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1 Introduction 

The structure of Medium-chain triglycerides (MCTs) consists of glycerol bound to 

three fatty acids (FA), each with an aliphatic chain containing 8 to 12 carbon atoms, 

classified as medium-chain fatty acid (MCFA). In comparison to MCTs, long-chain 

triglycerides (LCTs) differ in the length of their long-chain fatty acids (LCFAs), 

containing 13 or more carbon atoms (Figure 1). MCTs are naturally occurring in 

commodities like coconut oil, while LCTs are commonly found in products such as 

butter or breast milk. MCTs and LCTs also differ in their metabolic pathways and 

transport mechanisms. While LCTs are broken down into LCFAs that are 

incorporated into chylomicrons and transported via the lymphatic system, MCTs 

bypass the chylomicron pathway almost entirely and are transported directly 

through the hepatic portal vein (Cheng et al., 2024; Friedman et al., 1990; 

Papamandjaris et al., 1998).   

 

Figure 1: Graphical illustration of the structural differences between a 

medium-chain triglyceride (MCT) and a long-chain triglyceride (LCT) and their 

main transport mechanisms.  

Created in https://BioRender.com 

https://www.zotero.org/google-docs/?rBJElz
https://www.zotero.org/google-docs/?rBJElz
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LCFAs require the carnitine shuttle, involving CPT I and CPT II, to cross the 

mitochondrial membrane. In contrast, MCFAs are converted into medium-chain 

acylcarnitines and are able to directly enter the mitochondria, therefore they are 

used primarily for energy production via β-oxidation (Dambrova et al., 2022). This 

results in a much lower incorporation of triglycerides from MCTs into chylomicrons, 

thus MCTs are rapidly metabolized for energy or ketone production, whereas LCTs 

are more often stored or used for sustained energy release. Ketone bodies 

produced in the liver, mainly β-hydroxybutyrate (β-HB) and acetoacetate, can be 

transported to extrahepatic tissue, including the brain. There they undergo 

ketolysis and are converted back into acetyl-CoA to fuel the Krebs-cycle. This is 

especially important in the brain when glucose is limited. The brain then relies on 

ketone bodies for energy rather than directly metabolising FA via β-oxidation, even 

though the brain is capable of taking up certain FA. This can either occur through 

the so called “flip-flop” mechanism, which lets unesterified and uncharged FA 

directly pass the brain’s lipid bilayers, or by a protein-mediated diffusion. In the 

case where FA are transported through proteins, it is also possible for LCFAs to 

use this mechanism to pass the BBB. This metabolic preference is thought to be a 

protective strategy, as neurons possess only limited capacity for mitochondrial fatty 

acid oxidation (FAO), probably to reduce the production of reactive oxygen species 

(ROS) (Mitchell et al., 2011; Mitchell & Hatch, 2011; Schönfeld & Reiser, 2013). 

Nonetheless, once inside, both LCFA- and MCFA-derived acyl-CoA are oxidized 

to produce acetyl-Coenzyme A (acetyl-CoA), which drives ketone body synthesis 

(Friedman et al., 1990; Papamandjaris et al., 1998).  

1.1 The Brain 

The human brain is a complex organ characterized by its intricate structure and 

specialized metabolic processes, setting it apart from other organs. Anatomically, 

it consists of several key regions (Figure 2), each with distinct functions. The 

largest part is the cerebrum, responsible for higher cognitive functions such as 

reasoning, sensory perception, and voluntary muscle movements. The cerebellum, 

located posteriorly, coordinates balance and fine motor control. The brainstem, 

connecting the brain to the spinal cord, regulates essential autonomic functions like 

heartbeat and respiration. The cerebral cortex, a layer of neural tissue covering the 

https://www.zotero.org/google-docs/?oU5IJk
https://www.zotero.org/google-docs/?Fb7d0P
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cerebrum, is important for processing information. (Brain Anatomy and How the 

Brain Works, 2021; Brain Basics, n.d.) Within the brain's deeper structures, the 

hypothalamus, thalamus, and hippocampus play pivotal roles in regulating 

emotions, memory processing, and autonomic functions. These regions are 

interconnected through complex neural pathways and are often involved in 

neurodegenerative diseases, where their dysfunction can lead to symptoms such 

as tremors. The brain's cellular network primarily consists of neurons and basal 

ganglia cells, which rely on neurotransmitters to transmit signals. (Brain Basics, 

n.d.; Dienel, 2019) 
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Figure 2: Sagittal cut through the brain of an adult mouse. A Schematic 

overview illustrating the segmentation into specific brain areas and B a Nissl-

stained histological tissue section showing neuronal distribution across these 

areas. For this study the mouse cortex and hippocampus were used but the 

hypothalamus, striatum, cerebellum and brainstem were also taken separately for 

further experiments.  

Pictures are taken from https://atlas.brain-map.org/ 

A 

B 

https://www.zotero.org/google-docs/?OWka8Q
https://www.zotero.org/google-docs/?OWka8Q
https://www.zotero.org/google-docs/?zrdKX4
https://www.zotero.org/google-docs/?zrdKX4
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A distinctive feature of the brain is the blood-brain barrier (BBB), a selective 

permeability barrier that maintains the brain's microenvironment by controlling the 

passage of certain substances from the bloodstream. In contrast to LCFAs, MCFAs 

and free fatty acids (FFA) can easily cross the BBB, presumably with the help of 

transport proteins. (Dunn et al., 2023; Mitchell & Hatch, 2011) The BBB's tight 

junctions are more restrictive compared to endothelial cells in other organs, limiting 

the types of molecules that can enter the brain. Metabolically, the brain mainly 

relies on glucose for energy under normal conditions. The astrocyte-neuron lactate 

shuttle hypothesis proposes that astrocytes are converting glucose to lactate and 

thereby fuel neurons. Glutamate released from neurons is taken up by astrocytes 

and triggers glycolytic activity, the lactate is then taken up by neurons via MCT2 

and once inside the neurons it is converted to pyruvate and enters the TCA-cycle. 

But studies suggest that neurons do also uptake and phosphorylate glucose to 

sustain synaptic activity and neurotransmission especially during increased activity 

(Dienel, 2019; Kim et al., 2025; Patel et al., 2014). However, during periods of low 

carbohydrate availability or increased energy demand, the brain can adapt by using 

alternative energy substrates such as lactate or ketone bodies, which are also able 

to cross the BBB. This metabolic flexibility helps maintain neuronal function when 

glucose metabolism is impaired (Dienel, 2019; Mitchell & Hatch, 2011; Raichle, 

2010).  

These abilities have been observed in both humans and animal models such as 

mice. It is important to emphasize that there are certain differences between a 

murine and a human brain. These include structural and anatomical variations, 

such as overall size but also the proportional amount of gray to white matter, which 

is lower in humans than in mice. The surface of the human brain also differs and 

shows more folds compared to that of mice, which tend to have a smoother surface. 

Additionally, there are certain differences in gene expression, which should 

especially be taken into account when translating findings to humans, as not all of 

them overlap with those of rodents and some are expressed only in one of the two 

species (Hagan et al., 2012; Treuting et al., 2012; Ventura-Antunes et al., 2013; N. 

Xu et al., 2022). 

  

https://www.zotero.org/google-docs/?GriDko
https://www.zotero.org/google-docs/?onEw91
https://www.zotero.org/google-docs/?onEw91
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1.2 Ketogenic Diet 

The definition of a KD varies somewhat between studies and papers, but 

fundamentally, a KD is intended to promote an increased production of ketone 

bodies, which is typically associated with elevated concentrations of β-HB, 

acetone, and acetoacetate, eventually leading to ketosis. However, this state can 

be achieved not only through a diet with a very high fat content (60-90% of 

consumed calories) but also through prolonged fasting or calorie restriction.  

1.2.1  Health Aspects of a Ketogenic Diet 

Besides the use of KDs as a treatment for epilepsy, they have also been shown to 

offer many other benefits. In type 2 diabetes and weight management, especially 

when combined with MCTs, KD can be effective in lowering blood glucose levels 

and promoting weight loss, thereby also reducing the risk of cardiovascular 

diseases (Adafer et al., 2020; Tisdale & Brennan, 1988; Yang et al., 2021). Positive 

effects of KD or fasting are also being investigated in autoimmune diseases such 

as multiple sclerosis, with some studies already showing beneficial effects on 

autoimmunity, as well as on mental health (Brenton et al., 2019; Choi et al., 2016). 

Interest in research on KD and fasting or calorie restriction is growing due to its 

great potential in various areas, including migraine, ADHD, depression, 

schizophrenia, and more (Danan et al., 2022; Di Lorenzo et al., 2019; Dyńka et al., 

2022; Sethi et al., 2024). 

1.2.1.1  History of Ketogenic Diet in Healthcare 

Fasting has been practiced for a long time across many cultures and for a wide 

variety of reasons. In nearly all religions, fasting plays a role, whether for spiritual 

purposes or as a form of "cleansing". But fasting has also had a place in medical 

practice. Physicians in the 19th century documented and recommended fasting 

and caloric restriction ("starvation") as a healthy and effective method for treating 

overweight and digestive issues. However, dietary changes like these had already 

been practiced much earlier for various reasons. That said, complications were 

much more common back then, probably because caloric intake was often far too 

low, maintained for too long, and no attention was paid to covering the essential 

nutrients. Complications included gout attacks, kidney issues, cardiac arrhythmias, 

https://www.zotero.org/google-docs/?azFbaM
https://www.zotero.org/google-docs/?U3JIsy
https://www.zotero.org/google-docs/?IF02fs
https://www.zotero.org/google-docs/?IF02fs
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anaemia, vitamin deficiencies and the refeeding syndrome. Still, it was hard to 

ignore the many positive aspects of fasting when done under the right conditions 

(Kerndt et al., 1982). 

Before it was discovered that ketosis could also be induced by a high-fat diet, the 

associated benefits were attributed solely to fasting. There are also indications that 

fasting may have been used as a treatment for epilepsy long before the first 

recorded study conducted by physicians in 1911. After the discovery of 

diphenylhydantoin as an epilepsy treatment in 1938, the use of KD became much 

less common and lost significance in this field. This changed rapidly as reports of 

drug-resistant epilepsy increased, leading to a resurgence of KD as an effective 

alternative therapy, particularly for infants and young children, a practice that 

continues to this day. The exact mechanisms underlying its effects remain unclear, 

as KD can influence metabolic pathways through multiple mechanisms, but several 

hypotheses have been proposed and will be briefly discussed in the following 

section (Sampaio, 2016; Wheless, 2008). 

1.2.2  Pathways Linked to Ketogenic Benefits 

Particularly interesting in the context of neurological disorders is the impact of KD 

on neurotransmitters and the resulting changes in metabolism within neurons and 

glial cells. In animals experiencing ketosis, it has been shown that the brain may 

preferentially metabolizes acetate due to increased glutamate and glutamine 

concentrations (Yudkoff et al., 2005). Astrocytes are located in regions where the 

regulation of synaptic plasticity is essential, such as the hippocampus and cortex, 

as they are also responsible for maintaining the stability of the blood-brain barrier 

(BBB). During ketosis, the metabolism of astrocytes adapts, particularly in the 

cortex, where they tend to accumulate acetate. This occurs because astrocytes 

preferentially process and transport acetate compared to neurons. (Waniewski & 

Martin, 1998; Yudkoff et al., 2005).  

These astrocytes are also GABA-receptive cells, and ketosis leads to an increase 

in glutamate, which can enhance GABA synthesis (Figure 3). The elevation of 

GABA could be one of the reasons for the antiepileptic effect of a KD. GABA plays 

a role in various other processes, for instance, it may have protective effects for 

Alzheimer’s and Parkinson’s disease and is also used as a treatment for mental 

https://www.zotero.org/google-docs/?IfujJ0
https://www.zotero.org/google-docs/?2UnOgm
https://www.zotero.org/google-docs/?iYBLBV
https://www.zotero.org/google-docs/?dpd4hm
https://www.zotero.org/google-docs/?dpd4hm
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disorders. (Rho, 2017; Yudkoff et al., 2005) The increased GABA synthesis during 

KD occurs because glutamate can be utilized for either GABA or aspartate 

production. However, aspartate formation is reduced since it requires oxaloacetate. 

During ketosis, oxaloacetate is increasingly needed in the Krebs cycle, where it 

combines with the elevated levels of acetyl-CoA (resulting from the KD) for further 

metabolism. Consequently, glutamate is more likely to be converted into GABA via 

glutamate decarboxylase. (Rho, 2017; Yudkoff et al., 2005) 

 

 

 

Figure 3: Schematic illustration of key metabolic pathways potentially 

induced by ketogenic diet, reflecting mechanisms suggested by current 

literature, with a focus on energy homeostasis and neuroprotection.  

