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ABSTRACT

Introduction: Epilepsy is a chronic, non-infectious disease of the brain. Data shows that even
70 million people worldwide suffer from it and one-third of them fail to control it with anti-

epileptic drugs. The gut microbiota has an impact on the course of the disease. The microbiota


https://orcid.org/0000-0002-0573-7226

mediates between the gastrointestinal system and the central nervous system.
Purpose: The aim of the work is to analyse how modification of the gut microbiota affects
patients with drug-resistant epilepsy.
Material and method: In December 2023, an extensive search was conducted and articles
found in the Medline (PubMed) databases were selected by using the following keywords:
drug-resistant epilepsy, gut microbiota, gut-brain axis, ketogenic diet, probiotics, faecal
microbiota transplantation, to focus on recent developments and advancements in the field,
the search was limited to articles published between 2017 and 2023.
Conclusions: The intestinal microbiota in drug-resistant epilepsy (DRE) patients differs from
that of healthy individuals or drug-sensitive epilepsy patients. Acknowledging the presence of
the gut-brain axis and its impact on the central nervous system, we can view altering the flora
as a potential therapeutic approach for DRE patients. The ways in which microbiota changes
have been confirmed by research include: ketogenic diet, antibiotics, probiotics and fecal
microbiota transplantation (FMT). Modifying the microbiota through these mentioned

methods is all promising for treating DRE.
KEY WORDS

drug-resistant epilepsy, gut microbiota, gut-brain axis, ketogenic diet, probiotics, faecal

microbiota transplantation
INTRODUCION AND PURPOSE

Epilepsy is a chronic, non-infectious disease of the brain. It is one of the most common
neurological conditions. Data shows that from 50 to 70 million people worldwide suffer from
it and these are patients of all ages. About 5 million people are diagnosed with epilepsy each
year. 70% of patients are able to live without any seizures if the disease is properly diagnosed

and treated with individually selected therapy !

. It is characterised by recurrent seizures,
which are the result of excessive electrical discharges in brain cells that are brief episodes of
involuntary movement that may involve a part of the body (partial) or the entire body
(generalised) and are sometimes accompanied by loss of consciousness and control of bowel
or bladder function. The causes of epilepsy can be various: structural, genetic, infectious,
metabolic, immunological and idiopathic 23. The aim of this review is to highlight the role of

the gut microbiota in the treatment of drug-resistant epilepsy. Explain what the gut-brain axis

is and present ways to modify the gut microbiota as a promising treatment method and



improve the quality of life of patients with drug-resistant epilepsy. Modifying gut microbiota
presents a promising avenue for managing drug-resistant epilepsy (DRE). Approaches such as
fecal microbiota transplantation (FMT), ketogenic diet (KD), probiotics, and antibiotics show

potential in altering gut microbial composition and improving seizure control.
Material and methods

In December 2023 scientifics, reviews articles and websites were reviewed by using Medeline
(PubMed) and Google Scholar. Articles were searched using keywords: drug-resistant
epilepsy, gut microbiota, gut-brain axis, ketogenic diet, probiotics, fecal microbiota
transplantation. The available articles and web sites were analyzed and 41 were selected for
final analysis. The collected knowledge was completed and systematized to achieve the final
effect of the review. By synthesizing the information from various sources, the review aimed
to provide valuable insights into the role of the gut microbiota in drug-resistant epilepsy and

its potential implications for treatment and management.
DESCRIPTION OF THE STATE OF KNOWLEDGE
Drug - resistance epilepsy.

According to research, around a third of adults and a quarter of children are unable to control
epilepsy despite there being over 30 antiseizure medications available. The International
League Against Epilepsy proposed a definition of resistant epilepsy as "failure of adequate
trials of two tolerated, appropriately chosen and used antiepileptic drug schedules to achieve
sustained seizure freedom". There are several therapeutic options for this type of epilepsy,
including e.g.: resection surgery (consisting of the surgical removal of the area of the brain
generating pathological bioelectric discharges), laser thermotherapy, immunotherapy, deep
brain stimulation, vagus nerve stimulation. A method of treating drug-resistant epilepsy that
brings satisfactory results is also the use of dietary therapies, for example a ketogenic diet

46 Modifying the gut microbiota through diet,

(KD), and modifying gut microbiota
antibiotics, probiotics and faecal microbiota transplantation (FMT) is all promising methods
for treating drug-resistant epilepsy. Overall, the multifaceted nature of drug-resistant epilepsy
necessitates a comprehensive approach to treatment clinicians can offer new avenues of hope

for individuals who continue to struggle with seizures despite conventional treatments.



