’ 

feature to fit the cropped image to size which would then be saved as .tif files. This 

method was applied to all GFAP/TMEM119 images for the GL as well as the GrL. 

The images were subsequently loaded onto Imaris 8.2.1 (Bitplane) to form 3D 

reconstructions of the GFAP and TMEM119 labelling (“surface” function in Imaris). 

These reconstructions were subsequently used for volumetric quantification. The 

GFAP labelling within the surface was further analysed using the “surface 

fluorescence statistics” of Imaris to determine the mean fluorescence of each 

reconstructed surface. The same method was applied for TMEM119 labelling of the 

GL and GrL images. To determine the total volume of fluorescent labelling in the 
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image after cropping the ROIs, surface reconstruction of the whole 488 channel was 

used, by reconstructing the autofluorescence as boundaries of the tissue (Figure 9). 

The volume of autofluorescence/section was then known to be the volume of the 

region quantified.   

 

Figure 9: Using Imaris software for reconstructing volumes 

(A-C) Acquiring the volume of the ROI in Imaris. (A) A cropped granular layer of an olfactory bulb 

with all four channels activated. (B) The autofluorescence of the green channel has been exaggerated 

and using Imaris reconstructions. Using the exaggerated fluorescence, an object was made to 

encapsulate the whole ROI (C). (D-F) Reconstructing microglia using Imaris. (D) The TMEM119 

labelling a microglia. (E, F) Using specific parameters on Imaris, the microglia has been reconstructed.  

As detailed previously, there were two sections per animal which had the most 

lateral section of the RMS/SVZ, and these were included in the GFAP/TMEM stains 

to observe the glial activity of the SVZ and the subcallosal part of the RMS. Using 

ImageJ, the SVZ and the RMS of each image were cropped separately as two different 

ROIs, to then be processed by Imaris in the same way that the GL and GrL of the OBs 

were analysed. 

The amount of EdU colocalization with GFAP and TMEM119 was required at 

the level of the granule layer of the OB. However, due to the high density of 

overlapping astrocytes and microglia, these cell types were not able to be counted 
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individually. Instead, the proportion of EdU colocalising with either one of these cell 

types was measured using Neurolucida. This was determined by setting three contours 

in each GrL (in the same locations as the interneuron stains) then counting the number 

of EdU cells, followed by counting the number of EdU cells that colocalised with 

either GFAP or TMEM119.  

3.7 Statistical analysis 

All the obtained data underwent preliminary assortment on Microsoft Excel and 

were subsequently processed on GraphPad Prism using statistical tests such as 2-way 

ANOVAs and unpaired t-tests.  

Normality tests were conducted to ensure the data was fit for statistical analysis 

using parametric tests. The following are the tests conducted: D’Agostino & Pearson 

test, Anderson-Darling test, Shapiro-Wilk test, Kolmogorov-Smirnov test. A data set 

was considered normally distributed if p < 0.05. The results from all tests found that 

the data was normally distributed. 
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Table 2: Describing the data derived from Imaris 

Measurement Description Calculations Units 

Mean [cell 

type] volume 

The average volume of all reconstructed 

objects 

𝑆𝑢𝑚 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒𝑠 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠 
 

µm3 

Proportion of 

[cell type] 

coverage 

The proportion of section occupied with 

reconstructed objects 

𝑆𝑢𝑚 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒𝑠 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 
 × 100 

% 

Number of 

reconstructed 

cells in 1 mm3 

The number of cells within 1 mm3 of the 

ROI 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠 𝑖𝑛 𝑅𝑂𝐼

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑅𝑂𝐼 (µ𝑚) 
 × 1000000000 

cells 

Mean 

fluorescence 

per [cell type] 

The average mean intensity of reconstructed 

objects 

𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑖𝑒𝑠 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 𝑜𝑏𝑗𝑒𝑐𝑡𝑠 
 

iu 

Normalised 

fluorescence 

The fluorescence intensity when normalised 

to the % coverage of reconstructed objects 

𝑀𝑒𝑎𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

% 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 
 

iu 
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Chapter 4:  Results 

4.1 Long-term sucrose intake increases weight gain. 

The effects of long-term unrestricted access to sucrose on body weight. After 12 

weeks of ad libitum access to 25% sucrose, mice exhibited stable levels of sucrose 

intake around 80-90 g/kg/day (mean 83.1 ± 1.745 g/kg/day, indicated by the red line; 

Figure 10A). A significant increase in overall weight was observed, across the 12 

weeks of sucrose consumption (Figure 10B’, AUC, *p = 0.0391). It can be noted that 

the sucrose group weights diverge from the water group from week 6 onwards with a 

significant increase in weight (Figure 10B’’, AUC, **p = 0.0070). These results 

confirm that continuous access to sucrose causes weight gain as it was previously 

reported in our lab (Beecher, Alvarez Cooper, et al., 2021). 

 

 
Figure 10: Long-term sucrose consumption causes weight gain. 

(A) Mice had ad libitum access to a 25% sucrose beverage over the course of 12 weeks and partook in 

a mean consumption of 83.1 ± 1.745 g/kg/day. (B) The change in body weight of mice over time. (B’) 

The animals subjected to long term sucrose consumption had a significantly increase in weight gain as 

shown by higher area under curve (AUC) with p < 0.05) compared to water mice. (B’’) From week 6 

onwards (as represented by the dotted line in B), there is an even larger difference between the AUC of 

sucrose and water mice. Data are presented as mean ±S.E.M; n = 4 mice/group. 

4.2 Long term sucrose consumption does not affect SVZ proliferation and 

neuroblast populations. 

Cognitive and memory deficits and a reduction of hippocampal neurogenesis 

have been reported previously by our lab (Beecher, Alvarez Cooper, et al., 2021). 
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Therefore, I sought to assess the effects of long-term sucrose consumption on the SVZ 

neurogenic niche, the location where neuroblasts are born and migrate in chains along 

the rostral migratory stream to the OB and integrate into the existing circuitry as 

interneurons.  