Created in https://BioRender.com 

https://www.zotero.org/google-docs/?OpcykS
https://www.zotero.org/google-docs/?sU58Em
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However, a KD has additional effects that could partly explain its positive impact 

on epilepsy. Studies have shown that KD promotes mitochondrial biogenesis 

through increased expression of certain genes, as well as an elevated 

phosphocreatine/creatine ratio in the hippocampus (Bough et al., 2006). This 

implies greater ATP availability, but also a reduction in reactive oxygen species 

(ROS) has been observed with this dietary approach. These effects are partly 

attributed to pyruvate, which is thought to be both neuroprotective and 

anticonvulsant, and may contribute to synaptic stabilization (Bough et al., 2006; D. 

Y. Kim et al., 2010). In a low-carbohydrate diet, pyruvate is increasingly produced 

as an end product of glycolysis, which is subsequently decarboxylated to acetyl-

CoA (Dobritzsch et al., 1998). There are also other effects of KD, such as 

anaplerosis, reduced histone deacetylase activity, among others, which may also 

contribute to these positive outcomes (Rho, 2017; Sternberg et al., 2023).  

1.3 MCT Effects in Murine Models 

In recent years, MCTs have gained attention for their potential neuroprotective 

effects and have been studied for their ability to influence cognitive function and 

neuroinflammation in animal models. The following study highlights some of these 

findings that focused on MCTs. 

In the study from Lin et al. (2022), which aimed to induce ketogenesis, the primary 

goal was to assess cognitive function in mice. It included a control and an 

intervention group, both of which were fed a high-fat and high-cholesterol diet 

(HFHC) for 16 weeks. After this period, a part of the intervention group was 

switched to a high-fat diet containing mostly MCTs, continuing until week 24. 

Cognitive testing was conducted at week 16 and 24 using the Morris water maze. 

Mice that received MCTs performed significantly better in the cognitive test 

compared to those in the HFHC and control groups (D.-T. Lin et al., 2022). Similar 

interventions also demonstrated that KD-MCT fed mice achieved better cognitive 

outcomes (Sun et al., 2024), and improvements were also noted in motor 

performance. Especially in cases of acute keto-exposure with MCTs, better results 

were observed in the accelerating rotarod test. Even during longer interventions, 

MCT mice outperformed both KD and control groups. Results in WR-mice were 

quite similar, particularly when ketosis was induced using ketone esters rather than 

https://www.zotero.org/google-docs/?v1C02o
https://www.zotero.org/google-docs/?4K0CwZ
https://www.zotero.org/google-docs/?4K0CwZ
https://www.zotero.org/google-docs/?jEhH53
https://www.zotero.org/google-docs/?1P5QKa
https://www.zotero.org/google-docs/?B6S7fZ
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ketone salts (Ari et al., 2020). Positive outcomes with MCTs were also seen in 

pathological murine models, such as mice with Parkinson’s disease or GLUT1 

deficiency, and a variety of MCT supplementation strategies yielded comparable 

improvements (Ari et al., 2020; Shcherbakova et al., 2022; Zhang et al., 2023).  

Studies have shown that a KD can have rather negative effects on cardiac health. 

In mouse cardiomyocytes, exposure to β-HB led to increased apoptosis and 

consequently to fibrosis of these cells (S. Xu et al., 2021) . In vivo, an eight-week 

KD intervention based on LCTs also induced cardiac cell fibrosis and caused 

accumulation of 4-hydroxy-2-nonenal, a marker of lipid peroxidation linked to 

fibrotic remodelling. Additionally, an MCT-KD was tested too, which showed a more 

favourable effect on mitochondrial size but did not reduce 4-hydroxy-2-nonenal 

accumulation nor did it prevent collagen deposition and thus likewise induced 

cardiac fibrosis (Sternberg et al., 2023) .  

1.3.1  Neurological Effects of MCT Supplementation in Murine 

Models 

Several studies have pointed out the potential health benefits of ketones and 

MCTs, particularly in neurological contexts. In some medical fields KD has already 

been used for a long time as a medical nutrition therapy such as epilepsy, by 

providing an alternative energy source for neurons (Zupec-Kania & Zupanc, 2008). 

Research demonstrates that brain glucose metabolism declines with age, in 

Alzheimer’s disease (AD) and other degenerative disorders, leading to cognitive 

impairment. Ketone bodies serve as an alternative energy source for the brain, 

bypassing deficits in glucose metabolism. This metabolic shift has been linked to 

improved mitochondrial function, reduced oxidative stress, enhanced synaptic 

activity, and may even reduce β-amyloid accumulation, underlining the potential of 

MCTs to support brain energy metabolism under conditions of impaired glucose 

utilization (D.-T. Lin et al., 2022; Cunnane et al., 2016; Kashiwaya et al., 2000). 

In two mouse studies, a diet rich in MCTs reduced inflammation and increased 

protective factors in the brain. In one experiment, young mice were fed a high-fat 

diet for 16 weeks, which increased their ketone bodies similar to a KD. Then for 

the next eight weeks they were switched onto an MCT-based KD. Protein 

expression was measured in their hippocampus and cortex and the MCT-fed mice 

https://www.zotero.org/google-docs/?6V9sUk
https://www.zotero.org/google-docs/?CwL7Kh
https://www.zotero.org/google-docs/?d61kqH
https://www.zotero.org/google-docs/?z1YFct
https://www.zotero.org/google-docs/?sDBI0q
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showed lower levels of the inflammatory markers NF-κB and TNF-α and a higher 

expression of brain-derived neurotrophic factor (BDNF) compared to mice that 

stayed on the classic high-fat chow (D.-T. Lin et al., 2022). In a second study, mice 

with a Parkinson’s-like condition were put on either a standard diet or an MCT-KD 

diet for five weeks. Here the assessments included histological and biochemical 

readouts of brain cell health, as well as changes in gene expression. Again, the 

MCT-KD mice showed reduced NF-κB and TNF-α, higher BDNF and healthier 

mitochondrial function. BDNF is essential for neuron protection and plasticity, and 

low BDNF levels are often associated with stress and an increased risk of 

psychiatric disorders such as depression (Sasi et al., 2017). Together these studies 

demonstrate that adding MCT to a high-fat or KD can lower brain inflammation and 

boost BDNF, even in animals with Parkinson’s like symptoms or diet-related stress 

(Zhang et al., 2023). The reduced neuroinflammation may also contribute to the 

decreased apoptosis and neuronal damage observed in the hippocampus and 

cortex (Shcherbakova et al., 2022; Sun et al., 2024). Glial Fibrillary Acidic Protein 

(GFAP) was notably elevated in the HFHC group and is considered a potential 

indicator of various neurological disorders, such as AD. Studies have shown that, 

in addition to Tau and β-amyloid, GFAP levels are significantly elevated in 

individuals with Alzheimer’s and could potentially serve as a biomarker (K. Y. Kim 

et al., 2023; D.-T. Lin et al., 2022). Studies further indicate that MCT 

supplementation can boost ketone availability in the brain, which could potentially 

improve memory and cognitive function in aging and AD. When combined with 

docosahexaenoic acid (DHA) supplementation, an essential omega-3-FA for brain 

development, MCTs seem to have even stronger effects. This includes the 

inhibition of neurocyte apoptosis, reducing neurocyte damage, and slow down age-

related cognitive decline (Sun et al., 2024). Even in Parkinson's Disease, 

improvements in motor skills and other symptoms have been observed in both 

animal models and humans through the ketogenic diet (KD) (Phillips et al., 2018; 

Shaafi et al., 2016). Other recent studies have shown the positive effects of KDs 

may have on brain health include the possible restoration of cognitive function lost 

due to brain injury (Har-Even et al., 2021), alleviation of mood disturbances 

(Robbins & Solito, 2022), and improvements in memory (Acuña-Catalán et al., 

2024) 

https://www.zotero.org/google-docs/?OxaJnA
https://www.zotero.org/google-docs/?TO2BqK
https://www.zotero.org/google-docs/?7JLRXf
https://www.zotero.org/google-docs/?4P5yp2
https://www.zotero.org/google-docs/?4P5yp2
https://www.zotero.org/google-docs/?aLc0JU
https://www.zotero.org/google-docs/?PccneO
https://www.zotero.org/google-docs/?PccneO
https://www.zotero.org/google-docs/?J9tZVA
https://www.zotero.org/google-docs/?sDkAic
https://www.zotero.org/google-docs/?U1Al7z
https://www.zotero.org/google-docs/?U1Al7z
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Taken together, the ability of MCFAs to cross the BBB, along with their beneficial 

effects on mitochondrial function, neuroinflammation and enhanced neuronal 

survival underscores their potential as neuroprotective agents (Cunnane et al., 

2016; Dunn et al., 2023; Sun et al., 2024). 

1.3.2  PPAR-γ 

One molecular pathway that is associated with the metabolic and neuroprotective 

benefits of KD involves the activation of peroxisome proliferator-activated receptor 

gamma (PPAR-γ) by specific MCTs. PPAR-γ is a nuclear receptor that regulates 

gene expression in response to lipid-derived ligands and is highly expressed in 

adipose tissue. It plays an important role in adipogenesis, lipid metabolism, glucose 

homeostasis, energy storage and the modulation of inflammatory responses 

(Malapaka et al., 2012).  

MCFAs, particularly decanoic acid (C10:0), have been identified as direct ligands 

of PPAR-γ, acting as partial activators of the receptor. Crystallographic analyses 

reveal that decanoic acid binds specifically within the small ligand-binding pocket 

of PPAR-γ, inducing conformational changes, which are necessary for its partial 

activation. This binding pocket is structurally unsuitable for LCFAs, due to their 

length, or short-chain fatty acids, pointing out its specificity for C10:0. When 

activated by C10:0, PPAR-γ can modulate glucose metabolism without promoting 

adipogenesis, offering a safer profile for therapeutic interventions. This selective 

activation may explain some of the observed metabolic benefits of MCTs, like 

improved insulin sensitivity in obese and weight neutrality in diabetes (Liberato et 

al., 2012; Malapaka et al., 2012). Additionally, positive effects have been shown in 

cardiovascular and Alzheimer’s diseases, where they may have protective effects 

by reducing inflammation (Malapaka et al., 2012; Steinke et al., 2023) Jeong et al. 

(2011) demonstrated that a KD increases PPAR-γ expression in the hippocampus, 

both in the mouse brain and in vitro. In the normal adult brain, PPAR-γ is expressed 

at low levels, primarily in hippocampal neurons, with additional expression in the 

basal ganglia, thalamus, and piriform cortex. 

https://www.zotero.org/google-docs/?bYzSUn
https://www.zotero.org/google-docs/?bYzSUn
https://www.zotero.org/google-docs/?oF1kL2
https://www.zotero.org/google-docs/?uVbBGr
https://www.zotero.org/google-docs/?uVbBGr
https://www.zotero.org/google-docs/?qZxxnE
https://www.zotero.org/google-docs/?M8rUCK
https://www.zotero.org/google-docs/?M8rUCK
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1.4 Caloric Restriction  

With increasing age, maintaining health and preventing age-related disease 

becomes more important. Caloric restriction (CR) is a promising approach that may 

support healthy aging and longevity. CR refers to a dietary pattern that involves 

reducing caloric intake without causing malnutrition. In animal studies, CR typically 

involves a reduction of 10% to 40% of the usual ad libitum caloric consumption. 

CR has been widely recognized for its potential to extend both life- and healthspan 

across various species, including murines and primates ( A.-L. Lin et al., 2015; 

Mehrabani et al., 2020; Weindruch et al., 1986). Research also indicates that CR 

enhances the utilization of ketone bodies as an alternative energy source, ensuring 

steady energy metabolism in the brain. CR can preserve cerebral blood flow, which 

usually declines with age, showing stable vascular function. (A.-L. Lin et al., 2015) 

One of the largest and most well-known studies that has extensively investigated 

caloric restriction is “CALERIE” (Comprehensive Assessment of Long-term Effects 

of Reducing Intake of Energy). This study included over 200 participants and was 

conducted over a period of two years, which, unlike many other studies, focused 

on long-term effects and also included a control group. Originally, the goal was to 

reduce calorie intake by 25%, but it eventually settled at 11.9%. However, this 

seems to result in significantly higher adherence over time and appears to be more 

compatible with modern lifestyles. In addition to the classical anthropometric data, 

this experiment primarily focused on investigating the impact on inflammatory 

markers, oxidative stress, cardiometabolic health, and biological aging processes. 

The results showed significant differences after just one year, and even more so 

after two years. As expected, there was a significant reduction in weight, waist 

circumference, and fat mass, although muscle mass also decreased slightly. 

Nevertheless, the CR group still had a higher percentage of muscle mass 

compared to fat mass after two years, in contrast to the control group (Das et al., 

2017). There were positive effects on lipid levels, such as a decrease in cholesterol 

and an increase in HDL-cholesterol levels, as well as a reduction in blood pressure. 