Analysis of the literature

Recent studies have shown that the intestinal microflora and its metabolites play a huge role
in maintaining host intestinal homeostasis. With the development of molecular biology,
genomics, bioinformatics analysis technologies or high-throughput sequencing, evidence has
emerged showing that an imbalance in the gut flora predisposes to the development of many

neurological diseases, including epilepsy 7

. The gut microbiota is all the microorganisms
that inhabit the intestines, and the microbiome is the total genetic composition of the
microbiota. The microbiota consists of approximately 100 trillion microorganisms - including
bacteria, fungi, yeast, archaea, protozoa and viruses. The total mass of intestinal microbes has

been estimated at 1-2 kg 8

. Bacteria are the most numerous group, with around 100
species distinguishable. This includes two major phylotypes - Firmicutes and Bacteroidetes -
and a smaller number of Actinomyces, Fusobacterium, Proteobacteria and Verrucomicrobia

%12 The gut microbiota is formed at birth as a result of maternal transmission of
infection, and then by exposure to microorganisms from the external environment. It
dynamically changes before the age of 3, especially during the period of weaning from the
mother's food. During development it undergoes dynamic changes, depending on diet,
medications, diseases, infections and other stressors. Infants' intestines are dominated by
Bifidobacterium and Lactobacillus bacteria. Healthy adult intestines mainly contain firmicutes

and bacteroides 1315

The main tasks of the intestinal microbiota include: development
and maturation of the intestinal immune system, ensuring metabolic homeostasis and
resistance to pathogens, participation in carbohydrate metabolism, body defence mechanisms
through synthesis of short-chain fatty acids (SCFA), cytokines, hormones and through
modulation of signalling in the autonomic nervous system (AUN), influence on central
nervous system (CNS) physiology and neurotransmission through the neural network,
activation of the neuroendocrine hypothalamic-pituitary-adrenal (HPA) axis (which controls
stress responses, mood or immune mechanisms), metabolic and immune mechanisms %17

In addition, the gut microbiota has been shown to influence CNS physiology and

neurochemistry, affecting behavior, cognitive function, mood, anxiety and depression ~ '®



Gut-microbiota-brain axis, neuronal pathways, neurotransmitters, blood-brain barrier
integrity, immunity in the central nervous system.
The microbiota and its metabolites, in addition to the vagus nerve fibres and sympathetic

fibres leading to the brain, are another source of signalling '

. The gut microbiota and its
metabolic products mediate the bidirectional relationship between the gastrointestinal tract
and the central nervous system and are called the gut-brain axis. It is believed to have a role in
the pathophysiology of neurological and neuropsychiatric conditions, such as depression,
anxiety, schizophrenia, autism spectrum disorders, Parkinson's disease, migraine and epilepsy.
The gut-brain axis includes: the gut microbiota and its metabolic products, the enteric nervous
system, the autonomic nervous system (sympathetic and parasympathetic branches), the
neuroendocrine system, the nervous immune system and the central nervous system. The CNS
regulates the function and integrity of the gastrointestinal tract through the HPA
neuroendocrine axis, inflammatory and immune pathways and the autonomic nervous system.
These pathways regulate intestinal barrier permeability, gastrointestinal motility,
gastrointestinal secretory activity and the composition of the intestinal microbiome. In turn,
the gastrointestinal tract influences brain function and behaviour by promoting synaptogenesis,
activating stress responses, synthesising neurotransmitters (gamma-aminobutyric acid
(GABA), noradrenaline, dopamine and serotonin), SCFA and the integrity of the blood-brain
barrier (BBB). For example, Candida, Escherichia, Enterococcus, and Streptococcus are
among the producers of serotonin, Bifidobacterium generates GABA, and members of the
Bacillus family can produce dopamine and norepinephrine (NA). In addition, the intestinal
microflora possesses enzymes that control the metabolic pathways of tryptophan, which is a
precursor to serotonin. Numerous studies have shown that the gut microflora plays an
essential role in the development of specific subsets of lymphocytes. Bacterial colonisation of
host intestinal epithelial cells induces the expression of serum amyloid A, which stimulates
the secretion of interleukin-6 (IL-6) and interleukin-23 by intestinal lamellar dendritic cells

