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The ketogenic diet (KD) was originally developed in the early 1920s as a treatment for 
pediatric epilepsy (1). It is characterized by very high levels of fat, minimal carbohydrate, 
and adequate protein. In the absence of glucose oxidation, ketone bodies (β-hydroxy-
butyrate, acetoacetate, and acetone) are formed as a byproduct of fatty acid oxidation 
in order to serve as an alternative source of fuel for the brain and peripheral tissues. 
KDs restrict carbohydrate consumption in order to limit circulating levels of glucose 
and, therefore, promote production and utilization of ketone bodies as a primary fuel 
source (2). This state of ketosis mimics starvation as ketone bodies are naturally 
produced in response to prolonged fasting or intense exercise (3).

KDs for rodents are quite different 
compositionally compared to 
human ketogenic diets (4). 
Human KDs can vary in terms 
of the macronutrient distribution 
(carbohydrate content ranging 
from less than 30 g/day up to 
30% of energy intake) and types 
of fatty acids consumed 
(medium-chain triglycerides 
or long-chain triglycerides) (5). 
In contrast, ketogenic rodent 
diets contain very little 
carbohydrate (ranging from 
<1% up to 5% of total energy) 
and reduced levels of protein. 
Fatty acid composition of rodent 
diets can also vary depending on 
the sources of fat used (4). 
Figure 1 depicts the differences 
in energy composition of low-fat, 
high-fat, and ketogenic diets. 

Though used as an epilepsy therapy for nearly a century, only recently have KDs been 
implicated as a potential treatment method for other neurological and metabolic 
diseases (2).  Indeed, rodent models are currently being used to study the effects of 
ketosis on other conditions including Alzheimer’s disease (AD), diabetes, and cancer (5). 
In this review, we discuss the use of KDs in a variety of pre-clinical models, as well as 
technical considerations for their implementation. 
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Neurological Disorders and Diseases

KDs are best known for their use in the treatment of neurological and neurodegenerative 
diseases, such as epilepsy, AD, Autism Spectrum Disorder, and Parkinson’s disease (6,7). 
The mechanism by which KDs exert their neuroprotective effects is not fully 
understood. However, it is hypothesized that the multilateral, systemic effects of 
ketosis on metabolism, inflammation, and gene regulation collectively function to 
mitigate neurological damage (7).

Alzheimer’s Disease. AD is a neurodegenerative disease characterized by progressive 
memory loss, brain atrophy, and other cognitive deficits such as disorientation and 
personality changes (7). Pathologically, it is associated with the deposition of amyloid 
plaques formed of amyloid β-peptide and neurofibrillary tangles (NFTs) formed from 
tau protein (7,8). AD, sometimes called “Type 3 Diabetes Mellitus”, is accompanied by 
reduced glucose uptake in the brain as well as neural insulin resistance. It is believed 
that loss of glucose over time, in addition to NFT and amyloid β production, leads to 
neuronal damage and eventual cell death (9). KDs, therefore, are often implemented as 
way to provide nutritional support for the brain by circumventing glucose pathways.

Rodent models of AD largely rely on the use of 
genetic modifications as rodents do not naturally 
develop plaques or NFTs. Thus, models vary in 
nature depending on the specific element of AD 
the investigator wishes to study (8). KDs fed to 
animal models have been shown to improve 
disease markers such as motor function, cognition, 
brain vascular function, and amyloid β (10). 
Indeed, female APP/V717I mice fed a KD 
exhibited increased β-hydroxybutyrate (BHB) 

and decreased amyloid β deposition compared to chow fed animals in as little as 43 
days (11). However, these findings are not consistent across models. Others have 
shown conflicting results with little improvement in APP/PS1 and Tg4510 mice fed 
a KD for 3 months (12). Such discrepancies imply that the efficacy of a KD on 
Alzheimer’s related symptoms is highly dependent on strain. It is also likely that 
KD choice, control diet choice, and sex contribute to variability between reported 
findings.