Additionally, more significant differences were observed in other health 

parameters. These included improved insulin sensitivity, lower blood glucose 

levels, and a reduction in C-reactive protein, which may indicate lower inflammation 

in the body. Generally, CR had positive effects on cardiovascular health and 

https://www.zotero.org/google-docs/?AofMig
https://www.zotero.org/google-docs/?vwhQFW
https://www.zotero.org/google-docs/?vwhQFW
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metabolic syndrome but unfortunately neurological impacts like memory were not 

tested (Kraus et al., 2019). 

In murines and mammals, CR has been shown to improve both motor and cognitive 

functions such as memory. Beyond these effects, this dietary pattern also led to 

reduced inflammation and improved mitophagy – a specific form of autophagy, 

which selectively removes mitochondria. Long-term CR may also reduce the 

accumulation of amyloid β, potentially contributing to further positive effects on 

neuronal health (Lobo et al., 2022; Mehrabani et al., 2020). Another interesting 

area of application for CR, KD, or a combination of both (CRKD), is the potential 

effect on brain tumors. Tumors in the brain tend to rely heavily on glucose for 

energy due to the Warburg effect. As previously mentioned, healthy brain cells do 

prefer glucose, but they are able to adapt and use ketones for energy. Researchers 

therefore investigated whether CRKD could actually affect brain tumors by lowering 

glucose availability. Results in mice showed that under CRKD, the tumors in the 

brain had a significantly reduced growth rate and glucose uptake. These findings 

provide a basis for future therapies, despite limited human data (Seyfried et al., 

2009; Voss et al., 2020). It is worth noting that certain tumors rely on FAs as their 

preferred energy source and may even enhance and may even promote tumor 

growth. Some studies have linked higher FASN levels with specific cancer types 

and poorer outcomes. Tumors that appear to prefer FA include, for example, liver 

and prostate cancer (Currie et al., 2013; Nath et al., 2015; Röhrig & Schulze, 2016).  

Furthermore, CR could reduce glucose metabolism in aging brains, as seen in 

reduced glucose uptake and lactate production. These effects generally promote 

improved mitochondrial function, mitigate cognitive decline, support 

neuroprotection, and reduce the production of reactive oxygen species (ROS) 

(Cullingford et al., 2002; Jensen et al., 2020; A.-L. Lin et al., 2015). 

  

https://www.zotero.org/google-docs/?s6u4i3
https://www.zotero.org/google-docs/?Cz5qSF
https://www.zotero.org/google-docs/?0Xg5pi
https://www.zotero.org/google-docs/?0Xg5pi
https://www.zotero.org/google-docs/?lkw7oX
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1.5 Intermittent Fasting 

Intermittent fasting (IF), compared to CR, aligns food intake with the body’s 

circadian rhythm by restricting eating to certain time windows, which can vary from 

hours to days. Although IF can lead to caloric restriction in some cases, it has 

demonstrated metabolic benefits even without reducing the calorie intake, such as 

enhancing ketogenesis and β-oxidation. IF is a term that can cover a broad range 

of approaches, even though some studies use more specific labels depending on 

the variant such as “alternate day fasting” or the “fasting-mimicking diet”. For 

example, it could be 8 hours of eating followed by 16 hours of fasting, but in some 

studies where IF was observed, the participants would have a few days out of the 

week where they would fast (very low calorie intake) and the other days would be 

regular eating days. The greatest weight loss has been observed with fasting for 

several days within a week. On the other hand, the highest adherence rates were 

seen with IF methods like time-restricted eating (e.g., 8h/16h) and the fasting-

mimicking diet (cyclical, with several days of low-calorie intake every few weeks) 

(Fanti et al., 2021). Certain fasting variants are associated with increased AMPK 

activation and enhanced FAO – which tend to rise with longer fasting durations – 

as well as elevated ketogenesis and autophagy. Inflammation and related markers 

appear to decrease, along with reduced mTOR activity (Antoni et al., 2017; Longo 

& Panda, 2016; Vasim et al., 2022). 

A recent study which focused on IF and brain responses involved two groups of 

elderly people: one, which was eating a healthy diet according to the USDA dietary 

guidelines, while the other group was following the same recommendations, but 

included two consecutive days of fasting per week. This study was conducted over 

the time period of 8 weeks, and all the participants were insulin resistant. The 

“healthy living” group was encouraged to reduce their calorie intake based on 

USDA guidelines, which may have led some individuals to eat less than their 

energy requirements – thus resulting in caloric restriction, which has itself been 

shown to have positive effects. All participants were overweight, and by the end of 

the eight-week period, both groups had achieved notable reductions in BMI and 

waist circumference, as well as reduced fasting insulin and a significant reduction 

of HbA1c in the IF-group only. Ketone bodies rose in both groups, in the IF group, 

however, β-HB and acetoacetate levels rose significantly higher compared to the 

https://www.zotero.org/google-docs/?o5HwZz
https://www.zotero.org/google-docs/?b13ulW
https://www.zotero.org/google-docs/?b13ulW
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first measurement in week 0. While both interventions contributed to healthier 

weight and metabolic markers, IF showed even better outcomes in terms of 

anthropometrics, insulin resistance, and lipid levels such as cholesterol. But 

perhaps even more interesting was its effect on the brain. MRI scans were used to 

determine the brain age, showing a reduction of 2.6 years in the IF and 2.4 years 

in the “healthy eating” group. Additionally, IF showed to have a significant positive 

impact on memory and cognitive function, which was not observed in the other 

intervention group (Kapogiannis et al., 2024). 

But there is much more research exploring the variety of impacts this dietary 

pattern can have on the body. Some of these studies have looked at how IF can 

influence hormone levels, which may be especially relevant for women with 

polycystic ovary syndrome (PCOS) or other menstrual-related issues, as it appears 

to help regulate testosterone and androgens (Cienfuegos et al., 2022). 

Interestingly, there are even studies examining its role in hair follicle regeneration. 

However, those studies concluded that prolonged fasting may actually have a 

negative impact on hair follicle stem cells, as these cells lack strong antioxidant 

defences and are highly sensitive to circulating FFA and cortisol. This can lead to 

slower regeneration and reduced hair growth the longer the fasting period lasts (H. 

Chen et al., 2025).  

Overall, the positive outcomes of IF include weight loss, reduced fat mass, 

improved blood glucose levels, and increased insulin sensitivity. IF has the 

potential to improve both metabolic and cognitive health as shown in the studies 

mentioned above and many more (Adafer et al., 2020; Robbins & Solito, 2022).  

https://www.zotero.org/google-docs/?Bxy1lw
https://www.zotero.org/google-docs/?bcftW7
https://www.zotero.org/google-docs/?X3uR1V
https://www.zotero.org/google-docs/?X3uR1V
https://www.zotero.org/google-docs/?GrgQMX
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1.6 Mitochondrial Dynamics and Metabolism  

It is well known that mitochondria are the powerhouses of the cell, but they are also 

incredibly adaptable and fulfil many more functions beyond merely providing 

energy. At the center of energy production is the Krebs-cycle, with acetyl-CoA 

serving as one of its most important substrates. However, there are several 

pathways through which acetyl-CoA can be supplied. The three main pathways 

that make acetyl-CoA available for further metabolic processes are, first, 

carbohydrates via glycolysis. Second, acetyl-CoA supply is also possible through 

amino acids, by their conversion into pyruvate. The third pathway, which is the 

focus of this work, is FAO, also known as β-oxidation. As mentioned earlier, this 

energy-generating pathway is activated when carbohydrates are scarce, but plenty 

FAs are available, which can be broken down and processed into acetyl-CoA units 

(Berg et al., 2015; Osellame et al., 2012).  

Mitochondria are also essential for the efficient functioning and overall health of the 

cell, and they are capable of regulating cell growth, differentiation and apoptosis 

through various signalling pathways. Additionally, mitochondria themselves can 

adapt their morphology according to the needs of the cell, for example through 

fusion or fission. This may be necessary to separate damaged parts for mitophagy 

and thereby better maintain mitochondrial quality. Some metabolic pathways also 

increase their functionality, for instance, when mitochondrial elongation occurs. All 

of these processes can be influenced by different lifestyle and dietary interventions, 

including KD and CR, leading to metabolic shifts that can result in different 

transcriptional changes (Kyriazis et al., 2022; Twig et al., 2008).  

1.6.1  Target Genes Involved in MCT Metabolism  

1.6.1.1  Acc1 and Acc2 

Acetyl-CoA carboxylase exists in two isoforms: Acaca gene (encodes 

ACC1/ACC α) and Acacb gene (encodes ACC2/ACC β), each playing distinct roles 

in FA metabolism. ACC1 is mainly located in the cytosol, where it catalyses the 

carboxylation of acetyl-CoA to malonyl-CoA, making it the first rate-limiting step in 

de novo FA biosynthesis. In contrast, ACC2 can be found in the outer mitochondrial 

membrane and produces malonyl-CoA that regulates FA β-oxidation by inhibiting 

https://www.zotero.org/google-docs/?TXiY9W
https://www.zotero.org/google-docs/?XQxZ7x
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carnitine palmitoyltransferase 1 (CPT1), thereby controlling the entry of FAs into 

mitochondria for oxidation (Wang et al., 2022). While KDs are known to alter lipid 

metabolism, direct effects on ACC1 and ACC2 expression or activity have not been 

demonstrated. However, high-fat-diets have shown to affect ACC expression very 

differently compared to high-carbohydrate diets, likely due to the changed needs 

for FAs and therefore affecting lipogenesis (Dankel et al., 2021). 

1.6.1.2 Acadm 

Medium-Chain-Acyl-CoA Dehydrogenase (MCAD) is a mitochondrial enzyme 

encoded by the Acyl-CoA Dehydrogenase Medium Chain (Acadm) gene. It plays 

an important role in the β-oxidation pathway by catalysing the initial step in the 

breakdown of MCFAs from MCTs. This process is essential for turning dietary fats 

and stored body fat into acetyl-CoA, which enters the citric acid cycle to produce 

energy. Deficiency in MCAD activity impairs the body's ability to metabolize MCTs, 

leading to an accumulation of unmetabolized FAs and a shortage of ketone bodies 

during periods of fasting or increased energy demand. This metabolic disorder, 

known as MCAD-deficiency, can result in hypoglycaemia, neurological damage, 

and other severe complications if untreated (ACADM Gene, n.d.; Chang et al., 

2024). Research on the regulation of MCAD during ketogenic or high-fat diets is 

very limited but there may be some evidence suggesting that MCAD expression 

may be downregulated while consuming a diet high in fat (Zheng & Cai, 2019). 

1.6.1.3  Crat 

Carnitine acetyltransferase (CRAT) is a mitochondrial enzyme that facilitates the 

transfer of acetyl groups between acetyl-CoA and carnitine, forming 

acetylcarnitine. CRAT plays a role in managing mitochondrial acetyl-CoA levels, 

which influences the tricarboxylic acid (TCA) cycle and overall energy homeostasis 

(Seiler et al., 2014). KDs enhance the production of ketone bodies through 

increased FAO, leading to an accumulation of acetyl-CoA. The higher acetyl-CoA 

concentration may influence the activity of CRAT, as it is crucial in regulating the 

transport of acetyl groups. However, studies investigating the impact of KDs on 

CRAT activity are still limited (Mezhnina et al., 2020). 

https://www.zotero.org/google-docs/?n6nZig
https://www.zotero.org/google-docs/?KTOBub
https://www.zotero.org/google-docs/?weUse0
https://www.zotero.org/google-docs/?weUse0
https://www.zotero.org/google-docs/?mSlbZH
https://www.zotero.org/google-docs/?RMgL2u
https://www.zotero.org/google-docs/?Zr2N3R
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1.6.1.4  Fasn 

During de novo lipid synthesis, the enzyme fatty acid synthase (FASN) plays a 

central role in catalysing the production of palmitate from malonyl-CoA and acetyl-

CoA. FASN is essential in various tissues, including the liver, brain, and adipose 

tissue, where FA synthesis is critical for maintaining physiological processes. 

Dysregulation of FASN has been linked to metabolic disorders and diseases such 

as cancer and is associated with apoptosis and reduced proliferation of healthy 

cells, potentially through mechanisms like cytochrome c release (Bruning et al., 

2018). In relation to decanoic acid (C10:0), the activity of FASN has impacts on the 

synthesis of MCFAs. Studies have demonstrated that inhibiting Fasn expression 

results in a reduction in cellular MCFA levels, including decanoic acid, which 

underlines FASN's role in their biosynthesis (Zhu et al., 2014). 