2025 The microbiota can also

and promotes the differentiation of helper T lymphocyte 17
affect the levels of other neurotransmitters, including gaseous transducers, neuropeptides,
histamine, steroids and endocannabinoids. The intestinal microflora can also affect the
integrity of the intestinal barrier, which controls the passage of signalling molecules from the
intestinal lumen to the lamina propria, which contains immune cells and the terminal ends of

enteric nervous system (ENS) neurons, or to the portal circulation 2¢ . SCFAs are

signalling molecules produced exclusively by the intestinal microbiota during the



fermentation of dietary fibre, and are responsible for a number of physiological processes
including modulation of 5-hydroxytryptamine synthesis, neuroplasticity or modulation of the
immune system by influencing the maturation of microglia from early stages of human
development '%' | Recent studies show that epilepsy can develop as a result of activation
of the neuroimmune system mediated by inflammation in the nervous system and changes in
the activity of the gut flora, which activates immune cells such as B cells and T cells and
promotes inflammation of the nervous system by regulating the production of cytokines. In
addition, the gut microbiota induces inflammation in the nervous system through activation of
astrocytes and microglia, and its quantitative changes also cause a decrease in SCFAs, which
promote permeability of the blood-brain barrier . Increased permeability of the BBB and the
intestine allows peripheral immune cells and gut microbiota components to enter the brain and

activate astrocytes and microglia, potentially causing epilepsy 2+*’

Changes in gut flora - comparison of normal diet vs. keto // flora in non-dieters vs.
dieters.

There are studies that demonstrate changes in gut microbiota in patients with drug-resistant
epilepsy. One of them involved healthy patients (control group), drug-sensitive epilepsy (DSE)
patients and drug-resistant epilepsy (DRE) patients. Patients in the DRE group showed an
increased abundance of rare faecal microbiota. In addition, the DRE group showed increased
levels of Firmicutes and decreased levels of Bacteroides. (Specifically, selected Firmicutes
species with increased levels included Roseburia , Coprococcus , Ruminococcus and
Coprobacillus .) A comparison of the DRE and DSE epilepsy groups showed the relative
abundance of Methanobrevibacter, Fusobacterium , Neisseria and Akkermansia in the first
group. Interestingly, analysis of the gut microbiome profile showed no significant differences
between DSE patients and healthy controls. Another study considered 12 children with DRE
aged 2-17 years and 11 healthy parents - the children with refractory epilepsy showed greater
diversity, while the microbiomes of the healthy parents showed clear clustering, according to
the first principal component analysis of taxonomic and functional profiles. In this case,
taxonomic analysis revealed a decreased relative abundance of Bacteroidetes and
Proteobacteria along with an increased relative abundance of Firmicutes and Actinobacteria in
the microbiota of children with drug-resistant epilepsy compared to control parents 20 . It
is noteworthy that concentrations of Bifidobacterium and Lactobacillus were increased in

patients with four or fewer seizure episodes per year compared to those with more seizure



episodes, predicting that these two strains may have a protective effect on sensitivity to

antiepileptic drugs 2}

. Knowing the importance of the gut-brain axis and understanding
the differences in the composition of the gut microbiota in healthy and epileptic patients, we
can influence the modification of the microbiota by various methods. Modifying the gut
microbiota through diet, antibiotics, probiotics and faecal microbiota transplantation (FMT)
are all promising methods for treating drug-resistant epilepsy. In the following section of the

article, we will discuss each of the methods in detail.

Fecal Microbiota Transplantation (FMT).

