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Preface 

When I began at NSU, I had no idea that I would completely fall in love with the 

field of neuroscience. Dr. Robison, my very first neuroscience professor at NSU, heavily 

contributed to igniting this spark in me. Excited to get involved in research, I approached 

Dr. Robison with the wish to work with her on her research. She took me in without 

hesitation, guiding me as I learned new techniques and even agreeing to be my Honors 

Thesis Advisor. 

I started my journey in the lab from humble beginnings, reading papers on 

fascinating topics and labeling countless microscope slides. Since starting my Honors 

Thesis, I have had numerous opportunities to present my research at conferences, develop 

my interprofessional skills, and work alongside amazing researchers like Dr. Speth from 

the College of Pharmacy in the Health Professions Division Building and Dr. Robison in 

the Center for Collaborative Research and the Parker Building. Through this research 

project, our lab placed first in the poster competition at the 2023 Society for NeuroSports 

Conference, and I witnessed the logo I designed represent the 2023 Undergraduate 

Student Symposium. The skills I have gained on this journey aid in my aspiration to 

profoundly impact patients' lives, advocating for them as their physician and as a 

researcher. 

Reflecting on this experience, I have developed a deeper appreciation for 

research. The late nights spent in the Zombie Lab or immersed in an Excel sheet have all 

been worthwhile for the memories I have made through this Honors Thesis. I am forever 

grateful for this incredible opportunity. 
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Abstract 

Poor diet and metabolic diseases (obesity, Type 2 diabetes) are associated with 

increased risk of neurodegenerative and neuropsychiatric disorders, including 

Alzheimer’s disease, anxiety, and depression. Studies indicate that inflammation in the 

hippocampus could be one mechanism linking these conditions. Previous findings on 

inflammation, specifically glial activity in response to a high-fat diet, indicate sex 

differences in microglial responses in the hippocampus. The ketogenic diet is 

characterized by a high-fat, low-carbohydrate, and moderate-protein diet. While the 

ketogenic diet is very high in fat content, it may also possess neuroprotective properties 

against brain aging and neurodegenerative disorders, as well as boost mood and cognitive 

function. The aim of the experiment is to examine further the sex-specific effects of a 

high-fat diet (HFD) and a translationally relevant ketogenic diet (KD) on inflammation in 

the hippocampus, with a specific focus on astrocytes. Male and female C57BL/6J mice 

were fed high-fat, ketogenic, or low-fat control diets starting at 9 weeks of age and 

remained on the diet for ~5 months. Mice were assessed for weight gain, adiposity, 

ketone body levels, and diabetic status using glucose tolerance testing. 

Immunofluorescence was performed using a GFAP antibody for the analysis of 

astrocytes in the hippocampus. In males, there was no effect of diet on GFAP labeling in 

any subregion of the hippocampus. However, in female KD mice, there was a decrease in 

GFAP percent area covered in the CA1 and CA2 regions of the hippocampus, with 

similar but non-significant trends in other hippocampus regions (CA3 and dentate gyrus). 

These findings suggest that KD affects hippocampal astrocytes in a sex-specific manner, 
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though further research is necessary to evaluate the downstream and functional effects of 

these changes. 
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Chapter 1 

1. Introduction 

Neuroinflammation is an immune response triggered by injury, infection, disease, or 

stress in the nervous system. The immune response of the central nervous system (CNS) 

is orchestrated by microglia. These resident immune cells act as macrophages, 

responsible for immune surveillance and the production of inflammatory mediators 

(DiSabato et al., 2016). Astrocytes, another glial cell type in the CNS, perform metabolic, 

structural, homeostatic, and neuroprotective tasks in the brain. Activated astrocytes 

participate in neuroinflammatory responses by producing pro-inflammatory cytokines 

such as IL-1β, TNF-α, and IL-6 via the NF-κB signaling pathway (Jiang et al., 2022). 