Although direct evidence linking Fasn regulation to specific dietary interventions, 

such as KDs, remains limited, recent studies indicate that Fasn expression can be 

modulated by dietary patterns. For instance, KDs have been found to reduce Fasn 

expression in diabetic and ob/ob mice (Cao et al., 2023; Yang et al., 2021). On the 

other hand, Fasn expression is upregulated in high-fat diet-induced obese mice, 

suggesting that its regulation depends on the overall dietary context (Dong et al., 

2023). 

1.6.1.5  Trp53  

p53 (which equals p53α), a tumor suppressor protein encoded by the Trp53 gene, 

plays a very essential role in regulating cellular metabolism, cell proliferation, 

apoptosis, and senescence. It counteracts many metabolic changes associated 

with cancer, such as increased glycolysis and FA synthesis, thereby maintaining 

energy balance and cellular homeostasis. In lipid metabolism, p53 inhibits key 

pathways, including the mevalonate pathway, by repressing SREBP2. This is 

leading to reduced cholesterol and lipid synthesis, processes that are critical for 

tumor proliferation (Humpton & Vousden, 2019). 

Studies suggest that MCFAs can affect the cellular metabolic states and potentially 

impact p53 functions by inducing oxidative stress and apoptosis in cancer cells, 

where p53 acts as a key regulator (Lappano et al., 2017). Additionally, dietary 

interventions such as KDs, have been shown to enhance p53 activity. Recent 

https://www.zotero.org/google-docs/?A16UAv
https://www.zotero.org/google-docs/?A16UAv
https://www.zotero.org/google-docs/?QEBCAJ
https://www.zotero.org/google-docs/?qoPVuV
https://www.zotero.org/google-docs/?nZYzMx
https://www.zotero.org/google-docs/?nZYzMx
https://www.zotero.org/google-docs/?90mwRD
https://www.zotero.org/google-docs/?71DRZJ
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research indicates that β-OHB can modify p53 through β-hydroxybutyrylation (Liu 

et al., 2019; Wei et al., 2024). 

In my work, two different isoforms of p53 were used as primers. In addition to p53α, 

the Δ122p53 isoform was also utilized, which corresponds to the human Δ133p53 

isoform and exhibits distinct properties compared to the full-length variant. Due to 

an alternative splicing site at exon 3 in mice and exon 4 in humans, an isoform is 

produced that lacks the first 122 (murine) or 133 (human) amino acids. According 

to studies, Δ122p53 (Δ133p53) deviates from the classical tumor suppressor 

function and can instead initiate processes that attenuate the suppressor activity, 

apoptosis, and senescence associated with p53α, while also promoting 

inflammation through pro-inflammatory molecules such as interleukin-6 (Roth et 

al., 2016; Slatter et al., 2015). In the following, p53α – the full-length isoform – will 

be abbreviated as l (long), whereas Δ122p53 (Δ133p53), due to its shorter gene 

sequence, will be abbreviated as s (short). 

1.6.2  Fission and Fusion  

Mitochondria are dynamic organelles which are able to adapt their morphology and 

function through the processes of fusion and fission, depending on the cellular 

demands (Figure 4). These dynamic changes have functional implications, 

particularly influencing energy metabolism, such as the processing of FAs (Kyriazis 

et al., 2022). 

https://www.zotero.org/google-docs/?rflCe0
https://www.zotero.org/google-docs/?rflCe0
https://www.zotero.org/google-docs/?GFnIbh
https://www.zotero.org/google-docs/?GFnIbh
https://www.zotero.org/google-docs/?0vkynh
https://www.zotero.org/google-docs/?0vkynh
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Figure 4: Mitochondrial dynamics with the key regulators Fis1 and Drp1 for 

fission and Opa1, Mfn1 and Mfn2 for fusion. Fragmentation (fission) caused by 

partly damaged mitochondria may lead to mitophagy but also enhances β-oxidation 

in the healthy mitochondria.  

Created in https://BioRender.com 

 

1.6.2.1  Mfn1, Mfn2 and Opa1 

Fusion happens in stages, beginning with the tethering of two mitochondria. The 

outer mitochondrial membranes start to merge, followed by the inner membranes. 

This process is mainly mediated by the proteins Mitofusin 1 and 2 (MFN1 and 

MFN2) and optic atrophy 1 (OPA1). These structural modifications are important 

for maintaining mitochondrial respiration, ATP production, and the repair of 

damaged mitochondria (Sharma et al., 2021; Tilokani et al., 2018). 

1.6.2.2  Fis1 

Fission refers to the division of mitochondria into smaller fragments, a process 

which is driven by proteins such as dynamin-related protein 1 (DRP1) and 

mitochondrial fission protein 1 (Fis1). Fission is involved in regulating ROS 

https://biorender.com/
https://www.zotero.org/google-docs/?nqRqeA
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accumulation, removing dysfunctional mitochondria, and facilitating mitophagy 

during cellular stress  (Sharma et al., 2021; Tilokani et al., 2018). 

Studies have shown that high-fat diets can increase the expression of Fis1, Drp1 

and Opa1, while decreasing Mfn2 expression. In contrast, KDs have been seen to 

decrease Drp1 and Mfn2 expression while increasing mitochondrial volume. 

However, the effects of these diets can vary depending on the organ being 

examined (D. Chen et al., 2018; Kang et al., 2020; Kyriazis et al., 2022). 

1.7  Housekeeping Genes 

Ribosomal Protein L4 (RPL4) is a component of the 60S subunit of ribosomes, 

playing an important role in protein synthesis. It is involved in ribosome assembly, 

ensuring structural stability and the efficient synthesis of proteins necessary for 

cellular function and growth (PubChem, n.d.). Due to its fundamental role in basic 

cellular operations, RPL4 has been consistently evaluated across various tissues 

and experimental conditions, demonstrating solid stability as a housekeeping gene 

(HKG) across different species. Its stable expression has made Rpl4 a reliable 

reference gene in studies involving mice, including those involving dietary 

interventions (Dankel et al., 2021; de Jonge et al., 2007; Shin et al., 2022). These 

characteristics make Rpl4 useful for normalization in quantitative PCR (qPCR). 

The primary function of the HPRT enzyme (hypoxanthine-guanine 

phosphoribosyltransferase) is to recycle guanine and hypoxanthine into purine 

nucleotides through the purine salvage pathway. In the absence of HPRT, these 

purine bases are instead converted into uric acid. This enzyme is particularly critical 

in the brain, where purine nucleotide demand is high. The activity of HPRT is 

primarily regulated by the cellular requirements for ATP and GTP (Sekine et al., 

2024). Hprt has been validated as a stable HKG for RT-qPCR studies in the 

hypothalamus, cortex and hippocampus (Feria-Romero et al., 2021; Li et al., 2014). 

Research analysing Hprt stability under various experimental conditions, including 

dietary restrictions such as high-fat diets and fasting shows that Hprt expression 

remains stable under most of these conditions (Li et al., 2014; Tanic et al., 2007). 

https://www.zotero.org/google-docs/?72KNoi
https://www.zotero.org/google-docs/?Svf9dc
https://www.zotero.org/google-docs/?em32oX
https://www.zotero.org/google-docs/?wxm0Bd
https://www.zotero.org/google-docs/?PfpvcQ
https://www.zotero.org/google-docs/?PfpvcQ
https://www.zotero.org/google-docs/?ZKaZSv
https://www.zotero.org/google-docs/?grGTYP
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1.8 Aim of the Study  

MCTs exert rapid metabolic effects in peripheral tissues, yet their impact on brain 

metabolism remains unclear. Despite significant transcriptional changes in cortex 

tissue, we found no detectable increase in C8/C10 fatty acids following LCT/MCT 

feeding compared to LCT alone, nor differences in β-HB levels – raising questions 

about regional metabolism or detection limits (Sternberg et al., in submission). 

Given the brain’s energy demands and regional plasticity, this study aims to 

examine how MCT-containing diets versus LCT-rich KDs, as well as fasting (IF) 

and caloric restriction (CR), affect gene expression related to fatty acid metabolism 

and mitochondrial function in the mouse cortex and hippocampus. We focus on 

key genes including Acaca, Acacb, Acadm, Crat, Fasn, Fis1, Mfn1, Mfn2, Opa1, 

and Trp53.  

1.9 Hypothesis 

A key focus of this study is to determine whether the addition of MCTs to a classical 

ketogenic LCT diet leads to transcriptional changes in the brain, reflecting 

enhanced metabolic flexibility. Given their rapid uptake and oxidation, we expect 

the LCT/MCT diet to induce gene expression patterns that differ from those seen 

with LCT alone, and to potentially overlap with the metabolic signatures observed 

under IF or CR, as these can lead to similar state of ketosis.  

Based on these findings, we hypothesize that adding MCT to an LCT high-fat diet 

would lead to measurable differences in metabolic gene expression compared to 

LCT in the brain. Furthermore, we anticipate that these effects will reflect the brain’s 

region-specific metabolic adaptability.  
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2 Materials  

2.1 Mice and Diets 

Male C57BL/6 mice were obtained from the Jackson Laboratory and housed under 

specific-pathogen-free conditions in a controlled environment with a 12-hour 

light/12-hour dark cycle, constant temperature, and regulated humidity. Water was 

provided ad libitum throughout the study for all groups and all animals were 

maintained under the same housing conditions. Detailed information regarding the 

housing and diet composition of the mice are available in previously published 

studies by Gregor et al. (2022) and Sternberg et al. (2023). The mice were 

randomly assigned to different dietary groups, each group consisting of eight mice 

(Table 1).  

 

Diets Product number Company 

Standard Diet S9139-E028 ssniff 

LCT S9139-E025 ssniff 

LCT/MCT S9139-E032 ssniff 

IF V153x R/M-H auto ssniff 

CR V153x R/M-H auto ssniff 

Table 1: Product number and company name from all five diets used in this 

study.  

  

https://www.zotero.org/google-docs/?BKMRSM
https://www.zotero.org/google-docs/?BKMRSM
https://www.zotero.org/google-docs/?BKMRSM
https://www.zotero.org/google-docs/?hl1dnB
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2.2 Chemicals and Kits  

Kits and Chemicals Product number Company 

4 x gDNA wiper Mix R323-01-AB Vazyme 

5 x HiScript III qRT SuperMix R323-01-AC Vazyme 

5 x No RT Control Mix R323-01-AD Vazyme 

50 x TAE-Electrophoresis Buffer B49 Thermo Fisher 

Scientific 

6 x DNA Loading Dye  R0611 Thermo Fisher 

Scientific 

Agarose A6013-5G Sigma-Aldrich 

ChamQ Universal SYBR qPCR 

Master Mix 

Q711-03 Vazyme 

Chloroform n. a. Sigma-Aldrich 

GeneRuler 100bp DNA Ladder  SM0241 Thermo Fisher 

Scientific 

Glycogen AM9510 Thermo Fisher 

Scientific 

Isopropanol n. a. Sigma-Aldrich 

NF-H2O E476-500ML VWR 

peqGreen DNA/RNA Dye 37-5000 peqlab 

RNase AWAY 7002 Molecular 

BioProducts 

RNase-free ddH2O R323-01-AA Vazyme 

Table 2: Chemicals and Assay Kits that were used throughout the experiments 

in alphabetic order, including the product number and company name.  