Fecal microbiota transplantation (FMT) is a medical procedure that involves transferring fecal
matter from a healthy donor into the gastrointestinal tract of a recipient. The purpose of FMT
is to introduce a healthy balance of gut microbiota to the recipient's digestive system, which
can help restore or improve the microbial diversity and function within the gut. Additionally,
emerging research suggests potential applications for FMT in other conditions, including
some neurological disorders like epilepsy. The case of a 22-year-old female patient with
Crohn's disease and epilepsy was the first case report in the literature of successful treatment
of epilepsy with FMT fecal microbiota transplantation. The patient was taking antiepileptic
drugs but still experienced 2-3 generalised seizures every year if she had forgotten to take the
antiepileptic drug. The stool for FMT was obtained from a healthy primary-school girl. After
the FMT she stopped taking anti-epileptic drugs and she had 20-months seizure free. A study
suggests that a gut microbiome transplant from a healthy individual may offer seizure

protection for epilepsy patients, as indicated by a study.  2%%

Ketogenic Diet (KD).

The Ketogenic Diet (KD) is based on putting the body into a state of ketosis, which means
changing the main energy substrate from glucose to ketones (acetoacetate and beta-
hydroxybutyrate). This is possible with the right proportions of nutrients. The KD is based on
high-fat foods - they account for 90% of the intake, protein is about 6% (to cover the need for
building material), and carbohydrates should be kept to a minimum - 4% 331 | It is
known that the KD also affects the intestinal microflora, which is associated with the anti-
epileptic effect of this diet. It is used as a very effective therapy in the treatment of drug-
resistant epilepsy. The mechanism of action of the ketogenic diet may be due to changes in

the composition of the intestinal microflora. One of the meta-analyses included 16 studies and



a total of 338 patients, both children and adults (mostly patients over 16 years of age) with
symptomatic focal and generalised idiopathic epilepsy who have had at least 2 or 3 seizure
attacks per month, using one or two antiepileptic drugs. For the period from 3 to 36 months,
they received KD and its modifications as a supplement to pharmacological treatment. In
these trials, the proportion of patients who showed more than half a reduction in seizures
ranged from 20 to 70%, and the proportion of patients who had seizure relief ranged from 7 to
30%. The discontinuation rate ranged from 12.5 to 82% of patients. Side effects were mild wit
weight loss and dyslipidemia being the most common. This meta-analysis showed that the use
of a ketogenic diet in adults with drug-resistant epilepsy is an effective and promising

treatment 32

. Another study included 91 children of various ages with drug-resistant
epilepsy. Patients maintained a ketogenic diet for at least 12 months. After this period, 35.2%
of patients remained seizure-free and 70.3% of children achieved a seizure frequency
reduction of at least 50% 3* . The ketogenic diet's impact on gut microbiota composition
underscores its anti-epileptic properties. Studies demonstrate its effectiveness in reducing
seizure frequency, particularly in drug-resistant cases, suggesting a mechanistic link between

gut microbiota modulation and seizure control.

Prebiotics and probiotics.

Probiotics are vital microorganisms that provide health advantages to their consumers when
digested in sufficient quantity. Prebiotics are on-digestible food ingredient that beneficially
affects the host by selectively stimulating the growth and/or activity of one or a limited

number of bacteria already resident in the colon %3

. In group of 45 adults with drug-
resistant epilepsy were treated with a probiotic cocktail of beneficial bacteria and observed
that probiotic treatment reduced seizure frequency by 50% or more in 28.9% of patients. This
study suggests that additional probiotics in DRE are safe and may reduce seizure frequency

and improve quality of life 3¢

. In a group of 228 newborns, 78 of them were rotavirus-
positive and had epileptic seizures. It was observed that administration of probiotics (mainly
Saccharomyces boulardii) was associated with a 10-fold reduction in the risk of seizures. It
has been shown that Immediate administration of probiotics after birth can reduce rotavirus-

induced epileptic seizures in newborns 37

. These findings suggest that probiotics, whether
in the form of a probiotic cocktail for adults with drug-resistant epilepsy or specific strains
like Saccharomyces boulardii for newborns with rotavirus-induced seizures, may have

therapeutic potential in managing epilepsy and reducing seizure frequency. However, further



research and clinical trials are needed to better understand the mechanisms and optimize the

use of probiotics in epilepsy management.

Antibiotics.