Mice chronically consuming a high-sucrose diet did not show any change in the 

overall density of SVZ proliferating cells labelled by EdU (during weeks 10-12) 

(Figure 11C; p = 0.4204, t test) and Ki67 which labelled proliferative cells within the 

48 hours prior to harvesting (Figure 11D; p = 0.1148, t test). There was also no 

significant change to the general populations of adult stem cells (B1) as shown by 

Nestin immunolabeling (Figure E; p = 0.5648, t test) or neuroblast populations via 

doublecortin immunolabeling (DCX+) cells (Figure 11F; p = 0.7612, t test). The 

quantification of proliferative stem cells (Nestin+/Ki67+; Figure 11G; p = 0.7174, t 

test) or neuroblast cells shown through (Ki67+/DCX+; Figure 11H; p = 0.4707, t test) 

also did not indicate any significant difference between two groups. All together, these 

findings indicate that long term sucrose consumption did not have any effect on 

proliferative cells within the SVZ. 



 

Chapter 4: Results 39 

 
Figure 11: Long term sucrose consumption does not have any effect on SVZ neuroblast 

populations and proliferating cells 

(A) A sagittal section of a mouse brain immunolabelled for Ki67 (red) and DCX (magenta) to highlight 

the SVZ and RMS. (A’) High magnification of the boxed area in the SVZ (A).  (B) A low magnification 

of a brain section immunolabelled for Nestin (red) and Ki67 (magenta) and (B’) is a higher 

magnification of the boxed area. Sucrose consumption did not affect SVZ proliferation as seen through 

the lack of significant differences in the cell populations of EdU+ (C) and Ki67+ (D). Long-term sucrose 

consumption did not influence stem cell populations (E) or neuroblast populations (F) in the SVZ. 

Proliferative neuroblast populations were not affected with sucrose consumption as noted with 

Ki67+/DCX+ (G) or proliferative B1 stem cells shown through SVZ Nestin+/Ki67+. Scale bar is 500 

µm for A, B and 25 µm for A’, B’. Data are presented as mean ± S.E.M; n=4 mice/group.  
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4.3 Long-term sucrose consumption causes neurogenic alterations to the cellular 

populations in the vertical arm of the RMS.  

To assess the effects of sucrose over consumption on RMS, the number of 

proliferative cells across two representative areas were quantified. The vertical arm, 

where the SVZ-derived neuroblasts will first congregate and enter the RMS (Figure 

12A), the elbow, where it forms an angle (Figure 13A). 

The quantifications of proliferative cells within the RMS at the vertical arm did 

not show any significant difference with neither EdU (Figure 12D; p = 0.6485, Two-

way ANOVA) nor Ki67 (Figure 12D; p > 0.9999, Two-way ANOVA). However, it 

caused a significant decrease to the population of neuroblasts in the vertical arm 

(DCX+; Figure 12D; ****p < 0.0001, Two-way ANOVA). The reduction in the 

density of neuroblasts in sucrose consumed animals does not seem to be due to changes 

to the proliferation of the vertical arm, as there was no difference in the populations of 

cells double positive for neuronal (Doublecortin: DCX) and proliferative markers 

(Figure 12D; EdU+/DCX+, p > 0.9999, Two-way ANOVA. Ki67+/DCX+, p > 0.9999, 

Two-way ANOVA). To cover a larger area, the number of Edu + cells within 0 – 50 

µm distance from either side of the vertical arm were quantified; there were no 

significant change in number of EdU+ (EdU+; Figure 12E, p >0.9999, Two-Way 

ANOVA), and Ki67+ cells upon sucrose consumption (Figure 12E, p = 0.0553) in this 

region. 
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Figure 12: Long-term sucrose consumption causes neurogenic alterations to the cellular 

populations in the vertical arm of RMS (both within the RMS and the distance area). 

(A) Low magnification of a sagittal section of a mouse brain immunolabelled for Ki67 (red) and DCX 

(magenta) to highlight the SVZ and RMS. A dotted square over the vertical arm of the RMS shows 

where the higher magnification images (B-C) have been taken from. (D-E) The graphs show the changes 

in cell populations of EdU+, Ki67+ and DCX+ cells both within the RMS (D) and the area 0 – 50 µm 

outside of the RMS (E). n = 3 mice per group. *p < 0.05; ****p < 0.0001. Scale bar for A indicates 500 

µm and 25 µm for B - C µm. Data are presented as mean ± S.E.M; n=3 mice/group. 

4.4 Long-term sucrose consumption does not affect the populations of 

neuroblasts or proliferative cells of the elbow of the RMS. 

Next, the number of proliferative cells of the elbow of the RMS were quantified. 

The results demonstrated no significant changes to the cell proliferation of the elbow 

between two groups (Figure 13D; EdU+, p > 0.9999. Ki67, p > 0.8400, Two-way 

ANOVA). The DCX immunolabeling of the elbow of the RMS did not show any 

significant changes between groups (Figure 13D; DCX+; p > 0.9999, Two-way 

ANOVA), and there was no changes to the populations of proliferative neuroblasts in 

the elbow (Figure 13D; Ki67+/DCX+, p = 0.9803, Two-way ANOVA).  

Sucrose consumption caused a significant reduction in proliferative cells found 

around the elbow indicated by Ki67 + cells (Figure 13E, ***p = 0.0001). However, 

there were no differences in the neuroblast populations (DCX+; Figure 13E, p = 
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0.1682), and proliferative neuroblasts around the elbow of RMS (Ki67+/DCX+; 

Figure 13E, p = 0.9999). 