“n. a.” refers to products, where product number was not available.  
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2.3 Primers 

Primer Direction Sequence 5'-3' GC (%) Tm (°C) Amplicon 

length (bp) 

Company 

mAcaca 

forward 

GCCGCCAGCCTGAGTTC

TT 63.16 62.19 
112 Microsynth 

reverse 

TGGCCAACGGAGATGGT

TCA 55.00 61.77 

mAcacb 

forward 

CCCCAGCCAACAAGGAG

CTT 60.00 62.72 
106 Microsynth 

reverse 

GCAAGACCATTCAGGCA

ACTGTG 52.17 62.70 

mAcadm 

forward 

GGGGGAAAGGCCAACTG

GTAT 57.14 62.10 
151 Microsynth 

reverse 

AGCATCGCTGGCCCATG

TTT 55.00 63.13 

mCrat 

forward 

TGACTCGGCGACCTTGA

ACCTA 54.55 63.36 
168 Microsynth 

reverse 

CCCAGGGGTTTTACCAC

GGTTC 59.09 63.36 

mFasn 

forward 

AACACGATCTGGTGCTG

CCC 60.00 63.09 
105 Microsynth 

reverse 

TGGGGGCTGTCGTGTCA

GTA 60.00 63.01 

mFis1 

forward 

GCTGGTTCTGTGTCCAA

GAGCA 54.55 63.02 
144 Microsynth 

reverse 

GACATAGTCCCGCTGTT

CCTCT 54.55 61.53 

mMfn1 

forward 

CCAGGTACAGATGTCAC

CACAG 54.55 60.35 
149 Microsynth 

reverse 

TTGGAGAGCCGCTCATT

CACCT 54.55 63.98 

Table continues at next page.  
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Primer Direction Sequence 5'-3' GC (%) Tm (°C) Amplicon 

length (bp) 

Company 

mMfn2 

forward 

TCCCTCTGACACCTGCC

AAC 60.00 61.77 
155 Microsynth 

reverse 

TGCCTTCCACACCACTC

CTC 60.00 61.77 

mOpa1 

forward 

TCCACCACAGGAAGCTC

AAGAAATC 48.00 63.01 
141 Microsynth 

reverse 

TTTTCCCAGCACTCTGAT

CTCCAAC 48.00 63.01 

mTrp53 

(l) forward 

GCAGGGCTCACTCCAGC

TAC 65.00 62.59 
124 Microsynth 

reverse 

GTGATGGGGACGGGATG

CAG 65.00 62.95 

mTrp53 

(s) forward 

TTCCGGGAGCTGAATGA

GGC 60.00 62.26 
093 Microsynth 

reverse 

TCTAGGCTGGAGGCTGG

AGTG 61.90 63.04 

mRpl4  

forward 

GTATGGCACTTGGCGGA

AGG 60.00 61.40 
124 Microsynth 

reverse 

TGCTCGGAGGGCTCTTT

GG 63.16 62.00 

mHprt 

forward 

GCAGTCCCAGCGTCGTG

ATTAG 59.09 63.51 
174 Microsynth 

reverse 

TGTGATGGCCTCCCATC

TCCT 57.14 62.75 

Table 3: DNA Primer sets used throughout the study including their sequences 

and company name.  
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3 Methods  

3.1 Experimental Setup 

All experiments with animals were approved by the Austrian national authority 

according to §§ 26ff. of the Animal Experiments Act, Tierversuchsgesetz 2012-

TVG 2012 (BMWFW-66.006/0008-V/3b/2018). All the procedures were in 

alignment with the directive 2010/63/EU of the European Parliament on the 

protection of animals used for scientific purposes. 

Each intervention and the control group consisted of 8 C57BL/6 male mice, which 

were housed as previously described in the Materials section.  

All animals were fed under the same dietary conditions for the first twelve weeks 

after their birth. The animals were then separated into five groups. The group which 

served as the control was maintained on a standard chow diet (SD) ad libitum, with 

Carbohydrates making up 64% of the kcal intake, throughout the whole study. One 

group received an LCT-based KD (LCT) for eight weeks. This diet was formulated 

to supply around 94.5% of its total energy from fat, 4.5% from protein and 1% from 

carbohydrates. The LCT/MCT group was fed a similar diet for eight weeks, but the 

fat-derived energy consisted of around 30% MCT, of which 25% were composed 

of C8:0 and C10:0 fatty acids (Figure 5). Mice of the CR group received 80% of 

the calories provided to SD fed mice once daily and continued this diet for two 

weeks. To be able to match the age with IF, CR started at week 14.  

 

Figure 5: Dietary composition of SD, LCT and LCT/MCT expressed as 

percentage of total caloric intake (kcal%). Fats are separated according to their 

carbon chain length. CHO = Carbohydrates.  
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IF mice underwent a cycle of 24-hours of complete fasting followed by 24-hours of 

ad libitum refeeding. IF mice were fed continuously like described for four weeks, 

starting at the age of 12 weeks. IF and CR mice were age-matched, and both 

sacrificed at the age of 16 weeks. Water was provided ad libitum for all groups. 

The dietary interventions started at the age of 12 weeks for LCT and LCT/MCT 

(Figure 6). SD, LCT and LCT/MCT were 20 weeks old at the time of tissue 

collection. Euthanasia for all animals was performed via anaesthesia overdose. All 

tissue samples were collected and processed as previously described by Gregor 

et al. (2022) and Sternberg et al. (2023) and the isolated RNA was stored and used 

for this experiment. 

 

Figure 6: Graphical representation of the timeline of dietary interventions in 

male C57/BL6NRJ mice. All mice were initially maintained on a standard diet (SD) 

prior to the start of the intervention period. Long-chained ketogenic diet (LCT), 

mixed LCT and middle-chained diet (LCT/MCT) and intermittent fasting (IF) were 

introduced at week 12, while the caloric restriction (CR) intervention started at week 

14. One control group continued receiving the SD throughout the study. The CR 

and IF animals were age-matched and sacrificed at week 16. SD, LCT and 

LCT/MCT were sacrificed after 8 weeks, at the age of 20 weeks. Nutrient 

compositions of the diets are detailed in the Supplement.  

Created in https://BioRender.com 
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Several brain regions were dissected separately. These include the hippocampus, 

which was further used for this study, as well as the hypothalamus and cerebellum. 

Some regions, such as the striatum and the brainstem, were removed and the 

remaining brain tissue was pooled and is referred to here as the “cortex”. Due to 

this pooling, the cortex tissue is inhomogeneous, which may lead to fluctuating 

gene expression levels. 

3.2 DNA digestion and reverse transcription to cDNA 

DNase digestion, reverse transcription into cDNA, and all following steps were 

performed under a laminar flow hood that was thoroughly cleaned with an RNase 

decontamination solution. Sterile filter tips were used for all pipetting procedures. 

Samples were maintained on dry ice at all times to minimize the risk of genomic 

DNA contamination or RNA degradation. Enzymes were stored on cooling racks to 

preserve their activity. For reverse transcription, the “HiScript III RT SuperMix for 

qPCR (+gDNA wiper)” from Vazyme was used. 

The RNA concentration of all samples was measured using a NanoDrop 

spectrophotometer, with nuclease-free water (NF-H₂O) serving as the blank. Prior 

to proceeding, the RNA concentrations of all samples were calculated to achieve 

a final RNA concentration of approximately 0.5 μg/μL when diluted with RNase-

free ddH₂O. The calculated volumes of each RNA sample and RNase-free ddH₂O 

were combined in PCR tubes, and 4× gDNA wiper mix was added to eliminate 

genomic DNA contamination, ensuring more reliable quantitative results. The final 

reaction volume was adjusted to be 16 μL per tube. 

The samples were incubated at 42°C for 3 minutes, after which 4 μL of 5× HiScript 

III qRT SuperMix was added to complete the reverse transcription reaction, 

following the Vazyme protocol. This buffer contains dNTPs, HiScript III Reverse 

Transcriptase, RNase inhibitor, random primers, and an oligo(dT)VN primer mix. A 

no-RT control reaction was included once to detect any residual genomic DNA in 

the RNA templates. 

cDNA synthesis was performed using the PCR thermal cycler “Rotor-Gene”, with 

reaction times specified in the following protocol (Table 4). 
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Table 4: Temperature protocol for reverse transcription of mRNA to cDNA 

used for thermal cycler “Rotor-Gene”. 

 

The resulting 20 μL cDNA were diluted with 80 μL NF-H₂O, creating a 1:5 dilution. 

The diluted cDNA was transferred into separate tubes and stored at -20°C until 

further use. 

3.3 Primer design and validation 

To design the primer sequences, the NCBI Nucleotide database and NCBI Primer-

BLAST tool were utilized. Gene sequences were restricted to Mus musculus (taxid: 

10090), and the maximum PCR product size was set to 200 base pairs to optimize 

primer efficiency. The primers were designed to span exon-exon junctions to 

minimize genomic DNA (gDNA) amplification.  

The melting temperatures (Tm) were defined as follows: a minimum of 60°C, an 

optimum of 63°C, and a maximum of 66°C. These parameters were selected to 

reduce the likelihood of nonspecific primer binding and gDNA interference. No 

additional settings were modified during the design process. 

In cases where multiple primers met the design criteria, all candidate primers were 

tested experimentally, and the most efficient primer pair was selected. For the 

Trp53 gene, two distinct isoforms were targeted: a longer transcript variant (Trp53 

(l)) and a shorter variant Trp53 (s)) with differing C-terminal regions.  

  

Temperature protocol for RT of mRNA to cDNA 

Step  Incubation 1 2 3 4 

Time 3 min 10 min 10 min 10 min 5 min 

Temperature 42 °C 25 °C 37 °C 50 °C 85 °C 
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The following murine primer sets from Table 5 were included in this study: 

 

Primer name Abbreviation 

Acetyl-CoA-carboxylase-α  Acaca 

Acetyl-CoA carboxylase β  Acacb 

Acyl-CoA Dehydrogenase Medium Chain  Acadm 

Carnitine acetyltransferase  Crat 

Fatty acid synthase Fasn 

Mitochondrial fission protein 1  Fis1 

Mitofusin 1  Mfn1 

Mitofusin 2  Mfn2 

Optic atrophy 1  Opa1 

Transformation-related protein 53 α  Trp53 (l) 

Transformation-related protein Δ122p53  Trp53 (s) 

Ribosomal Protein L4  Rpl4 

Hypoxanthine-guanine- 

phosphoribosyltransferase  
Hprt 

Table 5: murine DNA Primer names used in this study including their 

abbreviations.  

 

Upon receipt, primers were solubilized in NF-H₂O according to the manufacturer’s 

instructions. Stock solutions were prepared at a concentration of 100 μM. Working 

solutions were created by combining 10 μL of the forward primer and 10 μL of the 

reverse primer for each gene and diluting to a final volume of 1 mL with NF-H₂O, 

resulting in a working concentration of 1 pmol/μL. These aliquots were 

subsequently used for experimental applications. 

For the evaluation of the primer efficiency, pooled cDNA samples were used in a 

serial dilution. The initial PCR master mix consisted of 5 µL ChamQ and 2 µL cDNA, 

with the fist tube containing 36 units of these master mixes. The nine subsequent 

dilutions contained 24 master mix units, where the cDNA was replaced by 2 µL of 

nuclease-free water to achieve the aimed concentrations, while maintaining the 

5 µL of ChamQ. These volumes were prepared to be sufficient for 7 primers at 

once and would vary, when prepared for different quantities. The concentrations 
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were then serially diluted at a 1:3 ratio. These serial dilutions were repeated, until 

all primers were successfully tested for their efficiency.  

For the primer efficiency test 3 µL of each primer and 7 µL of the corresponding 

master mix dilution were added to the PCR well plates, carried out in triplicates. 

The Primer efficiency was assessed using the QuantStudio Real‑Time PCR 

System, following the cycling protocol viewed below (Table 6).  

 

Step  Temperature Time (m:s) Nr. of Cycles Scan  

Initial 
Denaturation  

95 °C 03:00   

Denaturation 95 °C 00:10   

Annealing 62 °C 00:20   

Extension 72 °C 00:20 40 yes 

Melting Curve  00:15  yes 

Table 6: Real time-qPCR temperature protocol used for QuantStudio Real-Time 

PCR Systems.  

 

3.4 RT qPCR 

Based on efficiency tests, the optimal dilution for cDNA was determined to ensure 

that the Ct values for all primers fell within their respective linear amplification 

ranges. The cDNA from Cortex samples was diluted 1:4, while Hippocampus cDNA 

samples were diluted 1:4 or 1:5 when sample volume was limited. Despite the 

variation in dilution, the results indicated that amplification initiated with 

approximately equal amounts of cDNA in each well, as visualized by the standard 

curves of the primer efficiency test (Figure 4). 

Master mixes were prepared by combining 1 μL of diluted cDNA, 1 μL of NF-H₂O, 

and 5 μL of ChamQ SYBR Master Mix, following manufacturers guidelines. For the 

no-template control (NTC), NF-H₂O was used in place of cDNA. All primer-cDNA 

reactions, NTCs, and controls were prepared in duplicates. Samples were pipetted 

into a 384-well PCR plate, with each well containing 3 μL of primer solution and 

7 μL of the master mix, resulting in a total reaction volume of 10 μL per well. 
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Pipetting and the RT-qPCR thermal cycling program were performed as described 

in Table 6 in “Primer design and validation”.  

3.5 Statistical analysis and Language Support 

To support the translation of selected academic literature from Englisch and to 

assist with some translations into Englisch, AI-based language tools were used in 

a few cases. The translated content was subsequently reviewed for accuracy.  

To analyse the gene and protein expression of the selected target genes, the ΔCT 

method was first calculated. Expression differences were determined using 

GraphPad Prism software and the 2^-ΔCT method. To identify extreme outliers, 

the Grubbs test (α = 0.05) was applied, and any detected outliers were excluded 

from further calculations. The data were then analysed with the use of one-way 

ANOVA for nonparametric data, specifically with the Kruskal-Wallis test and the 

Bonferroni correction, which allowed for the comparison of more than two groups. 

The mean of each intervention group was compared to the mean of every other 

group using the Dunn’s test for multiple comparison, as the data may not be 

distributed normally.  

The results were graphically presented as mean values ± Standard Error of Mean 

(SEM), with significant differences between groups indicated by the following 

symbols: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF.  