It is known using the antibiotics can reduct pathological as well as beneficial microorganisms
in intestines. The use of antibiotics in patients can lead to dysbiosis of the gut microbiota by
modifying its composition by reduction of pathological as well as beneficial
microorganisms.The result can be a reduction of pathological microorganisms but also an

elimination of beneficial microorganisms 3%

. Six patients with drug-resistant epilepsy
were observed to be temporarily free of epileptic seizures during treatment with antibiotics.
These were drugs belonging to different classes of antibiotics. Five of the six patients them
achieved temporary freedom from seizures during treatment; the sixth showed a significant
decrease in seizure frequency. Within two weeks of discontinuing treatment, seizures returned
with the same frequency as before the implementation of treatment 3 . Based on the
results of the study, it was hypothesized that influencing the microbiota through antibiotics
led to the observed results. However, it should be remembered that some antibiotics can cause
seizures are, for example, beta lactam antibiotics, which include penicillins, cephalosporins

and carbapenems, among others

Epileptogenesis some types of antibiotics is due to the
interference in the GABA-A receptors. The inhibition of GABA led to hyperexcitability of

neurons and depolarization of the postsynaptic membrane, lowering the seizure threshold.
41

SUMMARY

Emerging evidence suggests a crucial link between gut microbiota and neurological
conditions, including epilepsy. The dynamic interplay within the gut-brain axis influences
neuronal function, immune response, and neurotransmitter production, impacting seizure
susceptibility. The intestinal microbiota in drug-resistant epilepsy (DRE) patients differs from
the intestinal microbiota of healthy people or even drug-sensitive epilepsy (DSE) patients.
Knowing the existence of the gut-brain axis and its influence on the CNS and, therefore, the
bioelectrical activity of the brain, we can see the modification of the flora as a therapeutic
option for DRE patients. The ways of microbiota changes that have been confirmed by
research include: ketogenic diet, antibiotics, probiotics, and faecal microbiota transplantation

(FMT). They are all promising methods for treating drug-resistant epilepsy and improving

10



quality of life by reducing the number of epileptic seizures . Further research is essential to
elucidate the intricate mechanisms underlying gut-brain axis dysregulation in epilepsy and
refine microbiota-targeted therapies. In conclusion, understanding and modulating the gut
microbiota offer innovative strategies for addressing drug-resistant epilepsy. Leveraging the
bidirectional communication between the gut and brain holds immense therapeutic potential,
paving the way for personalised, microbiota-targeted interventions to improve seizure control

and enhance the quality of life for epilepsy patients.

DECLARATIONS

Author contributions

Conceptualization, N.D., M.B., J.B. and H.P-S; Methodology, N.D., A.B and J.B.; Software,
N.D., MK.,, and M.B.; Check, M.B. and N.D.; Formal Analysis, N.D., M.K. and A.B.;
Investigation, J.B., A.B. and M.B.; Resources, A.B., N.D. and M.K.; Data Curation, M.K. and
J.B.; Writing — Rough Preparation, M.B., J.B., N.D. and A.B.; Writing-Review & Editing,
A.B., M.B. and M.K.; Visualization, H.P-S. and J.B.; Supervision, A.B., J.B. and H.P-S;
Project Administration, M.B., N.D., A.B. and H.P-S.
All authors have read and agreed with the published version of the manuscript.

Funding Statement

This research has received no external funding.

Institutional Review Board Statement

Not applicable

Data Availability Statement

Not applicable

Conflicts of interest

The authors declare no conflict of interest.

REFERENCES.
1. Epilepsy. Accessed December 19, 2023. https://www.who.int/news-room/fact-

sheets/detail/epilepsy

2. What Is Epilepsy? | Epilepsy Foundation. Accessed December 19, 2023.

https://www.epilepsy.com/what-is-epilepsy

11


https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.epilepsy.com/what-is-epilepsy

10.

1.

12.

13.

14.

15.