 
Figure 13: Long-term sucrose consumption does not affect the cellular populations of the elbow 

of the RMS, however it reduced the populations of proliferative cells around the elbow of the 

RMS. 

(A-C) Immunohistochemical labelling of mouse brains, immunolabelled for Ki67 (red) and DCX 

(magenta). (A) Low magnification of a sagittal section of a mouse brain immunolabelled for Ki67 and 

DCX to highlight the SVZ and RMS. A dotted square is placed over the elbow of the RMS to show 

where the higher magnification images (B-C) were taken. (D-E) The graphs show the changes in cell 

populations of EdU+, Ki67+ and DCX+ cells both within the RMS (D) and the area 0 – 50 µm outside 

of the RMS (E). n = 4 animals per group. ***p = 0.0001. The scale bar for A indicates 500 µm and 25 

µm for B-C. Data are presented as mean ± S.E.M. 
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4.5 Long-term sucrose consumption increased the number of calretinin+ 

juxtaglomerular cells. 

One of the primary roles of SVZ neurogenesis is to form neuroblasts which will 

travel through the RMS, arrive to the OB and differentiate into juxtaglomerular 

interneurons or granule interneurons. Here, I assess if the fate of the cells 

produced/migrated from SVZ to the OB is affected by sucrose over consumption 

through quantifying the populations of calbindin+ (CB), calretinin + (CR) and tyrosine 

hydroxylase+ (TH) interneurons. To which, it was identified that long-term sucrose 

consumption caused an increase in the number of CB+ juxtaglomerular interneurons 

(Figure 14C’; *p = 0.0106, t-test). There were no detected changes to the populations 

of juxtaglomerular CR+ (Figure 14C’’’; p = 0.1989) or TH+ interneurons (Figure 

16B’; p = 0.9830). The number of CR+ neurons in the granular layer of the olfactory 

bulb were quantified, and no significant differences between groups was found (Figure 

14D; p = 0.4202). The proliferative population of the following neurons did not show 

any significant changes (CB+/EdU+, Figure 14C’’, p = 0.9906; CR+/EdU+, Figure 

14C’’’’, p = 0.2718; TH+/EdU+, Figure 15B’’, p = 0.8039). Sucrose consumption also 

did not affect granular CR+ proliferative cells either (CR+/EdU+; Figure 14C’’’’; p = 

0.4202). 
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Figure 14: Long-term sucrose consumption increased the population of calbindin+ but not 

calretinin+ interneurons. 

 

(A-D) Sagittal sections of the OB labelled with DAPI, calbindin (red), calretinin (magenta), and EdU 

(green) indicating the glomerular layer (GL) and the granular layer (GrL) of the OB. Higher 

magnification of the boxed areas in the GL and GrL are shown in (C) and (D) respectively. (C-C’’’’) 

show juxtaglomerular neurons quantifications. (C’) Long term sucrose consumption increased the 

number of calbindin+ juxtaglomerular cells; however, there was no change to the number of 

proliferative calbindin+ cells (C’’). It also did not affect calretinin+ juxtagomerular populations, nor 

does it affect calretinin cells proliferation (C’’’, C’’’’). (D) Higher magnification images of the GrL. 

Sucrose consumption did not affect granular calretinin+ populations (D’) nor the proliferation of 

calretinin+ granule cells (D’’). Data are presented as mean ± SEM; n = 4 mice per group. *p < 0.05. 

Scale bar is 300 µm for A and 50 µm for B-C. 
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Figure 15: Long-term sucrose consumption did not affect populations of tyrosine hydroxylase 

juxtaglomerular cells. 

(A-B) a sagittal section of the OB labelled with DAPI, tyrosine hydroxylase (TH; red), olfactory marker 

protein (OMP; magenta) and EdU (green). Higher magnification of the boxed area in the GL is shown 

in (B).  (B’-B’’) Long term sucrose consumption did not affect the number of TH+ juxtaglomerular 

cells, and their proliferative populations. Scale bar is 300 µm for A and 50 µm for B. 
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4.6 Sucrose consumption affected the astrocytes of the OB but not the microglia.  

Next, we assessed whether long term sucrose consumption has any effects  on 

the glial cells of the OB. Astrocytes and microglia have numerous supportive functions 

in OB interneuron neurogenesis (Martončíková et al., 2021; Meller et al., 2023). 

First, I measured the volume of the astrocytes and and total coverage area of the 

GL layer of the OB. The results showed that sucrose consumption did not have any 

effect on the mean astrocyte volume (Figure 16D; p = 0.8712, t-test), the proportion 

of astrocytic coverage (Figure 16E, p = 0.8642), the number of reconstructed 

astrocytes in the GL tissue (Figure 16F, p = 0.7252), the mean GFAP fluorescence per 

astrocyte (Figure 16G, p = 0.8279) or the normalised mean intensity (Figure 16H, p = 

0.8054).  

However, sucrose did affect the astrocytes of the GrL of the OB. Sucrose 

consumption caused a significant reduction in the average volume of astrocytes 

(Figure 16K, ****p <0.0001), the proportion of astrocyte coverage was also reduced 

in the GrL (Figure 16L, ****p <0.0001). However, there was no affect on the number 

of astrocytes (Figure 16M, p = 0.7155). Sucrose consumption also caused a reduction 

in the mean GFAP fluorescence intensity  per astrocyte (Figure 16N, **p = 0.0033) in 

the GrL. However, when normalised against coverage, sucrose consumption was 

found to increase the mean fluorescence (Figure 16O, **p = 0.0021). 
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Figure 16: The sucrose consumption reduced astrocytic coverage area in the granular layer but 

not the glomerular layer. 

(A) A sagittal section of the OB labelled with DAPI and glial fibrillary astrocytic protein (GFAP; red). 