The significance levels were represented by the number of symbols, depending on 

the group being compared, as follows: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 
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4 Results 

4.1 Primer 

After evaluating the result, a standard curve for each primer was generated by 

plotting Ct values on the y-axis against the decadic logarithm of the dilution factor 

on the x-axis. Using the slope, primer efficiency was being calculated. To calculate 

the individual primer efficiencies, the slope of the corresponding primers was used, 

using the formula shown in Figure 7 A. If the primer efficiency was evaluated to be 

between 90% and 105%, they were considered to be acceptable. The data 

demonstrate consistent linear amplification across a wide range of dilutions, 

indicating high sensitivity and efficiency, even at low template concentrations, 

which can be seen in Figure 7 B.  

A 

B 

Figure 7: Standard curve of primer efficiency test and formula of primers 

used in subsequent experiments. A Formula used for the primer efficiency 

calculations and B standard curves of the primer efficiency test. Ct values are 

plotted against the logarithmic cDNA dilution factor for each primer. All primers 

demonstrated a linear range. Regression lines are included to illustrate the linearity 

of each primer’s performance.  
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4.2 Gel electrophoresis 

Following the primer efficiency test, gel electrophoresis was performed to analyse 

the amplicons corresponding to each primer. A 50× TAE electrophoresis buffer 

(Thermo Scientific) was diluted with deionized H₂O to prepare a 1× TAE running 

buffer. For the agarose gel, 110 mL of 1× TAE buffer was combined with 2 g of 

agarose and 5 μL of peqGREEN dye (Peqlab). The 2% agarose gel was poured 

into a gel tray and allowed to solidify. Once set, the gel was prepared for 

electrophoresis by submerging it in 1× TAE buffer within the electrophoresis 

chamber. 

For sample loading, 5 μL of each sample were mixed with 1 μL of 6× DNA loading 

dye. The GeneRuler 100 bp DNA ladder was used as a molecular weight marker. 

Gel electrophoresis was conducted at 120 V for 75 minutes. Visualization of the 

results was performed using the Bio-Rad ChemiDoc MP Imaging System with the 

preset "SYBR Green" program for fluorescence imaging (Figure 8.1 and 8.2).  

 

 

Figure 8.1: Image of PCR products after agarose gel electrophoresis with 

different dilutions used for the PCR reaction (“V”). The labels in parentheses 

indicate alternative primer versions. The gel image displays the predicted amplicon 

sizes for each primer. The actual sizes can be approximated by comparing the 

heights of the bands to the corresponding markers. Rpl4 has been tested on 

previous study. 

The Trp53 gene expresses multiple transcripts variants (isoforms), which were 

tested to assess primer specificity and amplification performance.  
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After calculating the primer efficiency and considering the results of the gel 

electrophoresis, it was possible to determine which primers were best suited for 

the subsequent analyses. The following primers in Table 7 were ultimately selected 

for this purpose: 

  

Figure 8.2 (Continuation of  

Figure 5.1):  

Image of PCR products after 

agarose gel electrophoresis with 

different dilutions used for the 

PCR reaction (“V”).  

For full description, see Figure 

8.1 
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Primer Direction Sequence 5'-3' 

Mean 

melting 

Tm (°C) 

Amplicon 

length 

(bp) 

Slope 
Efficiency 

(%) 

mAcaca 

(2) 

forward GCCGCCAGCCTGAGTTCTT 

79.63 112 3.35 98.87 
reverse TGGCCAACGGAGATGGTTCA 

mAcacb 

forward CCCCAGCCAACAAGGAGCTT 

85.15 106 3.31 100.80 
reverse 

GCAAGACCATTCAGGCAACTGT

G 

mAcadm 

(2) 

forward GGGGGAAAGGCCAACTGGTAT 

82.06 151 3.29 101.18 
reverse AGCATCGCTGGCCCATGTTT 

mCrat 
forward TGACTCGGCGACCTTGAACCTA 

88.67 168 3.33 99.50 
reverse CCCAGGGGTTTTACCACGGTTC 

mFasn 

(1) 

forward AACACGATCTGGTGCTGCCC 

85.82 105 3.33 99.79 
reverse TGGGGGCTGTCGTGTCAGTA 

mFis1 
forward GCTGGTTCTGTGTCCAAGAGCA 

84.64 144 3.45 94.97 
reverse GACATAGTCCCGCTGTTCCTCT 

mMfn1 
forward CCAGGTACAGATGTCACCACAG 

80.97 149 3.29 101.35 
reverse TTGGAGAGCCGCTCATTCACCT 

mMfn2 
forward TCCCTCTGACACCTGCCAAC 

86.70 155 3.44 95.15 
reverse TGCCTTCCACACCACTCCTC 

mOpa1 

(1) 

forward 
TCCACCACAGGAAGCTCAAGAA

ATC 

79.43 141 3.27 102.34 

reverse 
TTTTCCCAGCACTCTGATCTCC

AAC 

mTrp53 

(l) (3) 

forward GCAGGGCTCACTCCAGCTAC 

83.93 124 3.32 100.23 
reverse GTGATGGGGACGGGATGCAG 

mTrp53 

(s) (5) 

forward TTCCGGGAGCTGAATGAGGC 

83.03 093 3.41 96.30 
reverse TCTAGGCTGGAGGCTGGAGTG 

mRpl4* 
forward GTATGGCACTTGGCGGAAGG 

82.76 124 3.54 91.57 
reverse TGCTCGGAGGGCTCTTTGG 

mHprt 

(2) 

forward 
GCAGTCCCAGCGTCGTGATTA

G 
81.08 174 3.30 101.02 

reverse TGTGATGGCCTCCCATCTCCT 

Table 7: DNA primer versions used for the study including their efficiency (%).  

* mRPL4 was tested in previous study.  
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4.3 Impact of diets on the housekeeping gene 

expression 

Both primers, mRpl4 and mHprt, were evaluated for stability throughout the 

different dietary conditions. Rpl4 demonstrated high consistency across all diets in 

the hippocampus and especially in the cortex (Figure 9) and was therefore 

selected for normalization.  

 

 

Figure 9: Ct values of murine Rpl4 housekeeping gene upon different diets 

in the cortex and hippocampus. Each bar represents the mean ± SEM from 

duplicate measurements per sample. Statistical comparisons were performed 

using one-way ANOVA followed by post hoc testing to compare all diet groups with 

each other.  

Significance symbols refer to group comparison: * vs. SD, # vs. LCT, ° vs. 

LCT/MCT, and ^ vs. IF. Significant differences (p-values) are marked with: *p ≤ 

0.05, ** p ≤ 0.01 and ***p ≤ 0.001 (symbols depending on the group being 

compared to). Abbreviations: SD – standard diet, LCT – long-chain triglycerides, 

LCT/MCT – long- and medium-chain triglycerides, CR – caloric restriction, IF – 

intermittent fasting.  
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As expected, Hprt remained consistently stable in the hippocampus and also in the 

cortex under standard high-fat-diet (keto diet) conditions. However, HPRT showed 

significant variability in the cortex (Figure 10) under the LCT/MCT and IF 

conditions compared to SD. Although it remained stable under the other dietary 

setups and in the different tissue, Hprt had to be excluded as a normalization gene. 

For better accuracy, normalization was therefore performed using RPL4 alone. 

 

One possible reason for the fluctuation in Hprt expression in the Cortex could be 

its involvement in purine metabolism. This pathway can be influenced by a KD or 

by fasting, as these dietary approaches may increase purine levels and 

Figure 10: Ct values of murine Hprt housekeeping gene upon different diets 

in the cortex and hippocampus. Each bar represents the mean ± SEM from 

duplicate measurements per sample. Statistical comparisons were performed 

using one-way ANOVA followed by post hoc testing to compare all diet groups with 

each other.  

Significance symbols refer to group comparison: * vs. SD, # vs. LCT, ° vs. 

LCT/MCT, and ^ vs. IF. Significant differences (p-values) are marked with: *p ≤ 

0.05, ** p ≤ 0.01 and ***p ≤ 0.001 (symbols depending on the group being 

compared to). Abbreviations: SD – standard diet, LCT – long-chain triglycerides, 

LCT/MCT – long- and medium-chain triglycerides, CR – caloric restriction, IF – 

intermittent fasting.  
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consequently affect uric acid regulation. Accumulated uric acid could also promote 

oxidative stress, which may impact certain metabolic pathways (Sekine et al., 

2024). Since HPRT is directly involved in the recycling of purines for energy 

production, this might indirectly lead to altered Hprt gene expression through 

changes in purine metabolism. 

4.4 Weight gain and Body fat  

The epididymal white adipose tissue in percent (%-eWAT) to bodyweight ratio  

(Figure 11 B) and the mouse body weight (Figure 11 A) in CR mice was the lowest 

among all the intervention groups, followed by IF.  

 

 

It is important to mention, that when CR and IF intervention was started, these mice 

already had a lower body weight than SD, even though they were fed the same SD 

diet until they started the dietary intervention. LCT mice had approximately the 

A B 

Figure 11: A Body weight in grams of mice over the course of the dietary 

intervention. IF and CR were initiated at week 6, as indicated. B Percentage of 

epididymal white adipose tissue (eWAT) relative to body weight at the end of the 

intervention period.  

Bars and data points represent mean ± SEM. Abbreviations: SD – standard diet, 

LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain triglycerides, 

CR – caloric restriction, IF – intermittent fasting.  

https://www.zotero.org/google-docs/?jQ3u6X
https://www.zotero.org/google-docs/?jQ3u6X
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same body weight but showed the highest %-eWAT amongst all the groups. 

LCT/MCT gained significantly less weight than SD but showed the same amount 

of %-eWAT compared to the body weight.  

4.5 Target Genes 

To assess how different dietary interventions influence genes involved in FA 

metabolism and mitochondrial function, qPCR analyses were conducted in the 

cortex and hippocampus of mice subjected to five dietary conditions: SD, LCT, 

LCT/MCT, IF and CR. Gene expression levels were normalised using RPL4 as the 

reference gene and relative quantification was calculated using the 2^-ΔCt method.  

The selected targets genes include markers of lipid synthesis, FAO, mitochondrial 

fusion and fission and stress response. These genes were chosen based on their 

roles in metabolic adaptation under ketogenic conditions and their potential 

sensitivity to MCT-based dietary modulation. Since a previous study (publication in 

process) has demonstrated systemic effects of MCT in various peripheral tissues 

but have failed to detect them in the brain, this study focused on exploring whether 

these metabolic shifts would be indicated by changes in gene expression in brain 

regions with high energy demand and plasticity.  

The following results show gene- and region-specific expression patterns across 

dietary intervention groups.  

4.5.1  Cortex 

The fact that Acaca does not increase under high-fat diets was expected, as this 

would otherwise inhibit CPT1, a key enzyme required for the mitochondrial uptake 

of LCFAs. A slight increase in Acaca expression observed with the LCT/MCT 

(Figure 12 A) diet was expected due to the lower proportion of LCTs present.  

In the cortex, Acaca showed a significant increase under IF compared to SD 

(Figure 12 A) and the other dietary conditions, although we initially expected IF 

and CR to behave similarly in this context. However, Acaca can also be influenced 

by insulin, and insulin levels fluctuate more frequently under IF than CR. 

Acab, which is also increased in LCT/MCT and IF compared to LCT (Figure 12 B), 

has similar functions to that of Acaca. They both lead to higher levels of malonyl-

CoA, which could inhibit CPT1 and thereby affect FA uptake into the cell.  
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Unexpectedly, Acadm did not show significant changes compared to SD (Figure 

13 A). We had anticipated increased β-oxidation in high-fat diets, especially in 

LCT/MCT, which would have resulted in Acadm upregulation. Acadm is involved 

in the β-oxidation and an important key regulator for breaking down MCFAs.  

We expected Fasn to be downregulated in KDs, particularly in LCT and LCT/MCT, 

because it is involved in FA synthesis. However, it makes sense that a diet rich in 

MCTs might still require the synthesis of palmitate and other long-chain fatty acids. 

In the LCT group, Fasn was significantly downregulated (Figure 13 C), likely due 

to the reduced need for de novo lipogenesis, as the diet is already rich in C16 fatty 

acids.  

Figure 12: Relative gene expression levels of A Acaca and B Acacb in the 

cortex of mice subjected to different diets, normalised to the housekeeping gene 

Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B 
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One possible explanation is that since palmitate and other long-chain triglycerides 

are already present in LCT, additional synthesis becomes unnecessary. 

Following an increase in Acaca, we also expected a rise in Crat, which facilitates 

the mitochondrial uptake of acyl-CoA. Although the increase was not statistically 

significant, Crat expression under IF was notably higher than under CR (Figure 13 

B).  