Epilepsy. For the last century, KDs have been implemented as a treatment for drug-
resistant epilepsy. Epilepsy is a complex disease with multiple clinical presentations 
that have poorly understood underlying mechanisms. Given this, there is no one 
animal model that encompasses the entirety of the disease and an array of models 
exist, including but not limited to the use of chemoconvulsants, electrical stimulation, 
and genetic manipulations (13). The anti-convulsant properties of KDs have been 
investigated in a number of models. Indeed, CD-1 mice and Wistar rats with 
chemically-induced convulsive seizures fed a 94 kcal% fat diet demonstrated both a 
decrease in spontaneous seizure activity and an increase in seizure threshold (14). 
Further, the same KD improved longevity and delayed the onset of both more 
frequent and more severe seizures in Kcna1-null mice, which are prone to sudden 
unexpected death in epilepsy (15). However, the beneficial effects of KDs on seizure 
activity seem to be dependent on the model chosen. EL mice fed a KD show a 
delayed onset of severe seizures, but this response does not appear to be as robust 
since an fed KD did not reduce seizure susceptibility (16,17). 

Recent data suggest a relationship between the gut microbiome and drug-resistant 
epilepsy as patients with drug-resistant epilepsy have significantly different microbial 
profiles from drug-sensitive patients (18). Moreover, mice fed a KD have increased levels 
of Akkermansia muciniphila and Parabacteroides merdae compared to control fed ones 
in the feces as measured by 16S rDNA sequencing (19). Olson et al. demonstrated that 
mice with a knock down of the microbiota via antibiotics were not protected from 
seizures by a KD but that recolonization with these species restored protection. 
These data indicate that the gut microbiota may be a critical element of KD seizure 
reduction (19).
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Metabolic Disorders

Refined carbohydrate sources, such as sucrose and fructose, have been linked to 
adverse metabolic outcomes. As such, diets low in carbohydrate, such as the KD, 
have been explored as dietary intervention strategies (4).

Obesity. KDs have proven themselves to be effective tools for weight loss in rodent 
models in some instances. Mice fed a KD have demonstrated significantly reduced 
weight gain compared to chow diets and western-type diets rich in refined 
carbohydrates and elevated fat levels. These effects can be seen in as little as 
5 weeks. Increased energy expenditure is one potential mechanism for the 
observed weight loss effect associated with KDs. In fact, KD-fed animals reportedly 
have increased expression of genes related to beta-oxidation and reduced 
expression of genes related to lipid synthesis (4). 

Despite promising findings of reduced weight gain in animals fed a KD, other studies 
focused on body composition and fat distribution have reported that mice and rats 
fed a KD diet have greater fat mass compared to chow-fed counterparts despite 
reduced weight gain overall. Moreover, long term studies of rodents on KDs suggest 
that KDs cause immediate and rapid weight loss, but after 20+ weeks on a KD, weights 
return to, or even exceed, baseline values (4). Other reports have suggested that 
obesity-related outcomes in mice do not translate to the human population, which 
is a common shortcoming of rodent models (20).  

Diabetes. Although KDs may exert positive short-term effects on weight management 
in rodents, adverse metabolic side effects may also be observed. Mixed results have 
been observed in terms of glucose homeostasis in rodents fed KDs. Ob/ob mice have 
shown improved glucose tolerance and inulin sensitivity in conjunction with weight loss 
(20,21) and db/db mice have demonstrated a reversal of diabetic neuropathy on KDs (22). 
Other studies have shown the opposite effects. In fact, multiple studies have reported 
glucose intolerance and insulin resistance with or without concurrent weight loss (20). 
A possible reason for this adverse observation is that glucose produces post-prandial 
thermogenesis to a greater extent than lipids. As such, post-prandial metabolic rates 
are increased when a diet containing higher levels of carbohydrate are included (22). 
Another possible explanation for the discrepancies between results may be related to 
a difference in the expressed phenotypes of hepatic and skeletal muscle tissues. 
In a study of KD-fed wild type mice utilizing a hyperinsulemic-euglycemic clamp model, 
hepatic insulin resistance was observed, but systemic insulin resistance was much less 
severe. It is quite possible that sensitivity to glucose and insulin in animals fed KDs is 
tissue-specific. More research is needed to validate these findings (21). 