 Previous findings suggest that one potential cause of widespread increased 

neuroinflammation is poor diet and resulting metabolic disease. A review by Milanova et 

al. reported a synergistic effect on microglial activation by aging and obesity induced by 

a high-fat diet in multiple brain areas (2021). One area that has been investigated is the 

hippocampus, an integral brain region that plays a crucial role in learning and forming 

new memories. Studies suggest that both short-term and long-term consumption of a high 

increases microglial activation in the hippocampus (Ma et al., 2018; Spencer et al., 2017; 

Thirumangalakudi et al., 2008; Tramullas et al., 2016). This is concerning, as studies 

indicate that inflammation in the hippocampus contributes to the pathogenesis of 

neurodegenerative disorders like Alzheimer’s disease and other dementias (Ekdahl et al. 

2003). 
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Of note, some studies suggest that the effects of diet and metabolic disease on 

hippocampal inflammation and microglial responses may occur in a sex-specific manner 

(Kang et al., 2018; Robison et al., 2020; Schwarz et al., 2012). It is possible that these sex 

differences in microglial responses and resulting functional changes in the hippocampus 

could contribute to sex differences in the prevalence of Alzheimer’s disease, as well as 

other neurological conditions involving the hippocampus. Interestingly, not only are 

women at greater risk for these diseases (Alzheimer's disease facts and figures, 2020; 

Halbreich et al., 2007; Kessler et al., 1994), but metabolic disease also appears to be 

associated with greater risk for these conditions in women compared to men (Arroyo et 

al., 2004; Chatterjee et al., 2016; Jacka et al., 2010; Whitmer et al., 2007). 

The ketogenic diet is a dietary intervention consisting of various levels of 

macromolecules, specifically low-carbohydrate (<5%), high-fat, and moderate protein. 

Though the ketogenic diet was initially recommended to treat severe epilepsy under 

medical supervision, this diet gained popularity in recent years as it promised quick 

weight loss. With a normal diet, the human body acquires energy through the conversion 

of glucose to pyruvate, a process known as glycolysis. Under conditions of nutrient 

deprivation such as carbohydrate restriction, the body enters ketosis, producing ketones 

bodies as a source of energy. There is evidence to suggest that the ketogenic diet plays an 

anti-inflammatory role in the brain due to central and peripheral inflammatory 

mechanisms (Ziying et al., 2022). While studies have been conducted on inflammation in 

the hippocampus and the effects of the ketogenic diet on the human body, further 

research is required to examine the sex-specific effects of high-fat and ketogenic diets on 

inflammation in the hippocampus.   
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Here, we examined further the sex-specific effects of chronic administration (~2-8 

months of age) of high-fat diet (HFD) and ketogenic diet (KD) on inflammation 

(immunofluorescence labeling of astrocytes) in several subregions of the hippocampus in 

male and female mice. These findings on the sex-specific effects of a ketogenic diet and 

how they differ from a high-fat diet will help gain a deeper understanding of the effects 

of diet on the brain. 
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Chapter 2 

2. Methods 

2.1 Animals & Experimental Design (with Zachery Lawrence) 

Experiments were conducted in accordance with the National Institutes of Health 

Guidelines for the Care and Use of Laboratory Animals, and protocols were approved by 

the Institutional Animal Care and Use Committee at Nova Southeastern University 

(Davie, FL, USA). Male and female C57BL/6J mice (n = 10 per group) were obtained 

from Jackson Laboratories (Bar Harbor, ME). At approximately 9 weeks of age, mice 

were placed on a high-fat diet (60% fat, 20% carbohydrates, 20% protein; D12492, 

Research Diets Inc., New Brunswick, NJ), ketogenic diet (80% fat, 5% carbohydrates, 

15% protein; D06040601, Research Diets, Inc., New Brunswick, NJ), or control low-fat 

diet (LF; 10% fat, 70% carbohydrates, 20% protein; D12450J, Research Diets Inc., New 

Brunswick, NJ). Mice remained on the diet until they were euthanized at ~32 weeks of 

age. A timeline of the experiment is shown in Figure 1. 
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Figure 1. Experimental Design. Mice started the diet intervention at 9 weeks of age and 
the diet was maintained for 22 weeks. Near the end of the study, mice were assessed for 
ketone body levels and glucose tolerance. Mice were euthanized at 31 weeks of age and 
tissue was collected for further analysis. 