The dashed square in the glomerular layer (GL) represents where the higher magnification images in 

(B) and (C) were taken. The dashed square in the granule layer (GrL) represents where the higher 

magnification images in (I) and (J) were taken. (B-H) represent the astrocytes of the GL. (D-H) The 

effect of sucrose consumption on the volumetric characteristics (D-E), populations (F) and fluorescent 

properties of astrocytes in the GL (G-H). (I-J) Representative images of astrocytes in the GrL of the 

OB. (K-O) Graphs indicate quantifications of astrocytes of the GrL. The effect of sucrose consumption 

on the volumetric characteristics (K-L), populations (M) and fluorescent properties (N-O) of astrocytes 

in the GrL(M-O). Data are presented as mean ± S.E.M; n=4 mice/group. **p < 0.01; ****p < 0.0001.  

Scale bar indicates 300 µm for A and 50 µm for B, C, I, J. 
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Next, the volume of the microglia and total coverage area of microglial processes 

of the GL layer of the OB were measured. These results indicate that sugar 

consumption did not significantly affect the mean microglial volume (Figure 17D, p = 

0.1359, t-test), the proportion of microglia coverage (Figure 17E, p = 0.9207), the 

number of microglia (Figure 17F, p = 0.2743), the mean fluorescence  per microglia 

(Figure 17G, p = 0.6704) or the normalised mean  TMEM119 intensity (Figure 17H, 

p = 0.5256).  

The quantification of the microglia and their processes in the GrL also did not 

show any significant differences in the mean volume (Figure 17K, p = 0.5924, t-test), 

the proportion of microglia coverage (Figure 17L, p = 0.6563), the number of 

microglia (Figure 17M, p = 0.9914), the mean TMEM119 fluorescence per microglia 

(Figure 17N, p = 0.8599) or the normalised mean TMEM119 intensity (Figure 17O, p 

= 0.4485). 
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Figure 17: Sucrose consumption did not affect microglia in the glomerular layer or the granular 

layer of the OB  

(A) a sagittal section of the OB labelled with DAPI and transmembrane protein 119 (TMEM119; 

magenta). The dashed square in the glomerular layer (GL) represents where the higher magnification 

images (B) and (C) were taken. The dashed square in the granule layer (GrL) represents where the 

higher magnification images (I) and (J) were taken. Representative images of astrocytes in the GL of 

the OB of a control animal (B) and a sucrose animal (C). (D-H) Sucrose consumption does not affect 

the volumetric characteristics (D-E), populations (F) or fluorescent properties of astrocytes in the GL 

(G-H). Representative images of astrocytes in the GrL of the OB of a control animal (I) and a sucrose 

animal (J). Sucrose consumption does not affect the volumetric characteristics (K-L), populations (M) 

or fluorescent properties of astrocytes in the GrL (N-O). Data are presented as mean ± S.E.M; control: 

n=3; treatment: n=4. Scale bar indicates 300 µm for A and 50 µm for B, C, I, J. 
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4.7 Sucrose consumption had no significant effect on glial cells populations and 

proliferation in the OB. 

First, the number of general proliferative cells (EdU+) in the GL and GrL of the 

OB were quantified to investigate whether sucrose consumption affect cell 

proliferation changes. The results show no difference in the number of general 

proliferative cells in the GL was not significant (EdU; Figure 18A’, p = 0.0702, t-test) 

and the GrL layers of the OB in sucrose drinking group compared to control (Figure 

18A’’, p = 0.4397). In addition , there was no significant difference in the number of 

proliferative astrocytes (GFAP+/EdU+; Figure 18B’, p = 0.8891) or proliferative 

microglia (TMEM+/EdU+; Figure 18C’, p = 0.3225) in the GrL layer of the OB.  

 
Figure 18: Long-term sucrose consumption did not cause any significant changes to overall OB 

proliferation and glial cell proliferation 

(A) a lower magnification of an OB labelled with DAPI and EdU. The populations of EdU+ cells in the 

GL (A’) and in the GrL (A’’) of the OB. (B-B’) Sucrose did not significantly affect the density of 

proliferative astrocytes in the GrL (B’). Similarly, there was no change to the density of proliferative 

microglia of the GrL (C’). Data are presented as mean ± S.E.M; control: n=4 animals/group. Scale bar 

for A-C indicates 300 µm.  
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4.8 Sucrose consumption affected the astrocytes of the SVZ and RMS but not 

the microglia. 

Afterwards, the effect of long-term sucrose consumption on the glial cells of the 

SVZ and RMS was studied.  

The results show that sucrose consumption significantly reduced the mean 

astrocyte volume (Figure 19D, **p = 0.0040, t-test) and the proportion of astrocyte 

coverage in the SVZ (Figure 19E, *p = 0.0265). However, there was no difference in 

the number of reconstructed astrocytes (Figure 19F, p = 0.5459), GFAP fluorescence 

intensity per astrocyte (Figure 19G, p = 0.0728) or the normalised GFAP fluorescence 

(Figure 19H, *p = 0.2947) between two groups.  

In the RMS, sucrose consumption did not significantly affect the mean astrocyte 

volume (Figure 219K, p = 0.0727, t-test), and the number of astrocytes (Figure 19M, 

p = 0.1500). However, the astrocytic coverage of the RMS significantly reduced 

(Figure 19L, *p = 0.0189). The fluorescent intensity of the RMS astrocytes (per 

astrocyte) significantly reduced in the sucrose drinking mice (Figure 19N, **p = 

0.0062), although there was no change to normalised fluorescence of astrocytes 

(Figure 19O, p = 0.2995). 
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Figure 19: Sucrose consumption affected the astrocytes of the SVZ and RMS 

(A) a sagittal section of the OB labelled with DAPI and glial fibrillary astrocytic protein (GFAP; red). 