Non-Alcoholic Fatty Liver Disease. Given that weight loss is a recommended method for 
management of NAFLD and KDs may be a beneficial weight loss tool, efforts have been 
made to determine whether KD-induced weight loss may also mitigate symptoms of 
NAFLD. Interestingly, a study of C57Bl/6 mice fed a KD for 12 weeks indicated that while 
the KD had a positive impact on weight management, they were also glucose intolerant 
and demonstrated symptoms of NAFLD. Hepatic lipid accumulation was observed after 
just 3 weeks on the KD. At the end of the study, the mouse livers exhibited ER-stress, 
inflammation, and macrophage accumulation, while counterparts on a western-type 
diet only demonstrated steatosis. Since KDs are low in total protein, it is speculated that 
a potential reason for NAFLD onset was due to low levels of dietary methionine along 
with an insufficient amount of dietary choline (21). Methionine and choline deficient 
diets are traditionally used to induce NAFLD in rodent models; KDs may inadvertently 
also cause these symptoms depending on the precise KD formulation. This could 
potentially confound study results in rodent models of KD and metabolic disorders. 
However, the translatability of rodent NAFLD models to humans is also not well 
understood, and methionine and choline deficient diets for induction of NAFLD in 
rodent models are heavily criticized in terms of human relevance (23). 
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Cancer. Unlike normal cells, cancer cells chiefly generate ATP through glycolysis rather 
than oxidative phosphorylation and not all cancers are able to metabolize ketone 
bodies (24).  Thus, it is believed that KDs can reduce cancer/tumor proliferation by 
starving the cancer of glucose. There is evidence to demonstrate the anti-cancer 
effects a KD in models of glioblastoma, neuroblastoma, prostate, colon, pancreatic, 
lung, breast, stomach, and liver cancers, indicating potentially widespread efficacy of 
this approach (24). In addition to slowing tumor growth, KDs have also been shown to 
improve cachexia and increase the efficacy of chemotherapy and radiotherapy in 
animal models (25). While promising, these findings are not ubiquitous across all cancer 
types and models. Evidence in rat and mouse models of kidney cancer demonstrated 
significant adverse effects. Male and female Long Evans Tcs2+/- rats, which can 
develop renal cell carcinoma, fed a ketogenic diet for 4-8 months showed significantly 
enhanced tumor growth (26). Likewise, KDs had a pro-cancer effect on mice with 
human melanoma xenografts, increasing both the size and growth rate of tumors 
on two separate KD formulas (27). Taken together, investigators should carefully 
consider the type of cancer and the underlying genetic mechanism of that cancer 
when selecting a diet for their studies.

Control Diets

Choosing a proper control is a critical element in the experimental design process for 
any study. One benefit of using a purified ingredient laboratory animal diet is that it 
gives the researcher the ability to tightly control many elements of the formula, leaving 
only the variable(s) in question different between control and experimental groups. 
Selection of an improper control diet can introduce extraneous and unwanted variables 
that can make data interpretation difficult for investigators (28). Indeed, this may be 
one factor contributing to inconsistent findings across research groups as there are 
numerous instances in the literature indicating that a grain-based (GB) diet was used 
as the control for a KD (4).

One common selection for a control diet is a GB diet, colloquially referred to as 
“chow”, “standard diet/chow”, or “normal diet/chow”. These diets are made with a 
combination of animal by-products and whole plant based ingredients (such as corn, 
wheat, and alfalfa). The ingredients they use make GB diets an affordable option and 
animal vivariums typically stock GB diets as the main food source for the animals they 
house. However, GB diets introduce a significant amount of variation as the nutritional 
quality of the ingredients can vary depending on where and when they are harvested 
and how they are processed (28).