 

2.2 Glucose Tolerance Test (with Zachery Lawrence) 

Glucose tolerance testing (GTT) was conducted to assess diabetic status of the mice 

following ~5 months on the diets. Mice were fasted overnight, and baseline glucose 

levels in blood collected from a tail snip of <1 mm were measured by glucometer. Each 

mouse received 2g/kg of glucose via intraperitoneal injection. Blood glucose levels were 

measured again at 15, 30, 60, and 120 min post-glucose administration. 

2.3 Assessment of Ketosis (with Zachery Lawrence) 

Blood samples obtained from the tail vein through a tail snip were analyzed using a blood 

ketone meter approximately 2 to 4 hours into the dark cycle to determine if mice were in 

a state of ketosis. 
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2.4 Tissue Collection & Cryosectioning (with Zachery Lawrence) 

Mice were perfused with ice cold 0.9% saline under deep isoflurane anesthesia. Brains 

were removed and fixed overnight in 4% paraformaldehyde at 4°C, followed by 

cryoprotection in 30% sucrose for at least 72h at 4°C. Brains were preserved in OCT and 

stored at -80°C until ready for cryosectioning. Brain sections were cut at a thickness of 

40 µm at -17°C. Sections were refrigerated in cryopreserve until immunofluorescence 

was conducted.   

The procedures below this point were performed by Shalet James only. 

2.5 Immunofluorescence 

Immunofluorescence was conducted for the analysis of astrocytes in the hippocampus. 

Brain sections were washed with PBS with 0.1% sodium azide 3 times for 5 minutes, 

permeabilized in 0.3% TPBS with sodium azide for 1h at room temperature, blocked with 

4% donkey serum in 0.3% TPBS with sodium azide for 1h at room temperature, and 

incubated at 4°C overnight with primary antibodies diluted in blocking buffer. For the 

analysis of astrocytes, rabbit anti-glial fibrillary acidic protein (GFAP) antibody (1:1000; 

AB5804, Millipore) was utilized. Sections were washed 3 times for 5 min following 

primary antibody incubation. Fluorescent secondary antibody (Alexa Fluor 594 donkey 

anti-rabbit; 1:300; A21207, Invitrogen) was diluted in blocking buffer and applied at 

room temperature for 2 hours, followed by 3 washes for 5 min each. Sections were 

mounted on glass slides with mounting media and DAPI stain applied, coverslipped, and 

sealed. Slides were stored at 4°C until ready to be imaged under the microscope. Images 
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of the dorsal hippocampus were taken under 10× magnification using the Olympus 

IXplore fluorescence microscope. 

2.6 Immunofluorescence Analysis 

All immunohistochemistry analyses were performed in coronal sections across the dorsal 

hippocampus, noting the distance from bregma for each slice. Measures were taken in the 

hippocampus of each hemisphere and a series of left and right values were averaged for 

each slice to create an overall hippocampus average. Using coronal sections, the dorsal 

portion of the hippocampus generally included four sections from approximately −1.2 to 

approximately −2.06 mm from bregma.  

GFAP images were analyzed with ImageJ software (NIH) using a custom macro for 

image thresholding, which included background subtraction followed by auto 

thresholding using the “Triangle” option. Regions of interest (ROIs) of set shape and size 

were placed in CA1, CA2, CA3, and the dentate gyrus of the hippocampus to quantify the 

average percent area covered by cells positive for GFAP (Figure 2). All measurements 

were performed blinded, with the experimenter unaware of the identity of the treatment 

group from which the sections originated.  
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Figure 2. Regions of Interest in the Hippocampus. Representative images depict the 
placement of regions of interest, characterized by standardized size and shape, within 
each subregion of the hippocampus for the quantification of GFAP-positive cells.  