The dashed square in the subventricular zone (SVZ) represents where the higher magnification images 

(B-C) were taken. The dashed square in the rostral migratory stream (RMS) represents where the higher 

magnification images (I-J) were taken. The effect of sucrose consumption on astrocyte volume (D) and 

coverage area (E), populations (F) and fluorescent properties (G-H) in the SVZ were presented.  

Representative images of astrocytes in the RMS of a control animal (H) and a sucrose animal (I). The 

effect of sucrose consumption on the volumetric characteristics of astrocytes (K-L), populations (M) 

and fluorescent properties (N-O) in the RMS are demonstrated. Data are presented as mean ± S.E.M; 

n=4 mice/group. *p < 0.05; **p < 0.01.  Scale bar indicates 300 µm for A and 50 µm for B, C, I, J. 

Next, the number of microglia in the SVZ and RMS was quantified. The results 

indicated that sucrose consumption did not induce a significant change in the mean 

microglial volume (Figure 20D, p = 0.6662, t-test), the proportion of microglial 

coverage (Figure 20E, p = 0.1783), the number of  reconstructed microglia  (Figure 

20F, p = 0.2894), the mean fluorescence per microglia (Figure 20G, p = 0.9341) or the 

normalised mean intensity (Figure 20H, p = 0.1259) in the SVZ. Sucrose consumption 

also did not induce any significant differences to the mean microglial volume (Figure 
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20K, p = 0.4057), the proportion of microglia coverage (Figure 20L, p = 0.2528), the 

number of reconstructed microglia in tissue (Figure 20M, p = 0.7848), the mean 

fluorescence per microglia (Figure 20N, p = 0.4778) or the normalised mean intensity 

(Figure 20O, p = 0.2143) in the RMS. These results show the microglia of these regions 

were not affected significantly by sucrose consumption. 

 

 
Figure 20: Sucrose consumption did not affect microglia in the SVZ or the RMS 

(A) a sagittal section of a mouse brain labelled with DAPI and transmembrane protein 119 (TMEM119; 

magenta). The dashed square in the subventricular zone (SVZ) represents where the higher 

magnification images (B-C) were taken. The dashed square in the rostral migratory stream (RMS) 

represents where the higher magnification images (I-J) were taken. The effect of sucrose consumption 

on the volumetric characteristics (D-E), populations (F) and fluorescent properties (G-H) of microglia 

in the SVZ are presented. The effect of sucrose consumption on the volumetric characteristics (K-L), 

populations (M) and fluorescent properties (N-O) of microglia in the RMS are illustrated. Data are 

presented as mean ± S.E.M; control: n=3; treatment: n=4. Scale bar indicates 300 µm for A and 50 µm 

for B, C, I, J. 
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Chapter 5:  Discussion 

The relationship between sugar consumption and obesity has been well 

documented (Bentley et al., 2020). With high body mass being one of the major 

contributors to Australia’s total disease burden (Australian Institute of Health and 

Welfare, 2016), it is important for researchers to understand the burden that a high-

caloric diet has on the body and brain. Indeed, obesity is known to affect different 

types of memory, including episodic memory and obese children are known to have 

deficits in memory among other cognitive functions (Loprinzi & Frith, 2018; Meo et 

al., 2019; Wu et al., 2017).  Using a well-established animal model, we have been able 

to identify that sucrose consumption caused memory deficits with reduced 

hippocampal neurogenesis (Beecher, Alvarez Cooper, et al., 2021). Obesogenic diets 

have been known to alter glial cell behaviour in appetite-related areas such as the 

hypothalamus, causing increased hunger (Valdearcos et al., 2017). Considering these 

examples in which diet impairs health outcomes and altered both neurogenic and 

appetite-related areas of the brain, I wanted to understand if sucrose consumption 

affects other neurogenic regions of the brain related to appetite, such as the SVZ, RMS 

and OB. The SVZ is a neurogenic niche in the brain which persists postnatally. It 

creates neuroblasts which will travel via the RMS and into the OB where they will 

reach their target destination and differentiate into olfactory interneurons. The OB is 

important for appetite regulation (Palouzier-Paulignan et al., 2012), and more 

specifically, the OB interneurons have been associated with odour detection, 

judgement of odour information, and long-term odour memory (Lazarini et al., 2009; 

Sakamoto et al., 2014; Wu et al., 2020). I initially examined the effect of long-term 

sucrose consumption on SVZ, RMS and OB neurogenesis. Then I assessed the effects 
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of high-sucrose diet on OB interneurons. Lastly, I studied the effect of sucrose 

consumption on the glial cells of these regions. 

5.1 The effect of sucrose consumption on the SVZ and RMS neurogenesis 

The SVZ and the RMS are brain structures which initiate OB interneuron 

neurogenesis; therefore, they are crucial areas in the investigation of the effect of 

sucrose consumption on forebrain neurogenesis.  

5.1.1 Sucrose consumption did not affect the SVZ neurogenesis.  

The results showed no significant difference in NSCs, called type B1 cells 

(Nestin+ cells), neuroblast populations (DCX+ cells) and proliferative cell populations 

(Ki67+ cells and EdU+ cells). There were also no changes in the stem cell proliferation 

(Ki67+/Nestin+ cells) or neuroblast proliferation (Ki67+/DCX+ cells and EdU+/DCX+ 

cells). These results differ from literature whereby the introduction of an injury vehicle 

caused a burst of proliferation in the SVZ (Franco et al., 2014). Similarly, but more 

specific to carbohydrate consumption, an increase of glucose intake was also found to 

increase SVZ and hippocampal neurogenesis (Lang et al., 2009). The differences in 

experimental designs may have contributed to these variations, considering they 

investigated the effect of hyperglycaemia induced by high glucose-consumption in a 

type 2 diabetes rat model, which is very different from our animal model (Beecher, 

Alvarez Cooper, et al., 2021). Fructose is known to significantly reduce hippocampal 

neurogenesis in rats (Fierros-Campuzano et al., 2020; van der Borght et al., 2011) and 

mice (Cisternas et al., 2015). As sucrose is a disaccharide made of fructose and 

glucose, there is a possibility that these two saccharides induce different effects when 

they are used individually or combined. It is worth noting that recently our lab found 

that long-term sucrose consumption reduced hippocampal neurogenesis (Beecher, 

Alvarez Cooper, et al., 2021). While the current investigation did not see any changes 
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to SVZ proliferation and neurogenic populations, more research needs to be 

undertaken to understand whether sucrose consumption effects cell viability of the 

SVZ region.  