Beghi E. The Epidemiology of Epilepsy. Neuroepidemiology. 2020;54(2):185-191.
doi:10.1159/000503831
Drug-Resistant Epilepsy // International League Against Epilepsy. Accessed December

19, 2023. https://www.ilae.org/patient-care/drug-resistant-epilepsy

Perucca E, Perucca P, White HS, Wirrell EC. Drug resistance in epilepsy. Lancet
Neurol. 2023;22(8):723-734. doi:10.1016/S1474-4422(23)00151-5

Loscher W, Potschka H, Sisodiya SM, Vezzani A. Drug Resistance in Epilepsy:
Clinical Impact, Potential Mechanisms, and New Innovative Treatment Options.
Pharmacol Rev. 2020;72(3):606-638. doi:10.1124/PR.120.019539

Chen Y, Zhou J, Wang L. Role and Mechanism of Gut Microbiota in Human Disease.
Front Cell Infect Microbiol. 2021;11:625913. doi:10.3389/fcimb.2021.625913
Goralczyk-Binkowska A, Szmajda-Krygier D, Kozlowska E. The Microbiota-Gut-
Brain Axis in Psychiatric Disorders. [Int J Mol Sci. 2022;23(19).
doi:10.3390/ijms231911245

Lee H, Lee S, Lee DH, Kim DW. A comparison of the gut microbiota among adult
patients with drug-responsive and drug-resistant epilepsy: An exploratory study.
Epilepsy Res. 2021;172:106601. doi:10.1016/j.eplepsyres.2021.106601

Sorboni SG, Moghaddam HS, Jafarzadeh-Esfehani R, Soleimanpour S. A
Comprehensive Review on the Role of the Gut Microbiome in Human Neurological
Disorders. Clin Microbiol Rev. 2022;35(1):e0033820. doi:10.1128/CMR.00338-20
[lliano P, Brambilla R, Parolini C. The mutual interplay of gut microbiota, diet and
human disease. FEBS J. 2020;287(5):833-855. doi:10.1111/febs.15217

De Caro C, lannone LF, Citraro R, et al. Can we “seize” the gut microbiota to treat
epilepsy? Neurosci Biobehav Rev. 2019;107:750-764.
doi:10.1016/j.neubiorev.2019.10.002

Kc D, Sumner R, Lippmann S. Gut microbiota and health. Postgrad Med.
2020;132(3):274. doi:10.1080/00325481.2019.1662711

Ling Z, Liu X, Cheng Y, Yan X, Wu S. Gut microbiota and aging. Crit Rev Food Sci
Nutr. 2022;62(13):3509-3534. doi:10.1080/10408398.2020.1867054

Dominguez-Bello MG, Godoy-Vitorino F, Knight R, Blaser MJ. Role of the
microbiome in human development. Gutz. 2019;68(6):1108-1114. doi:10.1136/gutjnl-
2018-317503

12


https://www.ilae.org/patient-care/drug-resistant-epilepsy

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Adak A, Khan MR. An insight into gut microbiota and its functionalities. Cell Mol Life
Sci. 2019;76(3):473-493. doi:10.1007/s00018-018-2943-4

Chakrabarti A, Geurts L, Hoyles L, et al. The microbiota-gut-brain axis: pathways to
better brain health. Perspectives on what we know, what we need to investigate and
how to put knowledge into practice. Cell Mol Life Sci. 2022;79(2):80.
doi:10.1007/s00018-021-04060-w

Dahlin M, Prast-Nielsen S. The gut microbiome and epilepsy. EBioMedicine.
2019;44:741-746. doi:10.1016/j.ebiom.2019.05.024

Mayer EA, Nance K, Chen S. The Gut-Brain Axis. Annu Rev Med. 2022;73:439-453.
doi: 10.1146/annurev-med-042320-014032

Chatzikonstantinou S, Gioula G, Kimiskidis VK, McKenna J, Mavroudis I, Kazis D.
The gut microbiome in drug-resistant epilepsy. Epilepsia Open. 2021;6(1):28.
doi:10.1002/EPI14.12461

Utamek-Koziot M, Czuczwar SJ, Januszewski S, Pluta R. Ketogenic Diet and Epilepsy.
Nutrients. 2019;11(10). doi:10.3390/nul11102510

Socata K, Doboszewska U, Szopa A, et al. The role of microbiota-gut-brain axis in
neuropsychiatric and neurological disorders. Pharmacol Res. 2021;172:105840.
doi:10.1016/j.phrs.2021.105840

Yue Q, Cai M, Xiao B, Zhan Q, Zeng C. The Microbiota-Gut-Brain Axis and Epilepsy.
Cell Mol Neurobiol. 2022;42(2):439-453. doi:10.1007/s10571-021-01130-2