 

2.7 Statistical Analysis 

Two-way ANOVAs were used to assess group differences separately in each subregion 

of the hippocampus, followed by Holm-Šidák’s correction for multiple comparisons [diet 

(LF vs. Keto vs. HF) x sex (Males vs. Females)] and Dunnett’s multiple comparisons. 

Data was analyzed using PRISM version 10 software (GraphPad Software Inc., San 

Diego, CA, USA) and are represented as the mean+SEM. Statistical significance was set 

at p<0.05. 
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Chapter 3 

3. Results 

3.1 Body Weight 

C57BL/6J mice were fed an HFD, KD, or LF control diet for 22 weeks starting at 9 

weeks of age. Body weight in male and female mice was assessed before and throughout 

the diet intervention. To compare the difference in body weight between baseline 

measurements and final weight, the percentage of weight gain was calculated over the 

length of the study as seen in Figure 3. As expected after 22 weeks of the diet 

intervention, body weight increased over time among all diet groups in both males and 

females [Figures 3A (males) & 3B (females)]. A two-way ANOVA was performed to 

analyze the effect of diet on weight gain over the course of the entire dietary intervention 

(Figure 3C). A two-way ANOVA found a significant main effect of diet [F (2, 54) = 

38.70, p<0.0001], with HFD and KD mice gaining more weight than LF diet mice 

(p<0.0001 for both). There was also a trend of HFD mice gaining more weight than KD 

mice (p = 0.093). A Holm-Šidák’s multiple comparisons test revealed that within males, 

HFD (p<0.0001) and KD (p<0.0001) mice experienced more weight gain than LF. 

Within females, HFD (p<0.0001) and KD (p = 0.0017) mice also experienced 

significantly more weight gain than LF. There was also a significant main effect of sex [F 

(1, 54) = 7.458, p = 0.0085], with males gaining more weight than females. Male KD 

mice gained more weight than female KD mice (p = 0.0246), and male HFD mice gained 

more weight than female HFD mice (p = 0.0199). The diet x sex interaction [F (2,54) = 

1.823, p = 0.1714] was not significant. 
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Figure 3. Weight Gain. Figures A & B: Weight Gain Over Time (Males & Females). 
Weight gain percentage was calculated using final and initial body weights at baseline 
and each month of the study. Figure C: Total Weight Gain. Weight gain percentage, 
from the beginning to the end of the diet intervention, in male and female mice on HFD, 
KD, and LF diets. **** p<0.0001, ** p<0.01, * p<0.05. 

 

3.2 Food Intake 

Measurements of food intake were acquired biweekly for all cages of mice, and caloric 

intake was calculated based on mass of food consumed and energy density of each food 

type. A two-way ANOVA was performed to analyze the effect of diet on food intake, as 

measured by caloric consumption (kcal) (Figure 4). A two-way ANOVA found a 

significant main effect of diet [F (2, 6) = 168.5, p<0.0001] and a significant diet x sex 

interaction [F (2, 6) = 11.75, p = 0.0084]. The main effect of sex was not significant [F 

(1, 6) = 0.051, p = 0.8288]. A Holm-Šidák’s multiple comparisons test revealed that, in 

males, HFD mice consumed a greater amount of kcal than KD (p = 0.0003) and LF 

(p<0.0001) mice. Female HFD (p<0.0001) and KD (p<0.0001) mice consumed a 

significantly greater amount of kcal compared to LF female mice. Female KD mice had 

significantly greater average food intake than male KD mice (p = 0.0065).  
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Figure 4. Food Intake. Measurements in kcal of average daily food intake in male and 
female HFD, KD, and control LF diet mice. **** p<0.0001, *** p<0.001, ** p<0.01. 