5.1.2 RMS 

The number of proliferative cells and neuroblasts of two different areas of the 

RMS were quantified to assess the effect of sucrose consumption on the RMS. The 

two areas were at the vertical arm and the elbow.  

Vertical arm – These data demonstrate that long-term sucrose consumption 

caused a significant reduction of neuroblasts (DCX+) in the vertical arm of the RMS. 

This is quite interesting considering the vertical arm is the most proximal portion of 

the RMS, the location where the SVZ-derived neuroblasts first enter the RMS from 

the SVZ and sucrose consumption did not change general proliferative cell populations 

of SVZ neuroblasts or proliferating neuroblasts. This is a finding consistent in 

literature whereby upon the admission of an injury vehicle, populations in the SVZ 

and the RMS did not directly corelate (Franco et al., 2014). It was found that the injury 

vehicle caused a burst of proliferation in the SVZ, however there was no changes to 

the populations of neuroblasts traveling in the RMS. These results showed that SVZ 

populations do not directly correlate with RMS populations, and that RMS populations 

may reduce while SVZ populations remain high (Franco et al., 2014).  In the current 

study, there was a reduction of neuroblasts in the vertical arm; however, there were no 

changes to SVZ neurogenesis. To explain this phenomenon, there are a few theories: 

(1) that sucrose consumption affects neuroblast migration from the SVZ to the RMS, 

(2) that there is an increased rate of neuroblast migration out of the vertical arm of the 

RMS or (3) that sucrose consumption might affect the viability of SVZ-derived 

neuroblasts. To theorise that the migration of neuroblasts out of the SVZ (1) is 



 

58 Chapter 5: Discussion 

probably unlikely considering that that would likely result in an accumulation of 

neuroblasts in the SVZ, which was not observed here. To theorise that there is 

increased migration out of the vertical arm of the RMS (2) is also a less likely primary 

contributor to this phenomenon. It is normal for small populations of proliferative cells 

and neuroblasts to exit the RMS and migrate to different structures, including the 

corpus collosum, the striatum or the olfactory tubercle (Bédard et al., 2002). Under 

pathological conditions the number of cells leaving the RMS can be increased 

(Angelidis et al., 2018; Herzine et al., 2016). For this reason, the cells that were within 

the structures neighbouring the RMS (0-50 µm outside of either side of the RMS) were 

also quantified. These structures include the corpus collosum and the striatum. In 

which case, there were no significant differences to the number of cells migrating out 

of the RMS. Therefore, it is likely that sucrose consumption disrupts the viability of 

SVZ-derived neuroblasts, which could be studied in future experiments. 

Elbow – Next, the effect of sucrose consumption on the elbow of the RMS. It 

was found that sucrose consumption did not change any of the cellular populations 

within the RMS at the level of the elbow. There were no detectable changes to the 

populations of proliferative cells, neuroblasts or proliferating neuroblasts. This is 

striking considering sucrose consumption caused a significant reduction to the 

population of neuroblasts in the vertical arm. These results occur alongside a 

significant decrease in the number of Ki67+ cells migrating out of the elbow. There are 

two main possibilities that could have contributed to this finding, one is experimental 

and the other is anatomical. The experimental reason is associated with the fact that 

this study was only conducted at one time point. For future experimentation, 

investigating more timepoints would allow for a more complete view of the migration 

and survival of neurogenic cells from the SVZ, through the RMS and to the OB. 
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 At the level of the elbow, there is another lesser known minor ‘offshoot’ of the 

RMS called the posterior limb, or the ventrocaudal migratory stream (VMS; Bédard et 

al., 2002; De Marchis et al., 2004; Inta et al., 2010). The VMS extends caudally from 

the elbow of the RMS and sends a small collection of cells to the olfactory tubercle 

(De Marchis et al., 2004). The results showed that at the level of the elbow, sucrose 

consumption caused a significant reduction in the number of Ki67 cells outside of the 

RMS. In total, it is possible that with a significant reduction of neuroblasts at the 

vertical arm under the conditions of sucrose consumption, the RMS may prioritise 

intra-RMS cellular populations and reduce the number of cells that are able to migrate 

out of the RMS to surrounding tissues. The VMS is not a well-known structure, and 

very little research has been done to assess how changes in diet or environment may 

affect it. To look further into this theory, future work analysing the VMS and the 

olfactory tubercle cell populations would be recommended. 

Altogether, sucrose consumption did not affect initial proliferation and 

neuroblast differentiation in the SVZ. There was a significant reduction in the number 

of neuroblasts in the vertical arm of the RMS. However, this result did not affect the 

number of neuroblasts in the more distal part of the RMS as there were no significant 

reductions to the populations of neuroblasts at the elbow of the RMS. These results 

indicate that the populations of neuroblasts and proliferative cells reaching the OB 

were no different between groups. This stabilisation of neuroblast populations 

correlates with a marked reduction in the number of proliferative cells migrating out 

of the RMS at the elbow suggest the possibility that the RMS may prioritise the intra-

RMS neuroblast populations.  
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5.2 The effect of sucrose consumption on OB interneuron populations.  