Despite their ubiquitous use, GB diets are compositionally different from most KDs, 
which are frequently made with purified ingredients. In selecting a control diet for a KD, 
one should consider the ingredient compositions of both diets, their macronutrient 
profiles, and the micronutrient (vitamins and minerals) mixes. Other factors, such as 
sucrose, fiber, and non-nutrients (e.g. phytoestrogens), can also introduce additional 
variables. If you need help selecting a properly matched control for your ketogenic diet
study, the nutritional scientists at Research Diets, Inc. are glad to discuss options based 
on the specific KD you select for your study.
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Technical Considerations

Typically, rodent ketogenic diets contain 10-20 kcal% protein and 80-90 kcal% fat, with 
very few calories from carbohydrate. The fat in KDs is normally derived from a source 
that can be solid or semi-solid at room temperature (eg. shortening, lard, and cocoa 
butter) to avoid leakage of the oil. 

The amount of protein in the diet is an important consideration when designing or 
choosing a KD. Rodents can produce glucose from protein through gluconeogenesis 
during fasting or when dietary carbohydrate is scarce. It has been found that plasma 
BHB induction is higher and faster when the protein content in the diet is lower 
(e.g. 5 kcal% protein and 95 kcal% fat vs. 
13 kcal% protein and 87 kcal% fat) (29). 
Importantly, however, ketogenic diets 
with 5 kcal% protein can cause weight 
loss. The weight loss seems to occur only 
when the protein level in the ketogenic 
diet is lower than 10 kcal% since mice 
fed a ketogenic diet with 10 kcal% 
protein and 90 kcal% fat do not exhibit 
weight loss (30).  When protein level is 
maintained at 10 kcal%, plasma BHB is 
negatively correlated with carbohydrate 
content, as zero carbohydrate diet 
generated the highest levels and 
increasing carbohydrate content 
gradually reduced plasma BHB levels. 
There is no difference in plasma BHB 
levels after there is more than 15 kcal% 
carbohydrates (30).  Further, since rodents 
are nocturnal, it has been shown that 
plasma BHB induction by ketogenic diet is 
highest during the nighttime feeding period (30).

Due to the very high levels of fat found in ketogenic diets, several important 
considerations should be made regarding the physical properties of the diet when 
planning your study. First, the great majority of ketogenic diets are not available in 
the traditional pelleted form. Rather, they will be produced as a thick paste, which 
must be administered in cups on the cage floor or in a J-shaped hanging feeder, 
rather than in the food hoppers. To prevent diet form as a confounding variable in 
your study, you may wish to order your control diet in powder form as well, despite 
the fact that it may be available in pelleted form. 

If obtaining a pelleted ketogenic diet is important for your research goals, diets 
formulated with cocoa butter as the primary fat source allow us to overcome this 
obstacle. The higher melting point of cocoa butter allows us to pellet the diet even at 
concentrations upwards of 90 kcal%. However, it may also be important to consider 
the fatty acid composition of the fat sources you. One of the nutrition scientists at 
Research Diets, Inc. would be more than happy to discuss custom options for your 
specific research needs.

Ketogenic Diets for Rodents 



© 2020 Research Diets, Inc. All rights reserved. Ketogenic Diets for Rodents -extended version web only 12-20

20 Jules Lane  I  New Brunswick, NJ 08901 USA  I  Tel: 732.247.2390  Fax: 732.247.2340
www.researchdiets.com  I  info@researchdiets.com