 

3.3 Glucose Tolerance 

Glucose tolerance testing (GTT) was performed to assess diabetic status in mice. Blood 

glucose levels were measured prior to glucose injection to retrieve average fasting blood 

glucose levels (Figure 5A). The area under the curve for GTT was calculated as a 

measure of cumulative glucose exposure (Figure 5B). Following the measurement of 

fasting blood glucose levels, subsequent blood glucose readings (in mg/dL) were 

recorded at regular time intervals after initial glucose injection (Figures 5C & 5D).  

A two-way ANOVA found a significant diet x sex interaction [F (2, 53) = 3.679, p = 

0.0319], a significant main effect of diet [F (2, 53) = 28.58, p<0.0001] and a significant 

main effect of sex [F (1, 53) = 36.07, p<0.0001] on fasting blood glucose levels. A Holm-

Šidák’s multiple comparisons test revealed that, in males, HFD mice exhibited higher 
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fasting blood glucose than KD (p = 0.0014) and LF (p<0.0001) mice. Additionally, KD 

male mice exhibited significantly higher fasting blood glucose than LF male mice (p = 

0.0018). In females, HFD mice displayed higher levels of fasting blood glucose than LF 

(p = 0.0014) and KD (p = 0.0012) mice. Both HFD and KD males displayed significantly 

higher levels of fasting blood glucose than HFD (p<0.0001) and KD (p<0.0001) females, 

respectively.  

Glucose tolerance was assessed by calculating glucose area under the curve (AUC) 

following a glucose tolerance test. A two-way ANOVA found a significant main effect of 

diet [F (2, 53) = 30.25, p<0.0001]. A Holm-Šidák’s multiple comparisons test revealed 

that male HFD (p = 0.0006) and KD (p = 0.0006) mice displayed increased cumulative 

glucose exposure compared to LF mice. Female mice exhibited similar trends, wherein 

HFD (p<0.0001) and KD (p<0.0001) mice showed increased cumulative glucose 

exposure compared to LF mice. The main effect of sex [F (1, 53) = 0.9149, p = 0.3431] 

was not significant. 
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Figure 5. Fasting Blood Glucose and Glucose Tolerance Test. Figure A: Fasting 
Blood Glucose. Baseline blood glucose levels were measured in mice by glucometer 
after fasting overnight. Figure B: Glucose Tolerance Test Area Under the Curve. Area 
under the curve was calculated to determine glucose tolerance. Figures C & D: Blood 
Glucose Over Time. Mice underwent overnight fasting, and fasting blood glucose was 
assessed. Subsequent measurements were taken by glucometer at 15, 30, 60, and 120 
minutes post intraperitoneal injection of 2g/kg of glucose for both males (C) and females 
(D). **** p<0.0001, *** p<0.001, ** p<0.01. 

 

3.4 Ketone Levels 

Ketone body levels were examined to characterize the state of ketosis induced by the 

ketogenic diet. A two-way ANOVA found a significant main effect of diet [F (2, 53) = 

22.49, p<0.0001], wherein KD mice demonstrated greater levels of ketone bodies than 

HFD and LF (Figure 6). A Holm-Šidák’s multiple comparisons test revealed that male 
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KD mice displayed greater ketone body levels than male HFD (p = 0.0051) and LF (p = 

0.0051) mice. Similar trends were exhibited by female mice. Female KD mice displayed 

greater ketone body levels than female HFD (p<0.0001) and LF (p<0.0001) mice. The 

main effects of the diet x sex interaction [F (2, 53) = 0.9443, p=0.3954] and sex 

interaction [F (1, 53) = 0.09623, p = 0.7576] were not significant. 

 

Figure 6. Ketone Body Levels. Ketone body levels were measured with a blood ketone 
meter from blood collected via tail snip (<1 mm) to assess nutritional ketosis. KD mice 
exhibited greater ketone body levels in comparison to HFD and LF mice as observed by 
ketone body levels greater than 0.5 mmol/L. **** p<0.0001, ** p<0.01. 

 

3.5 Immunofluorescent Detection of Astrocytes 

Immunofluorescence with an antibody against GFAP was used to detect the effects of 

high-fat and ketogenic diets on astrocytes in multiple regions of the hippocampus. 