After investigating the effect of sucrose consumption on SVZ and RMS 

proliferation and neuroblast populations, I studied the effect of sucrose consumption 

on the populations of interneurons in the OB; the cells that the SVZ/RMS neuroblasts 

will differentiate into. The juxtaglomerular interneurons of the OB may be classified 

by their immunoreactivity to three subtypes of CB+, CR+ or TH+. Meanwhile the 

interneurons of the GL are primarily CR+. Each of these interneuron cell types were 

quantified in sucrose-consuming and control group mice to determine if sucrose 

consumption effects their populations. It was found that sucrose consumption causes 

a significant increase in CB+ juxtaglomerular populations, and no significant changes 

to the populations of CR+ and TH+ juxtaglomerular cells, or granule cells.  

The significant increase in CB+ juxtaglomerular cells upon sucrose consumption 

was accompanied by no changes in CB+/EdU+ cells, indicating that the increase may 

not be due to an increase in CB+ proliferation. The reason behind the increase remains 

unclear considering that sucrose consumption did not cause any significant differences 

to the number of neuroblasts travelling to the OB. There is a possibility that the CB+ 

interneurons may have a higher viability under sucrose consumption due to increased 

sensory enrichment. The treatment mice had an enhanced olfactory experience with 

the addition of sucrose in their diet, as opposed to control mice who only received food 

and water.    

The general saying for the body, and indeed also the brain, is “if you don’t use 

it, you lose it", which is precisely what happens with OB interneuron populations. 

Nostril occlusion, and thus sensory deprivation, was found to significantly decrease 

the populations of TH+ PG cells but not CB+ or CR+ cells (Bastien-Dionne et al., 2010). 

Another study showed that housing animals in an odour enriched environment caused 
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an increase in TH+ glomerular cells but not in CB+ or CR+ glomerular cells (Bonzano 

et al., 2014). These results show that changes to the sensory environment can alter the 

populations of interneurons of the GL. However, an obvious difference between the 

findings previously stated and the findings of this study is that sucrose consumption 

had caused no effect on TH+ juxtaglomerular cells and only increased the number of 

CB+ juxtaglomerular cells. Differences in experimental protocol may be the reason of 

these discrepancies as the nasal occlusion could cause degeneration of the olfactory 

receptor neurons (Bastien-Dionne et al., 2010) and sucrose consumption was not part 

of odour enrichment (Bonzano et al., 2014). Duration of the treatment time could be 

another factor as the interneuron subtypes have a different lifespan (Kohwi et al., 

2007). TH+ cells are regarded as having a faster turnover rate than CB+ and CR+  

(Kohwi et al., 2007).  Also, these studies were specifically looking at the effect of 

olfactory stimuli on OB interneuron populations; however, the current study 

introduces an enhanced in olfactory stimuli through a change in diet, the consumption 

of a sucrose drink. The addition of the changes to blood glucose/fructose levels is an 

obvious change, specifically when sucrose consumption is known to be associated with 

addictive pathways in the brain (Jacques et al., 2019). The OB receives input from 

serotonergic neurons from the medial and dorsal raphe (Capsoni et al., 2021). 

Therefore, sucrose consumption turning to an appetite addiction may contribute to the 

changes of interneuron populations.  

5.3 Effect of sucrose consumption on glial cells of the OB, RMS and SVZ 

Glial cells are crucial for maintaining normal brain homeostasis. Microglia and 

astrocytes both have regulatory roles for maintaining normal OB, RMS and SVZ 

functions, both of which are likely to change their behaviour to external stimuli. The 
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behaviour of microglia and astrocytes within the SVZ, RMS and OB were examined 

to achieve a better understanding of the effect of sucrose consumption. 

A range of different glial cell properties were measured, including their volume, 

cover surface areas, populations, proliferation rate and fluorescent intensity. We 

quantified these factors in the GL and GrL of the OB, the SVZ and the vertical arm of 

the RMS. 

Sucrose consumption changed the behaviour of GrL astrocytes of the OB. The 

results showed that sucrose consumption significantly reduced the astrocytic volume 

and astrocyte coverage in the GrL. The reduced coverage accompanied by the same 

number of reconstructed astrocytes shows that the reduced coverage is attributed to the 

reduced astrocyte volume and not to changes in cell populations. 

Sucrose consumption was also shown to reduce the GFAP florescent intensity 

of individual astrocytes, but when normalised against coverage, the GFAP 

fluorescence of the sucrose group was significantly higher than the control group. 

However, there were no differences in astrocyte populations, volume, coverage, and 

GFAP fluorescent intensity of the GL of the OB. As of the SVZ, sucrose consumption 

significantly reduced the mean astrocyte volume, and the proportion of astrocytic 

coverage. As,  there were no changes to the number of reconstructed astrocytes in 

tissue, it is indicated that the reduced astrocyte coverage is likely attributed to the 

reduced volume per astrocyte. As of the RMS, sucrose consumption significantly 

reduced the proportion of astrocyte coverage and the mean fluorescence per astrocyte. 