 

LCT/MCT, IF and CR showed higher Fis1 expression (Figure 14 A), while fusion-

related target genes such as Mfn1 and Mfn2 show a significant decrease (Figure 

14 B, C), indicating increased mitochondrial fission. This fragmentation into smaller 

mitochondria may allow for more efficient FAO, potentially reducing the need for 

strong upregulation of Acadm to support β-oxidation. Mfn1 is a key protein required 

for mitochondrial fusion, often initiated when increased ATP production is needed. 

Opa1 showed almost no significant changes – except in LCT vs. IF (Figure 14 D) 

– and has similar functions like Mfn1 and Mfn2.  

Figure 13: Relative gene expression levels of A Acadm, B Crat and C Fasn in 

the cortex of mice subjected to different diets, normalised to the housekeeping 

gene Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B C 
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A B 

C D 

Figure 14: Relative gene expression levels of A Fis1, B Mfn1, C Mfn2 and           
D Opa1 in the cortex of mice subjected to different diets, normalised to the 
housekeeping gene Rpl4.  
Data are presented as mean ± SEM. Significance symbols refer to group 
comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 
differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 
(symbols depending on the group being compared). Abbreviations: SD – standard 
diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 
triglycerides, CR – caloric restriction, IF – intermittent fasting.  
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In the Cortex the expression of Trp53 (l) was significantly reduced in the LCT and 

LCT/MCT dietary groups compared to IF (Figure 15 A). The significant increase in 

the Trp53 (s) variant has been observed under CR compared to SD, IF and 

LCT/MCT diets (Figure 15 B). Trp53 (s) has been associated with senescence and 

cells where DNA repair is required.  

 

 

  

Figure 15: Relative gene expression levels of A Trp53 (l), which refers to Trp53 

α and B Trp53 (s), which refers to Trp Δ122p53, in the cortex of mice subjected to 

different diets, normalised to the housekeeping gene Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B 
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4.5.2  Hippocampus  

As in the cortex, Acaca and Acacb expression in the hippocampus remained largely 

unchanged across most dietary conditions. However, in the CR group, Acaca was 

significantly upregulated and Acacb expression was also altered (Figure 16 A, B). 

This change may reflect a neuroprotective adaptation in response to a CR in the 

hippocampus. Since CPT1 is one of the key transport mechanisms for LCFAs, it is 

important not to upregulate Acaca excessively in high-fat diets, as this would inhibit 

FA uptake into cells and potentially disrupt β-oxidation. 

 

 

  

Figure 16: Relative gene expression levels of A Acaca and B Acacb in the 

hippocampus of mice subjected to different diets, normalised to the housekeeping 

gene Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B 
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Acadm showed no significant changes in the hippocampus (Figure 17 A). 

Unexpectedly, Crat expression in the hippocampus did not increase across all KDs, 

but only in the LCT group (Figure 17 B). A closer look suggests this might be 

because LCTs generate more acetyl-CoA during breakdown than MCTs. Over 

time, this can lead to an acetyl-CoA surplus in the brain, and upregulation of Crat 

could serve as a compensatory mechanism to convert the excess into acetyl-

carnitine. 

It was anticipated that Crat would be significantly higher in the LCT group than in 

LCT/MCT, but also higher than in the other diets, because MCFAs do not require 

carnitine transport to enter mitochondria. 

 

  

Figure 17: Relative gene expression levels of A Acadm, B Crat and C Fasn in 

the hippocampus of mice subjected to different diets, normalised to the 

housekeeping gene Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B C 
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Due to the hippocampus’s high plasticity and continuous role in learning and 

memory, it may rely more heavily on adaptations in mitochondrial dynamics. Fis1 

was significantly upregulated in the LCT/MCT diet (Figure 18 A), promoting 

mitochondrial fragmentation and thereby improving FAO. The increase in Mfn1 

expression under LCT in the hippocampus (Figure 18 B) supports the formation of 

larger mitochondria, which may enhance energy production and reduce the need 

for mitophagy. This is further supported by the concurrent upregulation of Crat, 

facilitating acyl-CoA formation, which is an essential molecule for β-oxidation. In 

IF, neither fusion- nor fission-related genes were upregulated in the hippocampus, 

suggesting that energy demands are met without excessive ROS production, which 

would otherwise trigger mitochondrial fission. 

The gene expression of Mfn2 and Opa1 have similar functions like Mfn1 and 

showed no significant changes (Figure 18 C, D) between the diets in the 

hippocampus.   
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Figure 18: Relative gene expression levels of A Fis1, B Mfn1, C Mfn2 and D 
Opa1 in the hippocampus of mice subjected to different diets, normalised to the 
housekeeping gene Rpl4.  
Data are presented as mean ± SEM. Significance symbols refer to group 
comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 
differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 
(symbols depending on the group being compared). Abbreviations: SD – standard 
diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 
triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B 

C D 



50 
 

The significant downregulation of Trp53 (l) in the LCT/MCT group compared to SD 

and LCT (Figure 19 A) may reflect differences in cellular stress levels. Since MCTs 

are metabolized more efficiently and generate fewer ROS, this leads to reduced 

DNA damage. Trp53 (s) expression was notably higher under LCT compared to IF 

and CR (Figure 19 B), which showed the lowest levels of expression.  

 

 

  

Figure 19: Relative gene expression levels of A Trp53 (l), which refers to Trp53 

α and B Trp53 (s), which refers to Trp Δ122, in the hippocampus of mice subjected 

to different diets, normalised to the housekeeping gene Rpl4.  

Data are presented as mean ± SEM. Significance symbols refer to group 

comparison: * vs. SD, # vs. LCT, ° vs. LCT/MCT, and ^ vs. IF. Significant 

differences (p-values) are marked with: *p ≤ 0.05, ** p ≤ 0.01 and ***p ≤ 0.001 

(symbols depending on the group being compared). Abbreviations: SD – standard 

diet, LCT – long-chain triglycerides, LCT/MCT – long- and medium-chain 

triglycerides, CR – caloric restriction, IF – intermittent fasting.  

A B 
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5 Discussion 

In the present study we aimed to investigate how different dietary interventions – 

namely LCT, LCT/MCT, IF and CR and an additional control group (SD) – affect 

gene expression related to FA metabolism and mitochondrial function in the cortex 

and hippocampus. The results provide insights into some region-specific metabolic 

plasticity of the brain and how dietary components may modulate key regulatory 

pathways such as FAO, mitochondrial dynamics, and energy homeostasis. 

Consistent with existing literature, our data suggest that the hippocampus exhibits 

a distinct transcriptional response compared to the cortex, likely due to its 

heightened sensitivity to metabolic stress and its critical role in neuroplasticity. 

The cortex and hippocampus have different metabolic demands and regional 

pathway activities due to the varying distribution of neurons, astrocytes, and glial 

cells, which may influence gene expression. This could explain the differences in 

gene expression observed in different brain regions. In general, key signalling 

pathways such as AMPK, PGC-1α, and SREBP are regulated differently in the 

hippocampus compared to the cortex, which may also contribute to these 

differences (Lettieri Barbato et al., 2012). This kind of metabolic plasticity – the 

ability of brain cells to adapt to metabolic shifts, such as those caused by a KD – 

is especially observable in glial cells and neurons. This might be due to the 

hippocampus’ high metabolic activity and rapid cyclic renewal, which are closely 

linked to its role in learning and memory (Citri & Malenka, 2008; Zhou et al., 2019). 

But plasticity is not only relevant in response to diet. It is also critical in learning 

processes or after injury. This form of adaptation is rather unique to the brain and 

occurs quite differently than in most other organs, which tend to focus more on 

regeneration (Citri & Malenka, 2008; Düking et al., 2022) This could help explain 

why the brain shows distinct changes in metabolism and gene expression under 

the same dietary conditions compared to other organs.  

 

During IF, the cortex may require increased energy production to maintain synaptic 

structures and neuronal membranes, whereas the hippocampus might rely more 

on alternative metabolic pathways, such as ketone bodies. This could explain why 

Acaca is not upregulated in the hippocampus as it is in the cortex. In conditions 

where Acaca or Acacb are upregulated, it may lead to reduced transport of  

https://www.zotero.org/google-docs/?aRuJRX
https://www.zotero.org/google-docs/?qE13AY
https://www.zotero.org/google-docs/?k3zFVV
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acyl-CoA into mitochondria via CPT1 (Figure 20). Since CPT1 is inhibited by 

malonyl-CoA and also plays a crucial role in transporting long-chain fatty acids, 

which cannot cross the membrane unaided, this inhibition could impair FAO. If 

Acaca is upregulated in high-fat diets, leading to increased malonyl-CoA levels, β-

oxidation could be disrupted, which is particularly undesirable under ketogenic 

conditions (Cao et al., 2023; Wang et al., 2022).  

 

 

Figure 20: Overview of mitochondrial pathways involved and related to fatty 

acid metabolism, involving Acaca (ACC1), Acacb (ACC2), Acadm (MCAD), Crat 

and FASN.  

Created in https://BioRender.com 

 

This finding aligns with previous studies showing that high-carbohydrate diets 

upregulate lipogenic enzymes like Acaca and Fasn, due to the promotion of de 

novo lipogenesis in the liver. In contrast, high-fat diets suppress these enzymes, 

since the external supply of FAs reduces the demand for endogenous lipid 

synthesis (Bruning et al., 2018; Zhu et al., 2014). Interestingly, in our current study, 

Fasn expression was downregulated only in the cortex under LCT, which may 

indicate that fat production in the cortex is reduced under ketogenic conditions. 

https://www.zotero.org/google-docs/?wwBkLT
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Given that FASN catalyses palmitate trough acetyl-CoA and malonyl-CoA, lower 

FASN levels could help the brain save energy and prevent excess fat from building 

up in cortical cells. 

Although both IF and CR were expected to elicit similar transcriptional responses 

due to their shared CR aspect, notable differences were observed across most of 

the target genes. Interestingly, IF often showed greater similarity to the LCT/MCT 

condition than CR, for instance in the cortex with genes such as Acacb, Acadm, 

Mfn1 or Mfn2. This could also be due to MCTs providing energy more rapidly than 

LCTs alone, as they can pass directly into the brain, thereby potentially mimicking 

the metabolic substrate shifts observed under IF. In contrast, the slower breakdown 

of LCTs results in a more stable energy supply, reducing metabolic fluctuations.  

A further explanation for these differences between IF and CR could relate to the 

timing of sample collection. IF and CR condition differences may be the 

phenomenon of food anticipation (or also known as feed-forward regulation), since 

the animals were sacrificed after their fasting phase. If feeding always occurred at 

the same time, certain pathways might already be up- or downregulated before 

actual food intake (Challet et al., 2009; Khapre et al., 2014; Skvortsova et al., 

2021).  

Khapre et al., (2014) addressed this by studying inter alia the mTOR signalling 

pathway, which can be affected by fasting. Mice were fed once every 24 hours for 

two weeks, and food anticipation was tested by sacrificing them at various time 

points after their last meal. A few downstream targets of the mTOR pathway were 

analysed and it showed that mice sacrificed closer to their habitual feeding time 

already exhibited altered expression levels of these targets. While ACC was not 

directly assessed in this study, its regulation is known to be influenced by both 

AMPK and mTOR signalling (Wang et al., 2022). It is also worth noting that CR 

mice had a lower percentage of eWAT and reduced body weight compared to IF 

mice, which could result in altered brain lipid metabolism due to limited energy 

resources. 

 

  

https://www.zotero.org/google-docs/?h0YXFz
https://www.zotero.org/google-docs/?h0YXFz
https://www.zotero.org/google-docs/?jjvz9c
https://www.zotero.org/google-docs/?fvsARd
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Shifting focus to the hippocampus, it is structurally and functionally distinct from 

the cortex and is notably more sensitive to stress, especially during energy or 

nutrient deprivation. This leads to the activation of specific mechanisms to 

counteract stress and its effects. This sensitivity is likely due to both the high 

concentration of glucocorticoid receptors in the hippocampus and its high plasticity. 

This plasticity can affect not only metabolism but also structural aspects such as 

dendritic complexity (Albadawi, 2025; Beck & Luine, 1999; Rappeneau et al., 

2023). This may help explain why certain targets in the hippocampus – such as 

Trp53 or the elevated Fis1 expression – are particularly affected by the LCT diet 

compared to the cortex, while appearing less affected by the LCT/MCT diet. This 

difference may be connected to the known anti-inflammatory properties of MCTs 

and their ability to reduce ROS. A similar pattern is observed with Acaca expression 

under CR. As previously reported, the hippocampus is notably sensitive to food 

deprivation, likely to its metabolic and stress-related vulnerabilities.  