Percent area positive for GFAP labeling was assessed in the CA1, CA2, CA3, and dentate 

gyrus of the dorsal hippocampus (~ −1.2. to ~ −2.06 mm distance from bregma). A two-

way ANOVA with follow-up Dunnett’s multiple comparisons found that, in males, 
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neither HFD nor KD affected the percent area covered by GFAP in any subregion of the 

hippocampus (p > 0.70). However, in females, some regions of the hippocampus showed 

significant differences in percent area covered by GFAP based on the consumed diet 

(Figure 7). In particular, the ketogenic diet caused a reduction in GFAP percent area 

covered in the CA1 (p = 0.0287) and CA2 (p = 0.0439) regions of the hippocampus. 

Similar trends were seen in CA3 (p = 0.1883) and DG (p = 0.1191), however, these did 

not reach statistical significance. 

 

Figure 7: Immunofluorescent Detection of Astrocytes in the Hippocampus. 
Immunofluorescence was performed using an antibody against GFAP as a marker of 
astrocytes in several subregions of the hippocampus. Percent area covered by GFAP+ 
cells in CA1 (A), CA2 (B), CA3 (C), and DG (D) of the hippocampus was quantified. * 
p<0.05 
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Chapter 4 

4. Discussion 

Research shows that inflammation in the hippocampus, a crucial brain region involved in 

learning and memory, contributes to neurodegenerative disorders like Alzheimer's and 

related dementias (Rao et al., 2022). One contributor to neuroinflammation across several 

brain regions, including the hippocampus, is the chronic consumption of a poor diet and 

resulting metabolic disease; these are also known to contribute to an increased risk for 

dementia (Morris et al., 2014). There is evidence to suggest that sex might mediate the 

relationship between high fat diet and various aspects of neuroinflammation (Abi-

Ghanem et al., 2023; Robison et al., 2020), however, less is known about the potential 

effects of a ketogenic diet on hippocampal inflammatory markers that may occur in a sex-

specific manner. This study aimed to investigate the impact of high-fat and ketogenic 

diets on hippocampal inflammation, focusing on sex-specific differences in reactive 

astrocytes. Both high-fat and ketogenic diets resulted in metabolic disturbances in males 

and females, though females were less negatively affected by the ketogenic diet 

compared to males. The principal finding of this study is that the ketogenic diet resulted 

in reduced GFAP immunolabeling (reactive astrocyte marker) in the CA1 and CA2 

regions of the hippocampus in females only, while similar but non-significant trends were 

seen in the CA3 and dentate gyrus. Both the high-fat and ketogenic diets had no 

significant effect on GFAP percent area covered in males. Taken together, these findings 

suggest that despite the metabolic impairments observed in both sexes, the HF and 
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ketogenic diets do not seem to induce overt neuroinflammation as assessed by astrocyte 

reactivity. 

The HFD resulted in increased weight gain and glucose intolerance in male and female 

mice, as reported in previous studies (Robison et al., 2019; Salinero et al., 2018). The 

ketogenic diet, containing 80% fat and 5% carbohydrates, induced a mild state of ketosis 

and weight gain in both males and females, though males were susceptible to the obesity-

promoting effects compared to females. Mice on both HFD and KD also became 

prediabetic (glucose-intolerant). These findings may be attributed to the relatively high 

percentage of carbohydrates in the ketogenic diet regimen used in this study (5% 

carbohydrates), though this is still generally considered to be within the range of an 

acceptable ketogenic diet. Many other studies on the effects of ketogenic diets in rodents 

use a diet formulation with a lower percentage of calories from carbohydrates (~3% down 

to nearly 0% carbohydrates) (Kennedy et al., 2007; Roberts et al., 2017), which we 

believed would have less translational relevance. 