Kundu S, Nayak S, Rakshit D, et al. The microbiome-gut-brain axis in epilepsy:
pharmacotherapeutic target from bench evidence for potential bedside applications. Eur
J Neurol. 2023;30(11):3557-3567. doi:10.1111/ene.15767

Varesi A, Pierella E, Romeo M, et al. The Potential Role of Gut Microbiota in
Alzheimer’s Disease: From Diagnosis to Treatment. Nutrients. 2022;14(3).
doi:10.3390/nu14030668

Tang Y, Wang Q, Liu J. Microbiota-gut-brain axis: A novel potential target of
ketogenic  diet for epilepsy. Curr Opin  Pharmacol. 2021;61:36-41.
doi:10.1016/j.coph.2021.08.018

Pracucci E, Pillai V, Lamers D, Parra R, Landi S. Neuroinflammation: A Signature or a

Cause of Epilepsy? Int J Mol Sci. 2021;22(13). doi:10.3390/1JMS22136981

13



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

He Z, Cui BT, Zhang T, et al. Fecal microbiota transplantation cured epilepsy in a case
with Crohn’s Disease: The first report. World J Gastroenterol. 2017;23(19):3565-3568.
doi:10.3748/wjg.v23.119.3565

Vendrik KEW, Ooijevaar RE, de Jong PRC, et al. Fecal Microbiota Transplantation in
Neurological ~ Disorders.  Front  Cell  Infect  Microbiol. 2020;10:98.
doi:10.3389/FCIMB.2020.00098/FULL

Utamek-Koziot M, Czuczwar SJ, Pluta R, Januszewski S. Ketogenic Diet and Epilepsy.
Nutrients. 2019;11(10). doi:10.3390/NU11102510

Martin-McGill KJ, Bresnahan R, Levy RG, Cooper PN. Ketogenic diets for drug-
resistant epilepsy. Cochrane Database Syst Rev. 2020;6(6).
doi:10.1002/14651858.CD001903.PUB5

Liu H, Yang Y, Wang Y, et al. Ketogenic diet for treatment of intractable epilepsy in
adults: A meta-analysis of observational studies. Epilepsia Open. 2018;3(1):9.
doi:10.1002/EP14.12098

Yilmaz U, Edizer S, Akisin Z, et al. The effectiveness of the ketogenic diet in drug-
resistant ~ childhood  epilepsy. Turk J  Pediatr. 2022;64(2):210-220.
doi:10.24953/TURKJPED.2021.4

Yadav MK, Kumari I, Singh B, Sharma KK, Tiwari SK. Probiotics, prebiotics and
synbiotics: Safe options for next-generation therapeutics. Appl Microbiol Biotechnol.
2022;106(2):505. doi:10.1007/S00253-021-11646-8

Probiotics: What You Need To Know | NCCIH. Accessed December 19, 2023.

https://www.nccih.nih.gov/health/probiotics-what-you-need-to-know

Iannone LF, Gomez-Eguilaz M, De Caro C. Gut microbiota manipulation as an epilepsy
treatment. Neurobiol Dis. 2022;174:105897. doi:10.1016/J.NBD.2022.105897

Yeom JS, Park JS, Kim YS, et al. Neonatal seizures and white matter injury: Role of
rotavirus infection and  probiotics. Brain Dev. 2019;41(1):19-28.
doi:10.1016/J.BRAINDEV.2018.07.001

Antibiotics - NHS. Accessed December 19, 2023.

https://www.nhs.uk/conditions/antibiotics/

Braakman HMH, van Ingen J. Can epilepsy be treated by antibiotics? J Neurol.
2018;265(8):1934-1936. doi:10.1007/S00415-018-8943-3

14


https://www.nccih.nih.gov/health/probiotics-what-you-need-to-know
https://www.nhs.uk/conditions/antibiotics/

40. Amlerova J, Sroubek J, Angelucci F, Hort J. Evidences for a Role of Gut Microbiota in
Pathogenesis and Management of Epilepsy. Int J Mol Sci. 2021;22(11).
doi:10.3390/1JMS22115576

41. lannone LF, Gomez-Eguilaz M, De Caro C. Gut microbiota manipulation as an epilepsy

treatment. Neurobiol Dis. 2022;174:105897. doi1:10.1016/J.NBD.2022.105897

15