1.  Kosso� EH. More fat and fewer seizures: Dietary therapies for epilepsy. 
 Lancet Neurol. 2004;3(7):415-420. doi:10.1016/S1474-4422(04)00807-5
2.  Gasior M, Rogawski MA, Hartman AL. Neuroprotective and disease-modifying   
 e�ects of the ketogenic diet. Behav Pharmacol. 2006;17(5-6):431-439.    
 doi:10.1097/00008877-200609000-00009
3.  Dąbek A, Wojtala M, Pirola L, Balcerczyk A. Modulation of cellular biochemistry,   
 epigenetics and metabolomics by ketone bodies. Implications of the ketogenic diet in  
 the physiology of the organism and pathological states. Nutrients. 2020;12(3).   
 doi:10.3390/nu12030788
4.  Kosinski C, Jornayvaz FR. E�ects of ketogenic diets on cardiovascular risk factors:   
 Evidence from animal and human studies. Nutrients. 2017;9(5):1-16.    
 doi:10.3390/nu9050517
5.  Augustin K, Khabbush A, Williams S, et al. Mechanisms of action for the   
 medium-chain triglyceride ketogenic diet in neurological and metabolic disorders.   
 Lancet Neurol. 2018;17(1):84-93. doi:10.1016/S1474-4422(17)30408-8
6.  Lee RWY, Corley MJ, Pang A, et al. A modi�ed ketogenic gluten-free diet with   
 MCT improves behavior in children with autism spectrum disorder. 
 Published online 2018:205-211. doi:10.1016/j.physbeh.2018.02.006.A
7.  Rusek M, Pluta R, Ułamek-kozioł M, Czuczwar SJ. Ketogenic Diet in Alzheimer’s   
 Disease. Published online 2019:1-19.
8.  Götz J, Bodea LG, Goedert M. Rodent models for Alzheimer disease. 
 Nat Rev Neurosci. 2018;19(10):583-598. doi:10.1038/s41583-018-0054-8
9.  Suzanne M. de la Monte, M.D., M.P.H. and Jack R. Wands MD. Alzheimer’s   
 Disease Is Type 3 Diabetes—Evidence Reviewed. J Diabetes Sci Technol.   
 2008;2(6):1101-1113.
10.  Włodarek D. Role of ketogenic diets in neurodegenerative diseases (Alzheimer’s   
 disease and parkinson’s disease). Nutrients. 2019;11(1). doi:10.3390/nu11010169
11.  Van Der Auwera I, Wera S, Van Leuven F, Henderson ST. A ketogenic diet reduces   
 amyloid beta 40 and 42 in a mouse model of Alzheimer’s disease. Nutr Metab.   
 2005;2:1-8. doi:10.1186/1743-7075-2-28
12.  Brownlow ML, Benner L, D’Agostino D, Gordon MN, Morgan D. Ketogenic Diet   
 Improves Motor Performance but Not Cognition in Two Mouse Models of   
 Alzheimer’s Pathology. PLoS One. 2013;8(9):2-11. 
 doi:10.1371/journal.pone.0075713
13.  Kandratavicius L, Alves Balista P, Lopes-Aguiar C, et al. Neuropsychiatric Disease   
 and Treatment Dovepress Animal models of epilepsy: use and limitations.   
 Neuropsychiatr Dis Treat. Published online 2014:1693-1705.
14.  Lusardi TA, Akula KK, Co�man SQ, Ruskin DN, Masino SA, Boison D. Ketogenic  
 diet prevents epileptogenesis and disease progression in adult mice and rats.   
 Neuropharmacology. 2015;99:500-509. doi:10.1016/j.neuropharm.2015.08.007
15.  Simeone KA, Matthews SA, Rho JM, Simeone TA. Ketogenic diet treatment   
 increases longevity in Kcna1-null mice, a model of sudden unexpected death 
 in epilepsy. Epilepsia. 2016;57(8):e178-e182. doi:10.1111/epi.13444