Astrocytes, the predominant glial cells in the brain, play a pivotal role in regulating 

glutamatergic transmission as they assume primary responsibility for the majority of 

glutamate uptake and metabolism (Figley & Stroman, 2011). In response to central 

nervous system injuries and neurodegeneration, GFAP gene activation plays a critical 

role in astrocyte cell activation or astrogliosis (Yang & Wang, 2015). In this study, GFAP 

was utilized as an indicator of astrocytic activation. The ketogenic diet led to decreased 

GFAP immunolabeling in the CA1 and CA2 regions of the hippocampus in females only; 

this trend was also seen in the CA3 and DG subregions but did not reach statistical 
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significance. Previous research indicates that diet-induced astrocyte activation occurs in a 

brain region-specific manner (Guillemot-Legris et al., 2016). In a study conducted by de 

Paula et al., GFAP labeling was found to increase in the hippocampus of male Swiss 

mice on a high-fat diet only after 4 weeks suggesting that astrocyte activation is 

implicated during the progression of hippocampal dysfunction (2021). Interestingly, our 

study in C57BL/6 male and female mice on a 22-week HFD found no significant effect 

of an HFD on GFAP labeling in the hippocampus. Furthermore, a study conducted on 

middle-aged 37-week-old male Wistar-Kyoto rats fed a 30-week HFD also observed a 

significant decrease in astrocytes in the substantia nigra and locus coeruleus (Chou et al., 

2022). These findings suggest that astrocyte activation occurs in a brain-region and time-

dependent manner. Further research with additional markers of neuroinflammation in 

multiple brain regions and diverse diet durations is necessary to understand mechanisms 

of the high-fat and ketogenic diets in inflammatory responses in the brain. 

The HFD and KD had no significant effect on GFAP percent area covered in males. A 

similar study performed by Cano et al. found that while a 32-week HFD in C57BL/6J 

male mice resulted in longer astrocyte projections, it did not trigger astrogliosis in the 

CA3 region of the hippocampus (2014). Another study conducted on 12-week HFD male 

C57BL/6 mice also reported finding no significance in hippocampal GFAP+ areas 

between the Chow and HFD groups. Moreover, the study reported decreased total process 

lengths and numbers of branch points of the GFAP+ astrocytes in the CA1 and CA3 

regions of the HFD male mice (Tsai et al., 2018). Together, these findings suggest diet-

induced morphological changes in astrocytes in the hippocampus, which was not assessed 

here. In a study conducted by Gzielo et al., no significant differences were found for 



20 
 

 

GFAP expression in hippocampi between ketogenic diet and normal diet Wistar male 

mice (2019). This might be attributed to the animals being in a non-pathological state, in 

contrast to the majority of studies in the field (Gzielo et al., 2019). Ultimately, 

astrogliosis in different regions of the brain in HFD and KD mice arises from a complex 

interplay between numerous environmental factors in addition to age and sex.  
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Chapter 5 

5. Limitations and Future Directions 

Limitations were encountered during the research process. The mice subjected to the 

ketogenic diet reached a state of mild ketosis and experienced weight gain, contrary to 

the anticipated outcome of the ketogenic diet. Future studies should consider adjusting 

the macronutrient ratio for the ketogenic diet to ensure ketosis. Further work is required 

to investigate differences in other markers of neuroinflammation such as tumor necrosis 

factor-α, interleukin-1β, interleukin-1β, and nitric oxide across different regions of the 

brain or other organs including the prefrontal cortex, hypothalamus, and liver. Additional 

studies should also assess the potential for the ketogenic diet to be used as preventive or 

adjunctive therapy for various neurodegenerative and neuropsychiatric conditions. 
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Chapter 6 

6. Conclusions 

Despite metabolic impairments, the ketogenic diet reduced immunolabeling markers of 

reactive astrocytes in several subregions of the hippocampus in females. However, the 

high-fat and ketogenic diets had no significant effect on astrocytic activation in males. 

Our research demonstrates that diet exerts a complex influence on neuroinflammation. 

Further research in a sex-specific manner is needed to fully understand the role of the diet 

in inflammatory responses in the brain and evaluate the efficacy of the ketogenic diet. 
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