The observed changes in Trp53 expression suggest that dietary composition 

exerts a differential impact in stress-related and regulatory signalling pathways in 

a region-specific manner. The significant downregulation in LCT and LCT/MCT 

(cortex) compared to IF may indicate a reduced metabolic or oxidative challenge 

in these groups, as p53 α activity has been linked to cellular response to stress 

and DNA damage. Interestingly, in the hippocampus only the LCT/MCT group 

showed a marked suppression of Trp53 α, which may demonstrate a region-

specific sensitivity to MCTs or to a faster adaptation of hippocampal cells to 

alternative metabolic substrates provided by this diet (Humpton & Vousden, 2019; 

Wei et al., 2024). 

The upregulation of Trp Δ122p53 in the cortex under CR suggests that this diet 

may modulate p53-dependent transcriptional activity and apoptosis and shift 

cellular priorities under energy limitation. In the hippocampus Trp Δ122p53 

expression was increased only in the LCT group, which could indicate that LCFAs 

in contrast to MCFAs induce stress responses in hippocampal neurons. This could 

be due to an increased ROS or altered lipid metabolism, which could influence 

stress response, neuroprotection and cell fate decisions (Roth et al., 2016; Slatter 

et al., 2015).  

Regarding mitochondrial dynamics, the increased expression of Fis1 in the cortex 

suggests that mitochondria undergo fission more frequently compared to the SD 

https://www.zotero.org/google-docs/?sATYbl
https://www.zotero.org/google-docs/?sATYbl


55 
 

condition. One possible explanation could be that mitochondria are able to produce 

energy more efficiently and are thus able to manage accumulated ROS easily by 

fragmentation and mitophagy without disrupting their energy metabolism. This is 

further supported by the fact that Acadm is not upregulated, indicating that FAO 

does not increase. Studies suggest that fragmented mitochondria have enhanced 

FAO compared to elongated ones. This is largely due to the reduced inhibition of 

CPT1 by malonyl-CoA. The significantly downregulated Mfn1 under LCT condition 

indicates less mitochondrial fusion, resulting in smaller mitochondria. Studies have 

shown that non-elongated mitochondria can oxidize LCFAs more efficiently. 

Another possible explanation could be an increase in ROS, which could trigger 

mitochondrial fission to facilitate mitophagy (Ngo et al., 2023; Seifert & Hajnóczky, 

2023). 

In summary, this study demonstrates that dietary interventions such as IF, CR, and 

particularly the inclusion of MCTs in a classical LCT-based KD can induce notable 

changes in the expression of genes involved in FA metabolism and mitochondrial 

dynamics. Targets like Acaca, Acacb, Fasn, Fis1, Mfn1, Trp53 or Crat 

(hippocampus) revealed specific regulatory patterns, with MCT supplementation 

often altering expression changes otherwise observed under LCT conditions – 

possibly due to their faster metabolism and reduced oxidative stress. Moreover, IF 

showed unexpected overlap with the LCT/MCT group, supporting the idea that 

MCTs may partially mimic metabolic states observed during fasting. But the 

observed differences between the cortex and hippocampus emphasize the 

importance of considering brain region-specific functions and vulnerability when 

evaluating metabolic interventions. Altogether, these findings provide evidence 

that MCTs may offer a more favourable metabolic profile than LCTs alone, 

particularly by supporting efficient energy use and limiting damaging shifts in 

mitochondrial function. 

  

https://www.zotero.org/google-docs/?AlQaBn
https://www.zotero.org/google-docs/?AlQaBn


56 
 

6 Abstract  

Ketogenic diets (KD), which elevate ketone body production, have gained attention 

for their ability to shift the energy metabolism away from glucose toward fatty acid 

oxidation (FAO). Fats, like medium-chain triglycerides (MCTs) play a crucial role in 

metabolic regulation, particularly in the context of KD and neuroprotection. Unlike 

long-chain triglycerides (LCTs), which require lymphatic transport and carnitine-

dependent mitochondrial entry, MCTs are rapidly absorbed via the hepatic portal 

vein and a bulk of MCTs undergo direct mitochondrial β-oxidation in the liver. This 

is especially interesting for neuronal health, as the brain then utilizes ketones for 

energy and these shifts have been associated with neuroprotective effects such as 

improved synaptic function and reducing oxidative stress and inflammation. 

Ketosis can be not only reached by a high-fat and low-carbohydrate diet, but also 

through intermittent fasting (IF) and caloric restriction (CR). These dietary 

interventions have demonstrated their ability to reduce reactive oxygen species 

(ROS) production and support metabolic homeostasis. 

This thesis aimed to address the hypothesis that if MCFAs reach the brain tissue 

and mediate direct effects rather via β-hydroxybutyrate (β-HB), MCT addition to an 

LCT-KD should alter specific gene expression compared to LCT-KD alone 

accordingly investigate the effects of dietary interventions – including a standard 

diet (SD), an LCT-based diet, an LCT/MCT diet, CR, and IF – on key metabolic 

pathways in murine brain tissue by employing quantitative PCR.  

To investigate this, a specific focus is placed on the expression of genes involved 

in fatty acid oxidation and mitochondrial dynamics, including Acaca, Acacb, 

Acadm, Crat, Fasn, Fis1, Mfn1, Mfn2, Opa1 and Trp53. The results showed that 

supplementing an LCT-KD with MCTs does alter gene expression in both the 

cortex and hippocampus. These differences could especially be seen in genes 

related to mitochondrial dynamics, such as Fis1 and Mfn1. While expecting IF and 

CR to have similar outcomes, the results showed some differences. In IF several 

genes were either up- or downregulated compared to CR, which may be related to 

food-anticipation.  

  



57 
 

7 Zusammenfassung 

Eine ketogene Ernährung (KD) führt zur gesteigerten Bildung von Ketonkörpern 

und kann so zu einer Verschiebung des Stoffwechsels zur Fettsäureoxidation 

(FAO) zur Energiegewinnung, anstatt dabei auf Glukose zurückzugreifen. 

Mittelkettige Triglyceride (MCT) spielen ebenfalls eine wesentliche Rolle in der 

Regulation des Stoffwechsels – insbesondere im Zusammenhang mit einer KD und 

neuroprotektiven Mechanismen. Anders als langkettige Triglyceride (LCT), die 

einen lymphatischen Transport sowie eine Carnitin-abhängige Aufnahme in die 

Mitochondrien erfordern, werden MCTs rasch über die Pfortader aufgenommen 

und direkt der mitochondrialen β-Oxidation zugeführt. Dies ist besonders 

interessant im Hinblick auf die neuronale Gesundheit, da diese Umstellung mit 

einer Verringerung des oxidativen Stresses und neuroprotektiven Effekten in 

Verbindung gebracht wird. Darüber hinaus haben diätetische Interventionen wie 

Kalorienrestriktion (CR) und intermittierendes Fasten (IF) gezeigt, dass sie die 

Produktion reaktiver Sauerstoffspezies (ROS) senken und zur Aufrechterhaltung 

der metabolischen Homöostase beitragen können. Diese Arbeit ging der 

Hypothese nach, dass mittelkettige Fettsäuren, sofern sie das Gehirngewebe 

erreichen und dort wirken, bei Ergänzung einer LCT-KD spezifische 

Veränderungen in der Genexpression bewirken, verglichen mit einer reinen LCT-

KD. Ziel war es daher verschiedene Ernährungsinterventionen – darunter eine 

Standardernährung (SD), eine LCT-basierte Ernährung (LCT), eine kombinierte 

LCT/MCT-Ernährung, CR und IF – auf zentrale Stoffwechselwege im 

Gehirngewebe von Mäusen mittels quantitativer PCR zu untersuchen. Dabei liegt 

der Fokus auf der Expression von Genen, die an der FAO und der mitochondrialen 

Dynamik beteiligt sind, darunter Acaca, Acacb, Acadm, Crat, Fasn, Fis1, Mfn1, 

Mfn2, Opa1 und Trp53.  

Die Ergebnisse zeigten, dass eine Supplementierung der LCT-KD mit MCTs die 

Genexpression sowohl im Kortex als auch im Hippocampus verändert, besonders 

bezüglich der mitochondrialen Dynamik, wie bei Fis1 und Mfn1. Während bei IF 

und CR ähnliche Effekte erwartet wurden, wiesen die Ergebnisse teils 

Unterschiede auf. Bei IF waren mehrere Gene im Vergleich zu CR entweder hoch- 

oder runterreguliert, was möglicherweise mit dem Phänomen der „food 

anticipation“ zusammenhängen könnte.  
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8 Abbreviations 

Acaca    Acetyl-CoA-carboxylase-α 

Acacb    Acetyl-CoA carboxylase β 

Acadm   Acyl-CoA Dehydrogenase Medium Chain 

BDNF    Brain-derived neurotrophic factor  

β-HB    β-hydroxybutyrate  

CR    Caloric restriction 

Crat    Carnitine acetyltransferase 

FA    Fatty acid 

FAO    Fatty acid oxidation 

Fasn    Fatty acid synthase 

Fis1    Mitochondrial fission protein 1 

Hprt    Hypoxanthine-guanine-phosphoribosyltransferase  

IF    Intermittent fasting 

KD    Ketogenic diet 

LCFA    Long chain fatty acids 

LCT    Long chain triglycerides 

MCFA    Medium chain fatty acids 

MCT    Medium chain triglycerides 

Mfn1    Mitofusin 1 

Mfn2    Mitofusin 2 

NF-H2O    Nuclease free water 

Opa1    Optic atrophy 1 

OxPhos    Oxidative phosphorylation 

ROS     Reactive oxygen species 

Rpl4    Ribosomal Protein L4 

RT     Reverse transcription control 

SD    Standard diet 

TCA - cycle    Tricarboxylic acid cycle 

Tm     Melting Temperature 

Trp53 (l)   Transformation-related protein 53 α 

Trp53 (s)   Transformation-related protein Δ122p53 
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10 Supplement 

Ingredients LCT SD LCT/MCT 

Product_N S9139-E025 S9139-E028          S9139-E032 

Casein % 9.000 18.200      9.000 

Corn starch % —— 53.400      —— 

Sucrose % —— 5.000      —— 

Cellulose % 10.000 10.000                   10.000 

L-Cystine % 0.200 0.200     0.200 

Vitamin premixture % 1.000 1.000     1.000 

Mineral premix % 5.000 5.000     5.000 

Choline Cl % 0.200 0.200     0.200 

C 8 % 

C10 % 

—— 

—— 

—— 

—— 

                   15.00 

                   10.00 

Butter fat % 8.750 0.800                    5.80 

Pork lard % 65.850 6.200                    43.80 

Proximate contents 
   

Crude Protein % 8.1 16.1 8.1 

Crude fat % 74.6 7.1 74.6 

Crude fiber % 9.9 10.0 9.9 

Crude ash % 4.4 4.5 4.4 

Sugar % 1.0 6.0 1.0 

Starch % —— 51.2 —— 

Lysine % 0.66 1.33 0.66 

Methionine % 0.35 0.57 0.35 

Cystine % 0.23 0.27 0.23 

Threonine % 0.35 0.71 0.35 

Tryptophan % 0.10 0.21 0.10 

Arginine % 0.31 0.63 0.31 

Histidine % 0.24 0.48 0.24 

Valine % 0.55 1.12 0.55 

Isoleucine % 0.45 0.91 0.45 

Leucine % 0.79 1.59 0.79 

Phenylalanine % 0.41 0.83 0.41 

Tyrosine % 0.42 0.85 0.42 

Glycine % 0.16 0.32 0.16 

Glutamic acid % 1.79 3.62 1.79 

Aspartic acid % 0.59 1.19 0.59 

Proline % 0.91 1.84 0.91 

Serine % 0.48 0.96 0.48 

Alanine % 0.24 0.48 0.24 
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1) Physiological fuel value 

Suppl. table 1 : Detailed dietary composition of SD, LCT and LCT/MCT from 
the company ssniff.  

  

Ingredients LCT SD LCT/MCT 

Product 
No. 

S9139-E025 S9139-E028 S9139-E032 

ME – Atwater 1) MJ/kg 

Protein kcal% 

Fat kcal% 

CHO kcal% 

29.7 

~4.5 

~94.6 

~0.9 

15.1 

18 

18 

64 

29.7 

~ 4.5 

~ 94.6 

~ 0.9 

Fatty acids, % in the diet 
   

C 4:0 0.33 0.03 0.22 

C 6:0 0.22 0.02 0.17 

C 8:0 0.12 0.01 15.08 

C 10:0 0.33 0.03 10.22 

C 12:0 0.43 0.04 0.29 

C 14:0 1.81 0.18 1.21 

C 16:0 18.12 1.73 1.20 

C 17:0 0.05 0.01 0.04 

C 18:0 9.74 0.92 6.47 

C 20:0 0.21 0.02 0.14 

C 16:1 2.11 0.20 1.40 

C 18:1 29.43 2.79 19.58 

C 18:2 6.41 0.60 4.26 

C 18:3 0.71 0.07 0.47 

C 20:4 1.19 0.10 0.74 
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