There were was also a reduction in astrocytic coverage of the area. Generally, these 

findings contribute to the growing evidence that astrocytes do not express a ‘uniform’ 

morphology throughout brain structures instead express a morphology that is region 

specific (Torres-Platas et al., 2016). In terms of characterising astrocyte behaviour, 
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there are many documented instances of increases of astrocyte volume through process 

extension and astrogliosis (J.-M. Li et al., 2015; Torres-Platas et al., 2016). Excessive 

sugar consumption has been known to induce astrogliosis in other brain structures (J.-

M. Li et al., 2015, 2019; Salvadó et al., 2022). However, very little research has been 

done to assess the effect of sucrose consumption on the SVZ, RMS and OB. This is 

especially important considering the astrocytes of these areas are very closely 

associated with newborn neurons and undergo changes in morphology as a result of 

neuroblast interactions (Martončíková et al., 2021). Neuroblasts are known to repel 

astrocytic processes and can even make direct contact with blood vessels (Kaneko et 

al., 2010; Peretto et al., 1999, 2005; Whitman et al., 2009). Blood vessels and 

astrocytes also have an important role in neuroblast migration, whereby neuroblasts 

take up the BDNF released by endothelial cells, allowing them to migrate, and 

astrocytes are then able to upregulate a receptor for BNDF, TrkB, and outcompete the 

neuroblasts so as to ‘collect’ the excess BDNF from the extracellular matrix (Snapyan 

et al., 2009). Altogether, this information could explain the decrease in astrocyte 

volume with sucrose consumption. The results regarding the effect of sucrose 

consumption on the RMS lead us to speculate that the RMS may prioritise intra-RMS 

neuroblast populations. It can be speculated that the lower neuroblast populations at 

the vertical arm of the RMS may cause the neuroblasts to upregulate their repulsion of 

astrocytic processes so that the neuroblasts may maintain better contact with the blood 

vessel scaffold to prioritise neuroblast uptake of BDNF. To explore this, further study 

covering the relationship between neuroblasts, astrocytes and blood vessels in sucrose 

drinking animals is recommended. It would be also beneficial to determine if sucrose 

consumption changes the expression of TrkB receptor on astrocytes.  
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The microglia of the OB (GL and GrL) did not undergo any significant changes 

under sucrose consumption. Similarly, sucrose consumption did not induce any 

significant changes in the microglia of the SVZ or RMS. Obesogenic diets such as 

high-fat diets are known to increase microglial populations and alter their morphology 

to be more pro-inflammatory within the hypothalamus (Chen et al., 2021; Dorfman & 

Thaler, 2015). High fat and high sugar diets have been found to increase hypothalamic 

microglial response in male mice (Daly et al., 2022). Although, it is difficult to apply 

this diet framework on the experiments detailed in this report as it includes high fat in 

this obesogenic diet, which has already been found to illicit changes to microglial 

behaviour. However very little research has been done to study the effect of sucrose 

consumption on microglial activity on the SVZ, RMS and OB. These results are the 

first to show that microglia may not be affected by sucrose in the areas of the SVZ, 

RMS and OB. However further studies covering larger cohort of animals and different 

time points with sucrose over consumptions is recommended. 
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Chapter 6:  Conclusions 

6.1 Conclusion 

This investigation provided a unique insight into the effect of sucrose 

consumption on SVZ and RMS neurogenesis along with OB interneuron populations. 

Populations of SVZ neurogenic cells were not affected by sucrose consumption. 

However, neuroblast populations in the vertical arm of the RMS were significantly 

reduced in sucrose animals, a reduction which was attenuated as of the elbow whereby 

neuroblast populations were the same between sucrose and water animals. This study 

found that sucrose consumption causes significant increase in calbindin+ 

juxtaglomerular cells. In addition, astrocyte volume, GFAP fluorescent intensity 

labelling and populations were often reduced with sucrose consumption.   

6.2 Limitations 

There are some limitations regarding the sex, age and strain of mice used in this 

investigation. Limiting the study group to only using the male sex gives rise to the 

possibility of missing the effect of sucrose consumption on female mice. Adolescent 

sucrose consumption is far higher than that of adults, prompting us to commence 

sucrose consumption in mice during their adolescence. It is worth noting that previous 

studies have found less of an impact of sucrose consumption after adolescence and 

have recommended studying the effect of sucrose over longer time periods (Kendig, 

2014). Using different mouse strains might also be beneficial as it is known that 

sucrose consumption can have varied effects between different strains of mice (Kendig 

et al., 2014).  

Using a slide scanner to image the GFAP and TMEM stains is a limitation 

regarding the quality of data generated from the Imaris software. While the thresholds 
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were altered to minimise the amount of background, using a slide scanner means that 

there is some fluorescence artifact that will be derived from throughout the z-stack. 

This will mean that the volume measurement of an object would be dependent on the 

object’s fluorescence. To rectify this, it is worth noting that the control and treatment 

group brain sections were all immunolabelled concurrently and imaged under the same 

settings to minimise bias. 

Another limitation was through classifying all GFAP+ objects in the SVZ as 

astrocytes. Adult stem cells at certain stages may also express GFAP. Indicating the 

possibility that some of the “astrocyte” objects noted by Imaris may be a B1 cell at 

some sort of stage of division instead of an astrocyte. 

The group size of n = 4 was another limitation in this study. As mentioned in 

section 3.2, the original G*power analysis proposed that a minimum of n = 8 would 

be optimal to derive data from this study. However, the group sizes were reduced to n 

= 4 as this was a pilot study. This pilot investigation was promising, as it showed that 

sucrose consumption does affect SVZ neurogenesis, OB interneuron populations and 

astrocyte populations and morphology. It is worth noting that while all data was 

derived from n = 3 or n = 4, statistical test showed that the data was normally 

distributed, confirming the viability of the data. In the future experiment, additional 

animals (n= 5) to repeat the experiments will be necessary to complete the study.  

6.3 Future directions  

The interaction between astrocytes, blood vessels and neuroblasts of the SVZ, 

RMS and OB need to be further examined to possibly help clarify the cause of the 

reduced volume and coverage of astrocytes in these areas. Concurrently, investigating 

the way in which the RMS can prioritise intra-RMS cell populations is necessary to 

explain the results gathered. The reduced GFAP expression in astrocytes under sucrose 
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consumption may have important implications for other diseases (Moody et al., 2017). 

Techniques such as tissue culture should be considered to examine characteristics of 

the astrocytes in vitro in response to sucrose in culture medium.  Considering multiple  

time points/exposure time will allow us to understand the long-term effects of sucrose 

consumption on OB interneuron populations in more details.  
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