References - Ketogenic Diets for Rodents

16.  Mantis JG, Centeno NA, Todorova MT, McGowan R, Seyfried TN. Management 
 of  multifactorial idiopathic epilepsy in EL mice with caloric restriction and the   
 ketogenic diet: Role of glucose and ketone bodies. Nutr Metab. 2004;1:1-11.   
 doi:10.1186/1743-7075-1-11
17.  Todorova MT, Tandon P, Madore RA, Stafstrom CE, Seyfried TN. �e ketogenic   
 diet inhibits epileptogenesis in EL mice: A genetic model for idiopathic epilepsy.   
 Epilepsia. 2000;41(8):933-940. doi:10.1111/j.1528-1157.2000.tb00275.x
18.  Peng A, Qiu X, Lai W, et al. Altered composition of the gut microbiome in patients   
 with drug-resistant epilepsy. Epilepsy Res. 2018;147(37):102-107. 
 doi:10.1016/j.eplepsyres.2018.09.013
19.  Olson CA, Vuong HE, Yano JM, Liang QY, Nusbaum DJ, Hsiao EY. �e Gut   
 Microbiota Mediates the Anti-Seizure E�ects of the Ketogenic Diet. Cell.   
 2018;173(7):1728-1741.e13. doi:10.1016/j.cell.2018.04.027
20.  Blagosklonny M V. �e mystery of the ketogenic diet: benevolent pseudo-diabetes.   
 Cell Cycle. 2019;18(18):2157-2163. doi:10.1080/15384101.2019.1644765
21.  Schugar RC, Crawford PA. Low-carbohydrate ketogenic diets, glucose homeostasis,   
 and nonalcoholic fatty liver disease. Curr Opin Clin Nutr Metab Care.    
 2012;15(4):374-380. doi:10.1097/MCO.0b013e3283547157
22.  Poplawski MM, Mastaitis JW, Isoda F, Grosjean F, Zheng F, Charles V. Reversal 
 of Diabetic Nephropathy by a Ketogenic Diet. 2011;6(4). 
 doi:10.1371/journal.pone.0018604
23.  Radhakrishnan S, Ke J, Pellizzon MA. Targeted Nutrient Modi�cations in Puri�ed   
 Diets Di�erentially A�ect Nonalcoholic Fatty Liver Disease and Metabolic Disease   
 Development in Rodent Models. (13):1-2.
24.  Weber, Daniela D.; Aminazdeh-Gohari. Ketogenic Diet in Cancer �erapy.   
 Published online 2018:164-165. doi:10.1007/s12032
25.  Weber DD, Aminzadeh-Gohari S, Tulipan J, Catalano L, Feichtinger RG, Ko�er B.   
 Ketogenic diet in the treatment of cancer – Where do we stand? 
 Mol Metab. 2020;33(xxxx):102-121. doi:10.1016/j.molmet.2019.06.026
26.  Liskiewicz AD, Kasprowska D, Wojakowska A, et al. Long-term High Fat Ketogenic  
 Diet Promotes Renal Tumor Growth in a Rat Model of Tuberous Sclerosis. Sci Rep.   
 2016;6(December 2015):1-13. doi:10.1038/srep21807
27.  Xia S, Lin R, Jin L, et al. Prevention of Dietary-Fat-Fueled Ketogenesis Attenuates   
 BRAF V600E Tumor Growth. Cell Metab. 2017;25(2):358-373. 
 doi:10.1016/j.cmet.2016.12.010
28.  Pellizzon MA, Ricci MR. �e common use of improper control diets in diet-induced  
 metabolic disease research confounds data interpretation: �e �ber factor. 
 Nutr Metab. 2018;15(1):1-6. doi:10.1186/s12986-018-0243-5
29.  Stemmer K, Zani F, Habegger KM, et al. FGF21 is not required for glucose   
 homeostasis, ketosis or tumour suppression associated with ketogenic diets in mice.   
 Diabetologia. 2015;58(10):2414-2423. doi:10.1007/s00125-015-3668-7
30.  Newman JC, Covarrubias AJ, Zhao M, et al. Ketogenic diet reduces mid-life   
 mortality and improves memory in aging mice. 2017;26(3):547-557.    
 doi:10.1016/j.cmet.2017.08.004.Ketogenic




